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AMENDMENT 73

QUESTION/RESPONSE SUPPLEMENT

This Question/Response Supplement contains an Amendmer. 73 tab sheet
to be inserted following Qi page Amendment 72, October 1982. Page Qi
Amendment 73 is to be inserted following the Amendment 73 tab sheet.

Tiis Amendment 73 provides a revised Question/Response page* for NRC
Question Received Before The Fall of 1981 plus New and Replacement Pages
for NRC Questions Received Since the Fall of 1981.

The following Question/Response pages are to be in: rted in numerical
order behind the appropriate numbered tabs in the PSAR Question/Response
Volumes.

REMOVE THESE PAGES INSER, THESE PAGES
*Q001.245-1 thru 6 Q001.245-1
QCS760.60-1 QCS760.60-1, 2

= QCS760. 77'3, 4: 5; 6
QCS760.106-1, 2 QC5760.106-1

With the issue of this PSAR Amendment 73, an additional PSAR Binder
(Volume 27) is being provided. In addition, new PSAR Volume 26 and 27
[dentification Pages are provided These 1.D. pag2s should be inserted
and retained as the first page in PSAR Volume 26 and Volume 27 respectively.

In order to accommodate the existing volume of New Question/Response
pages plus the anticipated issue of additional New Question/Response pages
in future PSAR Amendments, the shifting of Question/Response pages and their
associated numbered tabs currently in Volumes 25 and 26 into Volumes 25, 26,

and 27 is reconmended. This page shift should be accomplished so that PSAR
Volumes 25, 26 and 27 will contain Question/Response Series pages and tabs
as shown below:

VOLUME 25 - SHOULD CONTAIN - Q/R Series 210 thru 410
VOLUME 26 - SHOULD CONTAIN - Q/R Series 421 thru 721
VOLUME 27 - SHOULD CONTAIN - Q/R Series 760 thru 810

*01d NRC Question/Response Series



1.5.2.8 Sodlum Flres Test Program
1.5.2.8.1 Purpose

The purpose of the sodium fires test program Is to verify that plant design
features for accommodation of sodium/NaK spllls In alr=filled cells will
result In acceptable cell pressures and structural concrete temperatures. In
addition, this test program will be used to demonstrate that the codes used In
sodium fire analyses conservatively predict cel!| accident conditions,

1.5.2.8.2 Programs

The sodium fire experIments have been or will be performed at the Atomics
International test faclilities In Santa Susana, California. The following
smal | scale tests have been cc pleted:

1) A fast splll (approximately 15 gal/min) of 1000°F sodium onto the flre
suppression deck surface

2) A slow splil (approximately 1., gal/min) of 1000°F sodium onto the fire
suppression deck surface

3) A spray (approximately 15 gal/min) of 1000°F sodium onto the surface of
the fire suppression deck

4) A fast spill (approximately 15 gal/min) of 1000°F sodium directly Into the
catch pan beneath the fire suppression deck

5) A spray (approximately 15 gal/min) of 1000% sodium, onto the surface of
the fire suppression deck, through a walk grating above the deck

6) A spray (approximately 15 gal/min) of 600°F sodium onto the surface of the
fire suppression deck, through a walk grating above the deck

The results of the above small scale tests will be documented as the test
reports become availabl!e. In addition to small tests, a large scale test will
be performed using a |urge-scale model of the CRBRP catch-pan flre suppression
deck system to collect spilled sodium under simulated spil| conditions. The
test facil ity Is designed to accommodate a vol ume gas as |arge as 6600 gal lons
of 1000° sodium with a sodlum discharge flowrate of approximately 70 GPM,

1.5.2.8.3 Schedule

The smal| scale tests have been completed. The |arge scale test is planned to
be performed In the |ast quarter of 1982,
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1.5.2.8.4 Juccess Criterla ‘

The smal| scale tests successful ly demonstrated fire suppression deck design
features to ensure dralnage capabll ity and flre-suppression effectiveness:

o No blockage of draln pipes during splll.

o Post-spll| suppression of sodlum burning by control of oxygen Ingress to
sodlum pool via oxlde plugging of draln plpes and closure of vent |/ds on
vent plpes,

0 No |eakage »f sodium from catch pan,

The success criteria for the |arge scale test are that the catch pan shall
contaln the spllled sodium precluding sodium concrete interactions and that
resul ting test consequences are enveloped by those calculated with the
Projact's methodol ogy.

1.5.2.8.5 Fallback Position

If the effectiveness of the flre-suppression deck/catch pan system Is not
demonstrated, alternative techniques to accommodate design basis |Iquid metal
spll| events will be consldered and/or prediction of plant design basls
accldent consequences will be made with alternative methods.
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Three minor tributaries which enter the Cl Inch River between Norris Dam and
Mel ton Hil| Dam are Beaver Creek, Bul lrun Creek and Hinds Creek. These three
streams enter from the south at CRM 39.6, 46.7 and 65.8, respectively.

(Ref. 1) Annual average flows and peak flood data for these creeks are not
appl Icable to the Site because they enter the Cl Inch River above Mel ton HIl |
Dam. Poplar Creek, a minor tributary below Melton HIl| Dam, enters the Cl Inch
River from the north at CRM 12,0, The average annual flow of Poplar Creek Is
260 cfs and dralnage area at the mouth Is 136 square miles.

Several other smal| streams and s|loughs enter the Clinch River near the Site;
however, they are not considered to be significant tributaries from the
standpoint of water flow contribution to the Clinch River, Caney Creek which
enters from the south at CRM 17 has a drainage area at the mouth of 8,27
square miles and an average flow of 14 cfs. Poplar Springs Creek at CRM 16,2
has a drainage area of 3,01 square miles at the mouth and an average flow of

5 cfs, Grassy Creek entering from the north at CRM 14,5 has a drainage area
of 1.95 square mlles and an average flow of 3 cfs. The combined average flows
of these creeks total 22 cfs which Is only 0.5 percent of the Cl inch River
flow at the Site.

2.4,1.2.3 Reservolr Water Levels

The Site Is located on an arm of the Watts Bar Reservolr which extends up the
Cl Inch River, Thus, the water elevation at the Site Is Influenced by the
operation of Watts Bar Dam. Elevation at the bottom of the Cl Inch River
channel at the Site ranges between 719 and 720 feet above mean sea |evel
(MSL). Water depth at the Site Is equal to or greater than the difference
between the pool elevation at Watts Bar Dam minus this bottom elevation as can
be seen In the downstream profile of the Cl inch River, Figure 2.4-6.

Watts Bar Reservolr Is a mul tiple-purpose reservolr providing power
generation, navigation ald and flood control. TVA generally malntains a pool
elevation between 740 and 741 MSL during the spring and summer months (mid=-
April through September) and a winter pool elevation of 735 to 737 MSL for the
remalnder of the year,

During the 32 years of record since the Initial filling of Watts Bar
Reservoir, TVA has been able to fciiow closely the above plan of normal
operation, Sufficlent Inflow has been avallable each year to ralse the
reservolr from winter level to summer |evel on schedule. The water surface
elevation at the Site Is normally one to two feet higher than the |evel
measured at Watts Bar Bam as a result of a backwater. Since 1942, the minimum
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elavation of Watts Bar Reservolr was 733,44 MSL and occurred on March 20,
1945, (Ref. 8). A maximum elevation of 745,40 MSL occurred on March 17,
1973. (Ref. 7) Flgure 2.4-26a shows the normal operating level for Watts Bar
Reservoir, Table 2.4-3 shows the monthly maximum, minimum and average Watts
Bar Reservolr elevations for the period 1964-1973,

Releases from Norris and Melton Hil| Reservoirs, both upstream of the Site on
the Clinch River, can be used to regulate flows at the Site. Although Norris
Dam Is the prime regulator of flow, Melton Hill Dam can influence low flows at
the Site. Normal minimum pool stage at Melton Hil| Reservolr Is 790 MSL.
(Ref. 8)

Norris Reservolr Is a multiple-purpose reservolr providing power generation,
flood control and low flow argumentation. The normal minimum pool elevation
Is 960 MSL with storage of approximately 260,000 day-second-feet between
elevations 960 and 900 MSL. Although not a primary purpose, stored water
below minimum pool elevation 960 is avallable for low flow augrantation In
perlods of drought. Release below elevation 960 requires specific approval of
the TVA Board of Directors. Power generation at Norris can be nalntained to
about elevation 900 MSL, Of aill the annual maximum elevatlions .~ecorded, the
lowest annual maximum elevation of Norris Reservolr was 993,.8 MSL and occurred
In June 1954, (Ref, 8)

Releases from Fort Loudoun Reservolr, located on the Tennessee River 72.4
miles upstream from Watts Bar, can be used to control the Watts Bar pool
elevation. Normal .ainimum pool elevation of Fort Loudoun Reservolr Is 807
MSL . (Ref. 8) Intlows Into Watts Bar Reservolr from the Tennessee River are
more *han capable of maintalning the minimum pool elevation of Watts Bar
Reservolr even under extreme condltions,

Telllco Dam, closed In 1979, Is located on the Little Tennessee River at mlle
0.3. Telllco Reservolr Is connected to Fort Loudoun Reservolr by an
uncontrol led canal, Exce)t durling large floods, Inflows to Telllco Reservolr
are discharged through F ~t Loudoun Reservolr,

2.4.1.2.4 Kater flow

Stream gages had been m. |1talned by the U.S. Geologlical Survey on the Clinch
River at the three locat ons |lsted In Table 2.4-1. Gages were malntained at
these locatlions for varlou: time perliods from 1936 through 1968. (Ref,
3,4,>,6). At the present t, e, no stream gages are belng operated In the
vicinity of the Site.

Based upon these stream gage records from the three locations, the average
flow of the Clinch River was 4,561 cfs (Ref. 3,4,5,6). The maximum dlscharge
during the perlod was 42,900 cfs and occurred on February 9, 1937, (Ref. 5)
before the closing of Melton HIl| Dam, Based on dlscharge records from Mel ton
HIll Dam since the closing In 1963, (see table 2.4-2) the average annual flow
Is about 4,600 cfs at the Site. (Ref. 8) The maximum hourly average release
was 43,400 cfs and the maximum dally average release was 26,900 cfs; both
occurred on March 16, 1973 at Melton HII| Dam, (Ref, 8).
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2.4.2.2 Elood Design Considerations

Table 2.4-8 compares the maximum flood |level determined for the rain flood and
selsmic events specifled In Regulatory Guide 1.59, more completely described
below. The alternatives evaluated under each category are described in 2.4.3
and 2.4.4.

The computed Probable Maximum Flood (PMF) level at the plant site from an
occurrence of the most severe sequence of storms, as defined by the National
Weather Service, Is elevation 778.8 at mile 18 and 777.2 at mile 16 excluding
the effect of wind waves.

This compares with elevation 777.5 at mile 18 and elevation 776.0 at mile 16
previously glven In the PSAR, The differences result from a reevaluation of
and refinements in the Tennessee River watershed model and includes Telllco
Dam, which was closed In 1979,

A conservatively high velocity of 40 MPH wind over land from the most adverse
direction, was adopted to associate with the PMF Crest, The probabllity that
this high velocity wind occurs on the same speclific day that the PMF would
crest is extremely remote, |t has been estimated that the probabil ity of the
f 1 ood 3?8 wind °°°“E§§“9 on the same day In a glven year is on the order of

1 X 10 to1 X 10 (Ref. 11),

Waves and runup are applicable to the plant only at MILE 16. At Mile 18,
ground levels adequately shield the plant fram colncident winds. For the 40
MPH wind from the most critical direction 99.6% of the wind waves were
computed to be less than 2.{ feet high, crest to trough, resulting In a
maximum water surface elevation of 778.80 In the reservoir approaching the
plant slite. Runup would be about 3.8 feet to elevation 781.0 on a vertical
wall and 2.8 feet to elevation 780.0 on a smooth slope of 3:1. The Probable
Maximum Precipitation (PMP) and Flood Flow are discussed In Sectlons 2.4.3.1
and 2.4.3.4.

The plant site and upstream reservolrs are located In the Southern Appalachian
Tectonlc Province and, therefore, subject to potential moderate earthquake
forces with possible attendant dam fallure. Al|l upstream dams, Including
those on the Tennessee River, whose fallure In a selsmic event has the
potential tc cause flood problems at the plantsite were Investigated as
described In 2.,4.,4, Studies to determine the potential fallure of upstream
dams from PMF conditions, are also described In the same section,

The condition producing the maximum flood level at the plant site Is the
postul ated failure of Norris Dam under the force of an operational basis
earthquake (OBE) colncident with one-half of the PMf with the postulated
attendant fallure of Melton Hill Dam. This would produce a maximum flood
level of 804,33 feet at Miie 18 and 798.2 at Mile 16 with a peak discharge of
921,000 cfs. The situations considered are consistent with Regulatory Gulde
1.59.
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cor the analysis of the fallure of Norrls Dam, a debris level was postulated

at e.evation 970 feet which Is considered the result of a logical mode of
fallure. The fallure mode Is discussed In detall In Section 2.4.4., ‘
2.4-7a Amend, 73
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When the effects of wind wave and runup are added to still water
elevations 804.3 and 798.2, the maximum design water levels will be
established to be at elevation 809.2 and 803.1 on a vertical wall and
elevation 807.9 and 801.8 on a smooth 3:1 slope, at mile 18 and 16 respectively.

A1l Seismic Category I structures housing safety-related
facilities, systems and equipment are designed for or are
protected from the highest flood elevation. The plant grade in
the Reactor Containment Building area is established at elevation
815.0 which is well above the maximum flood runup level,

Hydrostatic pressure, buoyancy and dynamic wave effects
will be censidered in the design of all Category I structures
either completely or partially submerged under the maximum
design flood condition. Accesses and penetrations located be 1ow
the flood level will be reduced to the minimum requirement, and
w111 be designed and constructed as watertight elements.

Specific analysis of Clinch River flood levels resulting

from oceanfrort surges and tsunamis is not required because of

the inland location of the plant, Snow melt and ice jam consider-

ations are also not required because of the temperate zone location

of the plant, Flood waves from landslides into upstream

reservoirs required no specific study, in part because of the

absence of major elevation relief in nearby upstream reservoirs

and because the prevailing thin soils offer small slide volume
‘ potential compared to the available retention space in reservoirs.

2.4.2.3 Effects of Local Intense Precipitation

The overall site drainage facilities will be designed for 3.5
inches rainfall in one year. This rainfall corresponds to the maximum
rainfall expected during a period of 100 years (Table 2.3-1).

The drainage facilities for safety-related structures will be in-
vestigated for local flooding resulting from Probable Maximum Precipitation
(PiP) as specified by the Hydrometeorological Branch of the National
‘leather Services. (Ref. 13) The eight (8) hour PMP dep*th is 29.5 inches
with a maximum one (1) hour depth of 14 inches (Table 2.4-8a). PMP inten-
sities beyond 8 hours are less than 1 inch per hour and, therefore, not
critical for defining site maximum flood conditions. Time distribution of
the 8-hour PMP storm is based upon consideration of the time distribution
o maximum observed storms and the time distribution cf design storms
adopted by the Corps of Engineers and the Soil Conservation Service (Ref. 47).
The adopted sequence conforms closely to that used by the Corps of Engineers.
o precipitation loss is applied to the 14-inch maximum hourly rainfall.
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e) The following drainage system will be used in the Access Road
and Railroad Area. Pipe culverts will be provided where the drainage
channels are interrupted by access roads and railroads. Drainage
ditches will be provided along the sides of the road and the rail-
road. In high cuts, drainage ditches will be provided at the top
or along the slope to intercept surface flow and to prevent
excessive erosion of the cut face. These ditches will be led
into natural water courses or pipe culverts.

Since the maximum calculated overtopping resulting from PMP is not
expected to exceed six inches, there will be no danger of water ponding
against safety-related structures.

Natural drainage will be affected by the plant construction in approxi-
mately 100 acres of the 1364 acre Clinch River Site. On high fills, berms will
be built along the edge of the fill to control surface flow on the top of
the embankment except at points where paved channels will be provided to carry
the flow down the embankment. Drainage ditches will be lined when the
velocity of flow is abnormally high and at sharp turns, if any.

Settling basins of sufficient capacity will be provided to receive
the runoff discharge from the plant drainage systems before discharge into
the Clinch River. The purpose of providing the settling basins is to elimi-
nate most of the suspended solids in the effluent before discharge, in accor-
dance with local, state and federal reqgulations for effluent discharge.
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2.4.3 Probable Maximum Flood (PMF) on Streams and Rlvers

The probable maximum flood (PMF) would result from an occurrence of the
probable maximum storm as defined by the National Weather Service. The flood
flows and elevations from this storm dcfine an upper |imit of potential
flooding at the plant site from meteorologlical condltions,

Occurrence of the PMF as determined and applled In this study Is extremely
unl lkely. The postulated combination of events results in a probabil ity of
occurrence which approaches zero. The events combined Include a main storm
with rainfall volumes which are the physical upper |imit that the present

cl Imate can produce, an assumed antecedent storm amounting to 40 percent of
the main storm volume, which exceeds the maximum recorded on the water shed to
date, and assumption of an exact centering of the storm to cause that
combination of Clinch and Tennessee River flows which produces maximum f|ood
levels at the plant. In applying PMF elevations, further conservatism Is
Introduced by adding the runup due to a 40-mile-per-hour overland wind from
the most critical direction.

Evaluation of seasonal and areal varliations of probable maxImum storms
described In 2.4.3.1, and 2.4.3.4, showed that the PMF level at the ClInch

River Breeder Reactor Plant (CRBRP) site would be caused blos sequence of two
storms occurring In March and centered In the water shed above Watts Bar Dam.

The flood crest at the plant site would be augmented by the fallure of Fort
Loudoun and Telllco Dams, upstream on the Tennessee River, and the nonoverf|ow
section at Melton Hil| Dam, upstream on the Clinch River. The estimated
maximum dlscharge at the plant site would be 258,000 cfs. The PMF elevation
at the plant site would be 778.8 at Mile 18 and 777.2 at Mile 16, Including
the three upstream dam fallures and fallure of the earth embankment at Watts
Bar Dam, downstream on the Tennessee Rlver, but excluding any wind wave

ef fects.
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2.4.3.1 Probable Maximum Precipitation

Probable maximum precipitation (PMP) for storms creating
maximum flood conditions at the CRBR plant site has been defined
for TVA by the Hydrometelorological Branch of the National Weather
Service in Hydrometeorological Reports Nos. 41 and 45 (Ref. 12, 13).
In addition, the Clinch River water shed PMP information contained
in Report No. 45 was extended by the Hydrometeorological Branch
.0 cover the total water shed above Watts Bar Dam and to provide PMP
for the 4458-square mile Clinch River watershed (Reference 13a). These
define depth-area-duration characteristics of rainfall and their
seasonal variations and antecedent storm potentials. Because the
water shed lies in the temperate zone, snowmelt is not a factor in
generat;ng maximum floods at the plant site. (See page 97 of Report
No. 41.

Four basic storms with five possible isohyetal patterns
described in Reports Nos. 41 and 45 and Reference 13a were examined to
determine which would produce maximum flood levels at the plant site.

One basic storm would produce PMP depths on the 21,400-square-
mile water shed above Chattanooga. Two potential isohyetal patterns
are presented in Report No. 41 for this storm. Computations for
earlier TVA program studies determined that the downstream
centering would be most severe for the CRBRP.

A second basic storm, described in Report No. 41, would
produce PMP depths on a 7,980-square mile water shed centered in
the Valley below the major tributary dams. The isohyetal pattern
for the 7,980-square-mile storm is shown in Figure 2.4-7. The pattern
is not orographically fixed and can be moved parallel to the long
axis northeast and southwest along the Valley. Critical position
centers this storm at Bulls Cap, Tennessee (50 miles northeast of
Knoxville ).

The third basic storm would produce PMP depths on the
4,458-square-mile Clinch River water shed and is described in
Reference 13a. The isohyetal pattern for this storm is shown in
Figure 2.4-8. This pattern is not orographically fixed and
can be moved parallel to the long axis northeast and southwest along
the Valiey. Centerings both upstream and downstream of Norris
Dam were tested.

The fourth basic storm would produce PMP depths on the 2912-square-

mile watershed above Norris Dam and is described in Report No. 45. The
isohyetal pattern of the storm is shown in figure "-23 of that report.
The pattern does not cover the full 2912-square-mile watershed. Full
coverage was obtained by extending the lowest isohyet uniformly to the

watershed boundary. The storm was centered 28 miles northeast of Tazewell,

Tennessee, to obtain the maximum watershed rainfall.

A 3-day antecedent storm separated by a 3-day dry period
from a 3-day main storm is recommended in Reports Nos. 41 and 45.
For the 21,400- and 7,980-square-mile storms the antecedent storm
is 40 percent of the main storm with uniform areal distribution

as recommended in Report No. 41. In the 4,458- and 2912-square-mile Clinch River

storms, the antecedent storm is 30 percent of the main storm with
uniform areal distribution as recommended in Report No. 45,

Amend. 7
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A time distribution pattern was adopted for all antecedent and maln storms

based upon major observed storms transposable to the Tennessee Val ley and

distributions used by Federal agencies (Ref. 23). The adopted distribution Is ‘
shown on Figure 2.4-9,

fhe effects of seasonal varlations In storm amounts and storm centerings on
plant site flood levels were examined In sufficlient detall to assure that the
slituation producing the maximum flood |level was found. July prevalled for the
4,458 and 2,912 square-mile Ciinch River Basin storm and March prevalled for
the others al though a May, 7,980~-square-mile storm was examined In this
process.

The control | Ing probable maximum storm Is the one for 7,980 square mlles
centered at Bulls Gap, Tennessee, which would fcllow an antecedent storm
commencing on March 15, Over the Watts Bar water shed this results in (1) an
antecedent storm producing an average precipitation of 6.9 Inches In 3 days,
(2) a 3-day dry perlod, and (3) a main storm producing an average
precipltation of 17.2 Inches in 3 days. Figure 2.4-10 Is an [sohyetal map of
the maximur 3-day PMP, Basin rainfall depths by subwater sheds are given in
Tabie 2.4-9,
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2,4.3.2 PRECIPITATION LOSSES

A multivariable relationship, used In the day-to-day operation of the TVA
system, has been applled to determine preciplitation excess (Pe) directly. The
relationships were developed from observed data. They relate precipitation
excess to the ralinfall, week of the year, geographic location, and antecedent
precipltation index (APl). |In thelr application P_ becomes an increasing
fraction of rainfall as the storm progresses In flae and becomes equal to
rainfal| when fram 7 to 16 inches have fallen,

In the CRBRP appl ication, median APl conditions wore used at the start of the
antecedent storm. This storm Is so large, however, that the Pe In the main
storm Is not sensltive to this earllier condition.

For review purposes, precipltation |losses have been determined by subtracting
P_ fram rainfail. In the controlling probable maximum storm the loss Is 33
ptrcenf of rainfall in the 3-day antecedent storm and 10 percent of rainfall
In the 3-day maln storm, Table 2.4-9 displays the API, raln, and Pe for each
of the subwater sheds used In CRBRF water shed model.

2.4.3.3 RUNOFF MODEL

The runoff model used to determine Clinch River flood hydrographs at the plant
site Is divided Into 41 subareas shcwn on Figure 2.4-11., The model comprises
the entire 17,310-square-mlle Tennessee River water shed above Watts Bar Dam.
This boundary, downstream from the CRBRP site, |s appropriate because flood-
Induced headwater level at Watts Bar Dam may exert backwater Influence
upstream to the slite,

The runoff model used In this amendment to the PSAR differs from that used
previously because of reflnements made In some elements of the model during
PMF studles for other nuclear plants and those made from Information galned
from the 1973 flood, the l|argest that has occurred during present reservolr
conditions. Changes are Identifled when appropriate In the text. They
Inciude both addlitional and revised unit hydrographs and additional and
revised unsteady flow stream course models.

Unlt hydrographs were developed for each unit area fram maximum flood
hydrographs el ther recorded at stream gaging stations or estimated from
reservolr headwater elevaticn, Inflow, and discharge data. The number of unit
areas has been Increased fram 39 used previously to 41. The differences
Include:

1. Use of the model developed for the Phlpps Bend study which combined the
two unlt araas for Watauga River (Sugar Grove and Watauga local) Into one
unlt area and divided the Cherokee to Gate City unlt area Into two unit
areas (Surgoinsville local and Cherokee local below Surgoinsvilie).
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2. Changes to add an unsteady flow model for the Fort Loudoun-Telllco Dam
complex which Included dividing the lower Little Tennessee River unit area
into two unit areas (Fontana to Chilhowee and Chilhowee to Tellsico) and
dividing the French Broad River local Into two unit areas (Little Pigeon

River at Sevierville and French Broad River local).

In addition, 7 of the unit graphs have been revised. Figure 2.4-12, which

contalns 10 sheets, shows the unit hydrographs. Table 2.4-11 contains
essentlal dimension data for each unit hydrograph and Identification of those

hydrographs which are new or revised.
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The 12,177-square-m!|e water shed above the Fort Loudoun-Telllco complex
comprises 70 percent of the area above Watts Bar Dam. A detalled model Is
needed for this area, especially to assess the potential for and |lkely
consequence of fallure of several high tributary dams and of the Fort
Loudoun=Tel | Ico complex |tself,

Because of the large, assured detentlon capaclty of Norrls Reservolr--7
inches, controlled, In March on the 2,912-square-mlle water shed plus 4.5
Inches, surcharge capaclty In the PMF--flood outflows are largely a matter of
Inflow volume and are nct signiflicantly sensitive to Inflow peaks and thelr
timing. For this reason the entire upstream water shed may be represented by
a single subarea (No. 1). Duai-peak pei formance Is a consistent
characteristic of the subarea as adequately represented by Its unit
hydrograph, Figure 2.4-12, Sheet 1.

In contrast, the 431 square miles of water shed, from Norris Dam downstream to
Melton HIl| Dam was diviaed specifically for this study Into quite small
subareas (Nos, 2-11) gs s own In the Inset on Figure 2.4-11., This was largely
to provide accuracy oi local Inflow location points for the unsteady flow
model of Melton HIl| Reservolr conside. ed potentially necessary because of the
shape varlations of contributing subarea units. In retrospect, because of the

early timing of noncontrolling local Inflow peaks, less detal! wouid have been
sul table.

Unlt hydrographs are used to compute flows from the subareas. The subarea
flows are combined with appropriate time sequencing or channel routing to
compute Inflows into the most upstream reservoir. Floods are routed through
the reservoirs using standard techniques. Resulting outflows are comblned
with additional local Infiows and carried downstream using appropriate time
sequencing or routing procedures.

Unit hydrographs derived from observed records were developed from data for
the largest floods avallable using procedures described by Newton and Vinyard
(Ref. 14), For subareas 2,3,5-12, and 15 where records were not available,
synthetic unit hydrographs were developed using the procedures described by
the Corps of Engineers (Ref. 15). Subwater sheds 4 and 13 were gaged upstream
trom the mouth, and unit hydrographs developed from these records were
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modl fled for application at the river mouth, Figure 2.4~12, which contains 10
sheets, shows the unlt hydrographs graphically. Table 2.4~11 contains
essentlal dimension data for each unlit hydrograph.

Tributary raservolr routings except for Telllco and Melton Hil| Reservol~s
used the Goou~lch semigraphical method and flat pool storage. Th!s differs
from the previous submission In that an unsteady flow model has been added for
the Fort Loudoun=Te! |l lco complex.

Unsteady flow *echniques (Ref. 16) were used In Fort Loudoun~Telllco, Watts
Bar and Melton Hil| Reserv.lrs., Prescribed boundary condltions ere Inflow
hydrographs at ihe upstream boundary, local Inflows, and headwater dlscharge
relatlonships at the downstreaa boundary based upon standard operating rules,
or on rating curves when geametry controlled.

The unsteady flow mathematical model for the 49.,9-mile long Fort Loudoun
Reservolr was dlvided into 24, 2.08-mlle reaches. The model was verifled at 3
gaged points within Fort Loudoun Reservoir using 1963 and 1973 flood data.

The uncteady flow model was extended upstream on the French Broad and Holston
Rivers 17 Dougl!as and Cherokee Dams, respectively, The French Broad and
Holston River unsteady flow models were verifled at one gaged point each at
mile 7.4 and 5.5, respectively, using 1963 and 1973 flood data.

The LIitt!e Tennessee River vas modeled from Telllco Dam, mile 0.3, through

Tel | lco Resecvolr to Chilhowee Dam at mile 33.6 and upstream to Fontana Dam at
mile 61,0, The model for Telllco Reservolr to Chilhowee Dam was tested for
adequacy by comparing Its results wlth steady-state profiles at 1,000,000 and
2,000,000 cfs computed by the stendard-step method. Minor decreases In
conveyance In the unsteady flow model yleided good agreement. The average
conveyance correction found necessary In the reach below Chllhowee Dam to make
the unsteady flow model agree with the standard-step method was also used In
the river reach fram Chllhowee to Fontana Dam.

The Fort Loudoun and Tel|llco unsteady flow models were joined by a canal
unsteady flow model. The catral was modeled with five equal ly-spaced
cross-sections at 525-feet Irtervals for the 2100-foot long canal.

The unsteady flow mathematical model for Aatts Bar Reservolr consists of two
units combined In a Junction model. These are (1) the Tennessee River from
Watts Bar Dam, Mile 529.9, to Fort Loudoun Dam, Mile 602.3, an¢ (2) the Clinch
River embayment from Its mouth to Melton Hill Dam, Mile 23.1. The model for
the 72.4-mlile Tennessee River unit was divided into thirty=four 2.13-mlle
reaches, The model for the 23.1-mlile-long Clinch River embayment was dlvided
Into twenty-two 1.05-mile raaches.,

The unsteady flow Mel*on Hil| Reservoir model extending to Clinton, about Mile
59, and upstream on the Clinch River to Norris Dam (Mile 79.8) was dlvided
Into twenty-six 2.18~ml!e reaches. The model was verifled by reproducing the
floods of 1967 and 1969-70 at gages at Clinton, balow Norris Dam, and Norris
Dam tallwater. These verifications are not exhib!ted because the reservolr
mode! |s a part of the total water shed model above Melton Hil| Dam which was
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verifled using the 1969-70 flood and Is a part of the total water sied model
above Watts Bar Dam which was verifled using the 1963 and 1969-70 floods.
These ver|fications are described In |ater pages.

The Watts Bar Reservolr unsteady flow model was veriflied at four points along
the Tennessee River and at Melton HII| Dam on the Clinch River embayment,
Figure 2.4-15 shows that these |ocations span the reservolr Ia a practical
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manner for ver|flcation purposes, Floods of March 1967 and December=-January
1969-70 were selected for this verification because they are |arge and because
of the completeness of observed data for them., Watts Bar outflows were
specifled. Figures 2.4~16 and 2.4-17 for 1967 and 1969~70 respectively show
good agreement between computed and observed elevation hydrographs at the five
veriflication points,

it Is Impossible to verlfy unsteady flow models with actual data approaching
the maonltude of the PMF; however, a series of uniform flows computed by both
the unsteady flow model and the standard steady flow method were compared.
This was done for both Watts Bar and Melton Hil| Reservolrs with good
agreemeni. A comparison at Mile 17,0 near the piant site In rating curve
form, Flgure 2.4-18, shows agreement within a maximum 1~foot difference. The
unsteady flow model produces the higher levels,

The total water shed runoff model was verified at five locations critical to
the study: the Tennessee River at Fort Loudoun and Watts Bar Dams, the ClInch
River at Norrls and Melton Hil| Dams, and the Emory River at Oakdale. The
Emory River dralnage area of 865 square mlles enters the Clinch River at Mile
4.4 and can Influence plant flood levels In some flood situations. Emory
River flows are not regulated.

Mode! verlflcation at Fort Loudoun Dam used the large floods of March 1973 and
March 1963, This differs from the previous submission In that the 1973 flood
was added for verification replacing the 1957 flood. Observed volumes of
precipltation excess were Inputs, and reservolr operations were simulated by
speclfying observed headwater |levels, Comparison between observed and
computed outflows Is shown In Figure 2.4~19,

The mc4el predicts about 9 percent high In the 1973 flood and about 10 percent
high 1. the 1963 flood. The model Is considered to be fully adequate.

Norris Dam and Reservolr Inflow was modeled with a 6~hour unlit hydrograph

der ived from observed data In which time varlant flow Is estimated from
observed changes In reservolr volume and observed project outflows. A best
unlt hydrograph was determined by the Newton-Vinyard procedure (Ref. 14) using
floods of 1957 and 1963, Verlification using the 1963 flood and a 1967 flood,
shown on Figure 2,4-20, Is good.

Norr!s Reservolr was modeled by the Goodrlch steady flow method of flood
routing using 3=hour routing Intervals, Its verification In the 1963 and 1967
floods, shown on Flqure 2,4-20, specifled observed headwater |evels. This Is
an extreme test because minute changes In headwater ¢levation create |arge
changes In volume of water In the reservolr. Headwater elevations cannot be
observed with total precision, Thus, small plus-and-minus errors In
prescribed headwater create magnlfled plus-and-minus discrepancy In routed
outflow to maintaln volume continulty In the model. Th!s results In "bouncy"
computed outflows that are obvlious on Figure 2.4-20, lInder these
clrcumstances only a general agreement can be expected, and this has been
achleved, The verification of Norris outflows used Inflows computed from
precipltation excess.
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Water shed model verification was carried on down the Clinch River to Melton
HIll using the 1969-70 and 1973 floods. The 1973 flood Is the largest that
has occurred since the project was completed. Compar!son of observed and
computed dischargas for the 1973 flood Is shown on Figure 2.4-13 and for the
1969-70 flood on Flgure 2.4-21, "Bounce"™ In the computed outflows Is apparent
and stems from the same cause as explalned for Norrls Dam but Is |ess severe
because of the small reservoir. Nogative flows are attributable to the same
cause, Except for "bounce™ the verification Is good and predicted a somewhat

high peak.

The Emory River runoff model Is a 4-hour unit hydrograph. |t was prepared
from the observed records for floods In 1948, 1957, and 1963 at Oakdale using
the mathematical procedure described by Newton and Vinyard. The Oakdale
dralnage srea, 764 square mliles, Is nearly 90 percent of the total Emory River
water shed. The Emory River runoff model verification at Oakdale Is shown In
Flgure 2.4-22, using the 1948 and December 1969 floods. These were the
largest floods with adequate records at the time of this analysis. The model
predicts the 1948 hydrograph closely except at the sharp peak, the duration of
which Is less than one~hal f day. Predicted peak Is 20 percent high., The
predicted hydrograph Is good also In the 1969-70 flood, but Is 14.5 percent
low In a peak approaching a 1-day duration, Emory River enters the ClInch
River about 12 mlles downstream from the CRBRP site., Its flow contributions
are of short duration and are timed ahead of much broader Clinch River peaks
with the only effect on plant site flood levels through backwater Influence
downstream from Mile 4.4. Hence, Emory River floods have minimal effect on
plant site flood levels. The water shed model Is fully adequate In this
clrcumstance.

Mode! verlflcation was continued downstream on the Tennessee to Watts Bar Dam
using the 1963, 1969-70 and 1973 floods. Flgure 2.4-21 compares observed and
computed discharges at Watts Bar for the 1963 and 1969-70 floods. Figure
2.4-14 compares observed and computed discharges for the 1973 flood. A unique
Mel ton HIl| sltuation existed during the 1963 flood. The partially completed
dam modifled flows in a way not typlcal of present, completed dam condi* 'ns.
Consequently, observed flows at Melton Hil| were used as Inflow In the Watts
Bar verification.

Figures 2.4-14 and 2.4-21 show that the Watts Bar model predicts flood peaks
somewhat In excess of observed values In all three cases. |t Is conslidered to
be conservative as an Instrument to estimate larger floods. The negative
computed flows In the 1969-70 flood occurred when actual project outflows were
zero or minimal and resulted from specifying observed headwater ievel as the
boundary. It Is virtually Impossiple to model a reservolir perfectly enough to
verify these severe conditions. Moreover, modification toward dcing so would
have no influence on model performance durling flood peaks.

Studles by others (Ref. 17,18,19) and unpubl ished work of TVA Indicate

| Inearity of unit hydrographs (capabllity to predict floods of largely varying
magnitude) If they are derived from large, out-of-bank floods produced by
major, basinwide storms. Total capabi! ity of the runoff model has been
verifled at critical locations (Norris, Melton Hill, Fort Loudoun, and Watts
Bar Dams) against the largest avallable floods. Comparisons revealed that the
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mode! predicts conservatively high at all four locations., Large volume In
upstream reservolrs, particularly in nearby Norrls Reservoir, has a strong
stabll1zing Influence on the models. Unsteady flow *echniques, the most
advanced state of the art, have been used In the segments of the model having
principal effect on flood elevations at the CRBRP site.

Results from unsteady flow techniques have been verified by steady flow
methods to the extent possible. From these factors It Is concluded that the
water shed model Ing used in thls analysis predicts probable maximum flood
elevations adequately and safely.

2.4,3.4 Probable Maximum fiood Flow

The maximum PMF discharge at *he plant site would be a sharp, narrow peak of
258,000cfs resulting from the fa'lure of Meltun Hill., The discharge
hydrograph Is shown In Figure 2.4-23, |t was computed with the unsteady flow
model .

The flood would result from the 7,980-square-mlle storm with center at Bulls
Gap, Tennessee, shown In Figure 2.4-10, which also produces near PMP depths on
the 17,310~square~mile water shed above Watts Bar Dam. The storm Is more
completely described In 2.4.3.1,

The flood would overtop and breach th2 earth embankments at Fort Loudoun and
Tel |l lco Dams upstream and Watts Bar Dam downstream. The concrete nonoverflow
section of Melton Hil|l Dam would also fall. These are the only dams that
would fail, The Melton HII| fallure and Fort Loudoun=Tel | ico breach Increases
while the Watts Bar breach reduces the level of this flood at the p!~nt site.
The analysis of dam fallures is descr!bed In Section 2.4.4,

The Influence of the TVA reservolr system on the PMF was computed using
operating procedures prescribed for floods.

In addition to splllway flow, these permit turbine and slulce discharge In
tributary reservolrs In the antecedent <torm. Turbine discharges are not used
In the mainstream reservoirs after large flows develop because head
differentials become too small. Normal operating procedures were used In the
principal storm except that turbine discharge was not used in elther the
tributary or main river dams. The previous analysis did Include turbine
discharge In tributary reservoirs, All gates were determined to be operable
during the flood. Prescribed operating procedures actually have |ittle
Influence on maximum flood dlscharges, however, because spiliway capacities
and hence uncontrol led conditions are reached early in the main storm flocd.

Historic, observed, mid-March reservolir levels were used at the start of the
flood from the antecedent storm. As a result of the antecedent storm and
flood, 51 percent of the reserved system flood detention capacity was occupled
at the start of the flood from the maln storm.

Norris Dam was examinad for potential fallure during the PMF., The PMF would
result from a 3-day, July PMP of 18.7 Inches with P_ of 16.5 Inches, preceded
by a 3-day dry perlod and antecedent storm equal to 30 percent of the PMP,
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The maximum headwater reached wouid be 1055.5, 5.5 feet below dam top.
Structural analysis conflirmed that the dam would not fall under this
condition. Inflow, outflow, and headwater hydrographs for the Norris PMF are
shown In fligure 2.4~23a,

Flows and elevations for other candidate storms were not computed at the
plantsite because It can be Judged from the flood-producing components that
they would produce lower flood levels. Norris Dam outflow and backwater rise
In the Watts Bar Reservolr system caused by high flow and Watts Bar headwater
elevation are the dominant influences on CRBRP site flood levels. Local
Inflow fram precipltation on the area below Norris Dam peaks early with only
the recesslion of the hydrograph adding to peak dam outflows and hence has a
less dominant effect. Precipitation on this area was used to Judge flow rates
when they were not computed. Emory River Inflows at miie 4.4 on the Clinch
River contribute somewhat to backwater effect.

Backwater elevation at the mouth of the Clinch River Is a major influence on
plantsite flood levels (sea Figure 2.4-18), reaching elevation 773.2 In the
control lIng flood. This flood produces the highest Watt: Rar Reservolir flow
and headwater level and, except for the Norris PMF, essen*!ally the highest
Norrls outflow, The Norrlis PMF peak outflow of 285,000 cts would reduce to
230,000 cfs at the plantsite. A site eievation of not more than 772 was
estimated for this flood based upon a conservative postulation of elevation
765 at the mouth of the ClInch River.

I+ Is concluded that the March storm on 7,980 square miles produces the
probable maximum flood. Any more detalled and definitive proof Is not prudent
because the con'rolling fiood leve, at the CRBRP site, resulting from combined
ralnstorm flood and selsmic fallure of Norris Dam as discussed In 2.4.4,
overrides the PMF by some 20 feet,
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2.4.3.5 Nater Level Determinations

The PMF would produce elevation 778.8 at Mile 18 and elevation 777.2 at Mile
1€. Elevation hydrographs for thase locations are given In Figure 2.4-24,
Elevations were computed concurrently with the discharges for the site using
the unsteady flow model. The Influence of Melton Hill Dam fallure Is
apparent, The Influences of Fort Loudon-Telllico and Watts Bar Dam fallures
are not consplcuous but were an Integral part of the analyslis.

2.4.3.6 Coincident Wind Wave Activity

Winds are commoniy assoclated with rainstorms. They usually subs!de, however,
when rainfall ends. Fluod crests, on the other hand, often occur some time
after the end of rainfall., At the CRBRP site this lag fram total basin runoff
Is at least | day. See Figures 2.4-23 and 2.4-24. Hence, winds Integral with
a glven storm usually have ceased by the time of the flood crest. Yet
meteorologlcal conditions conducive to flood-producing storms can repeat
themselves. Just such a repetition has been postulated In the PMF analysis
which used an antecedent and a larger, main storm, To assign a wind and Its
wave runup effect during the flood crest of the second storm postulates yet a
third, repetitive wind-producing event., The probability of such a sequence Is
extremely remote.

Never theless, a conservatively high wind velocity of 40 miles per hour over
land from the most adverse direction has been applled at the time of the
second, maln storm flood peak to conform with Regulatory Guide 1.59. This Is
conservatively high compared to the requirements specified In Revision 2 of
Regulatory Gulde 1.59 (August 1977).
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2.4,3,5 Water Level Determinations

The PMF wou'd produce elevation 777,5 at Mile 18 and
elevation 776.0 at Mile 16, Elevation hydrographs for these
locations are given in Figure 2.4-24, Lievations were computed
concurrently with the discharges for the site using the unsteady
flow model., The influence of Melton Hill Dam failure prior
to the main storm peak is apparent. The influences of Fort
Loudoun and Watts Bar Dam failures are not conspicuous but
were an integral part of the analysis.

2,4,3.6 Coincident Wind Wave Activity

Winds are commonly associated with rainstorms, They
usually subside, however, when rainfall ends. Flocd crests,
on the other hand, often occur some time after the end of
rainfall, At the CRBRP site this lag from total basin runoff
is at least 1 day. See Figures 2.4-23 and 2.4-24, Hence,
vinds integral with a given storm usually have ceased by the time
of the flood crest. Yet meteorological conditions conducive to
flood-producing storms can repeat themselves, Just such a
repetition has been postulated in the PMF analysis which
used an antecedent and a larger, main storm, To assign a
wind and its wave runup effect during the flood crest of the
second storm postulates yet a third, repetitive wind-producing
event, The probability of such a sequence is extremely remote,

Nevertheless, a conservatively high wind velocity of 40
miles per hour over land from the most adverse direction has
been applied at the time of the second, main storm flood peak
to conform with Regulatory Guide 1,59,
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A 40-mi|e~per-hour wind of sufficlent duration to produce maximum wave runup
at the plant Is, In Itself, a rare event for March, the month of the PMF, As
Judged fram 30 years of record at Chattanooga, Tonnossoo‘srecordod winds on
930 March days show a probabllity In the order of 1 X 10 © for a 40-ml|e-per=-
hour wind on a speclflic March day. |t Is further postulated that, as a third,
sequentlal meteorologlcal ovonf,_;f Is Independent of the PMF fraom two prior
meteorologlcal events, A 1 X 10 " probabllity for a PMP storm and resul ting
PMF from a slngle meteorologlical event coincident with a high velocity wind
from a second meteorologlical event has been rece!ving professional acceptance.
Combining a 40-ml|e-per-hour wind from yet a fhl:go Independent event extends
the probabl| ity of the combination to the 1 X 10 probabl| Ity range. Newtor
and Cripe (Ref. 11) ln_,ifornaflvo approaches applying to the Tennessee Val ley
estimate In the 1 X 10 range.

Wind waves were computed using procedures of the Corps of Englineers (Ref. 20).
Waves and runup are applicable to the plant only at Mile 16, At Mile 18
ground levels adequately shleld the plant in the PMF with colincident wind.
(See Figure 2.4-44 which applles specifically to higher flood levels fram
comblined hydrologlic and selsmic causes.) At Mile 16 the critical direction Is
from the southeast with an effective fetch of 0.5 mile. For a 40-ml|e-per-
hour overland wind, 99.6 percent of the waves would be less than 2.4 feet high
from crest to trough, resulting In maximum water elevation 778.8. Runup above
st11l reservolir levels would be 2.8 feet to elevation 780.0 on a smooth 3:1
slope and 3.8 feet to elevation 781.0 on a vertical wall.

2.4.4 Potential Dam Fallures (Selsmically and Otherwlise Induced)

The plant site and upstream reservolrs are |located In the Southern Appalachlan
Tectonic Province and, therefore, subject to moderate earthquake forces. All
upstream dams, Including those on the Tennessee River, whose fallure In a
selsmic event has the potential to cause problems at the plant when combined
with appropriate floods were Investigated as described In 2.4,4.2.1, Studies
to determine the potentiai fallure of upstream dams from hydrologic condltions
are descrlbed In 2.4.4,2.2.

An operational basls earthquake (0OBE), Imposed concurrently with the one-half
PMF resulting In postulated Norris fallure, would be the controlling fallure
situation, Maximum water surface elevation would be 804.3 and 798.2 at Mile
18.0 and Mile 16.0 respectively, excluding any wind wave effects. As shown In
Table 2.4-8 this condition produced the maximum plant flood level from any of
the PMF cr selsmic conditions stipulated by Regulatory Gulde 1.59.
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This Information |5 presented solely to confirm that the CRBRP can w!thstand
postul ated floods caused from probable maximum rainfall, from selismic dam
fallures, and from combinations of rainfall and selsmic dam fallure. TVA Is
of the sfrong cpinion that the |ikel Ihood of events occurring concurrently
which produce controlling flood levels for plant design Is extremely remote.

By furnishing this Information TVA does not Iimply or concede that |+s dams are
Inadequate to withstand great floods and/or ecrthquakes that may be reasonably
expected to occur In the TVA region under consideration. TVA has a program of
Inspection and malntenance carried out on a regular schedule to keep its dams
safe. |Instrumentation of the dams to help keep check on thelr behavior was
Installed in many of the dams during original construction. Other
Instrumentation has been added since and is stil| being added as the need may
appear or as new techniques become avallable. |In short, TVA has confidence
that Its dams are safe agalnst catastrophic destruction by any natural forces
that could be expected to occur.

2.4.4.1 Dam and Reservolr Description

Characteristics of TVA dams and reservoirs are contained In Table 2.4-13,
Thelr location with respect to the plant site Is shown In Figure 2.4-25,

There are nine dams upstream in the Tennessee River System which Influence
flood leveis at the plant site and Norris and Melton Hil|l Dams upstream on the
Clinch River, Elevation-storage relationships and seasonally varylng storage
al location In the major projects are shown on the nine sheets of Flgure
2.4-26. No guide Is provided for Melton HIl| because the reservolir Is held 2t
full pool elevation 795 throughout the year with only minor fluctuations, An
area-volume curve for Norris Reservolr Is given In Figure 2.4-27,

There Is essentlally no | lkel Thood that future dams and reservoirs could
adversely affect flood levels at the CRBRP, Tha Clinch River already Is fully
developed essentlally to Norris Dam, and additions upstream of Norrlis
Reservolr are not needed. There Is small chance of future dams on other
Tennessee River Tributaries upstream from the mouth of the Cilinch River and on
the Emory River. Even |f these forecasts are Incorrect, any new dams would be
designed and bullt to withstand floods and seismic forces that otherwise could
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endanger by flooding not only the CRBRP but ¢ rher nuclear power generating
plants as well, Hence, the net Influsnce of future dams, however unl ikely,
would be favorable rather than adverse.

Most of the dams upstream from the plant and Watts Bar Dam were designed
before the hydrameteorolcglical approach to spllliway design galned Its current
level of acceptance, and spilliway capaclity Is probably less than would be
provided today. Arbitrary freeboard provided at these dams, however, permits
many of them to meet today's criteria. Those dams whose fallure In the PMF
have a potentlal to Influence plant flood levels were examined, as dlscussed
In 2.4.4,2.2.

2.4.4.2 Dam Fallure Permutations

The discussion of dam fallure permutations has been separated Into two-
sectlons--Selsmic Fallure Analysls (2.4.4.2.1) and Hydrologlc Fallure Analysis
(2.4.4,2.2).

2.4,4.2." Selsmic Fallure Analysis

There are 11 major dams that can Infiuence plant site flood |evels==two on the
ClInch River and nine on the Tennessee River System upstream of Watts bar Dam.
All 11 were examined Individually and In groups to determ!ne If postulated
selsmic fallure combined with appropriate flood conditions would produce a
control | Ing flood conditio. at the plant site. Two basic conditions were
e<amined, a safe shutdown earthquake (SSE) during a 25-year flood with full
reservolrs, and an operational basis earthquake (OBE) during the one-hal f PMF
with full reservoirs. The |atter combination produced controlling flood
levels,

The FSAR for Sequoyah Nuclear Plant (Reference 20a) describes the
investigation of potential single and multiple fallures of Watts Bar and all
11 dams upstream during the two postulated seismic-flood combinations. All
events referred to in that report were reexamined using flood condltions
specifically applicable to the CRBRP, In the OBE the selsmic dam fallure
combinations with a potential to create maximum plantsite flood levels are
Norris Dam singly and Cherokee and Douglas Dams concurrently. In the SSE the
candidate sltuations Include fallure of Norris Dam singly and concurrent
fallure of Norrls-Cherokee-Douglas and Norrls=-Dougias-Fort Loudon-Telllco. In
the situations Involving Norris Dam fallure, Melton Hil| Dam was postuiated to
fall when the flood wave reached headwater elevat!on 804. Watts Bar Dam would
be overtopped and the embankment would be breached from postulated Norrlis Dam
fallure In the OBE., However, fallure would occur after the Clinch River flood
peak had passed the plantsite and hence have no lowering effect. Because of
this, plantsite flood levels were computed as though Watts Bar embankment did
not fall.

Flows and elevations for the potentially critical situations are summarized In
Table 2.4-12, The single, Norris Dam OBE faliure combined with the one-hal f
PMF was control | ing.
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Regul atory Grade 1.59 recommends use of Appendix A to 10 CFR 100 for estimates
of selsmically Induced flood |evels. As described above, both a safe shutdown
earthquake with a 25 year flood and a 1/2 safe shutdown earthquake together
with 1/2 PMF are considered In accordance with {his guide. For this site the
1/2 SSE corresponds to a horlzontal acce!eration of 0.125 g at rock foundation.

The basic procedures and the specific analysis to determine Norris Dam
stabil| ity are described below.

A standard method of computing stabll ity Is used. The maximum base
compressive stress, averace base shear stress, the factor of safety against
overturning, and the shes  strength required for a shear-friction factor of
safety of ore are determined. To find the shear strength required to provide
a safety factor of one, a coefficlent of friction of 0.65 Is assigned at the
elevation of the base under consideration,

The analyses of earthquakes are based on the static analysis method as given
by Hinds (Ref. 21) with increased hydrodynamic pressures determined by the

method developed by Bustamante and Fiores (Ref., 23). These analyses Include
apply Ing masonry Inertia forces and Increased water pressure to the structure
resul ting from the acceleration of the structure Horlzontally In the upstream
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direction and simul taneously In a downward direction. The masonry Inertia
forces are determined by a dynamic analysis of the structure which takes Into .
account ampl Iflcation of the accelerations above the foundation route.

No reduction of hydrostatic or hydrodynamic forces due to the decrease of the
unlt welght of water from the downward acceleration of the reservoir bottom Is
Included in this analysls,

Waves created at the free surface of the reservoir by an earthquake are
consldered of no Importance, Based upon studies by Chopra (Ref., 24) and
Zlenklewicz (Ref, 25), It Is TVA's Judgment that before waves cf any
signlficant helght have time to develop, the earthquike will be over. The
duration of earthquakes used In thls analysis Is In the range of 20 to 30
seconds.,

Al though accumulated silt on the reservoir bottom would dampen vertically
travel ing waves, the effect of sllt on structures Is not considered. There Is
only a sma!| amount of sllt now present and the accumulation rate Is slow, as
measured by TVA for many years (Ref, 26).

Figure 2.4-28 is a general plan of Norrls Dam showing elevations and sections,
Resul ts of Norrls Dam stabll ity analysis In the OBE for a typlical splliway
block and a typical nonoverflow section of maximum helght are shown In Figure
2.4-29, Because only a smal| percentage of the spillway basc Is In
compression, this structure Is Judged to fail. The high nonoverflow section
with a rmal! percentage of the base In compression and with high compressive
and shea Ing stresses Is also Judged to fall. Based on stabil ity analysis the
|ower nonoverflow blocks remaining In place are Judged able to withstand the
(BE.

Blocks 34-33 (665 feet of length) are judged to fall by overturning at the
base foundation because the resul tant of all forces falls very near the
downstream toe which results In high compressive and shearing stresses.
Supporting this judgment I|s a statement by Hinds, Creager, and Justin

(Ref. 21): ™As the resul tant approaches the face the compression stress
Increases rapidly, hence overturning would be preceded and accelerated by a
compresslion fallure." Stability analyses Indicate fallure by overturning at a
plane In the concrete abcve the foundation of the structure Is less |'kely,
principal ly because the height of the dam above such a plane I|s decreased and
because a dralnage system for uplIft relief is provided In the structure above
the Inspection and dralnage gallery.
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The dam is located on the dolamite series of rock which csiongs to the |lower
part of the Copper Ridge formation and Is In turn the lowest part of the Knox
group. The uiructures are well entrenched Into rock which dips slightly
downstream, Tests made during the original design of Norris Dam indicate the
rock has high shear strength and, therefore, Is judged able to resist sliding
of the dam due to the addlitional earthquake forces,

Figure 2.4-30 shows the 665-foot-long part of the dam Judged to fail under OBE
conditions and 'he Judged location and height ‘elevation 970) of the debris of
the falled portion., The location of the debris Is not based on any calculated
procedure of fallure because it Is bel leved that this Is not possible. It Is
TVA's judgment, however, that the fallure mode shown Is one logical ass'mption
and al though there may be many other logical assumptions the amount of channel
obstruction would probably be about the same.

Under SSE conditions, blocks 31 through 45 (833 feet of length) are judged to
fall. The resulting debrls downstream would occupy a greater span of the

val ley cross section than would the debris from OBE fallure but with the same
top level, elevation 970. Figure 2.4-31 shows the part of the dam judged to
fall and the location and height of the resulting debrlis.

2.4.4.2.2 Hydrologlc Fallure Analyslis

Ail upstream and downstream dams which are close enough to have a sign'” :ant
Influence on flood levels at the CRBRP were examined fo- potential fa re
during the PMF, Concrete sect’'ons were examined for overturning and for
horizontal shear fallure with a resultant sliding of the structures. Spillway
and lock gates were examined for stabillty at potentially critical water
levels, and against fallure from being struck by waterborne objects. Concrete
lock structures were examined for stabillity, and earth embankments were
examined for erosion due to overtopping.

It was concluded that the only potential fallures during the PMF would be of
the earth embankments at Fort Loudon-Tellico and Watts Bar Dams due to eroslion
from overtopping and all the concrete nonoverflow portion of Melton Hill Dam
to the left (looking downstream) of station 19+54 and above elevation 774.5.

Concrete Section Analysis

For concrete dam sections, comparisons were made between the original design
headwater and tallwater levels and those that would prevall In the PMF, If
the overturning maments and horizontal forces were not Increased by more than
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20 percent, the structures were considered safe against fallure. All upstream
dams passed thls test except Melton HII|, Douglas, and Fort Loudon. Origlnal
design showed that the spillway sectlons of Fort Loudon and Dougl as Dams to be
most vulnerable. These were examined In further detall and judged to be
stable. The nonoverflow portion of Melton Hil| Dam left of station 19+54 and
above elevation 774,5 was judged to fall by overturning If headwaters reached
elevation 804, Flgure 2.4-32 Is a general plan of Melton HII| Dam showing
elevations and sections,

Splllway Gate Fallures

Conslideration was given to the potential effect at the CRBRP of the fallure of
spll Ilway gates at Watts Bar and upstream dams In the PMF, The analysis for
the Sequoyah FSAR show that at Fort Loudon and Watts Bar Dams the gates would
remaln Intact except possibly when struck by waterborne objects. These dams
would be overtopped by the PMF, Gate fallure would only make relative small
changes In the timing of such fallure., Because of this It was concluded that
gate fallures are not important to this analysls and were dropped from further
conslderation, Gates were assumed operable and not to fall In all routings.

Lock Gates

The lock gates at Fort Loudon, Watts Bar, and Melton HIl| Dams were examined
with the concluslon that no potential for fallure ex|sts because the gates are
designed for a o!fferential hydrostatic head greater than that which would
exlst during the PMF,

Embankment Breaching

Earth embankments at Fort Loudon-Telllco and Watts Bar Dams would be
overtopped and subsequently breached by the PMF, The Fort Loudon-Tell Ico
breach would add to PMF elevations and the Watts Bar breach would reduce flood
levels at the plants'te. These situations will be described In some detall.

The adopted relatlonship to compute the rate of erosion In an earth dam
fallure |s that devel oped and used by the Bureau of Reclamation In connection
with Its safety of dams program (Ref. 27). The expression relates the volume
of eroded f111 materlal to the volume of water flowing through the breach.
The equation Is:
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0‘0“ = Volume of soll eroded In each time period
O““r = Volume of water dlscharged each time perlod
K = Constant of proportional ity, 1 for the soll and discharge
relationships in this study
] = Base of natural |ogarithm system
=D
X < ten Qd
b = Base |ength of overflow channel at any given time
H = Hydraul Ic heat at any glven time
‘h = Devel oped angle of friction soil materlal

A conservative value of 13 degrees was adopted for materlals
In the dams Investigated.

Solving the equation, which was computerized, Involves a trial-and-error
procedure over short depth and time Increments. In the program, depth changes
of 0.1 foot or less are used to keep time Increments to less than one second
during rapid failure and up to about 350 seconds prior to breaching.

The solutlon of an earth embankment breach begins by solving the erosion
equation using a headwater elevation hydrograph assuming no fallure, Erosion
Is postul ated to occur across the entire earth section and to start at the
downstream edge when headwater elevations reached a selected depth above the
dam top elevation. Subsequently, when erosion reaches the upstream edge of
the embankment, breaching commences. Thereafter, computations Include
headwater adjustments for Increased reservoir outflow resul ting from the
breach. Breachling proceeds relatively slowly for a short period; then,
typlcal ly, breaching proceeds rapidly and the embankment is washed away In
minutes. For purposes of routing, complete falilure was assumed to occur at
the beginning of rapid fallure.

Amend. 73
Nov. 1982

2.4-28



headwater and tallwater depth at that time. Unsteady flow routing techniques
were used to define the rest of the outflow hydrograph.

During the hour of fallure the peak discharge was determined based upon the ‘

Some verification for the breaching computational procedures I|lustrated above
was obtalned by comparison with actual fallures reported In the | [terature and
In Informal discusslion with hydrologic engineers., These reports show that
overtopped earth embankments do not necessarlily fall. Earth embankments have
sustalned overtopping of several feet for several hours before fallure
occurred, An extreme example |s Oros earth dam In Brazll (Ref, 28) which was
overtopped to a depth of approximately 2.6 feet along a 2,000-foot |length for
12 hours before breaching began, Once an earth embankment I|s breached,
fallure tends to progress rapidly, however. How rapidly depends upon the
mater lal and headwater depth during fallure, Complete fallure computed In
this and other studles has varied from about one-half to 6 hours after Initial
breaching. This Is consistent with actual fallures.

fFort Loudoun-Tellico Embankment Fallure

Figure 2.4-33 Is a general plan of Fort Loudoun Dam showing elevations and
sections, Figure 2,4-34 [s a general plan of Telllco Dam showing elevations
and sections, Fallure calculations were made for the earth embankments at
Telllco and Fort Loudoun. Telllco would fall about 1-1/2 hours ear| ler than
Fort Loudoun but the rel lef afforded would not prevent fallure of Fort
Loudoun, To conservatively determine a maximum plant site flood |evel and to
facil itate computations, complete, Instantaneous disappearance of the Fort
Loudoun=Tel | Ico complex was assumed at the earl| ier of the two calcul ated
fallure times. Fligure 2.4-35 shows the headwater and tallwater dlscharge
relationships for Fort Loudoun., Figure 2.4-35a shows the headwater and
tallwater rating curves for Telllco, Figure 2.4-36 shows the computed outflow
hydrograph for the CRBRP PMF immediately below the falled Fort Loudoun-Tell Ico
compl ex.

Watts Bar Embankment Fallure

Figure 2.4-37 Is a general plan of Watts Bar Dam showing elevations and
sections, Figure 2,4-38 is a general plan and section of the west saddle
dike. Fallure calculations were made for the 750 feet of earth embankment
shown on Figure 2,4-37 which was assumed to erode down to average ground
elevation 700, The computed rate of failure of the embankment saction Is
shown on Figure 2.4-39,

The west saddle dlke was examined and also found subject to fallure from
overtopping. This fallure would be a complete washout and would occur some
8«1/2 hours before that of the main embankment. The relief afforded would not
prevent fallure of the malin embankment and, therefore, was Ignored.
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Figure 2,4-40 shows the headwater discharge relationships for Watts Bar Dam,
one before fallure and one after fallure of the 750-foot earth embankment
saction, The tallwater rating curve Is also shown for comparison, The
tallwater curve differs from that originally provided and resul ts from changes
made In the Chlckamauga Reservolr hydraul Ic model based upon March 1973 flood
data., The headwater dlscharge relatlionships also differ as a result of the
revised tallwater and improved definition of flow at high levels where the
splliway acts as a submerged oriflce, Figure 2.4-41 |s the computed outflow
hydrograph from Watts Bar Dam for the CRBRP PMF, Corresponding headwater
levels are shown on Figure 2.4-39,

2.4.4.3 Unsteady Flow Analysis of Potentlal Dam Fallures

An unsteady flow model of Norrls Reservolr was developed In sufficient detall
to define the manner In which the reservolr would supply and sustaln outflow
at postul ated seismically fallured Norris Dam, The 61-mile reach of reservolr
upstream to Cl Inch River Mile 141 was divided Into twenty-eight 2.2 mile
reaches, The model was verifled by comparing Its routed headwater |evels In
the one-half PMF with those using simpl !fled routing techniques. Headwater
level s agreed within a foot, and the model was considered adequate for the
purpose.

Discharge rating curves for Norrls Dam for both the postul ated OBE and SSE
fallure conditions are shown on Figure 2.4-42, These rating curves were
devel oped from 1:150 scale hydraul Ic model studies at TVA's Englineering
Laboratory and verified closely by hydraul ic analysis, Outfiow for falled
conditions Is controlled by the degree to which the val ley cross section
downstream from the dam |s obstructed by debris., This debrls, not the dam
breach, forms the discharge control section, Debris resulting from the SSE
fallure Is more extensive than from the OBE fallure, as shown by fligures
2.4-30 and 2.4-31, Thus, discharge under OBE conditions with the shorter
falled section but less downstream debris Is greater at a glven headwater than
for SSE conditions with wider dam breach but greater downstream debris, as
shown by the rating curves, fligure 2.4-42,

In addition to the postulated OBE fallure condition for Norris Dam shown In
Flgure 2.4-30, four other fallure conditions were arbitrarily assumed. There
Is no engineering basis for these condltions which were assumed solely for
sensltivity analysis., These are (1) overturning of blocks 33-44 (665-foot
width) with 945 debris level, (2) overturning of seven biocks, 37-43 (370-foot
width) with 925 debris level, (3) vanishment of the three tallest middie
blocks, 38-40 (168~foot width) to ground level, and (4) instant vanlshment of
entlre dam. Discharge rating curves for the first two conditions were

devel oped from 1:150 scale hydraul ic model studies at TVA's Engineering
Laboratory, The discharge rating for the assumed three-block failure
condltion was developed analyticalily using hydraul ic relationships for
contracted openings. The outflow for the Instant vanishment of the dam was
defined by the unsteady flow models of Norris Reservoir and Melton Hil|
Reservolr, which were coupled together for thls condition,
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Unsteady flow routing was used In Melton HIii) and Watts Bar (Including the

Cl Inch River embayment) Reservoirs to provide the accuracy needed to account

for rapld flow and el evation changes at the plant site resul ting from both ‘
upstream and downstream dam fallures during the varlious postul ated flooding

condi tions,

For Melton HII| fallure in the PMF, headwater and tallwater curves approprlate
to the overturned nonoverflow section were used as boundaries for the models.
In the Norris Dam selsmic fallure flood wave, Melton Hil| Dam was
conservatively assumed to fali completely and Instantaneously with no debrlis
Interference at which time the unsteady flow models upstream and downstream
were coupled together. This allowed computation of wave propogation both
upstream and downstream In one continuous analysls.,

Routings of selsmic dam fallure surges upstream of Watts Bar Reservolr were
made using short Interval storage routing procedures. These define Watts Bar
lake Infiows with sufficlent accuracy to demonstrate that Norrls Dam OBE
fallure Is the controlling situation,

Amend. 73 I
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2.4.4.4 yater Lavel at Plant Site

The unsteady flow analyses dlscussed In the previous section yleld fiow and
elevation hydrographs In one operation, Results for PMF conditions are glven
In 2.4.3, These hydrographs for floods from the control|ing combined seismlc
dam fallure and precipltation flood are shown on Figure 2,4-43,

Peak flow at the plant for the controlling, OBE-one-half PMF Norris fallure
sltuation would be 921,000 cfs. Crest stil| reservolr levels would be
elevation 804.3 at Mile 18 and elevation 798.2 at Mile 16,

Plantsite flood elevations were also determined for the arbitrarily assumed
Norrls fallure condltions discussed In the previous section, These fallure
sltuations were combined with the one-half PMF and were determined only for
comparative purposes. The tabulation below provides computed elevations for
these specifled arbltrary conditions and for the adopted level.

Stii |
Location Reservolr
Fallure Mode AMlle) Elevation
Adopted Condition
Blocks 33-44 overturned 18 804.3
(665~foot width) 16 798.2
970 debris level
Achlitrary Conditions
Blocks 33-44 overturned 18 808.9
(665-foot width 16 8.6
945 debrls |evel
Blocks 37-43 overturned 18 811.9
(370-foot width) 16 805.3
925 debris level
vanishment of blocks 38-40 18 808.4
(168-foot width) to 16 802.2
ground |evel
Instant vanlishment of 18 818.0
entire dam to ground 16 811.0

level
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The only fallure condlition that would create flood ievels above plant grade .

elevation 815 Is the Instant vanlshment of the entire dam, an unreallstic
assumption. TVA concludes that fallure of Norris Dam coincident with a large
flood w!l | not endanger the plant,

A colnclidental 40-mi!e-per-hour over|and wind was appl led for the fetch
radlal 3 and directions shown on Figure 2.4-44, Critical direction Is from the
northeast for Mile 18 and from the southwest for Mile 16, both with an
effective fetch length of 0.8 mile. For these conditions 99.6 percent of the
waves would be less than 3.0 feet from crest to trough. Runup would be 3.6
feet on a 3:1 smooth slope and 4.9 feet on a vertical wall. Resulting
elevations for the adopted condition are as fol lows:

Elevation
Still Max I mum Runup
Location  Reservelr  MWater Surface  Smooth 3:1 Slope  Yertical Wall ‘
Mile 18 804.3 806.3 807.9 809.2
Mile 16 798.2 800.2 801.8 803.1

Windwaves were not computed for the arbitrarily assumed Yallure cond!tlions,

2.4.7 lge Flooding

Because of the location In a temperate cl Imate, significant amounts of Ice do
not form on the lakes or rivers In the area and ice jams seldom occur and are
not a source of major flooding. There are no records of frazll or anchor Ice
on the Cl Inch River In the vicinity of the plantsite.

The potential for Ice formation at the site Is less today than In the past
because (1) dally water level fluctuations from operating Watts Bar (ciosed
1942) and Mel ton HII| (closed 1963) Reservolrs would break up surface Ice
before signiflcant thickness can be formed, (2) Increased water depths due to
Watts Bar Reservolr result In a greater mass needing to be cooled by radliation
compared to prereservolir conditions, (3) ClInch River flows are warmed by
release from near the bottom of Melton Hil| Reservolr, and (4) Melton HIII
Lake waters, In turn, are warmed by releases from near the bottom of Norris
Reservolr (closed 1936).

Since Melton Hill was closed In May 1963, daily winter varlation In tallwater
level, mile 23,1, has ranged from 0,2 foot to 7.4 feet and from 0.02 foot to
4.1 feet at the USGS stream gage near Oak Ridge, mile 14.4, Fluctuation at
the plantsite would be somewhere [n-between,

Minimum average water depths encompassing the 2-mile plantsite reach have been
Increased from 7 feet to 19 feet due to Watts BaroReservolr. The |owest
observed temperature In Melton HIi| Lake was 40.4" In January 1964 at
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2.4.9 Channel Diversions

Channel diversion is not a potential problem for the
plant. There are now no channel diversions upstream of the CRBR
plant that would cause diverting or rerouting of the source
of plant cooling water, and none are anticipated in the future,
The floodplain is such that large floods do not produce major
channel meanders or cutoffs, Carbon 14 dating of material at
the high terrace levels shows that the Clinch River has essentially
maintained its present alignment for over 2,700 years. The
topography is such that only an unimaginable catastrophic
event could result in any flow diversion above the plant,

2,4,10 Flooding Protection Requirements

A1l Category I Structures, housing safety-related facilities,
systems and components, and on-site power supply, will be designed and
constructed for protection against all possible flooding con-

l ditions, These Category I Structures, capable of surviving the design flood
conditions, include the Reactor Containment Building, Reactor
Service Building, Steam Generator Building, Intermediate Building,

33| Diesel Generator Building and the Control Building.

With the maximum flood level established at elevation
809.2, structures which are either completely or partially
located at elevations below this level will be analyzed for the
effects of the following forces:

a. Hydrostatic oressures
b. Buoyancy
Cc. Wave action,

Hydrostatic pressures and dynamic wave effects (where
applicable) will be combined with oticr loads in the design of
the Category I structure or components,

Stability against floatation will also be provided.
Protection against buoyant effects will be provided for
Category I structures by resistance from dead loads or mechanical
anchors to bedrock.

A1l safety-related systems and equipment will be either
located on floors above the maximum flood level, or will be
protected by the following neasures:
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dard conversion of units).

Releases from Norris Reservoir, located on the Clinch
River 56,7 miles upstream of Melton Hill, flow into Melton Hill
Reservoir and subsequently by the site, Norris Reservoir
is a multiple-purpose reservoir providing power generation
and flood control, The normal minimum pool elevation is 960
(See Figure 2,4-58). Power generation at Norris can be main-
tained to about elevation 900. Although not a primary purpose,
stored water “etween elevations 960 and 900 is avaiiable for
low flow augmentation in periods of drought. however, minimum
levels will not be i6lated without specific TVA Board of
Directors' action., The total volume of storage in Norris
Reservoir between elevations 960 and 900 is 260,650 sfd, This
volume of water represents an average discharge of 714 Cps
for a perioa of one year. It is possible to lower Norris
Reservoir to about elevation 860 by the use of slide gates. The
total storage volume in Norris Reservoir between elevaticens 900 and
860 is 46,940 sfd (see Figure 2.4-59),

Releases from Fort Loudoun Reservoir, located on the
Tennessee River 72.4 miles upstream from Watts Bar, can be
used to control the Watts Bar pool elevation, The normal
minimum pool elevation for Fort Loudoun is 807 (See Figure 2,4-60
and Reference 37 g, The minimum pool elevation of record is 805,54,
on January 18, 1954, It is possible to lower Fort Loudoun
Reservoir to about elevation 783 by the use of the spillway. The
total volume of storage in the reservoir between elevations 807
and 783 is 97,500 sfd (See Figure 2.4-61),

Inflows into Watts Bar Reservoir from the Tennessee
River are large, even during periods of low flow. Observed
low flow. at Loudoun (gaging station Number 3-5200, 10 3/4
miles dosstream from Fort Loudoun Dam and 9 3/4 miles cdown-
stream from the mouth of the Little Tennessee River) during
the period from 1923 through 1954 are 1,820 cfs for one day
and 2,790 cfs for 30 days. Observed low flows at this location
since the filling of Fort Loudoun Reservoir are 1,820 cfs
for one day and 9,020 cfs for 30 days. Thus, the 30-day
low-flow volume for the period of record is equal to 83,700
sfd, The 30-day low-flow since the filling of Fort Loudoun
Reservoir represents a volume of more than 270,000 sfd. An
appraisal of the significance of these flows may be obtained
by noting that the storage capacity of Watts Bar Reservoir at
elevation 735 (minimum pool elevation) is about 15,000 sfd
per foot (See Figure 2.4-62). Thus, the Tennessee River is
more than capable of maintaining the minimum pool elevation of
Watts Bar Reservoir even under extreme conditions.
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2.4,11.4 Future Control

No plans for new structures on the Clinch River are known which might result
In future low flows at the site significantly different from thoce observed In
the past. The extended perlods of no release from Melton Hill Reservolr In
the past have been the result of special operations elther upstream or
downstream of Melton Hil|l Dam which are unrelated to elther power generation
or navigation, These extended perliods of no reiease will be avolded In the
future thru appropriate reservolr operations should plant requirements so
dictate.

Fiows at the slte can be augmented from storage In Norrls and Melton HIl|
Reservolrs. Inflow Into Watts Bar Reservolr ca also be augmented from
storage In Fort Loudon and Telllco Reservolrs In the Tennessee River.
Characteristics of these reservolrs are described In Sectlon 2.4,11.3,

2.4.11.5 Plant Requirements
2.,4.11.5.1 Rlver Water Service System

This system Incorporates a non-Selsmic Class | intake structure designed to

withstand a flood level of 750'0". The system suppllies all plant make-up
water fram the Clinch River to the Emergency Cool ing Tower Basin and the Maln

Cool Ing Tower Basin., This system also provides the Plant Water Treatment
Facility with a source of water tc meet all| demands for potable and process
water.

The River Water Pump House |s desligned such that make-up water supply will not
be Interrupted during periods when river level drops to minimum water
elevation of 735 feet. Additional description «f the river water system Is
provided in Section 9.9.5.

2.4.11.5.2 (Clrculating Water System

The circulating water system is a closed cycle utilizing mechanical draft

cool Ing system, This system rellies upon the river only for make-up supply.
The River Water Service System is designed to provide this water for river
stage levels down to minimum water level of 735 feet. River flow conditions
will not effect the performance of the system as long as the river stage Is at
or above 735'. TVA operating procedures are such that Watts Bar Rese: ,olr Is
malintained at or above the level at all times. The circulating water system
is described in Section 10.4,5.
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Cl Inch
River

16
18

16
18

777.2
778.8

TABLE 2.4-8

FLOOD ELEVATION SUMMARY, CRBRP
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TABLE 2.4-8a

PROBABLE MAXIMUM PRECIPITATION (PMP) DISTRIBUTION

Time Period Rainfall Rainfall
“{Hours) (Tnches) AccumuTation
(Inches)

] 0.9 0.9

2 3] 2.0

3 2.3 4.3

4 5.0 9.3

5 14.0 23.3

6 3.0 %6.3

7 1.7 28.0

8 1.5 29.5
The above *~bulated time distribution of the PMP is depicted in 7 ’
Figure 2.4-6 .
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TABLE 2.4-9

‘ PROBABLE MAXIMUM STORM RAINFALL AND PRECIPITATION EXCESS
Antecedent Storm  __Maln Storm
- _Subwatershed ______ Rain Pe, * Raln Pe, **
No. Location Inches Inches  Inches Inches
1 Norris 6.16 4,58 16.71 15.49
2 Coal Creek 6.16 4,25 16.00 14.59
3 Hinds Creek 6.16 4,25 17.70 16.29
4 Bul lrun Creek 6.16 4.41 18.50 17.09
5 Beaver Creek 6.16 4,25 19.10 17.69
6 Clinch River local above M71.3 6.16 4,25 16.90 15.49
7 Clinch River local above M55.2 6.16 4,25 17.10 15.69
8 Cl inch River local above M41.0 6.16 4,25 17.10 15.69
9 Clinch River local above M35.4 6.16 4.25 17.10 15.69
10 Clinch River local above M28.0 6.16 4.25 17.10 15.69
1 Clinch River local above M25.5 6.16 4,25 17.10 15.69
12 Clinch River !ocal above M16 5.16 4,25 16.90 15.49
13 Poplar Creek 6.16 4,25 16.70 15.29
14 Emory River at mouth 6.16 4,25 14,60 13.19
1S Clinch River local at mouth 6.16 4.25 16.00 14.59
i6 Watts Bar local below Clinch Rv., 6.16 4,25 13.30 11.89
17 Watts Bar local above Clinch Rv. 6,16 3.79 16.20 14.21
18 Little Tennessee River local,
Fontana=Chl | howee 6.16 271 15.40 $2.72
18a Little Tennessee River |ocal,

‘ Chilhowee-Tel | Ico 6.16 3.79 16.10 14.11
19 Fontana |ocal 6.16 Ll 1 14.40 11:72
20 Tuckasegee River at Bryson City 6.16 2.7 12.80 10.12
21 Nantahal a 6.16 2.M 11.20 8.52
22 Little Tennessee River at

Needmor e 6.16 2.71 11.20 8.52
23 Fort Lcudon local 7.48 4,99 19.90 17.91
24 Holston River local 7.48 5.92 21,90 20,30
25 French Broad River |ocal 7.48 5.17 " 23.30 21,51
25a Little Pigeon River at

Sevierville 7.48 4.99 20.00 18.01
26 Little River at mouth 7.48 4,99 19.80 17.81
27 Dougl as local 7.48 5.88 27.00 25,78
28 Pigeon River at Newport 7.48 4,99 15.80 13.81
29 French Broad River, Newport

to Asheville 7.48 4.99 16.60 14,61
30 French Broad River at Asheville 7.48 4,03 10.80 8.12
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TABLE 2.4-9 (Contlnued)

PROBABLE MAXIM'M STORM RAINFALL AND PRECIPITATION EXCESS .
Antecedant Storm —Maln Storm
—_—— Subuatarshed Raln Pe,* Rain Pe, #*
NQ. Location Inches Anches lnches Inches
n Nol Ichucky local 7.48 4.99 21,50 19.51
32 Nollchucky River at
Embreevi|le 7.48 4.99 16.30 14.31
33 Surgoinsville |ocal 7.48 5.88 22,80 21.58
33A Cherokee |ocal below
Surgolnsviile 7.48 5.88 24,00 22.78
54 North Fork Hoiston River
near Gate Clty 7.48 5.88 *7.40 16.18
35 Fort Patrick Henry 7.48 5.88 25,80 22.58
36 Boone |ocal 7.48 4.99 19.80 17.81
37 South Holston 7.48 $.52 17.00 15.40
38 Watauga 7.48 4.99 16.70 14,71
Average above Watts Bar Dam 6.9 4.6 17.2 15.4

*Adopted APl prior to antecedent ctorm, 1.0 Inch, based on median observed
condl tions,

**Computed APl prlior to main storm, 3.65 inches.
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ABLE 2.4-10
INTENTIONALLY DELETED

2.4-78
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—— . anbwatershed
Ne. Lecation
1 Norris
2 Coal Creek
3 Hinds Creek
4 Bullrun Creek
5 Beaver Creek
6-11 CliInch River local
12 Clinch River local
above M16
13 Poplar Creek
14 Emory Rlver
@ mouth
15 Clinch River local
at mouth
16 Watts Bar l|ocal
below Clinch Rv.
17 Watts Bar |ocal
above ClInch Rv.
18 Little Tenn, River
local , FoBtana-
Chil howee
18a Little Tenn. River
local, Chilhowee-
Telllco
19 Fontana local
20 Tuckasegee River
at Bryson Clty
21 Nantahal a
22 Llittle Tennessee
River ar Needmore
2%  Fort Loudoun local®
24 rdolston River
local
25 Frencn Broad River
iocal
25a LIittle Pligeon River

at Sevierville

TABLE 2.4-11
UNIT HYDROGRAPH DATA

Dral nage

Area, 0 c
Sq. Miles @ -£
2912 43,300 0.07
3.6 2,150 0.64
66.4 3,620 0.68
104 2,400 0.47
90.5 2,600 0.58
22.25 1,350 0.10
37 4,490 0.95
136 2,800 0.61
865 34,000 0.37
32 3,870 0.95
427 16,300 0.36
293 11,300 0.30
406 16,900 0.58
650 17,000 0.61
389 16,350 0.46
655 26,000 0.43
9 3,770 0.45
436 9,130 0.49
323 20,000 0.29
289 6,800 0.55
207 7,500 0.51
353 15,600 0.62

2.4-79

naroes b

N
o

o

12
18
10

10
10

18
12

12

kt

21
12
12

23
10

22
"

10

Duration

“15 Tp
8 118 5
5 40 2
o 54 2

14 84 2

10 88 2
5 34 2
3 46 2

13 88 2
8 8 6
2 46 2
7 84 6
7 84 6
5 84 6

1" 72 6
5 94 6
7 58 6
7 70 6

12 126 6
6 36 6

15 96 6
8 60 6
6 102 6
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TABLE 2.4-11 (Contlinued)

UNIT HYDROGRAPH DATA

¥so

14

1"
12

35
16

14
13

14

33

13
24
13

s

O O oN ~N O [« s

~

B

60
78
108
166
87

66

108
64

100

(= Lo e [« ] (=] (= o E

[+ e W e e

Dral nage
No. Location Sq. Mliles “p p
26 Little River at
mouth? 379 11,730 0.68 16
27  Douglas Local® 832 47,930 0.27 6
28 Pigeon River at
Newport 666 26,600 0,56 12
29 French Broad Rliver,
Newport to Asheviile 913 35,000 0,53 12
30 French Broad River
at Asheville 945 15,000 0.27 14
31 Nol Ichucky iocal 378 10,600 0.40 12
32 Nol Ichucky River at
Embreevil le 805 27,300 0.5 14
33 Surgoinsville local® 299 10,280 0.48 12
3Za Cherckee iocal pelow
Surgoinsville 554 18,750 0.48 12
34 North Fork Holston
River near
Gate City? 672 12,260 0.60 24
35 Fort Patrick Henry 63 3,200 0.40 8
36  Boone local® 669 22,890 0.16 6
37 South Hplston 703 16,000 0.53 18
38 Watauga 468 17,700 0.53 12
a. Revlised
b. New
Refinition of Symbols
Op = Peak dlscharge In cfs
Cp = Snyder coefflclent
T_ = Time In hours from beginning of precipitation excess to peak of unit
P hydrograph
"50 = Width In hours at 50 percent of peak discharge
w,s = Width in hours at 75 percent of peak dlscharge
TB = Base length in hours of unlt hydrograph
Dur = Quration In hours of unit hydrograph

2

."80
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TABLE 2.4-12

FLOODS FROM POSTULATED SEISMIC FAILURE OF UPSTREAM DAMS ‘
. CRBRP
0BE Failures Headwater Peak Flow, " Elevation )
With One-half PMF Watts Bara Norris  CFS ~~ Mile 16 Mile 18
Norris 765.8 1035 921,000 798.2 804.3
Cherokee-Douglas 765.0 - 35,000 765.4  765.6° l
7

SEE Failures
With 25-Year Flood

Norris b 754.5 1027 4 744.000d 790.5 796.3
Norris-Cherokee-Douglas 754.5 1024.3" 770,000 791.6 797.7
Norris-Douglas-Fort Loudoun- d d

Tellicob 764.5 1024.3" 754,000 791.6 797.7
a. Lake level at mouth of Clinch River concurrent with peak CRBRP stage.

b. Taken from recent analyses for Sequoyah Nuclear Plant.

Estimated by steady flow backwater with starting elevation 765

at mouth of Clinch River from unsteady flow analysis.
d. Difference in Norris headwater elevations and peal site flows from that
for Norris single failure resuits from use of the Sequoyah watershed
25-year flood. 7

2
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- - - 510
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¢. Powerhouse is in Polk County, Ten
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¢ Construction discontinued early in |
. Initial construction staried Febr
serve critienl materials during war.
€ Abbreviations: CG.-Concrete grav
embankments. E-barth 81l E&R-
A Unit 2 is » reversible pump-turbine.




A DAMS AND RESERVOIRS
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n 1,272 1.2%0 1,286 1% 600 3T, 00
(L1 1415 15265 15245 71,00 134,000
mn 1,560 1.92% 1927 1% 400 210,500
(L) LIL N 17 .65 517 65 331,500 87,300
— — LIS 1,115 - -
n L 1.435 1.435 90 4,650
0 1.5% 1.6%1 1.69%0 12.500 196, 500
186 1,690 1.7 1,77 12,700 174,300
173 e bl R M M50 126,000
LL1) 9e 1,004 1.020 290,000 2.555.000
m L1 L8] “3 120 80 447,300
L 1.52% 1.710 1.70% 295,000 1.8, 000
555 e 1.002 1.000 500 1,490,000
" "o 1.07% 1,073 23600 1.544.000
1) 1,258 1163 1.263 1. 16.%00
13 1.130 1,385 1.388 45,000 193 400
148 1618 1,72 1.729 121,409 764 000
106 1.815 1.97% 1.95% 52.300 §77.000
120 e w83 30 05 30 14 600 51.600
11070 x 821490 21,732,350
- 1,53 -- 1672 1.000 3T a0
'
)
rost. including switchyard, as adjusted by .

reclassifications. Includes estimated couts

. resumed in March 1919,
16, 1942 porarily 4 d ta con

dams. (CFE Concrete  gravt with earth
h and rock AL RFT Rock 8 timber.

1sefol Coan Coatr.
Cantralled struetion Com Plant in Gener- g Sire
Storsge Started pleted Service (Feet)
(Ae Fu) (st unit $.30.70 (d)
on hine) (millions)

Cost of Ultimate Loek

of Units ¢ )

4,065 a00 3044 LR LEY ) s 170,000¢5) 110x600

417,000 . 2538 62738 216 00006 110x600
i10x600
s0x300

60x292

60xi00
110600

110500
110:600

59.000 Gl 91225 2% si021)

131,000 10-3.34 11934 156400000

172.100 1-16-39 1.9 7.20000)

13,000 1210 87 220.6% 97.20000)

11540 1.4.40 104.00014) &0x 160

g 130.000(5) 40x360

111,606 s 131,1%004) £0x160

323,000 12866 12- .70 1n-n 95 1.00000)
“900  TAaT1 E R RS ] 2.3 LI 75,000(2)
362,200 7.15.36 2800 5-21-40 204 17,10002) ()
222,100 71701 21242 129 54 LB} 10.000(1)
313,400 LI 121511 1-10-12 10 18,000(5)

- 512 — 19 13 10 21.000(2)
160 71740 81542 4-38.43 " 27.000(1)
154,000  J)- 25(e) 12630 7 55 1000001
161,600 71740 1-24-42 1-10.56 LR} 15,000(1)
11.500 9660 5-1-63 T8 %2 72.000(2) T5ud00
2265000 10103 1-4-36 72836 13 100, %002
126.000  3.15.47 199 (1)} 19 “ i
1.153.000 1-1.42 1T 1-20.45 RERY 225.0000)
1,105,500 2-2.42 11943 3-21.43 ity 112,000(4)
1.462 400 LB 12541 s 6. 120.00000)
4200 51431 10-27-5) 17.5.5 123 3600002
148,400 R.29.5¢ 12-16-52 31653 R 75,0003
&12 600 C4aTily 112050 2115 RN | 35.000(1)
624,700 T22.4640) 12140 1048 ns 50.000(2)
37.000 15 12804 s "2 31.860(2)
15010060 3.138.090(105)
35,500 e - T | B ] 1556 1.530.000:4)

Tellico project has no lock or powerhouse StreamfBlow (hrough navigabie channel
o Fort Loudoun Kesersoir will increase average annual energy ‘hrough Fert
lLoudoun powerhouse by 200 million hwh.

Under construction; cost and quantity dats estimated.
Nichajack Dam replaced the old Hales Bar Dam & miles upetream.

Acguired Wilson by transfer from 1. S Corps of Engineers in 1933; Ocoee
No. 1, Uewee No 2, Flue Ridge. and Gr Falls by purchase from TEP Co. In
1919 Subsequent to meguintion. TV A heighiened and instalied asdditional snits

at Wilson.

Fall Pool Flevation s the norma’ upper level to whieh the reserveirn may
Slled Where storage space 3 aveilable above this level, additiona’ Alling
be made as needed for food contrel.

Construction +. Nickajack main lock Limited te snderwater portion; for com
pletion later.

TABLE 2.4-13

2.4-82

Kentuchy

Pichwick Landing

Wilsen (1

Wheeler
GCunteraville
Nickajack ()
Chichamangs

Watts Har

Fort 1. udonr

TRIBL TARY
PROJECTS

Tims Ford
Apalachia
Hiwassee
Chatuge

Ocoee No. (1)

Ocoee No. 2 (D)

Ocoee No 3

Blue Rodge (1)

Nottely

Melton HIN

Norrs
Tellico

Fontars
Dosglas
Cherohes
Fort Patrick Henry
Hoone

South Helston

Walsuge
Grest Falls (1)
(in Cumberland

Valley)
Totals

PIMPED STORAGE
Haccoon Mountaini))

—— s
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3.7.2.1.2 Seismic Category I Systems and Components

The analysis of Seismic Category I systems and components is
determined by a detailed dynamic analysis using either the response
spectrum method or the time history method. The analysis is performed
on a multi-mass
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mathematical representation of the system or components. A sufflclient number
of masses with thelr appropriate degrees of freedom are used In the model to
adequately describe the behavior of the structural system, and to insure an
accurate determination of the dynamic response. Significant non-linearities,
such as gaps or clearances between PCRS components, are Included in the
mathematical model. In this case, a nonlinear time history analysls Is
performed, which considers the Impact forces generated at the gap | ocations,
Non-symmetr cal features of geametry, mass, and stiffness, are modeled to
Inciude thelir torsional effects In the analysis, Hydrodynamic effects of
partially filled tanks will be evaluated wherever they are significant In
magnltude. Descriptiors of a preliminary reactor system | Inear model and a
prel iminary PCRS non-|inear model are given in Section 3.7.3.15.,

The methods of response spectra analysis and time history analysis are
described In a number of publ Ications, A description of these analyses
techniques Is provided In Appendix 3.7-A.

The system or component is analyzed with the seismic Input (floor response
spectra or time histories) derived ot the particular points of support on the
structure. All sign!flicant modes of the mathematical model are Included In
the analysis. The signiflicant, dynamic response modes are those predomInant
modes whlch contribute to the total, combines modal! response of the system,
Other modes, whose Incius'on In the square root of the sum of the squares
modal summation have anegl Igible effect on the total response would not
necessarlly be used. WIith this procedure the number of modes Included will be
such that Inclusion of additional modes will not result In more than a 10%
Increase In responses., Where the response spectrum method Is used, the
Indlvidual modal responses are combined by the square root of the sum of the
squares, except for closely spaced modes (frequencies |ess than about 10%
apart) where the moda! responses are combined by the absolute sum. The
analysis Is performed independently In each of the two hor lzontal directions,
and the vertical direction. Simllar effects obtained for each of the three
directions are combined by the square root of the sum of the squares. This s
conslstent with Regul atory Guide 1.92.

A simpl Ifled analysls based on a singie mass model or an equivalent static
|oad method may be used when It can be demonstrated that the simpl Ifled
analysls provides adequate conservatism, For the simplifled analysis, the
equlvalent static force, F_, Is distributed proportional to the mass of the
component, and Is calculatgd by the fol lowing equation:

Fs =1.5W AS
where W |s the total welght of the component, and A_ s the maximum peak
acceleration of the response spectra, which apply a¥ the points of support of
the component, Components whose fundamental frequencies are greater than 33
Hz In any direction, are assumed to be rigid In that direction and may be
designed for at |east the maximum acceleration at their supports.
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3.7.3.12 Interactlon of Other Piping with Selsmic Category | Plplng

For Category 1 olping have non-Category 1 piping systems connected, the
analysis of the Category 1| piping will Include, as a minimum, the section of
the piping system to the first anchor point beyond the class!flication boundary
or sufficlent non-Category 1 piping and seismic restralnts to assure

decoupl Irg between the Category 1 piping and the remalining non-Category 1
plping. This will assure that the dynamic coupl Ing effects at the Interface
between plping systems has been consldered.

In any given fluld system, a valve will serve as the selsmlic Category | and
non-Category | boundary. The valve capabil ity to maintaln a pressure boundary
In the event of a selsmic event is to be assured by designing piping on the
non-Category | side through the first anchor beyond the valve for that same
selsmic event or through sufficlent selsmic restraints to capture the dynamlc
effects of the different seismic category piping systems at the Interface.

For the seismic restralnts, the plping system analysis Includes the structure
or bullding Interaction by conslidering the appropriate stiffness values In the
analytical models. The structure/bullding mass is usually not consldered
since Its dynamic response Is negligible. For the anchors, the plping system
is modeled to the anchor with the appropriate stiffnass values consldered.
The resul tant anchor |oads are summed to form the design loads for the anchor,

3.7.3.14 [leld Location of Supports and Restralnts

For the analysis of mul tiple supported subsystems, the effecis of relative
displ acements between piping and support polnts at different elevations on the
supporting system are consldered as dlscussed In Sectlon 3.7.2.7. The
response spectra for the different elevations were superimposed to yleld an
envelope response spectrum to be used In the response spectrum analysls of

mul tiple supported subsystems,

*.7.3.15 Selsmic Analyses for Fuel Elements, Control Rod Assemblles
and Control Rod Drlves

The selismic analyses that will be used to establ Ish the selsmlic design
adequacy of the reactor Internals, assembl les, control rod drives, etc., Is
discussed In Sectlon 3.7.2.1.2. For components such as the assembl les and
control rod drives where clearances exlst between adjacent members, a non-
IInear time history analysis has been performed, see Section 4,2.3.3.1.4. The
mathematical model consists of the whole reactor system. Prel Iminary models
for | Inear analysis are discussed below.
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3.7.3.15.1 Reactor System Structural Arrangement

Simplified sketches of the reactor configuration as modeled for
seismic analysis are shown in Figures 3.7-17 A, B and C. Figure 3.7-17A
shows the reactor and reactor en:losure system as idealized for normal
operation. Figures 3.7-178 and 3.7-17C show the additinnal head mounted
equipment during refueling and preparation for refueling respectively.

In Fiqure 3.7-17A the reactor vessel flange is attached to
the support ledge in the reactor cavity through a bolt and support
pad system. The outer plug riser is bolted directly to the vessel flange.
Therefore, both the vessel and riser are assumed cantilevered from the
;l:nge which is attached (with an appropriate stiffness) to the support
ge.

The head is comprised of three separate plugs (large, inter-
mediate and small). The rim of each plug is suspended within the
penetration of the mating plug (or flange in the case of the large plug)
by bearings mounted on concentric cylindrical risers. Both primary and
secondary CROM nozzles as well as the surrounding shield and seismic
support structure are cantilevered from the iatermeuiate plug. The
upper internals columns are attached to the same plug through the
jacking mechanisms. The upper internals structure is assumed laterally
restrained by the core barrel in the operating and preparation for
refueling cases. The core barrel is rigidly attached to the core
support plate which is, in turn, attached to the vessel through the
support cone. The lower end of the thermal liner is also directly
attached to the vessel wall.

The fuel blanket, control and radial shield assemblies are all
piloted into the inlet modules at their lower ends and 1ateral§y sup-
ported through adjacent assemblies to the core former rings attachad to the
core barrel at two elevations. Tolerances, twist, and bow of the
assemblies as well as the sodium between assemblies tend to prevent
relative lateral motion of the assembiies. Therefore, inter-assembly

gaps and clearances within the core barrel are of relatively minor
importance to the overall system. The assemblies and core barrel

are assumed to be effectively coupled together in the lateral direction

at the load pad-former ring elevations.

The primary and secondary control absorbers and drivelines are
each effectively connected vertically to the CRDM on the head and laterally

to the CRDM and core at several CRDM bushing and absorber wear pad
elevations. The drivelines are free at other elevations where the

clearances are larger. Section 3.7.3.15.3 gives a discussion of the
nonlinear control rod and driveline model used to determine the scram
retarding impact forces during a seismic event.

The reactor vessel is partially filled with sodium. The normal
level of the sodium is about 36 inches above the suppressor plate, or
about 12 inches below the bottom reflector plate of the closure head. The
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1.  SCOPE

This appendix establ Ishes the basel Ine requirements of the design and analysls
of the steel catch pans and flire suppresion decks for the Cl inch Rlver Breeder
Reactor Plant,

2. APPLICABLE DOCUMENTS

The edition and addenda of the foliowing publ ications are part of this
document and are appl icable to the extent specifled hereln,

2.1 Amecican Soclety of Mechanical Engineers (ASME)

2.1.1 Boller and Pressure Vessel Code, 1977 Edition Including Addenda through
the summer 1977,

(a) Section |1, Mater!al Speclflcations

(b) Section IIl, Division 1, Nuclear Power Plant Components
(c) Section V, Nondestructive Examination

(d) Sectlon IX, Welding and Brazing Qual ifications

2.1.,2 Boller and Pressure Vessel Code, Section II1l, Divislion 2, Code for
Concrete Reactor Vessels and Containments, 1977 Edition Including Addenda
through Summer 1977,

2.1.3 Boller and Pressure Vessel Code, Sectlon VIII Divislion 1, 1977 Edition
Including Addenda through Summer 1977,

2.2 American |nstitute of Steel Construction (AISC)

Specifications for the Design, Fabrication and Erection of Structural Steel
for Bulldings. (1969 including Supplements 1 (11/70), 2 (12/71), and 3,
(10/75).)

2.3 West'nghouse Electric Corporation, Advanced Reactor Diyvison (WARD)

WARD Document No. WARD-D-0037, Selismic Design Criteria for Cl inch River
Breeder Reactor Plant (Rev 1, 1977), (PSAR Appendix 3.7-A).

3.0 IECHNICAL REQUIREMENTS
3.1 DResign Requirements

Catch pans and fire suppression decks are |ocated in non-radioactive Na and
NaK cells In order to prevent a chemical reaction between Na or NaK and
concrete following a accidental spill and to protect the structural integrity
of cell structures for the preservation of the capital investment,

Catch pans, fire suppression deck and supports shall be designed as Selsmic
Category | components.

Amend. 73
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the requirements for catch pans, flire suppression decks, penetration
assemb| les, brackets and attachments, and selsmic equipment and othe.
structural supports, are described as fol lows:

The design requirements and the assoclated criteria used to satisfy each of ‘

Amend. 73
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3.1.1 Catch Pan Requirements

1. The catch pan plate shall be designed to contaln a large sod!um/NaK
splll (faulted condition) with temperatures as per Attachment A
"Design Parameters".

Criterion

There will be no catch pan fallure under a Na/NaK splil such that
Na/NaK penetrates the catch pan plate and Interacts with the
structural concrete. This Is ensured by the straln |Imits under
load combination C per Table 3.8-C~1 not belng exceedad.

2. The catch pan plate shall ba designed for maximum long term
operating conditions of 120°F.

Criterion

Straln |imits under Load Combinations A and B per Table 3.8-C-1
shal | not be exceeded.

3. The equipment supports In the catch par area shall be designed
Independently of catch pan plate.

Criterion

The equipment wili not be supported on the plate but on local
structural supports Independent of catch pan plate. During
malntenance, timber dunnage will be placed on the catch pan plate
tc faclilitate equipment handliry. Ctresses under this condition
shall not exceed those specl!*®.ed In Table 3.8-C-1,

4, The catch pan plate shall be designed to Insure an essentlally
elastic response under normal operating condltions,

Criterion

Strain |Imits under Load Combination A shall not exceed 0.002 in/
In, strain,

5. Catch pan plate surface shall be protected to facllitate
decontamination after a sodium splll.

Criterlion

The hot~rolled natural finish sur‘ace condition Is consldered
adequate. A protective coating will be applied during consiruction
to prevent corrosion,

6. The catch pan plate shall be designed for corrosion allowances
commensurate w!th envirommental conditions for a 30 year plant
design |1fe.

Avend. 64
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Cell Liners and Liner Support System
Piping
Pipe Insulation and Canning Material
Plpe Supports and Aux!|lary Steel
Condult
Embedments
Penetration Seals

Piping

Hatches and Doors

Electrical

Carbon Stee!

Carbon Steel & Stalnless Steel
Note 1

Carbon Steel

Carbon Steel

Carbon Steel

Wel ded

Silastic Rubber Compression
Ga.cets*

TBD

*Same hatches, such as the pliping cell hatches (Cells 101C, D, and E)

may be seal-wel ded,

Note 1: Material requirements for piping Insulation and piping are appl icabie
to the components and piping In the Inner cells., These are dlscussed
In Chapter 9 for individual systems.
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3A.8.4 TESTING AND INSPECTION

3A.8.4.1 Development Testing Programs

A series of development testing programs have been developed to
support the cell liner design. These programs provide materials data to
support the objective of designing the cell liners te accommodate large sodium
spills without failure, demonstrate through qualification testing that
integrity of the liner is maintained under sodium spill conditions, and
provide test materials data on sodium-concrete reactions to assess
the consequences of cell liner failure.

Five individual testing programs have beei: completed or are
ongoing in support of the cell liner design. These development programs
are:

(a) Comprehensive Testing Program for Concrete at Elevated
Temperatures

(b) Sodium-Concrete Reaction Tests

(c) Sodium Spill Design Qualification Tests

(d) Cell Penetration Sealant Tests

(e) Base Material Tests for Liner Steels

The tests included in the development programs listed above are
modeled to minimize the difference between small scale tests results
and the actual mass concrete response at elevated temperatures. The
development programs indicated above are directed toward the goal of
designing and testing a cell liner system which will not fail, even
under the unlikely event of a large sodium spill.

Comprehensive Testing Program for Concrete at Elevated Temperatures

This ongoing experimental program will define the variation
with temperature of various phys‘cal and thermal properties of prototypic
CRBRF limestone aggregate concrete and 1ightweight insulating concrete.
The properties include, but are not limited to, compressive strength,
modulus of elasticity, shear strength, bond strength, thermal conductivity,
specific heat, and coefficient of thermal expansion. The series of
experiments will be carried out at various temperatures including those
representative of accident conditions.
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The results of this testing program can be direct!y applled to the analysis of
the building structures supporting the cel! |iners, The testing program Is
nearing completion and the results will be Included in an ORNL/CRBRP report
fol lowing completion,

Since the blaxlal and trlaxlal testing of concrete at elevated temperatures
will yleld a greater compressive strength than unlaxial testing due to the
Influence of the |arteral confining stress, the concrete tests performed on
specimens In the unlaxial stete of stress will yleld a more conservative value
of strength. Therefore the consequences of blaxxlal and triaxial loading can
be dlsregarded.

Sod!um-Concrete Reaction Tests

The objective of this ongoing program is to determine the rate and extent of
penetration due to sodium-concrete reaction. The effect of reaction product
accumul ation and gas release on the sodium-concrete reaction rates will be
determined to allow upgrading of analytical capabil ity. Additionally,
intentlonal ly defected | iner tests will be performed to assess the response of
the | Iner to a sodlium=-concrete reaction. Results of these tests wlill be
documented as they become avallable.

The dimensions of the test articles have been selected to ensure that results
representative of the actual mass concrete structure can be obtalned.

Sodlum Splil Design Quallfication Tests

A |arge scale model of a CRBRP cell |Iner has been performance tested to
demonstrate the abil Ity of the cell |Iner system to malntaln | iner integrity,
mitigate consequences of a |arge sodium spll., and prevent sod!um-concrefe
reactions., A total of 3500 pounds of |Iiquid sodium at 1100°F was spilled
against a CRBRP cell |Iner wali forming a 50 inch deep sodium pool above the
CRBRP | Iner floor in the test article. The sodium pool was then heafed, using
electric heaters, to temperatures ranging between 1460 F and 1580°F and
maintained until six days after the spill. The 1100°F sodium splil simulated
a Deslign Basis Accldenf sodium spil| event and the subsequent heat up to
approximately 1600°F simul ated the fission decay heat of a sodium pool under
TMBDB Accl!dent conditions,

The test data and post test examination revealed no fallures or | Iiner defects
and minimal deformation of the | iner system under the DBA and TMBDB spill
conditions, The results of this testing program are Included in the HEDL
final report (Refererce 5).

Cell Penetration Jealant Tests

The objective of this program was to determine the effects of temperature,
sodlum and radiation on varlous candidate sealant materials for cell
penetrations., This serles of experiments enables selection of the most
sultable seal ant material for use In the CRBRP, Following selections of the
prime seal ant materlal, prototyplic electrical cable penetration assembly
performance testing were conducted. The results of this testing program were
publ Ished in Reference (4).
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Base Materlal Tests for Liner Steels

The objective of this completed testing program was to determine the response
of the cell |liner plate material (5A=516 Crade 55) and Its assoclated wel dment
material to elevated temperatures up to 7100°F, The base | Iner steel will be
tested for residuzl tensile strangth (including stress-straln response),
stress-rupture (Creep) and therma! expansion., The weldment materlal was
tested for residual tensile strength (including stress-strain response) and
stress-rupture (Creep). Both longltudinal and transverse welds were

Invastigated. The results of the base | iner steel and weldment materlal tests
have been publ ished In Reference 6.

The material properties information at elevated temperatures which was

obtained In this prooram has been used In the design and analysis of the cell
59 | Iner system.
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The core support structure is welded Type 304 stainless
steel structure which includes the core support plate and the core
barrel. The core support plate contains module liners which serve
as receptacles for the lower inlet modules. The core support structure
carries the weight of the other portions of the lower internals
structure, the reactor removable assemblies (fuel, blanket, control
and radial shield assemblies) and the core former structure. The
core support structure provides the upper boundary of the vessel inlet
plenum and distributes the coolant to the lower inlet and bypass flow modules.
The core support structure transmits the dead weight hydrostatic pressure
ari! seismic loads to the reactor vessel.

The core support structure concept is based upon the FFTF core
support structure, however, the FFTF manufacturing experience has been
utilized to reduce the complexity of the core basket. The FFTF core
basket was a core diameter size structure containing receptacles so that
each reactor assembly could be "plugged" into the core basket. This
single large core basket has been simplified by designing mini baskets
(Tower inlet modules). Each inlet module receives seven reactor assemblies.
Each module in turn plugs into liners which are integral to the core
support plate. The concept of these liners is shown in Figures 4.2-38
and 4.2-39. fach liner is a Type 304 stainless steel tube inserted into
the support plate seated to the bottom of the plate by a flange and
clamped to the support plate by a cap at the top of the liner. The
cap compiies with the ASME Code requirements for the use of the non-
integral joints. The liner is sealed near the lower surface of the
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plate to permit hydraul ic balance of the |ower Inlet modules., The | Iner has
an al ignment feature mating with the support plate and an al ignment feature
for the lower Inlet modules. These two al ignment features assure that the
lower Inlet modules are positioned correctly. The reactor assembly
dlscrimination feature precludes placing an assembly In an improper |ocation,
Auxil lary flow ports and debris barriers, as shown In Figures 4,2-38 and
4,2-39 have been provided in each module |iner to preclude the possibil ity of
large debris of any type from blocking all flow to one or more of the inlet
modules. The auxli|iary flow.ports are |located Immediately below the CSS plate
In a secondary Inlet plenum formed by the hexagonal agebrls barrlers, which
separate the auxiliary flow ports from the primary fiow ports and the radial
ribs on the peripheral |iners. The primary flow ports are designed to prevent
large debrls from entering the module | Iner stem and blocking the auxi| lary
ports from the Inside and the peripheral ribs prevents debris from working Its
way In from the side of the array. In the event that one or more of the
primary flow ports become blocked, the affected |iner would then draw cool Ing
sodlum via the auxil!ary flow ports from the secondary plenum. Sodlum feed to
thls secondary plenum Is by (1) the auxiiiary flow ports In the unblocked

| Iners and (2) the array of 2 Inch dlameter holes In the hexagonal debris
barrler array.

Lower Inlet modules support and position the reactor assembl ies on the core
support plate. These modules, as shown In Figure 4,2-40, distribute the
cool ant to the varlous reactor components: fuel assembl les, blanket

assemb| les, removable shield assemb| ies and control rod assembl ies. Each
module fits Into a | Iner Integral to the support plate and recelves seven
reactor assemb| les and provides orificing that Is unique to specific reactor
assembly locatiors as shown In Figure 4,2-41,

Each of the LIMs feature one al ignment pin and two shorter discriminator pins,
Proper al ignment of each LIM Is assured through the mating of the al ignment
pin to the module |iner hole, Each LIM group has two uniquely machined
discriminator pins that mate with two uniquely drilled holes on each of the
module | Iners. During Installation, the al ignment pin will properly aiign the
LIM, However, complete Installation will be prevented If the two
discriminator pins do not | Ine up with module | Iner holes.

Sufflclent clearance exlsts between the LIM and the module |iner, as well as
pin/hole diminsions, to allow thermal expansion, The module | iner has an
Interference fIt with the Core Support Plate and It maintains a flixed position
with the plate. Both the |iners and the Core Support Plate experience similar
steady state temperatures and are made from the same materlal, therefore,
thermal expansion varlations between the two are minimum,

Mechanical dlscriminating features are designed Into each module to assure
pli--ment of the reactor assemblies Into the proper reglon (l.e., fuel,

bl anket, and control) so that assembl les cannot be undercooled. Furthermore,
mechanical discrimination assures the proper core |attice positions for fuel
assembl les., Angulor al ignment to the module for the correct lattice position
Is assured by an al Ignment pin between the | iner and the core support plate,
The modules are shlelded by the lower shield within the reactor assembl!ies so
that the loss of ductility IImit is not exceeded during the plant |ife. The
modul @s are a welded 304 stalnless steel structure and all 61 modules have the
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. same envelope dimensions, However, there are several distinct conflgurations
due to the differing flow requirements of the reactor assembl !es.
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Loads from weight, hydraulic pressure drop and seismic acce-
leration are transmitted by the support plate to the reactor vessel.
Sizing analysis for internal pressure, flow blockage, control rod
drop, and seismic loads indicate that under normal operating loads
with flow blockage the inlet module meets the ASME Section III cri-
teria for primary stresses.

Six bypass flow modules, surrounding the lower inlet modules,
distribute low pressure coolant received from the lower inlet modules
to the .emovable radial shield assemblies. The bypass flow modules
provide receptacles to accept the removable radial shield assemblies
that are nct positioned in the lower inlet modules.

The details of the FRS are provided in Section 4.2.2.2.1.4.
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The general design rule of 5.0% minimum residual ductility insures
thet non-ductile fracture will not occur during short term loadings in
reactor internal structures. This criterion is based upon the minimum
residual total elongation of 10.0% and the established relationship
between total and uniform residual elongation of €¢ = €, + 5% as noted
in Table 4.2-53. This relationship is based upon Ehe end-of-life tersile
test data in Tables 4.2-54 through 4.2-57 and data from References 178, 179
and 180. It is conservatively based upon a data set showing the least
uniform elongation for a total elongation of 10.0%. An evaluation of a’l
current data indicates that when the degradation on ductility is greateit
at a particular fluence level the uniform elongation tends to be a greater
fraction of the total than this relationship indicates. Since this limit
is based upon uniaxial test data a correction for the multiaxial state of
stress for actual reactor component conditions is required. This correction
can be performed using scientific paper 67-1D0-CODES-P1, "Appiied Mechanics
in the Nuclear Industry Applications of Stress Analysis". For a typical
thermal stress conditions which causes an equibiaxial stress state the 5.0%
would be reduced to 0.9%. The elongation available to insure ductile behavicr
can be determined by considering the factor of safety, consistent with the
ASME Code Section III factor of safety protecting against ultimate failure.
The use of the factor of safety of 3.0 would reduce the elonaation for a
equibiaxial state of stress to 0.30%.

The applied strain considered relevant to this elongation limit is
the maximum value of the three principle strains and represents an accumulation
of elastic plus plastic strain at the end of 1ife. These 1imits would apply
at a minimum to membrane plus bending strains regardless of whether the
loading is primary or secondary. Thermal transient strains in reactor in-
ternal components are less than the 0.30% membrane plus bending. Therefore,
from the tensile data base that is presently available, the ductility required
at the end-of-life in reactor internal components is sufficient to insure
their integritiy when 10% residual total elongation is available and the
criteria described is applied. In locations where significant fatigue damage
occurs in the low cycle regime, which is also affected by the ductility of
the material, corrections to the fatigue design curves are applied using
accepted theories of fatigue design curve construction which are based upon
reduction in area.

A test program is presently in place which will experimentally
characterize the fracture toughness of reactor component materials when
subjected to a fast-neutron irradiation environment. This program includes
tests of smooth, notched and welded specimens. The establishment of the
fracture toughness and fatigue crack propagation characteristics will provide
a basis for confirmation of the described criteria or the substitution of a
more refined criteria.

4.2.2.2.1.2 Lower Inlet Module

ixty-one inlet modules support and position the reactor
assemblies on the core support plate. These modules distribute the
coolant to the following reactor components: fuel assemblies,
blanket assemblies, removable shield assemblies, control rod
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fuel
Inner Blanket
Inner Blanket
Inner Blanket
Radlal Blanket
Radlal Blanket
Radlai Blanket
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NQIE: Flows are for THDV (PEOC) conditions.

TABLE 4.4-4

CORE ORIFICING ZONES FLOW ALLOCATION

NO. ASSYS/
ZONE

39
54
21
18
74

REGION

Fuel
Inner Blanket
Radlal Blanket
Total

CYCLES
Vededses

169,990  (201,900)
176,790  (187,870)
156,900  (177,360)
153,400  (163,020)
149,480  (158,850)

68,790 (73,100)
88,790 (94 ,360)
75,030 (82,920)
62,370 (66,210)
48,300 (51,330)
35,090 (37,290)
25,740 (27,350)

FLOW (Ib/hr)
CYCLE
2
188,520 (200 ,340)
175,420 (186,420)
165,610 (175,990)
152,220 (161,760)
148,330 (157,630)
178,590 {189,780)
69,330 (73,680)
88,110 (93,630)
77,420 (82,270
61,820 (65,700)
47,930 (50,930)
34,820 (37,000)
25,540 (27,140)

CORE REGION FLOW FRACTIONS
CYCLES CYCLE

13,904 2
0.65 0.66
0.17 0.16
0.12 0.12
0.94 0.94

4,6,8...

CYCLES

0.66
0.16
0.12
0.94

CYCLES
4,6,8,..

187,050  (198,780)
174,060  (184,970)
164,320  (174,620)
151,030  (160,500)
147,170  (156,400)
177,190  (188,300)

87,420 (92,900)
76,810 (81,620)
61,340 (65,190)
47,550 (5¢,530)
34,540 (36,710)

25,330 (26,920)



4, Plping shall be designed with sultable access to permit In-service
testing and Inspection,

5. All "orizontal™ piping shall be sloped, Steam traps and draln valves
shal | be |ocated at the low points to permit complete draining of the

plping.

6. Plping sizes shal|l be chosen such that average fluld velocities at the
1008 plant power condition wil| not exceed the fol lowing values:

a. water 25 fps

b. water-steam mixture 50 fps

c. saturated steam 125 fps

d. superheated steam 175 fps
System Description

All Steam Generation System piping Is shown In Figure 5.,1-4, The design
charazteristics and ASME Code classlflcations ara presented In Table 5.5-7,

The only fleld run plping planned for the steam generator system [s non-safety
ciass piping. The Internal diameter of the piping will be 2 inches or less
and |s used for draln |Ines from steam traps. The design pressure would not
exceed 100 psia and the design temperature would be |ess than 300°F.

The Selsmic Category | design requirements are placed on the Steam Generation
System's steam-water plping. Superheater and evaporator modules and the steam
drum are provided with quick acting Isolation valves., Design pressures of all
plping are nominally 110§ of the operating pressure at rated power,

The use and location of rigld-type supports, variehle or constant spiing-type
supports, and anchors or guldes wil| be determined by flexiblilty and stress
analysls. Plpling support elements wil! be as recommended by the manufacturers
and wi!l| meet applicable code requirements, Direct weldment to thin wall
piping will be avolded where possible,

Atrachment and penetrations shal | be designed and fabricated according to the
ASME Code requirements,

5.5-8
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Design loading used for flexibil ity and selsmic analyslis for the determination

of adequate plping supports will Include all expected transient |oading .
conditions, Spring=type supports will be provided for the initial dead welight

|oading during hydrostatic testing of steam systems to prevent damage to

piping supports,
Test and [nspection

In-service Inspection Is considered In the design of the main steamwater and
feedwater supply piping. This consideration assures adequate working space
and access for the Inspection of selected pipe segments,

After completion of the Installation of a support system, all hanger elements
will be visually examined to assure that they are correctly adjusted to thelr
cold setting position. Upon hot start-up operations, thermal growth will be
observed to confirm that spring=-type hangers are functioning properly. Final
adjustment capablil ity will be provided for all hanger or support types.

5.5.2.3.4 3Steam Cenerator Module

The steam generator module shown In Figure 5.5-2 Is a shell and tube heat

exchanger with fixed tubesheets. Flow Is counter-current, with sodium on the

shel| side and water/steam on the tube side. The evaporator modules *ransfer

heat from the sodium and generate 50 percent qual ity steam from the subcooled

recircul ation water. The steam-water mixture exiting from the evapoirator is

separated into saturated water and saturated steam In a steam drum. The

superheater modules transfer heat from the sodium to superheat the saturated

steam to the temperature required for admission to the turbine, .

The Atomics International = Modular Steam Generator (MSG) was a 32,1 Mwt
maximum power, hockey stick designed unit used as the basis for the CRBRP
Steam Generator design. The sal ient features of the MSG unit are as fol lows:

. Maximum Power 32.1 Mwt

. Temperature 930°F

. Pi-essure 2550 psig

. Startup/Shutdown 37 Cycles

. Tube Design 158 Tubes 5/8 In., 0.D. x 109 mil. wall
. Length 66 ft

. Material 1008 Ferritic Steel - 2 1/4 Cr=1 Mo

For further detalls see Reference 4.

Evaporator and superheater modules are identical In all respects except for
the Inlet orifices that may be added to the evaporatcer tubes at the lower
tubesheet to Increase the evaporator water flow stabil ity margin, Each module
consists of a 53 1/2 inch 0.D. shell containing a tube bundle with locations

| for 739 5/8 in. 0.D. x 0.109-Inch wall tubes. The design employs

5.5=9 Amend., 73
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An upper header thermal |iner and an Inlet nozzle thermal |iner are provlided
to mitigate the effects of system sodium transients,

c. Shell Arrangement
(1) Major Components of Shell

The shell conrects to an upper and |ower tubesheet, and consists of two
reducers, an elbow, an inlet header "tee" sectlion, an outlet header "cross"
section, a main support section and a main shell section. These components
have been sized structuraily to contaln postul ated maximum large |eak SWR
conditions 2s well as meet design operating conditions,

(2) Shell Penefrations

Each superheater and evaporator module Is fitted with one Inlet sodium nozzle
and two outlet sodium nozzles. Present Irtermediate sodium |oop arrangement
drawings show both superheater outlet nozzles being used, while only one of
the two outiet nozzles is used on each of the two evaporator units, The spare
evaporator ex|t nozzles are capped. The Inlet sodium nozzle Is a 30-inch
nozzle that attaches to the 4 1/4~Inch thick Inlet sodium header In the
direction of the hockey stick, The 30-inch nozzle Is reduced to a 26-inch,
I=Inch thick wall plpe, which will be mated to the |oop plplng. The two
outlet sodium nozzles are 22-Inch nozzles that attach at 90° to the direction
of the hockey stick to the 4 1/4-Inch thick outlet sodium header., The 22-Inch

nozzles reduce to 18-inch, schedule-60 plpes, which will be mated to the |oop
plping. The purpose of the oversized nozzles In regard to the pliping size Is
to provide space In *he nozzles for thermal |Iners and to reduce flow

velocitles In the Inlet/outlet reglons,

Two 8-Inch sweepolets are attached to the reducers |ocated at both tubesheets.
These serve as ports to Inspect the final closure welds. Also, one of the
ports on the |ower reducer |s attached to a 6-Inch schedule-80 plipe by a
transition section to provide for rapid dralinage of the |ower stagnami end of
the modules, should it be required. Again, the purpose of the transition
section Is to provide for possible |ining of the nozzies., A one-Inck drain Is
also provided through the |ower tubesheet to drain the |lower thermal baffle
reglon, A three-inch sodium bleed vent Is provided In the hockey st'ck end of
the modul® to provide for: 1) venting during Initial filling of the chell
side, and 2) a small sampling flow to a hydrogen detector to allow detecii.n
of any small leak In that reglon during cperation.

(3) Steam/Water Heads

The steam/water heads are Integrally welded to the tubesheets, The steam
piping Is In turn welded to the steam heads. An Integral steam head provlides
an enhanced maintenance capabll ity since 1) the heads are not removed for
In-service Inspections, 2) dralnage of the module Is not required since the
Integral steam head will serve as the tank to contaln the water medium and 3)
the alr/water exposure of the steam tubes will be minimized. The welded steam
head also signlflicantly reduces potential steam water |eakage by exchanging a
large dlameter steam head seal for a smaller dlameter manway seal which Is
relativaly Insensitive to distortion and |eakage during normal translents,
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Steam GCenerator Inspection

Access to the heat transfer tubes of the steam generator Is readlly obtalned
by removal of the manway nuts and removal of the manway cover, The steamhead
Is basically a 32 Inch radius sphere which provides |arger stress margin than
the al ternate bol ted design., The manway Is a standard 16 inch dlameter port,
The 57 inch ID sperical head provides adequate space and headroom for
inspections and malntenance and tube plugging as required. The upper
steamhead also serves as the water tank for In-service Inspection (IS!).

The inner dlameter of the heat transfer tube Is readlly avallable for
inspaction by uitrasonlics, eddy current and/or other sultable means which will
be determined acceptable at the conclusi~on of a devel opment program (now In
progress). The outer surface of the heat transfer tubes cannot be readlily
Inspected since the shell of the steam generator is a fully welded assembly.
However, It Is expected that the above tube Inspection techniques will glve
sufflicient information on the condition of the tubes to provide assurance of
integrity of the sodium/water boundary.

5.5.2.3.5 Steam Dcum

The steam drum, shown In Figure 5.5-4, Is a horlzontally mounted 82 inch 0.D.,
35 ft. long cylinder with hemispherical heads (42 ft. overall length). Most
of the major nozzles are |located in a vertical plane through the steam drum
center| ine. These consists of one 12 Inch steam outlet nozzle |ocated at
vessel mldpoint and directed vertically upward, two 16 Inch riser nozzles
(evaporator return) located at approximately cylinder quarter points and
directed downward, four 10 Inch downcomer nozzles (recirculation pump suction)
spaced evenly along the cylinder and directed downward, one 6 Inch continuous
draln nozzle located in one head and directed downward normal to the head at a
45° angle to the vertical, and one 10 Inch feedwater Inlet nozzle located 'n
the opposlite head and directed downward normal to the head at a 450 angle to
the vertical. The only nozzle that Is not coplanar with the vesse! center| ine
is the auxi| lary feedwater nozzle. This Is a 4 Inch nozzle |ccated on the
same ncad as the maln feedwuter Inlet nozzle In a vertical plane rotated 45°
from the vesse| center|ine; the nozzle Is directed downward normal to the head
at a 45° angle to the vertical,
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Safety/power rel lef valves are Installed on the outlet | Ine of the evaporator
units, on the steam drum and on the outlet |ine from the superheater., These
valves all meet the requirements of Sectlon |I| of the ASME Boller and
Pressure Yessel Code for protection agalnst overpressure, Teble 5.5-8
Indicated design pressures and valve settings for the steam generator
safety/rel lef valves, Additional valve data Is provided In Table 5.5-8A.

5.5.3.5 Steam Generator Module Character|stics

Each evaporator module will produce 1,11 x 106 Ib/hr of 50% qualéfy steam from
subcooled water., Each superheater module wil| produce 1.11 x 10° Ib/hr of
superheated steam from saturated steam. The thermal hydraul Ic normal design
operating conditions are given In Table 5.5-9.

The steam generator modules will supply the turbine with steam at design
conditions over a 40% to 1008 thermal power operating range for both :lean and
fouled conditions, The steam generator modules are also capable of removing
reactor decay heat with the natural convection In both the Intermediate sodium
|loop and the reclircul aton water |oop.

Thiu hockey stick unit Is of the same basic design as that of the Atamics
Internationral -Modul ar Steam Generator (A|-MSG) unit which was tested in a test
program carrled out at the Sodlum Component Test installation. The AlI-MSC
empioyed a 158-tube module with an overall length of 66 feet, as compared to
the 739-tube CRBRP Steam Generator which has an overall length of 65 feet.

The AI-MSG heat exchanger was operated for a total of 4,000 hours Including
operation both as an evaporator (sl|ightly superheated steam out) and as a once
through evaporator-superheater (from sub-cooled |Iquid to completely
superheated steam),

The Al-MSG served as a proof tesi of the Al prototype hockey-stick steam
gener ator design. The unit was operated for 4,000 hours under steamling
conditions; all of these 4,000 hours, the unit was at the same temperature
level at which the prototype will operate, with a steam pressure equal to or
greater than prototype conditions, Table 5.5-9A compares various design
operating conditions for the CRBRP Units to the AI-MSG, and | Ists the number
of hours which the AI-MSG operated under respective conditions. The Al-MSG
operated at steam pressures equal to or greater than the CRBRP Units for
essentally the whole 4,000 hrs., and at CRBRP superheater Inlet temperature
for 750 hrs,

Since the Al-MSG unit was operated In the once-through mod, simultaneous
simulation of both Inlet and outlet CRBRP conditions for the separate CRBRP
evaporator and superheater units was not achleved, but operation over the
CRBRP temperature and pressure range was achleved on both the sodium and steam
conditions for significant portions of the test.
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Safety Evaluation

The steam generators are essential to remove reactor decay heat.
However, since there are three independent loops with each loop containing
two evaporator modules and one superheater module, the loss of one loop
would not preclude removal of reactor decay power. The steam generators
are Safety Class 2, but shall be constructed to Class 1 rules.

Design transients for normal, upset, emergency and faulted
conditions are discussed in Section 5.7.3 and Appendix B.

Methods for detecting internal leak2ge between sodium and the
water or steam, the margin in tube walls for thinning and time dependence
of tube wastage to effect adjacent tubes are discussed under Steam
Generator System Leakage Detection System, Section 7.5.5.

The rationale for the selection of any given number of failed
tubes to establish an overpressure design for the IHTS is discussed under
Evaluation of Steam Generator Leaks, Section 5.5.3.6.
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TABLE 5.5-5

SGS PUMP AND VALVE DESCRIPTION

BUMPS ACTIVE INACTIVE

Reclirculation Pump

YALYES

Pump Suctlion Isolation
Evaporator Inlet Isolation
Evaporator Inlet Water Dump
Evaporator Outlet Rel lef

Steam Dr'wm Rel ief
Superheater Inlet |solation
Superheater Rel lef
Superheater Outlet I|solation

Superheater Bypass Valve
Steam to SGAHRS HX
Water from SGAHRS HX
Steam to SGAHRS Auxi| lary

FW Pump
Feedwater from SGAHRS
Main Feedwater SGB |solation
Pressure,
Malin Feedwater Drum |solation
Main Feedwater Check Valve
Main Feedwater Control
Startup Feedwater Control

Evaporator Outlet Check Valve

Superheater Outlet Check Valve

Steam Drum Draln Isolation

* L.0. - Locked open

#% This function Is not safety active

ACTUAT ING
—SICNAL

Manual (Remote)

SWRPRS

SWRPRS

SWRPRS**, High Pressure
Evaporator (Steam)

High Pressure - Steam Drum
SWRPRS

SWRPRS** High Pressure
Superheater (Steam)
SWRPRS**, 0S1S/SGAHRS or Low
Super-heater Outlet Pressure
SWRPRS**, 0S|S/SGAHRS, or
Low Super-heater OQutlet
Pressure

Manual (L.O,)*

Manual (L.O,)*

Manual

Manual (L.O,)*

SWRPRS**, High Steam Drum
Level, Low Steam Drum

Cell Temp and Humlidlty
High Steam Drum Level
Simple Check

High Steam Drum Level, Cell
Temp and Humlidlty

High Steam Drum Level, Cell
Temp and Humidity

Check Val ve

Check Val ve

SWRPRS**, SGAHRS Inltlation,
Low Steam Drum Pressure
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TABLE 5.5-5 (Continued)

ACTUATING
Valves ACTIVE INACTIVE —SGNAL
SWRPRS Stack Check Valve X Check Valve
SWRPRS Atmospheric Seal Bypass X Manual
' Sodlum Dump Tank Pressure
4 Rel lef X High Sodlum Dump Tank Pressure
59 Evaporator Water Dump Tank Draln X Manual
42
5.5-45 Amend. 59
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The pump discharge !Ines contain check valves to prevent back flow
. through Inoperable pumps. The motor driven pump discharge |lnes also
contalin a manual ly operated, locked open Isolation valve downstream of
the check valve. All three Class 3 discharge |ines also have a 2 Inch
pump recirculation |ine containing an electrical ly-operated, normally
closed Isoiation valve, branching off and running back to the PWST,

e. Auxillary Feedwater Supply Lines

The six auxillary feedwater supply lines from both the turbine and
motor driven pump discharge headers are 4 Inch dlameter and contaln
(In order and In direction of flow) a manually operated, |ocked open
Isolation valve; a norma!ly open electro-hydraulic control vaive; a
normally ciosed, electric operated Isolation valve; and a manually
operated, locked open Iso'ation valve. After the final Isolation
valve, the turbine and motor driven pump supply Iines are joined. The
resulting 4 Inch carbon steel |ine, which contains two check valves
and a manual isolai.on valve, Is then routed to the steam drum.

Routing of the auxillary feedwater supply lines Is such that high
pressure |ines (high pressuring durlng normal plant operation) are not
located In cells containing the PWST, aux!|lary feedwater pumps or
other SGAHRS equipment whose fallure could cause a loss of SGAHRS
safety function.

‘ f. AENW "umg Test Loop

Downstream of the tee where the motor-driven and turbine-driven pump
supply lines joIn at the loop #1 valve station, an AFW pump test |ine
returns flow t» the protected water storage tank during periodic
testing. This Ilne contalns redundant automatic valves for Isolating
the AFW supply from the PWST should SGAHRS be Inltiated during
testing.

g. Steam Supply Line From Steam Drum to AFP Drive Turbine

There are three 4 Inch steam supply !ines, one from each steam drum.
Each of these |Ines contains a locked open, manual Isolation valve, an
electrical ly operated, normally closed Isolation valve, a check valve,
and another |ocked open, manual Isolation valve. Downstream of the
final Isolaticn valves, the three |Ines are headered together. The
resulting 4 Inch |ine then passes through a normally clused, electro-
hydraul ic operated pressure contrcl valve before entering the drive
turbline.

Routing of tha turbine steam supply I|ines is such that they do not
pass through the PWST cell. When the turbine |Ines pass through
adjacent cells, protection Is provided from missiles and Jet
Impingement.

Amend. 65
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Steam Drum to Protected Alr Cooled Condenser (PACC)

This Is a high temperature, high pressure Insulated 8 Inch diameter
carbon steel |Ine. There are three parallel |Ines, one to each of the
PACCs, which are separated by the Steam Generator Bullding Contalnment
walls. Each |ine, which suppl les steam from the steam drum to the
PACC, has two |ocked open, manually operated Isolation valves. Before
entering the PACC, each 8 Inch |ine tees Into the 6 Inch |ines, each
of which leads to one of the PACC's two half size tube bundles.

During normal plant operation, these |ines remain hot due to the PACC
heat |osses and natural clirculation flow.

Condensate from each of the half size PACC tube bundles will ba plped
In a separate 8-inch Insulated i Ine down to an elevation 3 feet below
normal water level in the steam drum (See Figure 5.6-7). These
separate | Ines assure that each half size PACC bundle Is Isolated from
the other by a water seal. The Isolation allows one hal f-size PACC
bundle to be started and operated Independently of the other., At an
elevation 3 feet below the normal water level the 8-inch hal f PACC
returns join to a single 6-inch |ine which continues down to the
recircul atlon header 19 feet below the normal water level. This
common condensate return | Ine contains two |ocked open manual
Isolation valves and a ventur! flowmeter., Above the water seal
elevation, condensate flow will be a vertical annular or stratiflied
two phase gravity flow pattern, A large |ine size (8~inches) Is used
to assure the two phase gravity flow remains stable and does not
resul t In entralnment over the PACC operating range. (See Section
5.6.1.3.2.3) The |ines from each PACC to Its steam drum are separated
from the | Ines for other PACCs by the Steam Generator Buliding walls.

These two | Ines, one branching from the steam drum to sur.rheater
plping and the other branching from the superheater to main turbdine

| Ine, contain a locked open, manual isolation valve and a normal ly
closed el ectro-hydraul ic operated pressure control valve. Both |Ines
are used to vent steam from the system to release heat from the plant
and maintaln the steam drum at a pressure below the design head of the
aux!| lary feedwater pumps. The superheater vent valve and vent | Ine
are made of 1 1/4 CR - 1/2 Mo steel; the steam drum vent valve and
vent | Ine are carbon steel. Following the plant trip and the Initial
pressure reducing transient, these valves will normal ly be used as the
only means for venting steam during SGAHRS cperation. Power rellef
valves |ocated at the superheater outlet will serve as a backup should
both the SGAHRS superheater and steam drum vent valves be unavallable.
These steam generator system valves will be set to open at a higher
pressure. The advantage of separate SGAHRS vent valves Is a

control led steam drum pressure by venting through valves designed for
low erosion rather than the on/off operation of the safety valves.
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5.6.1.3.1.5 Analytical Method for Component Supports (Vessels, Plping, Pumps,
and Yalves)

In accordance wlth the ASME Code, component supports wll| have the same code
classlfication as the components they support. Deslign of each component
support will comply with the ASME Section ||| design rules corresponding to
the component support classliflication. In order to provide assurance that the
component support stresses comply with |Imits specified In Section 5.6.1.1,
analysls of each component support will be performed. The applicable
analytical techniques and applicable computer codes dliscussed In Section
5.3.3.1.5 wil| also apply to detalled analysis of support components, The
classiflication of components within the SGAHRS Is Included In Section

5.6.1.1.1.4, Allowable stress |Imits and pressure |Imlits are specifled In
Tables 3.9-3 and 3.9-4,

5.6.1.3.2 Thermal Hydraullc Design Analysis
5.6.1.3.2.1 Natural Clrculation

The SGAHRS auxl|lary feedwater supply subsystem draws Its driving force from
the Auxl!|lary Feedwater Pumps, The Protected Alr Cooled Condensers (PACC)
operate on natural clirculation on the steam and water side. The relative
elevations are shown In Figure 5.1-6.

Since the reiative densities of water and steam are 10:1, there wil| be no
difflculty In ensuring steam supply to the PACC. The condenser design will
permit adequate clirculation within the condenser tubing. The PACC design will
be verifled by analyses and by proof testing after Installation,

The PACC closed loop schematic |s shown on Figure 5.6=7. The steam/water slde
natural clrculation Is comprised of two parts as fol lows:

(1) Steam flow from the steam drum superheater supply plping, through the
steam Inlet piping, Into the tube bundle.

(2) Condensate flow from the tube bundle through the condensate return

plping, to the reclirculatior pump header |ocated below the steam
drum,

The tube bundles during normal plant operation are fllled with saturated steam
at steam drum condltions and kept on hot standby (l.e., Isolation from amblent
by alr side Isclation louvers). Assuming 3% heat loss through the Insulated
Isolation louvers (deslign goal) during standby, condensate Is formed at the
rate of 2974 Ibm/hr. The condensate outflow from the tube bundle during Its
period Is due to gravity.

Upon SGAHRS Initiation signal, the Isolation louvers are opened, the fan Is
turned on, and steam condensation Increases. Condensation causes a volume

col lapse Inside the flInned tube bundle., This volume col lapse causes the
bundle pressure to drop below the steam drum pressure as makeup flow from the
drum |s establ ished. The return plping connected to the reclirculation pump
header |s supplied with water from the steam drum., Because this |Ine contalns
relatively high density water (43.2 Ibm/ft3 for water as compared to 3,36

Ibm/ f43 for steam) the low pressure In the bundle causes the |iquid level In

5.6-11
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the return piping to rise above the steam drum |iquid level while steam flows
into the tube bundle through the supply line. The units are designed to
condense 89,000 Ibm/hr of saturated steam from the steam drum. The comblned
pressure drops associated with flow of steam through the inlet plping, steam/
water mixture through the tube bundle, and water through the return plping Is
calcul ated to be 4 psi. This causes the |iquid level in the condensate return
plpe to rise 16 ft, above the steam drum |iquid level. This height Is 11,
below the low point of the tube bundle (l,e., the tube bundle exit header
nozzle). This 11 ft, margin Is enough that the tube bundle pressure drop
could be as high as 4.6 psi without drawing water into the tube bundie. The
tube bundle pressure drop |s not expected to be more than the 2 psl allowed by
the PACC Equipment Speciflication,

The condensate outflow from the tube bundle Is caused by two factors as
fol lows:

(1) Shear forces resul ting from flow of steam over the condensate formed
in the tubes. These forces are directly proportional to the velocity
differential between the steam and the condensate as predicted by the
relation:

where:

The shearing stress at steam/condensate interface
Steam viscosity

Steam veloclity

Location of the steam/condensate interface

= T

nononon

»

(2) Gravitational forces causing the condensate to flow to the low point
of the tube bundle.

The tube bundle |ength may be divided In three parts. The condensate flow
through the first reglon Is primarily due to shear forces as described above.
In the second reglon the steam velocity Is greatly reduced and both
gravitational and shear forces cause condensate to flow towards the tube
bundle exit header. The governing forces In the third region are
gravitational, shear, and pressure gradient induced. These forces cause the
condensate to flow Into the tube bundle exit header where It Is returned to
the recircul ation header. The steam inlet nozzle location (high point of the
tube bundle) with respect to the condensate return nozzie (low point of the
tube bundie) also serves to Insure flow of all condensate steam towards the
condensate return plpe.
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CLASSIFICATION OF SGAHRS COMPONENTS

TABLE 5.6-2

— - —

, QUALITY
SAFETY NATIONAL QUALITY | ASSURANGE
COMPONENT CLASS CODES STANDARDS* ASHE
Protocted SC-2 ASME 111/2 Group B HA-40C0
ater
Storage Tank
(PWST)
PHST SC-2 ASHE 111/2 Group B RA-4060
Piping
PWST SC-2 ASME 11172 Group B hA-4000
Valves
Protected 5C-3 ASME 111/3 Group C NA-3000
Air Cooled
Condunser
(PACC)
IPACC Piping SC-3 ASME 111/3 Group C NA-4000
Auxiliary SC-3 | ASME 111/3 Group € NA-4000
Fecdwater !
System (AFS) |
Piping
AFS Pumps SC-3 ASME 111/3 Group C NA-4000
AFS Valves SC-3 ASME 111/3 Group C NA-4000

* NRC Regulatory Guide 1,26

March 23, 1973.

5.6-30
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TABLE 5.6-3

SGAHRS EQUIPMENT L IST AND MATERIAL SPECIFICATIONS

ASME DES IGN DES IGN
SECTION 11 TEMP PRES SURE
SGAHRS COMPONENT _CODE CLASS MATERIAL* _(%F)  _(PSIG)
Air Cooled Condenser Bundle 3 CS 650 2200
Alir Cooled Condenser Fan, Motor,
Louvers - - 100 ——
Aux!| iary Feedwater Pump 3 CS 200 2200
Pump Motor Drive - - 104 ——
Pump Turbine Drive
Downstream of Adm!sslon Values Cs 600 1250
Upstream of Admission Values Cs 650 2200
Water Storage Tank 2 Cs 200 15
SGAHRS Piplng:
PWST to First Isolation 2 Cs 200 15
Val ve
First !solation Valve to
AFW Pumps 3 CsS 200 100
AFW Pumps to AFW Headers 3 Cs 200 2200
AFW Headers 3 S 200 2200
AFW Headers to Electrical ly
Operated Isolatlion Valve 3 CS 200 2200
AFW Pump Test Loop to
and between |solation Valves 3 Cs 650 2200
AFY Pump Test Loop From
Isolation Valves to PWST
Fill Line 3 CS 200 100
Isolation Valve to Main FW
Line 3 CS 650 2200
Superheater Inlet Line to PACC 3 CS 650 2200
PACC to Evaporator Recirc Line 3 CS 650 2200
AFW Pump Recirc to Oriflce 3 CsS 200 2200
Orifice to PWST=Recirc 3 CS 200 250
Superheater Vent Line (Upstream
of Valve) 3 1 1/4 Cr-1/2 Mo 935 1900
Steam Drum Vent Line (Upstream
of Valve) 3 CS 650 2200
Superheater Vent Line (Down=-
stream of Valve) 3 1 1/4 Cr=1/2 Mo 850 250
Steam Drum Vent Line (Down=-
stream of Valve) 3 CS 400 250
Steam Supply Line to Drive
Turbine 3 CS 650 2200
PACC Vent Line Upstream 3 CS 650 2200
of Vent Orifices)
*CS - Carbon Steel
Amend. 73
Nov. 1982
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TABLE 5.6-3 (Cont'd)

ASME DES IGN DES IGN
SECTION 111 TEMP PRESSURE

20AHRS COMPONENT -CODE CLASS MATERIAL* _(F)  (PSIG)

PACC Y ... Line (Downstream 3 CS 400
of Vent Orifices)

PWST Fill Line 3 CS 200
AFW Pump Al ternate Supply Line 3 CS 200
Drive Turbine Exhaust 3

SGAHRS Val ves:

Al ternate AFW Supply
PWST Fill
PWST Drain
PWST Level Indicator
AFW Pump Inlet (Manual)
AFW Pump Inlet {(Electrical)
Al ternate AFW Pump Inlet
Pump Recircul atlon
Pump Recirculation c/v
Pump Discharge C/V
Pump Discharge |solation
AFW Supply Isolation (Manual)
AFW Supply Control
AFW Supply Isolation (Electrical)
AFW Supply C/V
AFW Supply Isolation (Manual)
AFW Supply C/V
AFW Pump Test Loop Isolation
Superheater Vent Control
Steam Orum Vent Control
Drive Turbine Steam Supply
Isolation (Elect.)
Drive Turbine Steam Supply C/V
Drive Turbine Steam Supply
Isol ation (Manual)
Drive Turbine Steam Supply
Pressure Control CS
PACC Steam Supply CS
PACC Steam Supply Bypass CS
PACC Condensate Return Cs
PACC Noncondensible Vent CS
PACC Noncondensible Vent
Isol ation CS
Pressure Instrument (Pump Inlet) CS
Pressure Instrument (Pump
Discharge) Cs
Pressure Instrument (Turbline
Inlet) CS
‘ Chilled Water Isolation CS

2333333323338338R883

CS
2 1/4CR-1 Mo
CS

NH W WWWWWWWEWWUWNOONNN W W

Cs
CS

W W

N

Cs

*CS = Carbon Steel




TABLE £.6-4

SGAHRS WELD FILLER METAL SPECIFICATIONS ‘
BASE MATERIAL ASME SECTION II SPECIFICATION
Carbon Steel SFA-5.1 Specification for Mild

Steel Covered ARC--
Welding Electrodes

11/2 Cr-1/2 Mo SFA-5.5 Specification for low-alloy
steel covered arc-welding
26 electrodes.

Amend. 26 .
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TABLE 7.1-3
LIST OF IEEE STANDARDS APPLICABLE TO

SAFETY RELATED INSTRUMENTAT(CM AND CONTROL SYSTEMS

IEEE-279~1971

|IEEE-308-1974

|IEEE-317-1976

IEEE-323-1974

IEEE-323~A-1975

IEEE-336-1971

IEEE-338-1977

|IEEE~344-1975

|IEEE~352-1975

|IEEE=-379-1972

|IEEE-383-1974

IEEE-384-1974

|IEEE-420-1973

|EEE-494-1974

IEEE Standard: Criteria for Protectlon Systems for Nuclear
Power uvenerating Stations

Criteria for Class 1E Power Systems for Nuclear Power
Generating Stations

Elnctric Penetration Assembl ies In Contalnment Structures for
Nucl ear Power Generating Statlions

Qual ifying Class |IE Electric Equipment for Nuclear Power
Generating Statlons

Supplement to the Foreword of |EEE 323-1974

IEEE Standard: Installation, Inspection, and Testing
Requirements for instrumentation and Electric Equlpment
During Construction of Nuclear Power Generating Stations

Criteria for the Perlodic Testing of Nuclear Power Generating
Station Safety Systems

|IEEF Std. 344-1975, |EEE Recommended Practices for Selismlic
Qual ification of Class 1 Equipment for Nuciear Power
Generating Stations

General Principles for Rel labil ity Analysis of Nuclear Power
Generating Station Protection Systems

IEEE Trlal-i'se Gulde for the Appl ication of the Single-
Fallure Criterion to Nucleai Power Generating Station
Protection Systems

Standard for Type Test of Class 1E Electric Cables, Fleld
Spl ices, and Connectlions for Nuclear Power Generating
Station.

IEEE Trial Use Standard Crliteria for Separation of Class IE
Equipment and Circults

Trial-Use Gulde for Class |E Control Swltchboards for Nuclear
Power Generating Stations

IEEZ Standard Method for l|dent!flication of Documents Rel ated
to Class 1E Equipment and Systems for Nuclear Power
Generating Station

7.1-9 Amend, 72
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Loglc:

Sensors:

Loglc
Isolatlion:

Equipment:
o Circuitry
o Power Supplles
o Potentimeters
o Buffers

o Control Rod
Rel ease

TABLE 7.1-4

RSS DIVERSITY

Erimary

Local Colncldence
Inlet Plenum Pressure
Primary Pump Speec
Intermediate Pump Speed
HTS Bus Frequency

Steam Flow

Feedwater Flow

IHX Primary Outlet

Temperature

hoto Coupl ing

Integrated Circults

Secondary

General Colncidence
Primary Loop Flow
Primary Loop Flow
Intermediate Loop Flow
HTS Bus Vol tage

Steam Drum Level
Reactlon Products Flow
Evaporator Outlet

Sodium Temperature

Direct Coupled

Discrete Components

Separate vendors util ized

Separate vendors util ized

Light Coupl ing

Circuit Breakers In
2/3 Logic Arrangement

Magnetic Coupl Ing

Solenoid Operated
Pneumatic Valve In a
2/3 Loglc Arrangment

Amend, 73
Nov. 1982




7.2 REACTOR SHUTDOWN SYSTEM

7.2.1 Description
7.2.1.1 Reactor Shutdown System Description

The Reactor Shutdown System (RSS) consists of two independent and
diverse systems, the Primary and Secondary Reactor Shutdown Systems, either
of which is capable of Reactor and Heat Transport System shutdown. A1l
anticipated and unlikely events can be terminated without exceeding the
specified 1imits by either system even if the most reactive control rod
in the system cannot be inserted. In addition, the Primary RSS acting
alone can terminate all extremely unlikely events without exceeding speci-
fied 1imits even if the most reactive control rod in the system cannot be
inserted. To assure adequate independence of the shutdown systems, mecha-
nical and electrical isolation of redundant components is provided. Functional
or equipment diversity is included in the design of instrumentation and
electronic equipment. The Primary RSS uses a local coincidence logic con-
figuration while the Secondary RSS uses a general coincidence. Sufficient
redundancy is included in each system to prevent single random failure
degradation of either the Primary or Secondary RSS.

As shown in the block diagram of the Reactor Shutdown System,
Figure 7.2-1, the Primary RSS is composed of 24 subsystems and the Secondary
‘ RSS is composed of 16 subsystems. Figure 7.2-2A is a typical Primary RSS

instrument channel lugic diagram. Each protective subsystem has 3 redundant
sensors to monitor a physical parameter. The output signal from each sensor
is amplified and converted for transmission to the trip comparator in the
control room. Three physically separate redundant instrument channels are
used. When necessary, calculational units derive additional variables from
the sensed parameters with the calculational units inserted in front of the
comparaters as needed. The comparator in each instrument channel determines
if that instrument channel signal exceeds a specified 1imit and outputs
3 redundant signals corresponding to either the reset or trip state. The
3 outputs of each comparator are isolated and recombined with the isolated
outputs of the redundant instrument channels as inputs to three redundant
logic trains. The recombination of outputs is in a 2 out of 3 local coin-
cidence logic arrangement.

Operating bypasses are necessary to allow RSS functions to be
bypassed during main sodium coolant pump startup, ascent to power, and two
loop operation. Operating bypasses are accomplished in the instrument
channels. For bypasses associated with normal three loop operation, the
bypass cannot be instated unless certain permissive conditions exist which
assure that adequate protection will be maintained while these protective
functions are bypassed. Permissive comparators are used to determine when
bypass conditions are satisfied. When permissive conditions are within the
57 allowable range, the operator may manually instate the bypass. If the

Amend. 57
7.2-1 Nov. 1980




out of the al lowable range, the protective function is automatically
reinstated. Thc trip function will remain reinstated until the permissive
conditions are agaln satisfled and the operator agalr manually Initiates the
bypass. Operator manual bypass control is not effective unless the bypass
comparator Indicates that permissive conditions are satisfied. A functlonal
dlagram of the Primary and Secondary bypass permissive logic Is shown in
Figure 7.2-2AA.

Two loop bypasses are establ Ished under administrative controi by changing the
hardware confliguration within the |ockea comparator cabinets. These bypasses
are also under permissive control such that the plant must be shutdown to
establ Ish two loop operation and if the shutdown loop if activated the bypass
Is automatical ly removed.

Bypass features included withir the Primary and Secondary RSS hardware for two
loop operation will be deactivated during all three |oop operating modes so
that the three |oop operating configuration can not be affected by these
bypass features elther by operator action or by two loop hardware fallure,

Bypass permissives are part of the Reactor Shutdown System (RSS), and are
designed according to the RSS requirements detalled el sewhere in this section
of the PSAR.

Cont Inuous local and remote Indicatlon of bypassed instrument channels will be
provided in conformance with Regulatory Gulde 1.47, "™Bypassed and Inoperable
Status Indication for Nuclear Power Plant Safety Systems”.

7.2-1a Amend, 73
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57

Figure 7.2-2B is a logic diagram of the Primary RSS logic trains.
The outputs from the comparators and 2/3 functions are inputs to a 1 out
of 24 general coincidence arrangement. The output of the 1/24 is an
input to a 1 out of 2 with the manual trip function to actuate the scram
breakers. The scram breakers are arranged in a 2 of 3. Wher . Or more
logic trains actuate the associated scram breakers, power tu the control
rods is open circuited and the control rods are released for insertion to
shutdown position with spring assisted scram force. Open circuiting the
control rod power initiates Heat Transport System shutdown.

In the Secondary RSS, the sensed variables are signal conditioned
and compared to specified 1imits by equipment which is different from the
Primary RSS equipment. The secondary logic is configured in general rather
than local coincidence to provide additional protection against common mode
failure. Each instrument channel comparator outputs its trip or reset
signal to a 1 of 16 logic module. The 3 redundant secondary instrument
channels from each subsystem feed 3 redundant logic trains, which are coupled
to the secondary scram actuators. Figure 7.2-2D is a logic diagram for the
Secondary RSS logic.

The Secondary RSS consists of 16 protective subsystems and monitors
a set of parameters diverse from the Primary RSS as shown in Table 7.2-1.
However, since a measure of nuclear flux is necessary in both the Primary
and Secondary RSS, nuclear flux is sensed with compensated ionization chambers
in the primary while fission chambers are used in the secondary. The Primary
RSS monitors primary and intermediate pump speed while the Secondary RSS
monitors primary and intermediate coolant flow. Similarly, the steam flow
to feedwater flow ratio is used in the Primary RSS while the steam drum
level is sensed for the Secondary RSS.

Figure 7.2-2C is a typical Seccndary RSS instrument channel logic
diagram. Each protective subsystem has 3 redundanc sensors to monitor a
physical parameter. The output signal from each sensor is conditioned for
transmission to the trip comparator located in the control room. Redundant
instrument channels are used. When necessary, calculational units are placed
in front of the comparators to derive additional variables. The output
of the comparators are input to redundant logic trains in a general coin-
cidence arrangement.

Bypass of secondary comparators is implemented in the same fashion
as in the primary system except that different equipment is used to provide
the permissive comparator function.

Figure 7.2-2D is a logic diagram of the Secondary RSS logic trains.
The outputs from the instrument channels are input to a 1/16 general coinci-
dence arrangement. The 1/16 output controls the solenoid power sources
through isolated outputs. Isolated outputs are also provided to initiate
Heat Transport System shutdown. A trip latch-in function is provided to
assure that once initiated, the scram will go to completion. The remaining
redundant logic trains provide the other two signals for the 2/3 function.

Amend. 57
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Figure 7.,2-2 shows the RSS Interface with the Heat Transport System (HTS) pump

breaker control. Two HTS pump breakers are connected In serles for each HTS
pump., Each HTS breakers receives Input from the Primary RSS and Secondary RSS
pump trip loglc. Upon recelpt of a reactor trip signal from elther Primary or
Secondary RSS, the HTS pump breakers open to remove power from the primary and
Iintermedlate pumps,

-]
4
J

Provisions are made to al low testing of the HTS breaker actuation functlor
during reactor operation, A test breaker Is used fc ass the maln HTS
breaker during a test condition., Test signals are then Inserted through the
Primary or Secondary RSS pump trip loglc to open the malin HTS breaker,
Mechanical Interlocks are provided on the bypass breakers to prevent more
one maln HTS breaker In any |loop from being bypissed at a time,
interiocks are provided which make the breaker test inputs ineffective unless
the bypass breakers are properly Installed. Main HTS breaker and test breaker
positicn status Is supplied as part of the RSS status display or the main
control panel,

than
Control

The RSS subsystems do not directly require the reactor operator or control
system to Implement a protective action, However, manual ntrol devices to
manual ly Initiate each protective function are Included in the design of the
Plant Protection System,

wWhere signals are extracted from the Reactor Shutdown System, buffers are
provided., These buffers are designed to meet the requirements of
|IEEE~279-1971. The buffers prevent the effects of fallures on the non-I|E
output side from affecting the performance of the RSS equipment, The buffers
are consldered part of the RSS and meet all RSS criteria.

system Testabllify

Both Reactor Shutdown Systems are designed to provide on=|ine testing
apabil ity, For the Primary RSS, overlapping testing is used. The sensors
are checked by comparlison with redundant sensor outputs and related

a

measurements, ta&ach Instrument channel includes provisions for insertion of

the sensor side of the signal conditio

measure the performance at the comparator
where disconnection of the sensor is unavoidable for

comparator is tripped when di sconnected, The Instrument

electronics including trip comparators and bypass permissive

v 1 pva

ested for abil Ity to change value to beyond the trip point and provide a trip
t to the loglc. The cowparators and logic are tested by the PPS Monitor,

Ful sed

signals are inserted from the monitor into the comparators

jated with one ibsystem and the |logic output is chec i by the Monitor

sure that logic trip occurs for the correct comb comparator
T

The logic and scram breakers are tested by manually tripping one loglc

and observing that the corresponding breakers breakers are

] power TO the pump rough a bype ircult breaker and

by maintalnir

inserting a test signal to the pumj

+rlr
pump i '}




Evaporator Qutlet Sodlum Temperature

The Evaporator Outlet Sodlum Temperature Subsystems (Figure 7.2-10) compare
the sodium temperature at the outlet of the evaporator In each HTS loop to a
fixed set point, |f this temperature exceeds the set point, a reactor trip Is
Inltiated. There ar three of these subsystems, one per |oop. These
subsystems detect a |arge class of events which Impair the heat removal
capabll ity of the steam generators. These subsystems are never byoassed.

2odlum Water Reactlion

The Sodium Water Reaction Subsystems (Figure 7.2-10) detect the occurrence of
a sodium water reaction within a superheater or evaporator module. There are
three of these subsystems, one per |oop. Each subsystem recelves nine signals
from the sensors In the reaction products vent | Ines of a steam generator,
These subsystems are never bypassed.

7.2.1.2.3 Essentlal Performance Requirements

In orger to Implement the required protective functions within the appropriate
I imits, RSS equipment must meet several essent'=| performance requirements,
These essentlal performance requirements and the RSS equipment to which they
apply are summarized below.

The RSS instrumentation «il| meet the essentlal performance requirements of
Table 7.2-3. This table deflincs the minimum accuracy and t'me constants which
will result In acceptable performance of the RSS.

Analysls of worst cast RSS functlional performance !s based on the values gliven
in Table 7.2=3.

The maximum delay between the time a protective subsystem indicates the need
for a trip and the time the rods are released is 0,200 second. This time
includes the delays due to the calculational un!ts, comparators, loglc, scram
breakers, and control rod re|ease,

The maximum delay between the time a protective subsystem indicates the need
for a trip and the time the HTS sodium pumps are tripped Is 0.500 second.
This time also includes the delays due to the loglc and HTS scram breakers.

The RSS is designed to meet these essentlal performance requirements over a
wide range of environmental conditions and credibl!e single events to assure
that environmental effects do not degrade the performance of the PPS, The

env ironmental extremes are documented In Reference 13 of PSAR Sectlion 1.6,
Provisions are Incorporated within the PPS which provide a defense against the
following incidents:

7.2~11 Amend., 73
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Environmental Changes

All electrical equipment Is subject to performance degradation due to ’
major changes in the operating environment. Where practical, PPS

equipment Is designed to minimize the effects of environmental

changes; If not, the performance at the environmental extremes is used

in the analysls.,

Measures have been teken to assure that the <SS electronics are |
capable of performing according to thelr essentlal performance

requirements under variations of temperature, The range of

temperature environment specifled for all the electronic equipment
considered here Is greater than is expected to occur during normal or
abnormal conditions. Electronics do not fall catastrophicailly when

these | Imits are exceeded even though this Is the assumed fallure

mode. The detalled design of the circult boards, board mounting and

racks Includes free ventilation to minimize hot spots. Ventilation Is

a result of natural convection air ftlow.

The RSS Is designed to operate under or be protected from a wider
range of relative humidity than that produced by normal or postulated
acclident conditions,

Vibration and shock are potentlal causes of fallure In electronic

components, Design measures, Including the prudent location of

equipment, minimize the vibration and shock experienced by RSS '
electronics., The equipment is qual ified to shock and vibration

speclfications which exceed all normal and of f=normal occurrences. ’

The RSS comparators and protective logic are designed to operate over
a power source voltage range of 108 to 132 VAC and 3 power source
frequency range of 57 to 63 HZ., The maximum varlation of the source
vol tage |s expected to be +108. More extreme varlations In the power
source may result In the affected channel comparator or loglic train
outputting a trip signal. |In addition, testing and monitoring of RSS l
equipment |s used, where appropriate, to warn of impending equlipment
degradation, Therefore, It Is not expected that changes In the
environment wlil| cause total faliure of an instrument channel or l|ogic
train, much less the simul taneous fallure cf all Instrument channeis
or leglc tralns,

The majority of the RSS electronics Is located in the control
bullding, and Is not subjecied to a radloactive environment, Any PPS
equlipment |ocated In the radioactive areas (such as the head access
area) will be designed to withstand the level of activity to which It
will be subjected, If Its function Is required.

7.2=12 Amend, 72
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o Jornado

. The RSS is protected from the effects of the design basis tornado by
locating the equipment within tornado hardened structures.

O gdlal_ff-[g‘i

All RSS equipment, including sensors, actuators, signal conditioning
equipment, wiring, scram breakers, and cabinets housing this equlpment
Is redundant and separated. These characteristics make any credible
flre of no consequence to the safety of the plant. The separation of
the redundant components increases the time required for flre to cause
extenslve damage and also allows time for the flre tc be brought to
the attention of the operator such that corrective action may be

Inltlated. Fire protection systems are also provided as dliscussed In
Section 9,13,

All RSS equlpment essential for reactor trip Is redundant. Physlical
separation (dlstance or mechanical barriers) and electrical Isolation
exists between redundant components, This physical separation of
redundant components minimized the possibil ity of a local explosion or
missile damaging more than one redundant component., The remaining

redundant components are stil| capable of performing the required
protective functlions,

LQLI[ N ‘:EE

All RSS equlipment, Including sensors, actuators, signal condlitioning
equipment, wiring, scram breakers and structures (e.g., cabinets)
housing such equipment, Is classed as Selsmic Category |. As such,
all RSS equipment Is designed to remaln functional under OBE and SSE
condltions, The characteristics of the OBE and SSE used for the
evaluation of the RSS are found In Section 3.7.

7.2.2 Analysls

The Reactor Shutdown System meeis the safety related channel performance and

rel labll Ity requirements of the NRC General Design Criterla, IEEE Standard

Z719-1971, appl icable NRC Regul atory Guldes and other appropriate criteria and
standards.

The RSS Loglc Is designed to conform to the |EEE Standards | Isted In Table
7.2-4.

General functional Requirement

The Plant Protection System Is designed to autamatically Initiate appropriate
protective action to prevent unacceptable plant or component damage or the
release or spread of radloactliv s materlals.

Amend, 72
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Single tallure

No single fallure within the Reactor Shutdown System nor removal from service
of any component or channel will prevent protective actlion when required.

Two Independenrt, diverse reactor shutdown systems are provided, either of
which Is capable of terminating all excursions without ailow'ng plant
parameters to exceed specifled |Imits, Each system uses three redundant
instrument channels and logic trains, The Primary RSS Is configured using
local colncidence loglc while the Secondary RSS uses general coincidence
loglc. To provide further assurance agalnst potential cegradation of
protection due to credible single events, functlional and/or equipment
diversity are Included in the hardware design.

Bypasses

Bypasses for normal operation require manual instating. Bypasses will be
autamatical ly removed whenever the subsystem is needed to provide protection.
The equipment used to provide thls action Is part of the RSS, Administrative
procedures are used to assure correct use of bypasses for Infrequent
operatlons :uch as two loop operation, |f the protective action of some part
of the system has been bypassed or del Iberately rendered inoperative, this
fact will be continucusiy Indicated in the control room,

Multiple Setpolnts

Where It Is necessary to change to a more restrictive setpoint to provlide
adequate protection for a particular normal mode of operation or set of

operating conditions, the RSS design will provide automatic means of assuring
that the mcre restrictive setpoint is used. Administrative procedures assure
proper setpoints i . Infrequent operations,

For CRBRP, power operation on two-loops will be an infrequent occurrence, and
will only be Initiated from a shutdown condition. While the reactor is
shutdown, the R3S equipment will be al igned for two-loop operation which will
Include set down of the appropriate trip points. Sufficient trip polnt set
down Is belng designed Into the RSS equipment to adequately cover the possible
range (conceptually from 2% to 100%) of trip point adjustment required. In
addition, administrative procedures (speciflically the pre-critical checkoff)
will be Invoked during startup to ensure that the proper RSS trip polints have
been set.

The analysis of plant performance during two-loop operation has not been
completed to date. Therefore, the exact trip point settings for two-loop
operation cannot be specifled at this time. However, the range of trip point
settings Indicated above is adequate to ensure that trip points appropriate
for the antlcipated |lowest two-loop operating power can be achleved,

In summary, the design of the RSS equipment trip point adjustments and other
features for two~loop operation coupled with the anticipated two-loop
operating power level and administrative procedures assure full compl lance
with Branch Technical Position EICSB 12 and satisfy Section 4.15 of IEEE std
2719-1971,

7.2=14 Amend, 73
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The Reactor Shutdown Systems are designed so that, once Initiated, a
protective action at the system level must go to completion. Return to normal
operation requires wanual reset by the operator because the Primary RSS scram
breakers or Secondary scram |latch clrcultry must be manually closed fol lowling
trip. Trip signals must be cleared prior to closure of scram breakers.

Manual Inltiation

| The Reactor Shutdown System .acludes means for manual inltiation of each
protective action at the system level with no single fallure preventing
Inltiation of the protective action. Manual initiation depends upon the
operation of a minimum of equipment because the manual trip directly operates
l the scram breakers of the solenold scram valve power supply.

7.2=14a Amend, 73
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Access

Admir'sirative contreo! of access to all setpoint adjustments, module

cal ibration adjustments, test po! ts and the means for establ ishing a bypass
permissive condition Is provided by locking cabinets and other access design
features of the control room and the equipment racks.

Information Read-Out

Indicators and alarms are provided as an opr "ating aid and to keep the plant
operator informed of the status of the RSS. Except for the IHX primary outlet
temperature analog indicators which are part of the accident monitoring
system, all Indicators and alarms are not safety-related. The following Items
are |ocated on the Main Control Panel for operator information.

Analog Indication

Secondary Wide Range Log MSV Power Level
Secondary Wide Range L inear Power Level
Primary Power Range Power Level

Reactor Vessel Level

HTS Pump Speeds

HTS Loop Flows

Reactor Inlet Pressure

IHX Primary Outlet Temperatura
Evaporator Outlet Temperat:ure

Steam Flows

Feedwater Flows

Steam Drum Level

r-xc--—IO:meOGJ>

|

Instrument Channel Bypass Permissive Status
Instrument Channel Bypass Status

Loglic Train Trip/Reset Status

HTS Loop Trip/Reset Status

HTS Loop Te~t Status

mopm>

Annunclators

A. Instrument Channel Trip/Reset information Is provided for each function
| Isted in Table 7.2-1

B. Loglic Tralin Power Supply Fallure

C. Two Loop Bypasses Instated

Most Information |s also avallable to the operator via the Plant Data Handl ing
and Display System,

Annunclator for RSS Channel Trips

A visual and audible Indication of all channel trip conditions within the RSS
will be provided in the control roam., These alarm condltions include any
tripped RSS comparators In the Primary RSS or Secondary RSS. The Plant Data
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Handl Ing and Display system alerts the operator to signiflicant deviations
between redundant RSS analog Instrumentation used to monlitor a reactor or
pl ant parameter for the RSS.

Control and Protection System |nteraction

The Reactor Shutdown System and the Plant Control System have been designed to
assure stable reactor plant operation and to protect the reactor plant In the
event of worst case postulated Plant Control System failures., The RSS Is
designed to protect the plant regardless of control system action or |ack of
action., Isolation devices will be used between protection and control
functions, Where this is done, all equipment common to both the protection
and control function Is classiflied as part of the RSS. Equipment sharing
between protection and control is minimized. Where practical, separate
equipment (sensors, signal conditioning, cabl ing penetrations, raceways,
cabinets, monitoring etc.) Is provided. The sharing of components does not
lead to a situation where a single event both Initiates an incident through
Plant Control System mal function and prevents the appropriate RSS acton.

Periodic Testing

The Reactor Shutdown System is designed to permit periodic testing of Its
functioning including actuation devices during reactor operation. In the
Primary RSS, a single Instrument channel is tested by Inserting a test signal
at the sensor transmitter and verifying It at the comparator output. A loglc
train is tested by Inserting a very short test signal in 2 comparator inputs
and verifying that the voltage on the scram breaker trip colls decrease.
Because of the time response of the undervol tage relay coils of the scram
breakers and very short duration of the test signal, the reactor does not
trip. In the Secondary RSS, an instrument channel can be tested from sensor
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to scram actuator by Inserting a single test signal because of the general
colncldence configuration of the 3 redundant channels, The primary and ’
secondary rod actuators cannot be tested during reactor operation since

dropping a single control rod will Initiate a reactor scram, Scram actuators

and control rod drop will be tested an® maintalined when the plant Is shutdown

(See Section 7.1-2), Whenever the abll ity of a protective channel to respond

to an acclident signa' Is bypa sed such as for testing or malntenance, the

channel being testeu Is placad In the tripped state and 'ts tripped condition

Is autamatically indicated in the control room.

Eallure Modes and Effects Analysls

A Fallure Modes and Effects Analysls (FMEA) has been conducted to ldentlfy,
analyze and document the possible fallure modes within the Reactor Shutdown
System and the effects of such fallures on system performance (see Appendix C,
Supplement 1), Components of the RSS analyzed are:

© Reactor /essel Sodium Level Input

0 RSS Sodium Flow Input

o Pump Electric Power Sensor

o Compensated lon Chamber Nuclear Input

o Flsslon Chamber Nuclear I|nput

o Primary Loop Inlet Plenum Pressure Input

o Sodium Pump Speed (Primary and Intermediate)
o Steam Mass Flow Rate Input

o Feedwater Mass Flow Rate Input

o Steam Drum Level Input

o Primary Comparator

o Secondary Comparator

o Primary Logic Train

o Secondary Loglc Traln

o Primary Calculational Unlt

o Secondary Calculational Unit
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Scram Actuator Loglc

Heat Transport System (HTS) Shutdown Logic

Control Rod Drive Mechanlism (CRDM) Power Traln
0 RSS Isolation Buffer

Figures 7.2=3 and 7.2-4 provide assistance In |locating the above system |evel
components within the overal |l RSS.

The probabil ity of occurrence of each fallure mode Is |isted In the tables of
Appendix C, Supplement 1, In the Probabil it; Column, The effects of each
potential fallure mode have also been categorized In the tables In he
Critical ity Column, Even though the fall ure of an Individual element may
result In the inabil ity to Initiate chaniel trip, the provision of redundant
Independent Instrument channels and locic tralns «ssuies that single random
fallures cannot cause |oss of elther “he Primary or Secondary RSS thereby
meeting the design requirements of IEEE 279-1971. The high reliabil ity of
components, redundant configuration, provision for on-line monitoring and on-
| Ine periodic testing further assure that random fallures will not accumul ate
to the point that trip Initiation by elther Primary or Secondary RSS Is
prevented. Al| failure effects are therefore categorized as not causing any
degradation or fallure of a system safety function. The majority of the
identifled fallure modes can be el iminated from consideration based on their
|low probabil ity of occurrence and the Insigniflicance of thelr critical ity.
They are included in the FMEA, however, to document thelr consideration,




TABLE 7.2-1

REACTOR SHUTDOWN SYSTEM PROTECT IVE FUNCT IONS .

Primary Reactor Shutdown System Number of lnputs'

o Flux-Delayed Flux (Positive and Negative) 2

o Flux-Pressure 1

o High Flux 1

o Primary to Intermedlate Speed Mismatch 3

o HTS Pump Frequency 1

o Pump Electrics 1

o Reactor Vessel Level 1

o Steam-fFeedwater Flow Mismatch 3

o IHX Primary Outlet Temperature 3

secondary Reactor Shutdown System Number of Inputs

o Modifled Nuclear Rate (Positive and Negative) 2 ‘
o Flux=Total Flow 1

o Startup Nuclear Flux 1

o Primary to Intermediate Flow Mismatcn 2

o Steam Drum Level 3

o Evaporator Outlet Sodlum Temperature 3

0 HTS Pump Vol tage 1

o Sodium Water Reactio 3

" The Primary RSS can accept a total of 24 Inputs and the Secondary RSS can
accept 16 Inputs, There are 9 spare Primary Inputs,
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TRLE 7.2-2
RSS DESIGN BASIS FAULT EVENTS

Primacy Reactor Secondary Reactor
Fau't Events Shutdown Systes Shutdown System
. Anticipated Faults
A. Resctivity Disturbances''’
Positive Ramps <5¢/sec an. Steps <10
Startup Flux-Del ayed Flux or Startup Nuclear
Flux~ Pressure
5-40% Power Flux-Del ayed Flux or Modif led Nuclear Rate or
Flux- Pressure Flux-Total Flow
40-100% Power Flux~ Pressure Flux-Total Flow
Full Power High Flux Flux-.otal Flow
Negative Ramps and Steps Flux-Del ayed Flux Modi f led Nuclear Rate

B. Sodium Flow DlIsturbances

Coastdown of a Single Primary or Primary~-intermediate Pr imary~-Intermed|ate

Intermed|ate Pump Speed Mismatch Flow Ratio

Loss of 1 HTS Loop Flux-Pressure Primary-intermediate
Flow Ratlo

Loss of 3 HTS Loops HTS Pump Frequency Flux-Total Flow
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7.4.2.1.2 Equipment Design

A 1igh steam flow-to~feedwator flow ratio Is Indicative of a main steam supply
leak downstream from the flow meter or insufficlent feedwater flow. The
superheater steam outlet valves and superheater bypass valves shall be closed
with the approprlate signal supplied by the heat transport instrumentation
system (Section ~ This action will assure the Isolation of any steam
system |eak common to all three loop= and also provide protection against a
major steam condenser |eak during a steam bypass heat removal operation,

7.4.2.1.3 |nltlating Clreults

The 0515 iIs Initiated by the SGAHRS initiation signal. The SGAHRS Initliation
signal Is described In 7.4.1,1.3. This iInitiation signal closes the
superheater outlet isolation valves in all 3 loops when a high steam-to-
feedwater flow ratio or a low steam drum level occurs In any loop. In each
Steam Generator System loop, the three trip signals for high steam-to-
feedwater flow ratio and the |low steam drum level are input to a two of three
loglc network., If two of three trip signals occur In any of the 3 loops, the
0S1S Is Initiated, and all 3 loops are Isolated from the main superheated
steam system by closure of the superheater outlet isolation valves and
superheater bypass valves,

7.4,2.1.4 QBypasses and Interlocks

Control Interlocks and operator overrldes associated with the operation of the
superheater outlet isolation valves have not been completely def Ined.

Bypass of 0SIS may be required to allow use of the main steam bypass and
condenser for reactor heat removal. |In case the 0SIS Is Inltiated by a |eak
In the feedwater supply system, the operator may decide to override the
closure of certaln superheater outlet I[solation valves,

7.4.2.1.5 Redundancy and Diversity

Redundancy Is provided within the Initliating circuits of 0SIS. The primary
trip function takes place when a high steam-tc -+ edwater flow ratio Is sensed
by two of thraee redundant subsystems on aiy one SGS loop, The low steam drum
level sensed by two of three
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redundant channels In any one |oop provides a backup trip function,

Additional redundance |s provided by three independnt SGS steam supply loops
serving one common turbine header. Any major break ‘n the high pressure steam
system external from the individual loop check valves will be sensed as a
steam feedwater flow ratio trip signal In all three |oops.

7.4.2.1.6 Actuated Device

The superheater outlet isolailon and superheater bypass valves utilize a high
rel labil ity electro~hydraul ic actuato . These valves are designed to fall
closed upon loss of electrical supply to the control solenoid.

7.4.2.1.7 Separation

The 0SiS Instrumentation and Control System, as purt of the Decay He t Removal
System is designed to maintain required Isolation and separation dDetween
redundant channels (see Section 7,1.2).

7.4,2,1.8 Qperator Information

Indication of the superheater outiet isolation valve position is supplled to
the control room, Indicator |amps are used for open-close position Indication
to the plant operator,

7.4.2.2 Qeslgn Analysis

To provide a high degree of assurance that the 0SIS will operate when
necessary, and in time to provide adequate Isolation, the power for the system
is taken from energy sources of high rellabil ity which are readily available.
A< a safety related system, the Instrumentation and controls critical to 0SIS
operation are subject to the safety criteria identifled In Section 7.1.2.

Redundant monitoring and control equipment wili be provided to ensure that a
singie fallure will not Iimpalr the capablil ity of the 0SIS Instrumentation and
Control System to perform its Intended safety function., The system will be
designeu for fall safe operation and control equipment, where practical, will
assure a falled position consistent with its intended safety tunction,

7.4.3 Pony Motors and Controls

There are six pony motors, one In each primary and Intermedlate heat transport
loop to provide sodium flow for decay heat removal. These motors through the
use of a gear box are capable of providing five to .en percent sod/um flow In
filve discrete steps by gear changes. Seciion 5.6 describes the Interaction of
the primary and Intermediate heat tr -nsport loops with the SGAHRS to provide
decay heat removal.

7.4.3.1 Design Description

The pony motors are 75 horsepower, 480 VAC, 3 phase, 60 Hz, totally enclosed
fan cooled Clas~ 1E motors., These motors are mounted on top of the sodlum
pump vertical drive motor, They are 1800 rpm motors which del Iver power to
the sodlium pump vlia a reducing gear, an overrunning clutch, and the vertical
motor shaft,
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Each CRDM controller reauires control power to operate the interface
circuitry, programmer, yate drives, intevnal interlocks and display
equipment. As shown on Fiqure 7.7-4, redundant AC pcwer sources

57' energize redundant DC logic power supplies whose outputs are auctioreered.
This design prevents failure of a power supply from causing a rod to
drop.

The power supplies are sized to provide sutficient capacity for all
of the CROM controllers in the primary group. Transformer isolation,
including grounded Faraday shields, is used to prevent failures from
propagating into the controller electronics.

CROM Motor Controller

The CRDM Motor requires DC ene-yization of coils in the pro-
per sequence to develop the required setpoint motion. The sequence
of coil energization for rod motion is in a two coil-three coil

571 sequence. Thus a forward step is produced each tiwe
A leading coil is energized and also when a trailing coil is
de-energized. To reverse the motion, the sequence is reversed.

The CRDM Controller uses six SCR's for each stator coil to half wave
rectify the 6 phase AC input power and supply DC output to a stator
coil. All six SCR's for a stator coil are turned on by one gate
drive unit. The Controller incorporates the logic necessary to
correctly sequence the gate drive units on and off, tnereby
sequencing the coils in appropriate order. Separate controllers are
provided for each individual! mechanism. Holds are provided when
input or output logic err.rs are detected.

571 In Single Rod Control Mode, the input circuitry to each controller accepts
on-off inputs for IN, OUT, and HOLD commands and provides the sequencer with
an IN pulse train, OUT pulse train, or HOLD DC output. The IN command steps a
single rod down in the core at a predetermined rate. The OUT command
steps a single rod up out of the core at a predetermined rate (not
necessarily the same as the IN rate) and the HOLD command maintains
the rod in its present position (no motion). The input circuitry
also incorporates adjustable speed settings for the IN, OUT, and
LATCH modes of CRDM operation and assures that an IN command takes
precedence over an OUT command. In addition to the adjustable speed
settings, the controller provides an independent speed limitation
which has a separate clock and power supply from that used by the
input circuitry, If the input circuitry called for a speed greater

57| than 10% above 9 inches per minute due to a postulated failure, the
speed limiter circuit will place the rod in the Huld Mode.

Amend. 57
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In any automatic control mode, or In Group Manual mode, the mechanl|sm
controllers are operated In sequence one step at a time to keep the rod
bank In required alignment. The sequence rate and direction are
determined respectively by analog and digital signals from the reactor
control system. |f the selector sequence rate is higher than a
predetermined trip point, an overspeed detector will alarm and place the
controilers in HOLD. A functional block dliagram of the control s shown
in Figure 7.7-5,

Hold Bus

A Hold Bus Power Supply and transfer select circultry are provided to
allow any controller to be replaced without a plant shutdown. In the
event of a controller fallure, the mechanism controller In question can be
switched out and transferred to a Hold Bus. Power to the Hold Bus Power
Supply Is provided downstream from the scram breakers. This ensures that
it a scram |s Initliated, a rod on the Hold Bus will also scram.

7.7.1'.3.2 Primary Rod Position Indication System

Two independent Rod Position Indicating Systems are provided for each primary
control rod: An Absolute Position Indication System (ARPI) and a Reiative
Position Indication System (RRPl1). These sy~tems assure that the plant
operators can continuously determine the position of the contfrol roaes.

The ARP| provides a direct measurement of rod position at any time and, unl ke
the RRPI, does not require re-zeroing after a scrur or temporary loss of
power. The system is solld state, utillzing ultrasonics and magnetics to
provide a D.C. output indicative of rod ;osltion.

The sensor for this system consists of a tube extending down from the top of
the motor tube and Into the inside diameter of the PCRDM |ead screw. A
nickel-cadmium wire Is stretched axially through the tube. As the le)d screw
transiates, the flux from a torroidal magnet mounted on top of the lead screw
intersects the wire at a point indicative of the rod position. Electrical
pul ses sent down the wire generate magnetic fields which, when they Intersect
the flux of the |ead screw magnet, causes a torsional strain creating a sonic
pulse which travels from the point of flux Intersection upward. The sonlc
pulse is detected at the top of the wire, and the time of propogation Is
measured electronically. This propagation time Is converted to a D.C. signal
which is analagous to rod position.

This signal Is read out on the main control panel by rod top and rod bottom
indicator lights and a vertical bar graph indicator. |t |Is also used to
operate the rod out of alignment alarm, the rod mlsal Ignment rod biock system
and rod control interlocks.
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The Relative Rod Puslit’ on Indication System provides a digital rod position
Indication on a CRT at the Main Control Board. Two pairs of magnetic coll
plck-ups are mounted within each stavor jacket above the stator and on oppo-
slte sides. A 6 pole magnetic section Is attached to the mechanism rotor and
rotates In the plane of the plck-up coils. Voltage pulses caused by the move-
ment of the poles In the proximity of the pick-up colls are sent to a digital
to analog converter. The D/A converter produces an anaiog signal which is a
measure of rod position. This analog signal Is sent to the PDH&DS and the rod
misal ignment rod block system. The resolution of this signal is #0.1 Inch.
Unl ike the Absolute Position Indication System, this system must be reset
after each scram and In the event of a power fallure reset after power Is
restored. The pulses are also counted by an odometer type readout in the rod
control equ!pment room.

7.7.1.3.3 Rod Misallignment Rod Block System

The rod misal ignment rod block system ensures that a row 7 control rod cannot
be withdrawn more than a set distance above the average posltion of the six
row 7 control rods when the plant Is operating. As shown in Figure 7.7-6, rod
position signals from the Relative Rod Position Indication (RRPI) and Absolute
Rod Position Indication (ARPI) systems are used by two redundant trains of rod
blocking logic. Each loglc traln outputs a rod block signal when the position
of one of the six row 7 control rods Is more than a set distance above the
average position of all the six row 7 rods comprising the operating bank. A
rod block signal from elther of the two redundant logic trains results In all
control lers for the six rods of the operating bank switching to the HOLD mode.
Signals are also provided to the unit load controller of the supervlsory
control system to ensure that a plant loading or unloading Is stopped upon the
occurrence of a rod block. This prevents a reactor trip due to power/flow
mlsmatches which may occur If sodium flow Is allowed to change without a
corresponding change In reactor power. In addition to the redundant logic
trains, the rod block system includes:

1) Clrcultry necessary to convert the pulses of the RRPI signal conditioners
tc on analog signal.

2) Devlation alares which continual ly compare the RRP| signal and ARPI signal
¢rom each rod and from the rod position overage circult and provide a
position fault alarm to the Plant Annunicator System when the two signals
differ by a set amount,

3) A Low Power Bypass In each loglc train which may be manually Instated at
low power to disable the rod block system. This bypass Is provided to
allow for control rod movement which Is necessary to perform |ow power
physics and startup testing. This bypass Is automatically removed during
the ascent to power.

4) A momentary manual override feature to allow the removal of the rod block
so that the operating bank may be realigned If a misal ignment occurs.
When the manual override feature |s engaged, the operator may manually
Insert control rods to reallgn the operating bank. Withdrawal of control
rods “lle the manual override feature Is engaged |s automatically
prohibi ted.
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festing and bypass features to allow for the testing and malntenance
the RRPI, ARP| or one train of the rod block system during p
peratior

yystem alarm outputs which provide signals to the Flant

when el ther traln Is bypassed or upon the occurrence of
20dium Flow Control Jystem

odium Flow Control System consists of six controllers used to drive the

primary and three intermed|ate sodium pumps. Each controller consists

le system with an Inner |loop using speed as the feedback ignal and

p based on a flow feedback signal. The flow control range » 30
rated flow. The flow setpoints are generated el ther manual ly

the flow/speed control |oop wt
the system, The Speed Control System |
used pump speed, which | sensed via a pump shaft mounted
the feedback varlable, The Speed Control System Is | Imlted
the torque |imit ircult which sets both the accelerating and
orque of the varliable speed pump drive,

to the Speed Controller |Is set by the FLOW/SPEED Mode Select
the Speed Mode, pump speed Is set by a manually adjusted
In the Flow Mode, pump speed |s set by the Flow Control ler

tr

i ler uses the fl| tered, median select signal of three avallable
flow meter buffered PPS outputs as the feedback signal. This
ong with the flow demand, |s used to generate the error signal which
sated through the Control Compensation Network and then |Imited by
speed Limit Circult prior to being used as the speed demand signal.
demand to the Flow Controller Is set by the MAN/AUTO Select Swltch. In
y, Tthe demand comes from the supervisory control, while In

the demand comes from a manually adjusted potent!ometer




7.7.1.5 Steam Generator, Steam Drum Level Control System

The steam drum level control system regulates the feedwater flow to the steam
drum to maintaln a constant water level In the steam drum during plant
operation,

The control system consists of a three element (steam flow, feedwater flow and
steam drum water level) controller and a medlan select module. Each of the
input elements have three redundant measurement channels. The median select
module selects the median signal of the three channels as the Input to the
control ler,

Independent Class 1E high steam drum level trip logic trains are provided at 8
Inches an¢ 12 Inches above steam drum normal waier level. Each logic train
al so uses three redundant inputs and a median select module.

The steam drum level control signal, the 8 Inch high level signal and the 12
inch high level signal, have separate buffered signals provider from the PPS
instrument channels for Isolation and Independence.

The control loglc Is shown In Figure 7.7-1.

7.7.1.5.1 FEeedwater Flow Control Yalve Control

The startup fendwater control valve conntrols flow In the range of 0 to 15§ of
rated flow. The control loop for this valve is a single element controller,
using drum water |level to control valve position. The main feedwater control
valve |s closed during this operation. When the flow rate Increases to
approximately 158, the control system will autamatically open the main
feedwater control valve and close the startup control valve. A deadband Is
provicded for this swltchboard point to prevent cycling from one valve to the
other.

The control loop for the main valve Is a three element controller, using drum
normal water level, steam flow, and feedwater flow, to control the valve
position, Drum drain flow rate, which remains essentially constant at all
power levels, is a manual Input to the controller. The controller compares
steam flow to feedwater flow, and the resulting net flow error signal Is
combined with the drum water level err<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>