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sve oLk
INTRODUCTION AND GENERAL DESCRIPTION. OF BLANT . . "o .ini) 2

Introduction T

The Tennessee Valley Authority. (huaﬂnft-z‘rlfnr:f-d..-ﬁq-‘m&
TVA or the applicant) filed with the Atomic Enargy Commission :(ABC -

or Commigssion) an application, docketed on Jume 21, 1973, -for,: :.‘;a‘l‘g

licenses to construct and operate its proposed Bellefonte Nuahd
Plant, Units 1 and 2 (Bellefonte plant, Bellefonte 1 and 2, or the:
facility). The facility will be located six miles northeast of Scottsboro,
Alabama, at the Bellefonte gite in Jackson County, Alabama.

A Preliminary Safety Analysis Report (PSAR) was submitted
with the application. The information in the PSAR was suppleuented
by Amendments 1 through 10. The PSAR and copies of these amemdments
are avallable for public inspection at the U.S. Atomic Energy
Commigsion, Public Document Room, 1717 H Street, NW, Washington,

D. C. and at the Scottsboro Public Library, 1002 South Bend Street,
Scottsboro, Alabama.

This Safety Evaluation Report (SER) summarizes the results of the
technical evaluation of Bellefonte 1 and 2 performed by the Commisaion's
Regulatory staff (Regulatory ataff or .atuf.f) and delineates 'r.hl.ncopa
of the technical matters comsidered in evaluating the radiological

safety aspects of the proposed facility. An assessment of the impact
on the environment of this proposed facility, im accordance with

Appendix D to 10 CFR Part 50 of the Commigsion's Regulations,



implementation of the Hational Environmental Policy Act of 1969,
is discussed in the Commission's Draft Environmental Statement,
issued in February 1974.

Based on our evaluation of TVA's application to comstruct and
operate the facility, we conclude that the Bellefonte Nuclear
Plant, Unita 1 and 2 can be comstructed and operated as proposed
without endangering the health and gsafety of the public. Our
detailed conclusions are presented in Section 21.0 of this SER.

The review and avaluation of the proposed design of the
facility reported herein iz only the first stage of a continuing
review by the Regulatory staff of the design, construction, and
operating features of the Bellefonte plant. Construction will be
accomplished under the surveillance of the Regulatory staff. Prior
to issuance of an operating license, we will review the final design
to determine that all of the Commission's safety requirements have been
met. The facility may then be operated only in accordance with the
terms of the operating license and the Commission's regulations,
and under the continued surveillance of the Regulatory staff,

General Plant Description

The Bellefonte plant consists of two individual units sharing certain
compon structures, systems and components. Each of the proposed reactors
will be designed to operate at a thermal power of 3600 megawatts (MWt) witch
an expected ultimate capability of producing 3763 MWt. The nuclear

steam supply system for each unit will consist of a pressurized



- T N T M _qﬂ‘:';,.- -
wvater reactor using two hear transport loops. Thl r-lctor cora ‘

will be composed of uranium dioxide pellets enclosed in’ zlrclluy

uﬁrn IR

tubes with welded end plugs. The fuel tubes will be ;f&ubiﬁ'iﬂd r“J%f?j a3”J;

supported in assemblies. The reactor core will be loaded initially
in regions consisting of three different enrichments of U-235."

Water will serve as both the woderator and the coolant ‘and Wiy FARC

EFRE AN

be circulated through the reactor vessel core by'fbur coolant
pumps. The water, heated by the tunctbr, will flow throuﬁh two e
steam generators where heat will be transferred to.tha udconda:j
(ateam) system. The water will then flow back to the punpn' a

to repeat the cycle. An electrically heated presdurizar attached

to one of the coolant loops will establish and maintain the rosctor
coolant pressure and will provide a surge chamber and a water -
reservoir to accommodate reactor coolant volume changes during
operation.

The nuclear steam gupply system for each unit will be housed
inside a steel-lined, pre-stressed concrete, cylindricai containlmeﬁi:'
structure which, in turn, will be completely enclosed by a reinforced
concrete structure called the secondary contaipment building. The
containment, including its penetrations, will be designed to ufely;
confine the radicactive materfal that could be released in the event

of an accident. 1Ilpon receipt of an accident signal, the secondary

R
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containment building filtration and vent system will etart and

maintain :hg pressure within the secondary containment building at

a negative value. HNearly all leakage from the contalument will be
collected within the secondary containment building volume, subjected

to multipass filtration through either of the redundant fan-filtar systems,
and exhausted to the epvironment at a rate sufficient to maintain the
negative pressure within the building,

A preliminary layout of the Bellefunte plant aite is shown on
Figure 1.1. An auxiliary building, to be located adjacent to the pair
of containment structures, will house the waste treatment facilities
(portions of which are shared), components of the engineered safety
f.atures equipment, the gpent fuel pools, auxiliary control room, \
and various related auxiliary systems for each of the two reactor
units., A control building, to be located betwean each pair of
containment structures and adjacent to the turbine building will
house the control consoles and panels for the two units in a common
control room, The chemical addition and boron recovery syatem,
apent fqel cnoling system, esaept:lal raw cooling water system,
raw coolingﬂ water gystem, fire protection, control building venti-
lation systems, fuel oll storage tamks, offsite electric power

aystem and various labs and maintenance shops will be shared
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by the two units. A turbine generator building, sharsd by both
umits, will be located on the opposite side of the containment .
structures and adjecent to the auxiliary building. Diesel-snging T

generators for each umit will be housed in separate bulldings ﬁ;

it

adlacent to but on opposite eides of the control bullding. . ..

The steam and power conversion systam for each unitrqi};;bqﬂﬂ
designed to remove heat energy from the reactor coolant in the
two steam generators and convert it to electrical energy. The
heat rejected to the condensers will be discharged through the
circularing water system to the atmosphere utilizing hyperbqlic,;
natural draft cooling towers, Makeup water to the cooling towers
will be from the Guntersville Reservoir.

The reactor will be controlled by control rod movement and |
by regulation of the boric acid concentration in the reactor
coolant. The control rods, whose drive shafts penetrate the
top head of the reactor vessel, will be moved vertically within
the core by individual control rod drives. A reactor protection
system, that automatically initiates appropriate corrective actlom
whenever a plant condition monitored by the system approachna.
pre-established limita, will be provided. The reactor protection
system and an engineered safety features actuation system will act
to shut down the reactor, close isolation valves, and initiate
operation of the engineered safety features should any or all of

these actions be required.
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The Essential Raw Cooling Water System and the Component
Cooling Water System will operate together to provide cooling
for all components necessary for safe operation, The plant will
be provided with two 100X redundant and independent cooling water
flow trains to maintain reactor cooling and to provide containment
cooling in the unlikely event of an accident. |

The two units of the Bellefonte plant will be interconnacted
to offsite A~C power via four 500 kV lines and two 161 kV lines to
different portions of TVA's transmission system. The normal preferred
source of power for each unit will be from the 500 kV system via {wo
unit station transformers to the safety feature buses. In the event
that the 500 kV system is mot available, the redundant safety feature
buses of each unit are powered by two separate reserve auxiliary
transformers from the 161 kV switchyard. Either of two fast starting
diesel generators and its associated safety featurea bus will be
capable of providing adequate power for a safe shutdown under accident
conditions with a concurrent loss of offgsite power. A constant
supply of d-c power to vital inatruments and controls of each unit
will be assured through the redundant 125-volt buses and thelir
asgoclated battery banks and battery chargers.

Comparison with Similar Facility Designs

The principal features of the design of the Bellefonte plant
are similar to those we have evaluated and approved previously for

other nuclear power plants now under construction or in operation,



1.4

especially the North Anna Pover Station, Unitﬂ 3 hnd
50-404 and 50-405). To the extnnt feasible and apprdpriat

made use of our previous evaluations of these plant‘%

o H

our review of the Bellefonte plant, .Where this hnﬂ’bzen duha, L“&

appropriate sections of this report 1aentify the other facilibﬁes in-
volved. Comparisons to these facilitiea are given in Tables & 1 and
4.2 of this report. Our safety ewaluations fbr thESE bther‘facilitien
have been published and are available fur public inapectionfat the
Atomic Energy Commission's Public Document Room at 1717 Y étreet, W,

Washington, D.C.

Identification of Agents aﬁd Contractors

The Tennessee Valley Authority will own and operate the Bellefonte
plant and is the sole applicant for the facilicy license. TVA will
specify and procure all systems, components, and elements of the
plant except those supplied by Babcock & Wilcdx. TVA will design,
fabricate and construct the integrated plant.%f

The Nuclear Steam Supply System (NSSS} 1n¢iuding the initial
cotes will be supplied by Babeock & Wilcox (B.S;WO. B & W will
be regponsible for the degign, manufacture, And-delivery to the
aite of all items wiihin its scope of supply. Besides the NSSS,
thias includes the Reactor Building Spray-Systém, the Reactor

Building Cooling System, the Spent Fuel Fool Cooling and Cleanup
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System, the Fuel Handling System, the Component Cocling Water

System, the Decay Heat Removal Systewm, the Solid, Liquid and

Gagseous Radioactive Waste Systems, the Turbine Bypass Valves, the
Chemical Addition and Boron Recovery System, the Makeup and
Purification System and the Instrumentation and Control System.
The turbine generators will be purchased from the Brown Boveri
Corporatiom.

Summary of Principal Review Matters

Our technical review and evaluation of the information sub-
mitted by the applicant considered the principal matters summarized
below.

We reviewed the population density and use characteristics
of the site environs, and the physical characteristics of the site,
including seismology, meteorology, geclogy and hydrology to determine
that these characteristics have been determined adequately and have
been given appropriate consideration in the plant design, and that
the site characteristics are in accordance with the Commission's
siting criteria (10 CFR Part 100) taking Into consideration the
design of the facility including the engineered safety features
provided.

- We reviewed the design, fabrication, comstruction, and testing
criteria, and expected performance characteristics of the plant

structures, systems, and components lmportant to safety to determine
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that they are in accord with the Commission's Geneialunaaignl" 

Criteria, Quality Assurance Criteria, Regulatory Guides, and-*
other appropriate codes and standards, and to determinEtthat'uﬁy?w
&mnumfmmmmenuum,mmmymﬁamduuumlm“ﬂ
been identified and justified, o .u' R

During the course of our review, we considered the response of
the facility to certain anticipated operating transients and postulated
accldents. We judged that the potential consequences of a few highly
unlikely postulated accidents (design basis accidents) wouyld exceed
thoae of all other accidents considered credible, We performed
conservative analyses of these design basis accidents to determine that
the calculated potential cffsite doses that might result in the highly
unlikely event of their occurremce would not exceed the Commission's
guidelines for site gcceptability given in 10 CFR Part 100.

We evaluated the applicant's plans for the conduct of plant .
operations (including the organizational structure and the general
qualifications of operating and technical support persommel), the
measures to be taken for industrial security, and the plamning for
emergency actions to be taken in the unlikely event of an accldent
that might affect the general public to det .-ine that the applicant
will be technically qualified to operate the plant and will
have eatablished effective organizations and plans for the continuing . :

safe operation of the facilirey,
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' We evaluated the duign of the systems provided for c¢ontrol
of the radicactive effluenﬁ from the plant to determine that
these systems can control the release of radicactive wastes from
the plant within the limits of the Commission's regulations
(10 CFR Part 20) and that the equipment to be provided will be
capable of being operated by the applicant in such a manner as
to reduce radloactive relesses to levels that are as low as
practicable within the contemplation of the Commission's regulatioms
(10 CFR Parc 50),

We evaluated the applicant's Quality Assurance Program for the
design and consatruction of the plant to assure that the program
complies with the requirements of the Commission's regulationa (10 CFR
Part 50) and that the applicant will have proper control ovar
facility design and construction such that there will be & high
degree of assurance that when completed that plant can be operated
safely and reliably.

We evaluated the financial data and information provided by
the applicant as required by the Commisgion's regulations
(Section 50.33(f) of 10 CFR Part 50 and Appendix C to 10 CFR
Part 50) to determine that the applicant ia financislly qualified
to design and comstruct the proposed facility,

Pacility Modifications as a Result of Regulatory Staff Review

During the review of the Bellefonte application ssveral

formal meetings were held with representativaes of the applicant,



its contractors, and its consultants l_:o_‘c!i.lf‘cull, l:hnfl;:l.l:l.l:y

and the technical material submitted. A chmnplnqiul liltm

of the meetings and other significant events is g:l.vm in Aqmdix A
to this report. During the course of :lu rw:lw ﬂu lppligm; |
proposed or we requested a number of t:echn:lcl]. lndl\dl:l.ﬂﬂt;t*ﬂrc
changes, These are described in various Mtl to the origiasl
application. We have listed below the more l:l.m:l.ﬂ.unt wdﬂ:l.utm
that have been or will be requirad to ba made as a ‘:n:ult -??q our
review. The sections of this report whare theses nturlnrq)dilculud

more fully are noted in parenthesis.

- Upgrading of the metsorological msasuremsnt program to mmtury
Guide 1.23 (Section 2.3)

- Additional and more closely spaced core borings under all
Category I structures (Section 2.5.1)

- Additional core borings and stebility analysis for the intake
canal slopes (Section 2.5.4)

~  Consideration of additional tornado missiles (Section 3.5)

- Incorporation of additional seismic instrumentation (Section 3.7)

-~  Change in design requirements of contaimment to -eéu_d.t- )
staff conditions related to use of the proposed ACI 359 code
(Sections 3.9.1, 3.9.2 and 3.9.3)

~  Provision for sinimizing manual actions in ﬂt:lgat:l.ng the con- |

saquences of a LOCA (Section 6.3. 2)
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- Addi€ion of instrumentation to detect leakage past the high

pressure check valves in the CFT linea (Section 6.3.2)

‘«’ Single failure consideration of inadvertent actuation of all

éiﬁéﬁfiﬁaliy'upératad”ﬁésaive‘aﬁd active components in safety
related fluid systems (Section 7.3.4)
- Addition of two interlocked valves on the Decay Heat Removal
letdown line to allow for cold shutdown assuming a single
fatlure (Section 7.4)
~  Provision of system level automatic bypass indication (Section 7.4)
~  Additional instrumeutﬁtian to follow the course of an accident
(Section 7.5)
~ Performance of diesel-engine generator qualification tests
(Section 8.3.1)
~  Supplementatilon of criteria for physic&l independenice of electrical
systems (Section 8.4)
Requirements fﬁr Future Technical Information
The applicant has identified in Sectiom 1.5 of the PSAR the
research and development (R&D) programs applicable to the Bellefonte
plant.,  Those programs to be conducted by B&W are to verify the
new 17 x 17 (Mark C) fuel assembly design apd confirm the deaign
margine of the NSSS. The R&D programs and their objectives are
nu-nnrisad_;n_Table 1.1, The resaults qf these programs will be

reviewved generically by the staff as progress in thege experimental
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programs is reported. All tests directed toward the verification o
of the 17 x 17 design are scheduled for complation duriﬁt‘1975;:WI11

ETEAT
in advance of the proposed fuel loading dates for this facility. LR

We have reviewed the programs and conclude that they represent. =~
the test requirements needed to evaluate the gafety related per-
formance characteristica of the Mark C fuel design. Our comclusion ia
based on our review of the safety related mechanical and thermal-
hydraulic differences between the Mark C fuel design and the Mark B
fuel design which we have reviewed and approved for previous plants =

using B&W NSSS euch as Oconee Units 1, 2 and 3 and North Anna Units ‘.Szlnﬂ 4.
The scheduled critical heat flux (CHF) and incore flow mixing |

tests will use bundles which are much shorter than the Bellefonte
fuel assemblles, These teets are intended to verify the applicability
of the B&W-2 CHF correlation to the Mark C fuel assembly design by "
demonatrating that the correlation conservatively pradic:% ghc‘ﬁggt‘_
data for the Mark C geometry and grid design. This corfnintion nino
contains an axial flux shape factor based on tests of short langth
bundles. The applicability of the B&W-2 correlation with the flux
shape factor to actual reactor conditions can be verified by non-
uniform axial heat flux CHF testa with full length fuel assemblies.
We will raquire the applicant to demonstrate the applicability of the
CHF correlation during the operating license review.

We have concluded that: (1) the test program outlined in the
PSAR will provide the informstion nacessary for the deaign and safe .
operation of this facility, (2) in the avent that thess RED programe

provide unexpected results, appropriate restrictions on operation
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TABLE 1.1

Babeock & Wilcox Research and Development Program

TESTS PURPOSE®
Asgenbly Flow Tests Asgenbly Premgure Drop

Hydraulic Loads
Dynamics of holddown springs
Fuel Rod Vibrationa

Verify ascram times
Control Rod, Guide tube, Orifice Rod
Fretting and Wear

Reactor Vessel Flow Tests Incore flow mixing/bistribution
Vessel pressure drop

Assembly Mechanical Tests Vibration and Damping characteristics
Load Regponse

Component Mechanical Tests Spacer Grid Spring Characteristica
Seismic capability of apacer grids
End-fitting characterisitics

Critical Heat Plux Tests Verify applicability of B&W-2
correlation
Fuel Densification Tests Refine models to be used to analyse

the effects of fuel densification

* All tests provide input data for Seismic and LOCA analyses.
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can be imposed or proven alternate designs such as B&'s Mark B (13x15) =
fusl agsembly design can be utilized to protect the haslth and safety |

CFR Part 50.35(a) in regard to needed research and developwent programs.
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2.0

2.1

SITE CHARACTERISTICS |

Geography and Demography | T = ',a“ﬁ;ﬁﬁﬁ‘
The site for the Bellefonte Nuclear Plant is a 1500;l¢¥.:tfléf  |

of land located in Jackson County, Alabama, approximmtely 38 ﬂ.lll -

east of Huntsville, Alabama. The site location iz indicated in

TR IR LA

Figure 2.1 and located {nland along the banks of the Temnessee -

River. ” CenneT

The topography of the site is generally wooded with steep..
hills on the eastern portion. The plant will ba located west of
the hills. Two prominent features which characterize thqmqitqiﬂﬁk
are the Tennessee River and Town Creek. Figure 2.2 rapresents
the site in relation to these features. All land and mimrll
rights within the site boundary are ovned by the United St&tﬂ e
Government and are in the custody of the applicant.

The applicant has indicated that the exclusion area (dashed line
in Figure 2.2) will include the area within the site boundary, an area
covered by the Town Creek embayment and some additional land along the
shore. The minimum exclusion radius will be 914 meters. Tie
additional land within the exclusion area is also owuned by the )

U. S, Government in the custody of TVA. The staff has concluded

that TVA meets the requirements of 10 CFR Part 100 with respect to

its authority to control all activities within the exclusion area.
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The nearest occupied structure i1s 1218 meters from tha sita.
Table 2.1 shows the 1970 census cumulative resident population

as a function of distance out to 5 miles.

TABLE 2.1

Distance
{(Miles) 1 2 3 4 5

Population 15 460 4095 6930 11,570

Figure 2.3 shows the 1970 cumulative resident population as
as function of distance from 0-50 miles. For reference, the cumu-
lative population corresponding to a moderately populated area
of 500 people per square wmile has been drawn.

The 1970 resident population within 50 miles waa 847,835, The
PSAR projects that this will increase to 1,650,855 in the year 2020.
This corresponds to a population increase of about 14X per decade
and 18 in substantial agreement with the population projections of
the Bureau of Economic Analysis for Economic Area No. 48 which includes
Jackson County.

The population center distance as defined by 10 CFR Part 100
is Huntaville, Alabama, which had a 1970 population of about
146,000. However, population projections for the cities of Scotts-
boro and Hollywood, Alabama, indicate that their combined popu-
lations will charactarize a densely populated area by about 1990.

Contaquently, the applicant has identified the combined cities
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of Scottsboro and Hollywood, Alsbama, 4 wiles west of th. site
as the population center for the purposeé of 10 CFR Part 100;2.
Scotteboro-Hollywood had a combined 197d population of abuﬁf )
9600 people, The applicant has defined the 10w pbpulatinn ioﬁe
to be a cirele with a 2 mile radius surrounding the plant.

On the basie of the 10 CFR Part iDD definitions of the popu-

lation center distance, the excluasion area and low pnpulation'znne

| outer boundary, our analysils of the onsite meteorological data

from which dilution factors were calculated (Section 2.3 of this
report), and the calculated potential radiological dose consequences
of design basis accidents (see Section 15.0 of this report), we
conclude that the exclusion area radius and the low population

zone distance are acceptable.

Nearby Industrial, Transportation and Military Facilities

There are no gas lines, military facilities or significant
industries located within five miles of the site which might present
a hazard to the safe operation of the Bellefonte plant. Ko puhlic
roads or railways will traverse the site boundary.

The Volunteer Army Ammunitién Plant (VAA) located in Chattancoga,
Tennessee,. approximately 50 miles from the aite ships explosives
by truck and rail. The closest approach over which explosives ¢a§

be transported passes the Bellefonte plant at a distance of about
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3 milealfoflrgil apd 2.miles fqr road, over U.s{.zz. Becauge

of fhﬁ,ﬂi#tﬂﬂcﬁﬂ aeﬁnra;ingthe plant from the_gxplqsivgslahip—
men:g;pﬁétulatgd explosions involving explosive material trane-
porfed.f;om vAA.wou1d.uut adversely affect the safe operation of
the facility.

Beéguge the Bellefonte plant takea water nec;ssary fo; safe
operatinn‘and gshutdown from the Tennessee River, the staff and
the applicant have investigated the possibility of river
traffic interferring with the facility'g intake structure. The
structure itself is located at the mouth of a narrow river chammel
(Figure 1.1) which is narrow emough to afford natural protection
against the possibility of a drifting barge, or debris impacting
the structure.

The U.5, Army Corps of Engineers operates locks associated
with TVA dams. Their records show that no shipment of exploasive
chemicals or munitions have ever passed through the oldest: locks
(Wheeler and Gunterville) on the IﬁA system,

The Scottsboro Municipal Airport is the eonly activity within
five miles of the Bellefonte site which might have a significant
effect on the safe operation of the facility. The airport is located
about 4.3 miles west southwest of the facility and has one paved
rumway, 4000 feet in length. Scottsboro can handle small aircraft.

There are approximately ten light planes based there with an estimated
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alreraft collisions with the facility. assuming ‘A reaaoﬁabla gruwth
projection for this airport (15,000 movements per yearain the
vear 2000.) We concur with the applicant‘thnt.thenprobability-
of damaging aircraft impacts on the plant is remote- nn.the basiﬂl

of astimated future usage and conclude that an. aircraft,atrike uéed:

not be used as a design basis event for the plant. i L“" o

Meteorology ‘ . o LRI S Y ‘;f.“jﬁ,:"{

Regional Climatology _ SO ”4¢ﬁ;an-;@ng'l.”
The Bellefonte site 1s Ilocated in the northeastern corner of
Alabama along the Tennessee River in an area.of" cumplexdtopography
which ¢an result in marked variations in- local'wind characteriatic;.
The wind pattern within the Tenunessee River Valley inftha aren f
of the site is distinctly bimodal, northeaatarly down-vnlley and

R N IR R i .

M RS .v:.".‘.ii....l_\...;.‘
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‘J-buthwestnrly up~valley. The climate is generally soderate, influenced

during much of the year by the anticyclomic circulation of the

\ Azurhn?narmuda“high pressure system. The site liex near the path of

- winter cyclones generated along the western Gulf Coast tracking

northeastward along the wastern edge. of the Appalachian Mountains.
This circulation pattern results in cold, dry continental air masses

predominating during the winter, with the cool perfods cccasionally

‘broken by warm, moist air from the Gulf of Mexico pressing northward.

As a result of the winter storm track and contrasts between alternating

alr masses over 402 of the normal annual precipitation occurs from

December through March. Summers are warm and humid with frequent

afternoon thunderstorms.

. Local Meteorology

Based on meteorological measurements at Scottaboro, Alabama,
and Chattanooga, Temegsee (7 mileﬂ'weut—sauthwest and 45 wmiles
eagt-northeast of the site, respectively) mean monthly temperatures
at the site may be ezpected to range from about 43°F in January

to about 80°F in July. Precipitation is primarily associated with

" the winter and spring seascns, with NDecember through May accounting

for nearly 60X of the normal annual precipitation of about 34
inches. Average anuual snowfall in the area ranges from 2.8

inches at Scottsboro to 4.5 inches at Chattanooga.



of the river valley site location. Winds frm the nnrtb-mrt,__‘__

Wind data from the 33 foot onsite tower for thl p.r:l.od Hovubot’, '
to July, 1973 indicates winds from the north-northeast lnd nm:thnasb
directions occur about 24X of the time, and winda from thd Im.ith-
southwest and southwest occur about 23X of the time. -~ ‘* {H
The primary cause of severe weather conditions at the uitu:l.n.'
warm, molst unstable air masses from the Gulf of Mexico contlct':l.ng BT
cold, dry continental air pressing southward and eastward. - Thtlndar- N
atorms are most frequemt in June, July, and ‘August acmuntiug for S
about 56X of the 55 thunderstorm days axpactad annullly. Dur:l.ng |
the perlod 1955-1967, 38 tornadoes were reportad 1n tha one.-dagree |
latitude~longitude square west of the aite while 18 were reportad
in the one-degree square containing the site, a mean anpual "' ! v t
tornado frequency of 1.6 representative of a one-degree squara ' .
containing the site was determined. The computed: rncurruhcdiiné. l‘
terval Zor a tornado at the site is 870 years, - The "fastast: 'l:l.'l"a_'.""

of wind vecorded at Chattancoga was 82 mph. The potential for * -
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high .air.pollition (atwospheric stagnation) exists on about 30

daya avcrygskigars; In the period 1936~1ﬁ70;\:héte“ﬁare dbout

‘ah]0~¢abeaup£&aﬁmnspheri¢ stagnation 1asting=a*tﬂtal’df abouf 300

daysi.:f;:‘.f:"_i.‘;‘:"r‘.-.‘. wb

OnaitE‘Heﬁenrolngical Measurements Program . .

. There are geveral: phases of the applicant's pre-operational

meteorological ‘measurements program.

1.

A 130-fr tower, 2.2 miles NNE of the plant site, began

operation May 12, 1972, Instrumentation on this tower con-
sists of wind speed and direction sensors at 130-ft and
33ft elevatioms, although the 33-ft sensor was not installed

until September 1973. Ambient temperature Is measured at

both elevations,

A 33~ft .tower, erected on the proposed site of the reactor
structures, became operational October 20, 1272. Only wind

epeed. and direction are measured at the 33-ft level. Thia

tower- is to be removed when construction begins,

A permanent tower, 300-ft high, is scheduled for installation

when either a 1imited work authorization or a construction

pqrmitaia obtained. -Instrumentation on this tower is to in~

clude wind speed and direction sensors at 33-ft and 300-ft elevation

tanpérature.and dewpoint temperature at 4=-ft, 33-fr, 150-fc
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specifications recommended in Reguletery Guide 1 23 (anite
Meteorological Programe ~ February 1972) waever, thehegeu“cy
of the delta-T measurements (obtained by eubtreeting.tw meaau .
temperatures) may not fully meet the reeommended aeeuraey epeqifieatinne
The applicant is currently engaged in an inreetigetion of the eqeuraey |
of the delta-T method presently employed, and. will inferm the eteff ‘@J'“l“:
of the results of this investigation prior to. 1eauenee of a conetruetiee lf3 "-~
permit. The applicant has also converted from S-minute evereginga ”

times to 15-minute averaging times as reeommendedrie_geguteteryw_ ;
Guide 1.23. l‘ . .

Joint frequemcy distributions of wind speed end direetien hy

atmospheric stability (as defined by vertical temperature gradient)

were submitted for the offsite tuwer fur the period August 1972 “. _

to July, 1973 in accordance with the reeommendetions nf Reguletury

Guide 1,23, Wind data were measured at 130 ft and the epeede were

reduced to represent conditiona at 33 4 by the power 1ew for wind | ‘ el
R IR B

profiles. Vertical temperature gradient was meaeured between 33 ft

and 130 fc. nata recovery for this period was 90!

Similar dietributions were also submitted for the onaite

tower for the period November, 1972 to July, 1973. Wind data
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wﬁf; ﬁﬁasﬁ*h&'ﬁtlaa ft:nnﬁ'aimultnnenua stﬁbility‘cnnditiuns were
dafinad uaing thg delta-T meanuremnnta on tha uffsite tower. .
Data recovéry ezceeded the recommended value of 902

After examinatinn of all data auhmitted, ‘the e:pected accident

and annual avarage dispersion cunditiuna for the site have been

' evalugtedgby;the staff using the 9 monthes of data fromvthe onslte tower,

Thesa:d&talprévide the mbst-conaervative initial estimates of
relative cnﬁcéntration values. These relative concentration
values will be verified once one full year of onsite data are
made avaiiabie to the staff. The applicant has agreed to pfﬁvtde

the additional data needed to permit this verification.

Short-Term (Accident) Diffusion Estimates

In the evaluation of short-term (0-2 hours at the exclusion
distance and 0-8 houfa at the LPZ distance) accidental releases
from.the.buildinga and vents, a ground level release with a
buildiﬁg ;akﬁ‘fgctor, ch, of 1225 m2 was assumed. The relative
conceﬁt?ﬁtiaﬁ value‘(xld) for the 0-2 hour time period which 1s
exceedéa 5# of the‘tiME was calcﬁlated by thelstaff‘using the model
&eacf;héd.in Régﬁiﬁtory Guide 1.4 (Asaumpéihns Used for Evaluating the

Poténtial“ﬁ;dibiogicniHCﬂnséquences of Loas of Coolant Accident
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for Pressurized Water Reactors - Hbvtlbcr 1970), to be L 8 x: 10 BN :ﬂ.L;f;
sec/m” at the exclusion distance of 91ém.- This. ralativa conn‘” PR

centration is equivalent to diaperuinn canditions ptédunedihy

moderately stable atuuupheric cnnditinna accumpauied by al uiudm?hﬁ
speed of 0.2 m/gec. The relative concantratiau for the D—  haur

time period at the outer houndary uf thg luw PﬂPﬂlat"5

’aeclm

(3218m) was estimated by the staff to: be 1.8:x 10‘ . .:hg
staff estimated relative concentration’ at tha LPZ for tha 8~2ﬁ hourl’
time period was 1.2 x 10_& aeclm;; for the’ 1—4 day timn pltiod wi!' .
4.8 x 10"5 sec/m ; and for the 4-30 day tina pariod wus 1.3:x 10 _ifrglj,
sec/mB. | E
These relative concentration values exceed the ap?licantfag*;;iq
design bases relative concentration values. presentedfiﬁ‘“  : *

Table 2.3-8B7 of the PSAR. The 0-2 hour wvalue calculatad hy ‘lfu ;T

the staff is 507 higher than the design basis value. proposed by

the applicant. The greatest variation inpvalueq‘is fqrnthe;3,24239  iw‘
hour period where the staff's value is aboﬁtﬁa factorpbfgﬂfﬁighefAﬁg;;f}i; ;
than the applicant's value. The design basis values presented f&;{% iifi\?*
by the applicant Qere based on meteorological nbncrﬁntions:#tw.: “ﬂﬂ

other TVA reactor sites and compared with 7.6 nﬁgthn;ﬁf‘bffjitg ,jg}

tower data avnilable.nt the time of the PSAR submittal. The ..:: .
applicant has not made any calculations using th&lOBIitﬂ'dltl.'tﬁ;mﬁ

Tn Section 15 of this report we have used our more conser-

vative values in computing the offsite doses.
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2.3.5 ‘  Longiierm {Routine) DiffusinnﬂEstimatcs.l;‘---
“ The highest offsite anmal average relative: concentration

5:aeclm3 for vent releages ogccurred at the site.

value ofrl;iuxMIQT
boungafyﬁ(1§90m)ysouthwest-uf‘the redcgéruafructu;es.' The
“applicant*ha§~used 7.6 -nnths-of-offsitefuwet data in the cal-
nulatiogsﬁanduﬂEtermined~a.relgt1Ve'cqncentration:v&lua-of

3.0 x’iﬁfﬁﬂaeélm; at a distance of 1314m southwest of the reactor
structiures.. Thia difference in values can be attributed to a

difféféqu.;’ data base for the analysis.

2.3.6  Conmclusions .

The staff concludes that the 9 months of wind &ata from the
onaite tower coupled with stability determinations from the
offsite tower are the most conservative data available and, therefore,
have been ugsed in our analyses of atmospheric dispersion characteristics
at the site. These data were obtained using a S5-minute averaging
technique. Our concern over the accuracy of the delta-T measurement
used  for the determination of atmospheric stability will be resolved
prior to issuance of a construction permit. Therefore, the relative
concentration values presented may change somewhat with the use of a
full year of data in the analyses, and with resolution of the differences
to Regulatory Guide 1.23. The staff will examine and evaluate the

results of the applicant's investigation of these matters.
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permit review. , o mhﬂffﬁrfﬁ;mtghfm;-

Hydrologic Description - ek R TIE

at Tennessee River Mile (TRM) 391.5, on.a. pen:!,nsuln batween i H ‘Mm."‘.‘i}
Town Creek Embayment and the lake. The drainage area of .the: | :*m} LE
Tenneasee River below Nickajack.Dam and above.the- uite is~23 3401!‘"}
square mileg, The immediate dowvnstream dam: (TRM. 349) is BunttruvilIe
with a drainage area of 24,450 square miles and . upal:rm, ’nhout 3!3Iw &
miles 18 Nickajack Dam with a8 drainage area of . 21 870 squnra m:[lua. f‘
There are 21 major regdervoirs in the TVA gystem . upstrm of the: _.
aite, 13 of which have substantial reserved f].ood:detant:l.on;;..,v: wv; :' "
capacity during the main flood season. In additiom, 'theruwnr.é. si.::t:“v o
major dams upstream owmed by the Aluminum Company of.Algri.uv:.- AT i L |

(ALCOA). Although the ALCOA dams often contribute to £19od re=. . .

duction, they do not have specific flood dutehtion capacity.
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.Huajor flood:pfdducing|atorna are of the cool season, winter
typa and:of'fhE'wurn,ueason, hurricane derived tropical storm
type;; Although‘snnwféll occurs in the watershed, individual
!Bnqwfallé‘arewnorﬁally light and snowmelt ia noc a factor in
maximum flood determinations. Most major floods in the vicinity

- ofgéhesite-have been -produced ‘by wintur—tyﬁe-atorma in the flood
n“~‘88#30n months éf January througﬁ early April.
Lol Water supply is to be taken from Guntersville Lake for cooling
f&Wer makeéup at about 161 cuhic feet per second (cfs). Average
daily streamflow at the sité-ie-eatimated to be about 38,3d0 cfs,
baﬂeﬂ‘nn the stream gage.upatrekm at South Pittsburg, Tennessee
(TRHJ&iS.l). Since regulation of the river by TVA has been in
effect;fthe maximim daily discharge was 223,000 cfs on February 2,
| 1957, anﬂ,the minimum daily discharge was 2,900 cfs on November 1
and 15, 1?53. The minimum discharge was the result of regulation
by Chickaﬁanga and Hales BRar Resevoir (which have been replaced by
the Nickajack Resevolr). However, under normal operating conditions
there may befperiods of several houra a day when there are no releases
from either or both Nickajack and Guntersville Dams. This resulta
in surges that_develop reversals of flow in the reservolr, and

for short‘periods, flow at the pite can be in an upatream direction.
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Minimm plant floor elevation for all sqfe;y related structures
except the intake pumping station 1s ptbposed at-e1evnt1nn 629.leeét
MSL (mear sea level). Normal full pool elqvutionuof Guntersville.
Reservoir is 595.0 feet MSL. e o

There are 15 public ground water Hupplieé within 20~mile radius
uf.the site, 9 public surface‘water auppligsahd.4 industrial:
users between Nickajack and Guntersville Dam;.ifSpringB and shallﬁw
wells in the general vicinity of the site are known to supply local

domestic water users.

Flood Potential .

The applicant has estimated a probable-maxiﬁum flood (PMF)
having a peak flow rate at the gite of IJIGO,UOGcfs which would
reach a maximum stillwater elevation of 624.7 feet MSL. Coincident
wind wave activity could raise the lake level to 628.4 feet MSL, |
This flood is based on the estimated probable maximum precipation‘
fnr'the region as determined by the Hydrométeorological Branch
of the National Weather Bureau, and the suggeated rainfall has been
applied to a verified runoff model of the basin. The analysis is
complicated by the conclusion that dams batH upstream and downatrélm
of the site would be incapable of safely pﬁsaing‘auch a severe

flood and could fail. For this analysis, the flood crest at the
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site would be augmented by the failure due to overtopping of
the sarth eabaniments at Watts Bar, Chickamauga, and Nickajack
Dams, upstream. However, the flood level at the site would be
lower by about 2.7 feet due to the overtopping failure of
Gunteraville Dam downstream prior to the fload crest reaching
the gite.

The applicant proposes to protect safety-rélated structures,
gystems, and components from site drainage flooding caused by
a local probable maximum precipitation (FPMP) condition by grading
the plant yard away from all such facilities and providing adequate
capacity drainage structures, The roofs of the safety-related
structures will be designed to withstand the maximum loading of the
site PMP (the loading is a function of roof drainage design).

The applicant aleo examined the 21 major dams above the site,
both individually and in groups, to determine if failure could
result from a seisric event concurrent with storm runoff and
create floods levels at the site higher than the PMF., The most
critical condition at the site would result from the assumed
simultaneous failure of Cherokee and Douglas Damm due to an earth-~
quake equal to about one-half of a Safe Shutdown Earthquake (S5SE)
concurrent with a flood equal to aboutr half a PMF. The flood

resulting from this event would cause the overtopping failure
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of Fort loudoun, Watts Bar and Nickajack Dams. Theé- flood llVlla_“

at the site was estimated to be elevation 615 feat MSL,’ null ?&;"
9.7 feet below the PMF level. - P T "fIrVﬁﬁﬂﬁi" F

lov Yater Comsideratipns - - 0 0t h o b sy

Safety-related water requirements are estimated by ‘the -

applicant to be about 134 cfs. To obtain thia»amnunt*ofﬁiutgxm&l.
at the intake pumping station, the minimm Guntersville Lake <3
level would have to be at least at -elevation 568.5 fe&t-ﬂﬂL.J

If Guntersville Dam is assumed to fail, a flow rate of'900‘étnié

mugt be available in the river at the entrance of the intake

channel to maintain a water surface level of 570.3 feet MSL and

allow the required withdrawal. At the staff's request the 5

applicant analyzed severe droughts that could occur in-thnfThnhesiéejﬁ

Valley and concluded that under even the most severe conditions,

Guntersville Lake could be maintained about elevation 568;5?i*ﬁ#

feet MSL. For the postulated failure of Guntersville Dam, the::

applicant concluded that the minimum flow rate at the‘entrance‘

of the intake channel under severe drought canditions and without

flow augmentation by the upstream reaervoira that might not bai®

available during a severe drought, would be sufficient to meet”’? -
safety-related plant requirements. If'considnrntionrigxgiveﬁftb

the applicant's upstream reservuirs,‘there-ia*added‘énaufaﬁce?f.‘ .




2-18

that ﬁlant‘tequireueatﬂ for safe shutdown will be mat under all
cﬁnditians.”‘Stored water at prescribed minimm pool levels in
thene reservoirs could provide 1,000 cfs at the site for 1-1/2
years with no rainfall in fhe watershed.

Due to the operating procedures for Nickajack and Guntersville
Dams, there may be perfods of several hours a day when no releases
are made from either dam. This results in surges that develop
revergsals of flov in the reservoir, and for short periods, flow
at the site can be in an upstream direction, Ar the request
of the staff, the applicant evaluated the recirculation potential
between the intake and discharge for this conditiom. The appli~
cant concluded, and we conchr, that recirculation to the extent
of adversely affecting the safety of the plant is highly unlikely,
The conclusion 18 based on the fact that since a closed~loop
cooling system will be used, the intake and discharge are very
smell in relation to the flow past the structures.

Because of the site location in a temperate climate, significant
amounts of {ce have not been observed to form on lakes in this area.
This surface ice which may occur is prevented from entering or blocking
the intake pumping station by the location of the openings in the
front face of the structure. Additional assurance that icing will
not adversely affect the plant is provided since the ppenings are

21 feet below the normal winter reservoir level.
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Ground Water

stone at the site. The majority of the ground water ﬂuw ms
through the reaidual soil werlying rock paralleling t’ha l‘.opbgraph:l.c‘

surface. Only minor amounts of water penetrate’ thet.'a:311' A r.:go 8

limestone. The applicant's observations of water ‘lav&'ﬂi" "i'ti':"éi:-_
ploratory holes indicate a pilezometric surface slightly ahove :
the top of bedrock which slopes generally with the topography to- ' 
ward the Town Creek embayment (northerly) of Gunterville I.aka. o
During the subsurface investigation of the site, the appli,t':aht"l
found no indication in any of the exploratory holes of majbi"

solution chamnels in the Chicamauga limestone. No ground water

will be used in the construction and operation of the plant! Based '

on the exploratory holes and other subsurface :I.nveél:‘:l.ght:lﬂﬁé;'"

the design basis ground water levels for all aafety—fela'ted atructur%.
except the intake pumping station will be two feet above bedrock. -
For the intake pumping station, the deaign bas:la'grmmd wm:é:‘- =
level will be 595.0 feet MSL; the full pool level for Gumtersville
Lake.

The rate of ground water usage within a 20-mile radius of the

site 1s small and iu any event, 19 not primarily obtained from the |
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beifipfﬁhﬂickamanga Limestone in which the site 1s.16éqted7h27;

cauag:of-the“ﬁdqr wnter-bear;ng-chnracteriﬂtics_pf the formation

..1u‘thia.aréa.u This, along with the hydraulic 1aolatidﬁ‘of-the‘

gite due to Town Creek embaymaﬁt_to‘the-north and qut and

. Guntersville Lake to the south, indicates that the effect of present

or future regional ground water development will be minimal to

nonexistent at the site.

Although evidence tends to indicate a very low probability
that the aécidental release of radioactive liquide could reach
any ground water users, the applicant will install a series of
six ground water observation wells down gradient from the sirte.
Water levels and radio#cfivity will be measured regularly and a
punp will be installed in one well to provide continuous water flow
sampling.

Technical Specifications

The safety-related facilities that will be located where
flood levels could pose a threat will be degigned with flood pro-
tection featu:ea (water-tight penetrations, etc). Therefor=,
no apeclal technical specifications or emergency operatisa require-
ments are anticipated to be needed.

Conclusions

The staff concludes that adequate flood design bases have been

provided, an adequate water supply can be assured for safety-related
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purposes, and plant constrpctionxand;aperatiaﬁ;ﬁillfnbﬁl}ﬂthﬂﬁlﬂ
affect, or be affected by, regional ground whtatgdgﬁﬁliﬁfﬁ

Geology and Seismology -

regults of TVA's gite investigations, we concluda Ehat thﬂre aru#nn
geological structures, including faults, in the hmnediate aite |
vicinity that would tend to localize earthquakea or cause. near }urface
displacement at the site. We conclude that the foundation bEdthka;_7ﬁ:
is sound, of high quality, and,aapable of aupporting-the facility” »

structures with acceptable margins of.aafety. Thare ia no significant

solutioning nor are there significant zones of deformntiuu bannng_
the foundations of major structures. Confirmatory evaluation by‘ ur’
advisor, the Corps of Englpeers, of the stability of. Categoryul in

o

take channel slopes is still underway pending the reaulta of additional Jf

investigations., Qur further conclusions and thoae of our adviaor‘

will be presentad in a supplement to this report. .- The following ia
summary of the geology and foundation enginaering aspects of thet”
site. : o fwnﬁnﬂhﬂ“

Regional and Site Geology

The site is lacated on the southeast. aide of the rown—Sequatchie

Valley of the Cumberland Plateau Sectioa of the Appalachian gﬁ
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Platesu Province. ‘The valley follows ‘the approcimate axis of the
breached Sequatchie anticline. The‘v#lley-ﬁas formed gfter the upper,
more resistant sandstones were e:ode& from the crest of the anticline
t-exposink“thé*iéﬂB feaistﬁntlunderlying‘cdrbonate*rOCks. The Tennessee
River has eﬁtrencﬁed itself to elevation +5f0 feet near the site with
the general”elevatlon‘of the valley being about +630'fegt.‘ Low
monoclinal ridges reaching elevation 4800 feet rise above the valley
floor. Those ridges are formed by mnze'reaiétant‘tock gtrata. One
of these ridges lies between the site and Guntersville Lake, the
shore of which is about 3000 feet southeast of the site. The
Cunberland Plateau bounding the Sequatchie Valley, reaches elevations
of +1400 feet on both sides.

The bedrock underlying the region in which the site 1is located
consists of limestones, dolomites, shales and sandstones that were
formed throughout the Paleozoic era in alternating environments
ranging from long perlods of submergence and deposition to extended
periods of uplift and erosion. The Chicamauga limestone, which is
;he only formation involved in the site foundations was formed during
the middle Ordovician era, The site region is believed to have been
physingfﬁ?hiﬂally high.and therefore exposed to erosion since the
end of fhe Paleozoic era.

Although there were several periods of structural deformation
during the Paleozoic era the period of greatesr development of the

folds and faulte comprising the Valley and Ridge Province (including
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the outlying Sequatchie Anticline and. fault) probablygthﬂ
the end of the Paleozoic era. There is nn eVidence offﬂtjnr
tectonic activity sipnce that time, = . ‘:'»-:.‘-.-,.f: fa 3;-::5?-‘ .

The Valley and Ridge structure, of whinh?the Seﬁﬁﬁfﬂhiéﬁhﬂtiéliﬁéy

and fault complex is an outlier, is characterized by asymntricnl-

folding and thrust faulting to the weat.. Thare feamrea are beliwed‘_"

to have been produced by forces. acting frnm the aoutheaat which prbduced

large bedding plane thrust plates withuut 1nvolvement of the basement.u

Movement of these platee produced a seriles of inbricate:thruat fﬂultﬁfxf

and rootless folds.

The fault bounded blocks strike northeaat and dip to the ﬂouthea!t. ‘:f:iﬂ

I

The Sequatchie fault is the western most of these thrust fault:a.
Domipant regional bedding attitudes as reflected at the site 9trikav,
North 40°E and dip 17° to the southeaet. Prnminen: joint sets: rlngc
from North 30° East to North 50° East and dips range from 70' to: 80';  ?
to the northwest. P E PRAr T ;
The stratigraphy of the Sequatchie Valley and theboquing\.f-
Cumberland Plateau consists of nearly flat iying agpdstbne, shala;t;fﬁ-l
limestone and dolomite representing no:mal_étrg;igraphic seqummcqggﬂ:'”.”
A major exception is along the'Saquatchie.thrﬁst fault, ﬁhich in;ﬂi;”
the site area places the Drdovician Chicamauga formation in contact;;
with the Mississippiasn Fort Payne formation.:' The Sequatchie fault i
lies about 2 1/2 miles northwest of the;ﬁi;g and”dipsﬂstggplyfgﬁh :

A T LN
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‘ bauﬂath:heauitersu-thné 1t is at a depth of sevaral thouaand feet
beneath tha Bellefnnte site. Strunturally;tha fault 15 located‘on:'
the nnrthwest, asymetrical limb of the: Sequatchie Anticline

- The topography 1n the: :I.ned:l.ate vi.cin:l.*-y of the site alopea "
northwest. to the Tuwn Creek Bﬁbayment then rises in a seriaa of low
knnbs and ridges.- To the southwest and nprtheast iie Dry Creek |
- Embayment and Hud:CreakuEmbayment,,respecpively.. These:lpwa wers
formed by erosion along more aoluahIE‘belts:ufutﬁe~1aWEr.éhicamauga
and Upper Knox Groups. To the southeast, betwcen the site and
Guntersville Lake lies the monoclinal ridge discussed earller, rising
to elevation +800hfe§t. The site is underlain by from 2.6 to 35.8
feet of residual suil ovﬁr about 1400 feet of Chicamauga limestones
and shales. Five huudy?d feet of the Chicamauga was penetrated by
borings at the site. .‘%'iaireral marker beds (six) consisting of meta-
bentonite-volcanic-ashféhuwéd good continuity between borings indicat~
ing abseﬁce of deformaéion beneath the site since before the middle
Drdovicinhaera. -Prior?;o submission of thh PSAR, the site had been

1nvestigated by barings drilled ou a 100 foot grid in the facility

“‘sita-area. - The: boring laga indicated that although there wasg sotse

eVidenne of aulution activity in . the upper 10 feet of rock,. anﬂ an
pccasional amall void in the upper 10 ‘to 20 feet, snlution activity
Wwaa non—exiatant belnw 20 feat. HﬂWever, as. unita of the Chicamauga
are knuwn tn be Bubject ro sulutioning in other .areas, ‘the applicant,

at the ataff‘s request, drilled additional holes on a 50 foot grid



Mountains and the Appglgghiﬂﬁﬁrldtga“%;”;;“i@H‘

The historical record of esrthquakes :in'-:the‘ Southern-Appalachian

Mountain region reveals significant differancea in ‘the seiuniél?'“
characteristics among its three’tectnnicfprovinces&- The Vhllay nd:
Ridge Province shows the gredtest rate of i"ear'thq:'mli:"e;:dcﬁurrﬁn :
Ateally, this activity is confined to the complexly. thrust-faulte
southern Valley and Ridge. Oan the basis of ﬁiétbficalfi#@ivit a

the lack of a demonstrated relationship between ﬁrﬁhqﬁﬁm.‘&pﬂ i

geologlc structure, we consider an mtansity VIII measura& on he

Medified Mercalli (MM) scal:,’ “equally’ probable (a ].ow nrdef o

probability) for. any place in the southern Valleyrand Ridga Provin:e.

Enrthquakaa have- Dccutred ‘with less. frequency in l:he* Piadnbn
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;.l.m:'-ﬁezit-;_zbné:-ﬁjﬁ-fsﬁuth--cﬁxoﬁna (Bouinger'," 1973). On the basis of

-hiﬂtorical activity,<we.cunaider the. occurrence of . an 1ntenaity VII

eqnally probahle (a low order of proability) anywhere in the ?iedmont

?tuvince. Ihe Piedmnnt Province is abaut 100 niles east. of the

;Bellefnnte site. Thus; the maximum intensity VII earthquakes have -

been the characteristic naximum event in that area and are no hazard
tv the site. Historical eq;thquakea,in_the Atlantic Coastal Plain
have occurred: in recognizable geographic‘clu;tera. .ﬂnq_c;#qter in

the yicinity;of:charlestun,,Sauth‘Catolina, is associated with the

Rortheast Georgia (Raritan) embayment, although it has nb;gecpgnized

assoclation with geologic structure. This 1s alsc the epicenter
region of the large. intensity X MM earthquake of 1886. Because of the
correlation with the embayment and the spatial clustering exhibitved
by historical events (more than 400 quakes in the Charleston area),
we have accepted that near future earthquakes will also occur ian the
same region. -Thus, an earthquake in the Coastal Plain Province is

not expected -to cause an- intensity at this site that will exceed an
intensity.of approximately VI to VII.

-~ The SS5E intensity of .this site 1s based upon the fﬂllqwing

. conpsiderations: -

a. Hca:jfuture;earthqunkea in the Atlantic Coastal Plain would occur
- An geographic cluutera near Chnrleaton,‘Suuth Carolina, following
thn pattern that ‘has shown stability in more than 200 years of

hi-mri!:al-:r.ecgrd--- fe
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b. The mimn earthquake in the Pladmont Prov‘.ncu wuuld be

intensicy vn and would be at lmat 100. Ilﬂ.aﬂ - to, tha nite.

c. The maximum mrthqunhe in the Valley and Ridge Provim;.a will nu
exceed the inl:emity VIII event of Hny 31, 1897 . c.enterad :Ln Gilas
County, Virginiﬂ o |

d. The maximum earthquake i.n the Appalachian Plateau ﬁﬂ;l.:mt}'l'éxéee;
intensity VI. | . <
Consideration a.above would result in a site 1nl:anl:l.ty of VI-VII

by postulating a repeated occurrence of the 1886 Charleston, south

Carolina, earthquake of maximum intensity X. (:onaideration c.would -

result in a site mtmaity VIII by postulating a repeat of the 1895

Giles County, Virginla, earthquake of maximum intensity VIII. Based

on the above comsiderations the staff viewa the SSE acceleration of |

0.18g proposed to be used for this facility to be an adequate‘ly |
conservative value.

There i8 no evidence of fault movement in the site rag_:!_.pp ‘aincg;‘ ‘
the close of the Paleozoic era. Therefore, we conclude that surface

faulting need not be a consideration in the site evaluation.

Foundation Engingering

All Category I structures except for the borated water storage
tanks will be founded on bedrock. The rock is adequate to support
the structures, The limestone has an average densirty of .160 1bs/ fi:3

and unconfined compressive atrengths range from 8010 pai to 36,000

pel. Dynamic properriss of the rock include Poissoms ratio of 0.31,
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Youngs Modulus of 7.73 x 106, and bulk modulus of 6.64 x 106. There
are no deformation zomes thet would tend to weaken the foundatian.‘
The applicant has committed to geologically map and photograph in
detail the walle and floors of the excavations for Category I
structures. The six beds of meta-bentonite will not be involved in
the foundation. The horated water storage tanks will be founded on
Class 1 backfill placed after excavation into bedrock.

Class 1 backfill, which will be placed around all Cetegory I
structures, will be select material placed in 6 inch layers and will
be compacted to a minimum of 95% of the maximum atandard proctor
density at optimum moisture content. A minimum of at least one test
for each 2000 cubic yards placed will be performed.

We have evaluated the investigations performed and conclude that
the foundation materials are adequate to support the facility
structures with sufficient margin of safety.

Intake Channel Siope Stability

Cooling water, including emergency cooling water will be drawn
from Guntersville Lake by way of a Category I channel, excavated
within a natural draw, extending about 1200 feet from the reservoir
to the Intake structure. Soill will be excavated down to bedrock
surface 100 feet on both sides of the channel centerline. The soil
side slopes will then be cut back on a three horizontal to one
vertical ratio. A mid-channel trench will be excavated Into bedrock

to insure an emergency cooling water supply in the event of the loss
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of Guntersville Dam. The slopes will be designed for the followiné
conditions: sudden drawdown; sudden drawdown plus 1/2 SSE;,and*Sﬁﬁfﬂi"ﬁ'
plus normal pool. The slopes were analyzed statically by thélﬂﬁdifieh

Swedigh S1lip Circle Technique. Slope behavior under earthquake

conditions (SSE and 1/2 SSE plus sudden drawdown) were evaluated using :] -

pseudo-static slip circle analyses. The minimum factor of shféty«
derived from the analyses was 1.8 for the SSE and normal pool cnnditi?ﬁ.  o
To preclude loss of the chamnel resulting from a mechanistic type -
failyre, the applicant has committed to construct a 75 foot wide
beram on each side of the chanmel which is excavation in bedrock.
The review of the slope stability of the intake channel is‘noﬁ
complete pending the results of additional investigations and
analysis of laboratory test data being carried out by tﬁa appliééﬁf;
These investigations are primarily confirmatory and we believe that
the design cf the slopes is adequate. Finél conclusions of the staff
and our advisor, Corps of Engineers, on these investigations will

be reported in a supplement to this report.
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Figure. 2.1. Bellefonte Site Location.



Figure, 2.2. Topographical Map of the Site Area.
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DESIGN CRITERIA FOR STRUCTURES, COMPONENTS, EQUIPMENT AND SYSTEMS

Conformance with AEC General Design Criteria

The applicant has stated that the Bellefonte plant will bé”"f‘”“
designed, comstructed, and operated in accordance with thé‘ o
Commission's General Design Criteria for Nuclear Power Plantﬁ\kGﬁéiw
(Appendix A to 10 CFR Part 50). Each criterion is‘Presémtea:iﬁ1“$y
Section 3.1 of the PSAR. On the basis of our review of the docu-
mentation supporting this commitment, we have concluded fhat ﬁhiéAWﬁ
factlity can be designed, constructed and operated to meet the

GDC requirements.

Clasgification of Structures, Systemé and Components

Teble 3.2.1.2 of the PSAR identifies those structures, systems
and components important to safety that are designed to witﬁstaﬁd:.‘
the effects of the Safe Shutdown Earthquake (SSE) and rémniﬁ |
functional. These features (Seismic Category I) are requiredﬁcor
agssure (1) the integrity of the reactor coolant pressure bnundary;l
{2) the capability to shutdown the reactor and maintain it 1n a
safe shutdown condition, or (3) the capability to pre%ent or
mitigate the consequences o»f accidents which could resﬁlt in
potential offsite exposures comparable to the guideline exposure§
of 10 CFR Part 100.

All other structures, systems and componénts that maf-be Te-

quired for operation of the facility are designed to other fhaﬁ B
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Seismic Category I requirements. Included in this classification
are those portions of Category I systems which are not required to
perform a safety function. Seismic Category I structures, Systems
and componentcs, those items important to safetry, are designed to
withstand the effects of a2 S5E and remain functional, have been
identified in an acceptable manner.

The applicant has applied the American Nuclear Society (ANS)
classification system to those water and steam containing components
"which are part of the reactor coolant pressure boundary and other
fluid systems important to safety where reliance iz placed on these
systems: (1) to prevent or mitigate the consequences of accildents
and malfunctions originating within the reactor coolant pressure
boundary, (2) t- permit shutdown of the reactor and its maintenance
within safe shutdown conditions, and {3) to contain radicactive
material. ANS Safety Classes 1, 2 and 3, correspond to Quality
Group A, B and C in Regulatory Guide 1.26 (Quality Group Classificationm,
and Standards, March 23, 1972).

For those fluld systems identified in Regulatory Guide 1.26, we
and the applicant are in agreement on the application of the
Quality Group Classification System. The applicant has identified
in Table 3.2.2 of the PSAR those fluid systems important to safety
and the industry codes and standards applicable to each pressure-

containing component In the systems.
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Piping and instrumentation diagrams identify the bnundary1ijﬁ1;#
of each classification group within the fluid syateﬁa. Prq?‘“*?;”}
retaining components in fluid systems within the buundartag;éf.;hé,:
applicant's Safety Classes 1, 2 and 3 will be built to meet: i;h_g E
requirements of the applicable codes. Conformance witﬁ‘auch;¢o&§q;' -
is an acceptable basis for meeting the requirememts Of-Gehgfai :

Design Criterion 1 and provides reasonable assurance that the plant

will perform in a mammer providing adequate safeguards to the
health and safety of the public.

Wind and Tcrnado Design Criteria

All facility Category I structures exposed to wind will be
designed for a 95 mph basic wind 30 feet above grade with a 100~
year period of recurrence. In addition, these atructures will
be designed to resist a tornado with a maximum rotational pluﬂl
translational wind velocity of 360 mph and & maximum depressuri-
zation loading of 3 psi in a period of 3 seconds. Appropriate
tornado-generated missiles have also been postulated in the design.
ASCE Paper No. 3269, "Wind Forces on Structures" (Reference 20) ia
being utilized to determine the loads resuliting from these wind and
tornado effects.

Also, structures are to be arranged on the plant site and pro-

tected in such a mamner that a collapse of structures not designed

for tornados will not affect those designed for tornados.
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The use of these loading criteria provides reasonable aasurance
that, in the event of wind or tornados, the structural integrity
and safety function of Seismic Category T atructures will not
be impaired by the speciiied environmental forces. Conformance
with these criteria is an acceptable bassis for satisfying the re-
quirements of General Design Criterion 2. We conclude that the
applicant's wind and tornado design criteria are acceptahie.

Water Level (Flood) Desizn Criteria

All Category I gtructures will be designed foz bouyancy and
static water force effects associated with the probable maxinum
flood (PMF) water level discussed in Section 2.4, Hydrology. The
additional forces due to wave runup will be included in the design
of the Intake structure, which is the only Category I structure
subject to such conditions .

Conformance with these criteria is an acceptable basis for
gatisfylng the requirements of General Desizn Criteria 2 and 4 as
related to environmental design basis for structures.

We conclude that the use of these design loading criteria pro-
vides reasonable assurance that, in the event of fleoding, the
Category I structures can be expected to withatand the specified
environmental furces without impairment of their structural in-

tegrity and safety function.
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Missile Protection

The effects of a spectrum of tornado generated missiles and
those generated by rotational machinery or pressurized components,
have been conaidered in the design of essential structures and
vital equipment and systema. The applicant has asseumed that a
tornade having a rotational velocity of 300 mph and translational
velocity of 60 mph could generate the following tornade uiaéiiea:

{(a) A 2-~inch x 4-inch x 12 foot board having a density

of 40 pounds per cubic foot at a velocity of 300 mph
end—on;

(b} A 7~inch x 9—1nch by 8 1/2 foot crosstie having a density

of 50 pounds per cubic foot at 300 mph end-on;

(c¢) A steel pipe 2 inches in diameter by 7 feet long, end-on

at 100 mph;

(d) An antomobile weighing 4000 pounds at a velocity of 50

mph and no higher than 25 feet off the ground.
In response to our request, the applicant has expanded the missiles
spectrum to include the following items:

{a) a utility pole of 13.5-inch diameter x 35 feet long with

density of 43 pounds per cuble feet;

(b) a l1-inch diameter steel rod x 3 foot long with a deﬁaity

of 490 pounds per cubic foot;



(c) a 3-inch schedule 40 x 15 foot long pipe with a density of
490 poumds per cublic foot;

(d) a 6-inch schedule 40 x 13 foot long pipe with a denmsity
of 430 pounde per cubic foot;

(e) a 12-inch schedule 40 x 15 Foot long pipe with a density

of 490 pounds per cubic foot.

The applicant's method of analyeis given in Section 3.3 of the
PSAR is based on the mathematical model presented by Bates, et al.
which in turn utilizes Hoecker's atudies of the tormado which
occurred at Dallas, Texas on April 2, 1957, The resultant missile
velocities and heights determined will be used to design missile
protection for essential systems and components exposed to the
damaging effects of tornado missiles. The assumptions used and
subsequently the reaults of the calculation are gimilar to those
for tecently reviewed and approved reactor planis. We conclude
that the facility will be adequately protected against tornado missiles.

The applicant has proposed design criteria in Section 3.5 of
the PSAR that will be used to assure protection of safety related sys-
tems from missile damage due to fallure of pressurized liquid or
gas storage aystems. We conclude from our review that these criteria
are adequate to protect safety related systems from missiles that couid

be generated due to the failure of components containing stored energy.



With regard to the potential of missiles originatiha;kfbh@tﬁe:r
main steam turbine during overapeed conditions; the applicantf§$uw
indicates that the following control systems will be pruvidndmﬂf'Qi“r
to preclude excessive overspeed of the turbine, - .hf';ﬁi
1. A cooventional mechanical hydraulic control CHHC),ayatdi: p+%f"

utilizing hydranlic-servo—valve controlled power pistonsiﬂﬂ

as the final control elements for positioua'of:theiﬁtéih=*“
flow control valves. The command signal to the Beer*anvus: , ’§

is generated at the speed governor. In addition, nn 1n1t1h1 L

pressure limiter and a pair of vacuum liwmiting devical ars

also provided. The former will prevent the 6pening of theﬁﬁ&“
control valves on loss of steam pressure, while the latter

will provide full closure of all control valves at high turbine *

back pressure. g S RIS S

2. A turbine protection system (TPS) will utilize two overspeed:

governors congisting of spring~loaded bolts with eccent;;c,ﬁjﬁ‘
centers of gravity, to protect the turbine against é:ceagivéllh;fw‘”
overspeed. The overspeed governors are sequentially Bg;‘ta s
operate at 110 and 1122 of ratad speed, and can be On‘iine A7"*

tested periodically to ensure system operability. ,
Irrespective of the above discussed overapeed ptntectiun system, i

_.a’

the applicant has also indicated that the fncility arrangﬂnent prn—”

I\ ,l-‘.‘

vides a low probability that the essential Bafety related cnnpunenta o

and atructures would be struck by a turbine missile.
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The'fbtential‘damage that ¢nu1dibe‘¢RUEEd by 2 missile in the
immediate vicinity af-iﬁpact:on‘conctete targets will be determined
ﬁy the ‘use of the Modified Petry Formula (Reference 24). In the
cage of afeel targets, formulas developed by the Stanford Research
Institute (Reference 25) for éstimﬁtion of penetration of missiles
will be uged. The overall structural response of the target when
impacted by a wissile will be evaluated by methods presented by
Willianauﬂ-and Alvy in a paper, "Impact Effects of Fragments
Striking Structural Elements." (NP-6515, 1957).

The use of these design bases and criteria for missile
protection as discussed above provides reasonable assurance that,
in the event of the generation of the postulated missiles, the
resulting loads and effects will not impair the structural
iutegrit} of Category I structures, or result in any losa of required
protection of Category I systems and components contained by such
atructufes. We conclude that conformance with these degign loading

criteria is an acceptable basis for satisfying General Design
Criteria 2 and 4 and that acceptable misaile protection can be

provided,

We are currently perfofming a generic study on the matter of
turbine missiles. The results of thia‘gtudy are not vet available,
however we éxpéét'that_thése results will confirm the adequacy of

‘the fktilify”deaign. 'When the results of the study are available
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8tructures, then we will require appropriate changes. ;

Postulated Pipe Breaks Outside Cc Cuutainment

The applicant states that the phyaical layout and arrangemnnt

uui

of the facility will provide adequate physical separation pf Eri 8

systems to preclude such events as pipe rupture 0utside of.contain.
ment from adversely affecting safe shutdown. The systema and CQHP
ponents required to mitigate the consequences uf each postulated ‘ .‘“

pipe break, including safe shutdown to cold condiriqggadqillwbe:‘

identified and will be separated into redundant trains and gnp;pgéﬂ"‘* o

in guitably designed structural areas to protect the red?néﬂﬂﬁggréiné"‘iﬁﬁ“
from common failure modes due to a postulated pipe break. The

identified redundant trains will be designed to ensure adequata safp

shutdown capabllity in the event that the pipe break accidqpt 1nvolvea fﬂ,
one of the redundant trains coincident with a single active failure
in the remaining train.
The applicant's commitment regarding the design of pipipg -ﬁ
systems will adequately conform to the criteria set forth in our
July 12, 1973 letter to the applicant. We conc;ude_that.the
design criterla and basis for the postulated pipe bregksloutaide

containment are acceptable.
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Protection Against Dynawlic Effects Associated with the Postulated
Rupture of Piping

The applicant's criteria to be used for identifying high energy
fluid piping and for postulating pipe break locations, break orien-
tations snd break flow areas will be consistent with the criteria
set forth in Regulatory Guide 1.46 (Protectilon Against Pipe Whip In-
side Contaimment, May, 1973).

The provisions for protection against the dynamic effects
associated with pipe ruptures and the resulting discharging coolant
provide acceptable assurance that, in the event of the occurrence
of the zombined loadings imposed by an earthquake of the magnitude
specified for the Safe Shutdown Earthquake (SSE) and a concurrent
single pipe break of the largest pipe at any one of rhe degign basis
break locatiome, the following conditlons and safety functions
will be accomodated and assured:

1. The design basis logs-of-coolant accident will not lead to
multiple failures of piping, that could aggravate the con-
sequences of a plpe rupture.

2. The reactor emergency core cooling systems can te expected to
perform their intended function.

3. Structuresg, systems and components Importent to safety will
be appropriately protected, |
The analytical methods and procedures that will be used to

determine pipe motion subsequent to rypture and the pipe-wvhip
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reatraint dynamic interaction approprintely;fcundidéf ::ltfils'é structurs
charactaeristics of the gyutem. The pipe-whip reatrnin
designed to withstand the resultant loadings in m:canhncu wtw
acceptable criteria. | i

On the basis of our review, we have concluded thnt thn m::ltl
that will be used for the identification, design and mlylis ’of
piping systems where postulated breaks may occur .are menptnbh ?I a
provide an adequate dasign basiz in meeting the npplicabln requ:lre«—_
ments of General Design Criteria 1, 2, 4, 14 and 15. |

Selsmic Deatgg

The input seismic design response spectra COperating Bu:l‘.n Earl:h-, ‘ H
quake (OBE) and SSE) and the damping values applied in tﬁer‘-duign
of Seismic Category I structures, systems and components are in: |
accord with the positiﬁm in Regulatory Guide 1.60 (Design Runpome .
Spectra for Nuclear Power Plants, January 1973) ‘and‘naml_.'uturyr:s v |
Guide 1.81 (Damping Values for Seismic Deslgn of Nuclear Power
Plant=, October, 1973) respectively. |

The synthetic time history to be used for the design of -
Category I plant components and equipment iz adjusted in amplitude
ar;d frequency to envelope the regponse spectra defined in thé
Regulatory Guide 1.60.

All Category I structures except the borated water storage -

tanks are founded on rock and the lumped-soil spring approach is
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“~used to account for the soll-structure interaction effects. For
the zoll-supported borated wﬁter‘tanks, tha lumped-soil spring
approach can be used provided that the applicant submits additional
supporting informarion grior to issuance of a construction permit
- to demomstrate the similarity in s0il properties, depth of soil
medium, fundamental frequency, and other characteristics between
the borated water tank structure and a diesel-generator building
whoge adoption of the lumped-soil spring method for soil-structure
interaction analysis has been justified. The applicant will submit
this additional supporting information prior to issuance of a |
congtruction permit. |

Conformance with Regulatory Guides 1.60 and 1.61 will provide
reasonable assurance that for an earthquake whose intensity is 0.09g
for OBE, and 0.18g for SSE, the resulting accelerations and displace-
ments imposed on Category I atructures, systems, and components are
adequately defined to assure a conservative baaisg for the design
of such srructurez, systems and components to withstand the conse-
quent seismic loadings, We conclude that compliance with these
Regulatory Guidea is an acceptable basis for satisfying the provi-
siona of General Design Criterion 2.

Modal reaponse spectrum multi-degree-of-freedon and time
history methods form the bases for the analyses of all major
Category I structure, systems, and components. Governing response

pParameters are combined by the square root of the sum of the squares
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to obtain the modal maximms when the modal réaponse spectrum .-
method 1s used. The absolute aum of modal responses.are uﬂed.;;-@j'

for closely-spaced modal frequencies, The square rop;&qf phgqﬁﬁmﬁl

sum of the squares of the maximum co-directional regponses are..: .-
used in accounting for the three components of the earthquake -

motion. ¥loor response spectra inputs to be used for design and : -

test verification of structures, systems, and components are -
generated from the time history method. Vertical saisnic—nyataua.
dynamic analyses are employed for all structures, systems and
components where analyses show significant structural amplifications
in the vertical direction. The system and gub-dsystem analyses

are performed based on elastic theory .,

We conclude that the seismic analysis methods and procedures
proposed by the applicant provide an acceptable basis for system
and subsystem seismic design.

The installation of seismic instruments in the reactor contaimment
structure and at other Category I structures, systems and components
as proposed by the applicant constitutes an acceptable program to
adequately record data on seismic input of ground motion as wall
as data on the seismic responses of major structures and systems.

The type, number, location snd utilization of selsmic instrumentation
as defined by the program comply with the recommendarions of the
proposed Revision ) of the Regulatory Guide 1.12 (Tnstrumentation -

for Barthquakes Draft 3 dated 1/10/74).
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Wa conclude that the seismic instrumentatiom program proposed
by the applicant is acceptable.

Design Category I Structures

Primary Concrete Containment

The primary contaipment structure will be a cylindrical structure
with a shallow domed roof, and a foundation ring anchored with
prestressed grouted rock anchors into & limestone rock foundation.

A construction joint separates the primary contaimment foundation
Ting and the interior concrete base slab. The cylindrical portion
(hoop and vertical) and the dome are prestressed by a post tensioning
system with ungrouted tendons, The foundation ring is comvention-
ally reinforced and also serves as the foundation for the secondary
containment. A continuous access gallery is provided beneath the
ring slab for access to the vertical tendons, which are anchored
directly inte the foundation rock.

The primary contaimment structure will be designed in accordance
with the Proposed Standard Code for Concrete Reactor Vessels and
Containments, ACI-ASME (ACI 359), 1973 edition as modified by condi-
tions set forth in our September 14, 1973 letter to the applicant.
Since the Code is presently issued for trial use, the applicant has
innludéﬁ in the PSAR a list of deviatioms, correctiona, modifications
and clarifications to the Code which are acceptable and do not sub-

stantially change the level of conservatism of the proposed code.
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Since the Code has not been formally adnpt¥ds thEﬂﬁﬁiiclﬁtzﬁi¥iq
permitted to use TVA General Conatruction Speciﬂcit:tnh'Hﬁ"ﬁf;‘:é_‘ii
for plain and reinforced comcrete in lieu of the requireiaﬁfﬁfb_
the ACI-ASME Code.

The static analysis for the containment shell will baiblﬁtﬂ“hﬁf“T?_
thin shell theory with elastic material behavior. The fihifék3.;“ R
element method will be utilized in analyzing the primary and.
secondary contaimment foundation ring, a portion of the cylinder S
walla, tendons and grout, and the surrounding rock.

The applicant has performed full scale tests of the prestressed: -~
grouted rock anchors at the plant gite to confirm the feasibility - =
of anchoring the vertical prestressing tendons from the contaipment
structure directly into the rock foundation. These tests have been: -
used to determine the minimum height of grout column, to verify that.®
the assumptiens used in the design are conservative, to determine
that the anchorage is unaffected by cyclic loading and to determine
the rock modulus.

The liner design for the containment ig similar to those
previously accepted. Tests, as outlined in Appendix 3.8A of th; PSAR,
will be conducted on simulated medels of the liner plate and vertical
stiffener assembly to determine the shear and pullout capacities of
the angle anchorage.

Prior to operation, sach containment will be subjected to an

acceptance test in accordance with Regulatory Guide 1.18 (Structural
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Acceptance Test for Concrete Primary Reactor Containment, 12/72)
during which the internal pressaure will be 1.15 times the containment
design pressure. In the first containment structure tested, strain
measurements in the concrete will be determined at the critical
locatioms of the structure.

In addition to the documents mentioned above, the conatruction,
testing and quality control will be based on Regulatory Guides 1.10,
(Mechanical (Cadweld) Splices in Reinforcing Bars of Category 1
Concrete Stryctures, 1/73); 1.15, (Testing of Reinforcing Bars for
Cetegory I Concrete Structures, 12/72); 1.19, (Non-destructive
Examination of Primary Containment Liner Welds, 8/72); 1,35,
(Inservice Surveillance of Ungrouted Tendous in Prestressed
Concrete Containment Structures, 2/73); and 1.55, (Concrete Place-
ment in Category I Structures, 6/73).

The criteria used in the asnalysis, design and comatruction of
concrete contaimment structures, to account for the loadings and
conditions that are anticipated to be experienced by the structures
during the service lifetime, are in conformance with acceptable
codes, standarda, Regulatory Guides and specificziions.

The use of these design criteria defining the applicable codes,
standards and specifications; the loads and leoading combinations;
the design and analysis procedures, the structural acceptance
criteria; the materials, quality controls and special construction

techniques; and the testing and inservice surveillance requirements,
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provide reasonable assurance that, in the event of wiﬁﬂd;';bfhadbh;'
earthquakes and various postulated accidents occurriﬁg'ﬁifhiu‘thé"J
contaimment, the Seismic Category I containment Btruéfureb*dillil.
withatand the specified conditjons without impsirment of their |
structural integrity and safety function., Conformance with these ‘*
criteria constitutes an acceptable baais for"aatisfying”the féquire-
ments of General Design Criteria 2, 4, 16 nﬁh 50,

Contaimment Intrernmal Structure

The containment interior‘atructure consists of a concrete shieid
wall surrounding the reactor, secondary shield walls surrounding
the remainder of the nuclear steam supply system, 2 refueling canal
and other structural elements such as floors, walls, columng, and °
equipment supports.

The internal structures will be designed in accordance with the
ACI 318 Code, 1971 edition, for concrete and the AISC Code, 1969
edition, for structural steel.

The applicant has considered all the loads which may act on the
structure during fts lifetime, such as dead and live loads, accident
induced loads including pressure and jet loads, and seismic loads.
At the request of the Regulatory ataff, the applicant has revised
the lecad combinations and acceptance critéf}a used in the deaign to
be in agreement with our position on this ﬁ;tter-

The design of the interior structure will be ‘évolved through a

series of stages., First, various structural components v11igbe

A
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analyzed and designed individually for governing loading coﬁbinntiona
with simplified assumptions of geomeiry and boundary conditions.
Subsequently, the interaction effects of the structural compcnents
will be investigated.

The use of these design procedures and criteria provides reason-
able assurance that the Category I containment internal structures
will withstand all the specified design loads (including those due to
earthquakes and various posiulated sccidents occurring within the
contajnment) without impairment of the structural integrity ard
safety function. Conformance with these criteria constitutes an
acceptable basis for satisfying the requiremenrs of General Design
Criteria 2, 4, 16 and 50.

Other Category I Structures

Category 1 structures other than primary contaimment and its
interior will be built from structural steel and reinforced concrete
membera. The Secondary containment structure will be a conventionally
reinforced concrete shell. All other structural components will
consist of slabs, walls, beams and columns. The design method for
reinforced concrete will follow that specified in the ACI-318 Code,
Structural steel components will be designed in accordance with the
AISC specifications.

The various conditions used in tiie derign of these Category I
structures will ineclude an appropriate combination of loads likely

to occur during normal operaticn or shutdown, and during postulated
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accidents and earthquakes, At the Tequest of the pagp1a;u¢y§i:a:£5
the applicant has revised the load combinations and-lhcﬁbtihh§ \f
criteria used in the design to be in agréement with“théiét#fffé, ?
position on this matter. e
The use of these design criteria will provide 1:eaaf;m::u:n.ill‘irfl.'i;“"T‘:"f
assurance that the Category I structures will withstand all the
specified loads without jmpairment of their structural‘integtity
and safety functions. Conformance wiﬁﬁ these requirementéfﬁnnstituté‘l1 ”;
an acceptable basis for satisfying the requirements of General Design
Criteria 2 and 4. |

3.9.4 Foundations and Concrete Supports

‘The foundation for the containment is discussed in Section 3.9.1.
The two borated water storage tanks are supported on reinforced
concrete ring foundations on highly compacted backfill and placed
Bn sound base rock. All other foundations for Category 1 structures
consist of reinforced concrete slabs on rock.

The foundations will be designed in accordance with the ACI—BlB-?i
Code,

With the reservation noted in Section 3.8 on soil-structure inter-
action, the use of the above design and analytical methods constitutes
an acceptable basls for satisfying the requirements of General Design

Criteria 2 and 4.
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- Mechanical Systems and Components

Dynamic System Analysis and Testing

The applicant will conduct a piping vibration operational
test ?rogram in accordhﬁca with the ASME Code, Section III, par.
NB-3622.3 and NC-3622, which requires that the designer be respon-—
sible by observation under startup or initial operating conditions,
for ensuring that the vibration of piping systems is within acceptable
lavels. A preoperational vibration dynamic effects test program
will be conducted on all ASME Class 1 and Class 2 piping systems
and piping restraints during‘startup and the initial operating
conditions testing.

The tests will provide adequate assurance that the piping and
plping restraints of the system have been designed to withstand
vibrational dynamic effects due to valve closures, pump trips, and
operating modes associated with the design operational tranaiénts.

The tests, as planned, will develop loads similar to those experienced
during reactor operation and are consistent with recent Regulatory
staff positions concerning precperational piping dynamics effects

test programs, Compliance with this test program constitutes an

- acceptable basig for satisfying of the applicable requirements of

General Design Criterion 2,
Dynamic testing and analyais'procedurea will be implemented

to confirm that all Category I mechanical equipment will function



3-21

during and after an earthquake of magnitude up to and imcluding
the 55E, and that all equipment support structures are adequately
designed to withstand such sejsmic diaturbances. R R

Subjecting the equipment and its supports to thase dynamic .
testing and analysis procedures provides reasonable assurance
that the Category I mechanical equipment as identified in the PSAR -
will continue to function during and after a seismic event, and
the combined loading imposed on the equipment and its supports will -
not exceed applicable code allowable design stress and strain.
limits. Limiting the stresses of the supports under such loading
combinations provides an acceptable basis for the design of the
equipment supports to withstand the dynamic loads associated with
seigmic events and operational vibratory loading conditions with-
out gross loss of structural integrity.

Implementation of these dynamic testing and analysis procedures
congtitutes an acceptable basia for satisfying the applicable
requirements of General Design Criteria 2 and 14,

With regard to flow-induced vibrational testing of reactor
internals for this facility, the applicant has atated that 1f one
of the Bellefonte reactors is the first of the B&W 205 fuel assembly
reactore to be ready for hot functional testing then it will be tested
as a prototype reactor in accordance with Regulatory Guide 1.20

(Vibration Measurements on Reactor Internmals, 12/71).
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If the staff has accepted another 205 fuel agsembly reactor as a
satisfactory prototype before this facility 1is ready for hot functionmal
testing, the applicant will perform additional confirmatory vibration
testing and subsequent visual inspection on both Units 1 and 2 as part
of the preoperational tests to provide added confirmation of the
capabllity of the stroctural elements of the reactor internals to
sustain flow-induced vibrations. The proposed program is consistent
with Regulatory Guide 1.20.

We vill review at the FSAR atage the preoperational vibration
test program proposed by the applicant to verify the design adequacy
of the resctor internals under loading conditions comparable to those
experienced during operstion. The combination of tests, predictive
analysis, and post-test inspection will provide adequate assurance
that the reactor internala can be expected to withatand flow-induced
vibrarions without loss of structural integrity during their service
lifetima. The precperational vibration test program will be performed
in accordance with Regulatory Guide 1.20 and as such conetitutes an
acceptable basis for demongtrating the design adequacy of the reactor
internals in satisfying the applicable requirements of General Design
Criterisa 2 and 14.

The applicant will perform a dynamic systewm analwysis of the
reactor internals and of the broken and unbroken piping loopas, The

dynamic system analysis will be performed to provide an acceptable
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basis for confirming the structural design adequacy of the reactor
internals and the unbroken piping loops to withstand the combined
dynamic effects of the postulated occurrence of & LOCA and & uﬂ
shutdown earthquake.

We have reviewed the analytical methode described in BiW Topical
Report BAW-10008 (Part 1 - Reactor Internals Stress & Deflectith Bua’
to LOCA and Maxisum Hypothetical Earthquake, 6/70). We find that
an spalysis vsing these methods will provide adequate sssuranca that
the cosbined stresses and strains in the components of the reactor
coolant system and reactor internals will not exceed the allowsble
design stress and strain 1imits for the materials of construction as
specified in Appendix F to the ASME Boiler and Pressure Vessel Code,
Section ITI. In addition, the resulting deflections or displacements
of sny structural elements of the reactor internals will not distort
the reactor intermals geometry to the exient that core cooling would
be impaired.

The assurance of structural integrity of the reactor intemals
under the postulated SSE and the most severe LOCA conditions provides
added confidence that the design can be expected to withstand a
spectrum of lesser pipe breaks and seismic loading combinations.

We have concluded that the use of the proposed amalytical techniques
will result in an acceptable structural design for the Bellefonte

1l and 2 reactor internals.
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3.10.2 ASME Code Class 2 and 3 Components
Al]l Category I systems, components and equipment outside of

the reactor coolant pressutre boundary will be designed to sustain
normal loads, anticipated transients, the Operating Basis Earthquake,
and the Safe Shutdown Earthquake within design limite which are
consistent with those outlined in Regulatory Guide 1.48 (Design Limits
and loading Conditioms, 5/73). The specified design basis covbinations
of loading as applied to the design of the safety-related ASME Code
Class 2 and 3 pressure-retaining components in Category I systems
provide reasonable assurance that in the avent (a) an earthquake
should occur at the site, or (b) other upset, amergency or faulted
plant transients ehould occur during oormal plant operation, the
resulting combined stresses imposed on the aystem components are
not expected to exceed the allowable design stress and strain limits
for the materials of congtruction. Limiting the stresses under
such loading combinations provides a conservative basls for the
design of the gystem components to withstand the most adverse combina-
tions of loading events without gross loss of structural integrity.
The applicant's design load combinations and assoclated stress
and deformation liwits specified for all ASME Code Class 2 and
3 components constitute au acceptable basis for design in satisfying
General Design Criteria 1, 2 and 4.
The applicant will develop and conduct cowponent test programs,

supplemented by snalytical predictive methoda which will provide
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adequate asspurance that ASME Code Class 2 and 3 active pumps and
valves are capable of withstanding the imposad loads associated |
with Normal, Upset, Emergency and Fauvited plant conditions without
loss of structural integrity and of performing the “active" . - |
function l.e, valve closure or opening) under conditions snd
combinations of conditions comparable to chose expected vﬁ-néaV

safe plant shutdown is to be effacted or the cousequences of an
accident are to be mitigated.

We have concluded that the program proposed by the applicant
will provide reasonable assurance of pump and valve operability.

In additjon, the applicant, who is an active participant in current
industry programs for codes for the design of pumps and valves, will
remain cognizant of induatry efforts to identify potential generic
operability problems.

The design and installation criteria for ASME Class 2 pregsure
relief devices will be in accordance with the acceptable rules of
Subsection NC-3600 of the ASME Boiler and Preasure Vessel Code,
Section III. The most severe discharge loads resulting from the
opening of ASME Code Class safety-rﬂlief valves will be calculated
by either an equivalent static analysis or a time response dynamic
analysis of the system. Iun the case of open safety or relief valves
mounted on a3 common header and full discharge occurring concurvently,

che additional stresses induced in the header will be combined with
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previously computed local and primary mesbrane stresses to obtain
the maximm stress intensity. Tha criteria used in developing the
design and mounting of the safety and relief valves of ASME Code
Clags 2 systems provides adequate agssurance that, under diacharging
conditions, the resulting stresses are not expected to exceed the
allowable design stress and strain limits for the materials of
construction. Limiting the stresses under the loading combinations
aasociated with the actuation of these pressure relief devices
provides a conservative basis for the degign of the asystem components
to withsetand these loads without logs of structural integrity and
impairment of the overpressure protection function. The criteria
used for the design and :I.nst:ilatinn of overpressure relisf devices
in ASME Code Class 2 Systems constitute an acceptable design basis
in meeting the applicable requirements of General Design Criteria
1, 2, 4, 14 and 15,

Seismic Qualificacion of Category I Instrumentation and Electrical

Equipment
Instrumentation and electrical components required to perform

a safety function will be designed to meet Category I design eriteria.
Selsmic requirements established by the seismic system analysis will be
incorporated inte equipment specifications to asgure that the equipment
purchased or designed will meet seismic requiremsnts equal to or inp
excess of the requirements for Category I components, either by

appropriate analysis or by qualiffication testing.
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The applicant has proposad a seismic qualification program that
will be implemented for Category I instrumemtation and slectrical

equipment and the associated supports for this equipment to provide

assurance that such equipment can ba expected to function properly

and that structural integrity of tha supports will not be impaired

during the excitation and vibratory forces imposed by the safe
shutdown earthquake and the conditions of post-accident oparation.
The general program, as specified, consticutes an acceptable basis
for satisfying staff raquiremsnts and the applicable requirements
of General Design Criteriom 2.

The applicant has referenced IEEE Standard 364, 1971 for seismic
qualification of Category I electrical squipmemnt and enclosute 5
(Electrical and Mechanical Equipment Seismic Qualilfication Program)
to the staff letter to TVA dated September 14, 1973. Conformance
with these documents will provide acceptable methods for seilamic
qualification.

A detailed presentation concerning the results of tests and analysis
will be provided in the usual mamer in the FSAR for evaluation during

our review of the application for an operating licenss.
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Sumsary Description
The r&hctur design for the Bellefonte plants will be geometrically

gimilar to but larger thnﬁ previocusly reviewed and approved B&W
reactotluincluding the North Amnna facility. A significant difference
is that the Bellefonte facility will use fuel :ssemblies with a

17 x 17 fuel rod array, whereas the North Anna #nd earlier core designs
used 15 x 15 fuel rod assemblies. The proposed inirial core power for
each of the Bellefonte reactors is 3600 wegawat ta thermal, which is 272
higher than for the North Anna reactors. Bellefonte is presently
considered to be the lead plant for the B&W 205~fuel-assembly class of
rpactor,

Mechanical Design

Foel Mechanical Design

The proposed Bellefonte reactor fuel elements are to be provided
by Babcock & Wilcox and will conaist of Zircaloy—-clad uranium dioxide
fuel pelleta., The fuel rod mechanical design is identical to that
currently approved for use in North Anne Units 3 & &, wich the
exception of those items listed in Table 4.1. All Bellefonte design
items listed exhibir larger engineering safety margins compared to
the approved North Anna Unita 3 & 4 design.

All fuel rods will be internally prapressurized with helium during
final welding to winimize cladding compressive stresses during servige.
The level of prepressurization ie designed to preclude any cladding

tensile stresses throughout operationa due to total internal prer: :

-
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TABLE 4.1

FUEL MECHANICAL DESIGN COMPARISON

EETWEEN BELLEFONTE & NORTH ANNA UNITS 3 & &

Aggenblys (No,)

Rod Array
Foal Rodas
Rod-Rod Pitch
Guida Tubes

Puel Rods

Outside Diameter
Wall Thickness
Average Specific

Bellefonte (205)

17 x 17
264
24

.379 inches
L0235
Pover 5.4 kw/ft

Fuel Pelleta

DMsmeter 2324

I Theoretical Density 942

Stack Height 143 inches
Diaxetyal Gap 008 inches
Max, Temp @ 100X Powex 3760°F

North Anna (145)

15 x 15

208

.568 inches
16

430 inches
0265
7.1 kw/ft

370

912

144 inches
.007 inches
S410°F
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The staff requires that demsification of uranium dioxide E"fuéll
pellets be assumed to occur during irradiation in power reactors.. -
The initial density of the fuel pellets and the size, shape, and - S

distribution of pores within the fuel pellet influence the densiff-

carion phenomenon. The effects of densification on the fuel :bfi will
increase the stored energy, increase the linear thermal output,
increase the probability for loeal power spikes, and decrease tha
thermal conductance,

The primary effects of densification en the fuel rod sechanical
design are manifested in calculstions of time~to-collspse of the
cladding and fuel-cladding gap conductance. Time-to-collapse
calculations predict the time required for unsupported cladding to
become dimensionally unatable and to flatten into an axial gap
caused by fuel pellet densification. Gap conductance calculations
predict the decrease in thermal conductance due to opening of
the fuel-clad radial gap.

Babcock & Wilcox Topical Report BAW-10034 entitled, "Fuel
Densification Report, May, 1973," ia applicable to all B&W
reactors beginning with Oconee Unit 1 and includea Bellefonte. The
staff's review and acceptance with modifications of the B&W fuel
demsification model was presented in its report "Technical Report on
Densification of Babcock & Wilcox Reactor Fuels," dated July 6, 1973.

This model also applies to Bellefonte.
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The fabrication of the Bellefonite fuel i3 not planned until
late 1978. Thus, it is quite likely that the as-manufactured fuel
will reflect significant improveunents in design and manufacturing
processes. The staff will remain cognizant of any B&W fuel design
and manufacturing process changes in its continuing review of
both standard and specific designs.

On the basis of our review of the current analytical models
and their confirmatory test results we have concluded that the
Bellefonte 17 x 17 fuel mechanical design provides for additiomal
engineering safety marging compared to those provided in the approved

design for North Anna Units 3 & 4.

Reactor Vessel Internals

We have reviewed the selection of materials for the reactor
vesgel internals required for reactor shutdown and components
relied upon for adequate core cooling. All materials are com-
patible with the reactor coolant, and have performed satisfactorily
in similar applications.

The use of materials proven to be satisfactory by actual service
experience will pruvide reasonable assurance that the reactor vessel
internals will not be sugceptible to failure by chemical or stress
corrosion cracking. Section 3.10.1 discusses the design, testing
and performance of the reactor vessel internals for normal operatiom,

gelsmic and LOCA conditions.
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Nuclear Design

Our review of the nuclear design of the facility was basad on
the information provided by the applicant in the PSAR and revisions
thereto, discussions with the apprlicant, and the results of .
independent calculations performed for us by the Brookhaven Hgtiml
Laboratory.

The proposed nuclear design of the Bellefonte reactors is the
same as that reviewed and approved for the Morth Anna Units 3 and &
reactors, except that Bellefonte will use additional fuel assemblies
each with 17 x 17 fuel element array while most earlier B&W reactors
were designad for a 15 x 15 fusl elemant array. ‘The informatiom
available from the applicant mmrnihg the 17 x 17 fuel asseably
design indicates that the change in fuel design will improve ovarall
reactor safety by lowsring the sverage and maximum linear heat
generation rate., For sxample, the original Mallefonte proposal usad
a 15 x 15 array vhich was designed to operate at 3414 MWt with an
average linear power density of 6.49 kW/ft. The new 17 x 17
Ballefonts fuel assembly is designed for an average linear power
density of 5.43 KW/fr at a thermal output of 3600 Mut,

The applicant has described the computer programs and calcula-
tional techniques used to pradict the nuclear characteristics of the
reactor design and bas provided examples to demonstrate the sbility
of these methods to predict the results of critical expariments

us ing noz and P““z" In‘.)z fuel.
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We hava concluded that the information presented adequately
demonstyates thes sbility of thess analyses to predict reactivity
and the physics characteristice of the Bellefonte reactors.

Datailed three-dimensional power distribution measuremente
have been performed at the Babcock & Wilcox Critical Experiments
Laboratory. ‘The results of the applicant’s calculations using
PDQU7, a thres-dimensional computer program, agree quite well with
the measured power distribution. PDQO7 as used by B&H incorporates
a thermal feedback in obtaining radial snd axial power distributions
for operations involving (1) changes in control rod positions,

(2) various xenon stability and control conditions, and (3) various
reactivity coefficients.

To allow for changes of reactivity due to reactor heatup,
operating conditions, fuel burnup and fission product buildup,

a aignificant amount of excess reactivity is built into the core.

The applicant has provided sufficient information relating to core
reactivity balances for the first cycle and has shown that means
have baen incoxporated into the design to permit comtrol of excess
raactivity at all times. This will be done through the use of
soluble boron in the reactor coolant, movable control rods, snd fixed
34(: burnable poison rod assembliea (BPRA). The BPRA's will be umed
rather than increased soluble poison to prevent the baginning of life
{BOL) moderator temperature ccefficient from becoming more positive.

The applicant has shown that sufficient control rod assembly (CRA)



worth will be available to shut down the reactor with nt‘lu;lt 13:
Ak/k suberitical wargin in the hot condition at any tims d?‘;ﬂt_thf,,_
life cycle with the most reactive CRA stuck in the fully'!ithd?gunﬁf,ﬁ. ‘
position. Equipment will also be provided to add soluble borom to
the reactor coolant to ensure a similar shutdown capability whem
the reactor is cooled to ambient temperatures. Control ruqu:l.rmr‘;u it
for cycles beyond the firast cycle will be established at the om&tinﬂ_
license stage as the design becomes more finalired.

On the basis of our review, we have concluded that the
applicant 's assessment of reactivity control requiremsnts over the
first core cycle i3 guitably consarvarive, and that adequate negative
worth has been provided by the control rods, the soluble borom system,
and the burnable poison rod assemblies to assure shutdown capability.
Reactivity control requirements will be reviewed for additional cycles
as this information becomes available at the operating 1:lumlq stage.

The basic inatrumentation for monitoring the nuclear power level
and discribution in the Bellefonte reactors is the sama in principll,ﬁ
as for all PWR plants recently licensed for operation. Pri-ntily:
reliance 1is pliced on four axially split, out-of-core detectors, 5
Also, 62 stringse ¢f self-powered incore neutron detectors are nvail-_“
able for incore mapping. Each string can measure local nlutron‘ -
flux at seven elevations in the core. Test results nhuwing‘thqt:u.“h

these incore detectora have a rated lifetime in excess of 5 years
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and a precision of + 5Z in determining relative power distribution
are presented in B&W Topical Report 10001, "Incore Instrimentation
Test Program,” (August 1969).

We htﬁe:ﬁbﬁciﬁdéd that the out-of-core detectors are adequate
for detectiﬁé'ﬁowér maldistributions originatcing from axial xenon
instability and misplaced control rods provided that the power
distribution mapping capability of the incore detecforn is used to
calibrate the out-of-core detectors periodically and to investigate
any power diltriﬁution anomalies detected by the out—-of-core detectors.

We have reviewed the applicant's analyses of xenon-induced
oacillations which are reported in three B&W Topical Reports BAW-10010,
Part 1, "Stability Margin for Xenon Oscillations Model Analysis,”
Augurt 1969, BAW-10010, Part 2, “Stability Margin for Xenon Oscillation -
One Dimensional Digital Analysis,” February 1970, and BAW-10010, Part 3,
“Stability Margin or Xepon Oscillations - Two and Three Dimensional
Analyeis,” April 1970. Those analyses indicated that while azimuthal
and radial xenon oscillations will not be divergenc, axial xenon
oscillatfons could be divergent at the beginning of the fuel cycle.
The analysis further indicated that axial xenon oscillations, which
are slow changes taking place over several hours, can be controlled
by having the reactor operator change the position of the eight part-
length Axial Power Shaping Rods (AFSR's). Results from induced

axial xenon oscillation tests during the initial startup of the



4.4

Oconee Unit 1 have confirmed that good agreement exists batween
predicted and measured results and that APSR‘a.pgé-éff:étive in
damping axial oacillations.
Thermal-Bydraulic Design

The proposed Bellefonte reactors are each designed to operate
at core power levels of up to 3600 MWt, which corresponds to ‘& net
electrical output of about 1200 MWe, We have reviwed_lptﬁé:*i:h_gﬁul-
hydraulics on the basis of 3600 MWt. A comparison of thathaml
and hydraulic de<sign parameters for the Bellefonte and North Anna
3/4 plaats 1s shown in Table 4.2. R

The principal criterion for the thermal-hydraulic design of a
reactor is to prevent fuel rod damage by providing adequate heat
transfer for the various core heat generation pal:l:erna-occufrinz
during normal operation, operational transients, and accidents.

Maintenance of nucleate boiling is a basic objective of a thermal-
hydraulic design. The applicant has demonstrated, through the use of
the Babcock & Wilcox BAW~2 correlation, that a departure from nucleate
boiling (DNB) heat flux can be avoided if the required DNB heat flux
ratio (DNBR) greater than 1.32 is maintained for steady state and
anticipated transient conditions. The values of minimum DNBR at
design power and design overpower conditions, shown in table 4.2,
are greater than the minimm DNBR design limit of 1,32; however,
the hydraulics analysis was not based on vessel model flow tests

which are completely applicable to the Bellefonte 205 fuel assembly
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Beactor Core Heat OQutput (MWL)
Systea Pressure, Bominal (psia)
Minismym DHBR at Design FPower
Minfwos DNER at Design Overpower
Minisum DERR for Design Transients
Total Reactor Coolmat Flow (106 1b/br)
Effective Flow Rate for Haat Transfer
(106 1b/hr)
Core Cooclant Average Velocity
Averags Mass Velocicy (lD6 lblhr#ftz)
Coolant Temperature (*F)
Design Nominal Inlet
Average Rise In Core
Total Heat Transfer Surface in Core
(!tz)
Aversge Heat Flux (lTUfhr-ftz)
Maximm Heat Plux (BTU/hr-fr2)
Maximms Thermal Output (kW/ft)
Maxisum Thernal Qurput at Cverpower
(kW/ft)
Maximom Fuel Cantral Temperature (°F)
100X
at 1127 Overpower

Bellefonte
1&2

3600
2250
1.82
1.4
>1.32
150.5

1542.4
16.2
2.65

572.5
59.3

63,991
186,822
507,044
14.74

16 .51

3760
4470

Rorth Anna

364

2631
2235
1.72
1.39
>1.32
106.86

103.0
16.3
2,67

366.3
61.7

40,743
214,000
582,000
19.2

21.5

4410
4720
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design. Since the core inlet flow distribution is dependent on flow® -
conditions in the inlet annulus and thermal shield reglons, the 20%°°

fuel sesembly vessel model flow tests, applicable to 'the‘-d“i-‘ﬁ:b:ff i

Bellefonte, will be reviewed at the operating license stige fo confivm
the acceptability of the thermal-hydraulics calculatioms. The = =
applicant has indicated that the core flow distribution tests i’nr‘tha
205 fuel ngsembly plants are scheduled for completion in 1974.

The core power lavel and the pesk linear power density of a FWR
are controlling factors in the evaluation of various transients and
accidents. For the Bellefonte reactors, the cors power level used
for the safety evaluation was 3600 MWt and the linear power density
used was 14.74 kw/ft (3760 MWt and 15.36 kw/ft for LOCA aunalysis).
With this assumed core pover and linear power density, this facility
complies with exlating criterfia. The maximum linear power density =
peraitted during steady state operation and the maximm linear power
density permitted to occur for certain plant operating maneuvers will
be determined during the operating license review and will be requirad
to be consistent with the criteria in effect at that time.

Preservation of nucleare boiling as the mode of hest transfer
betwean the fuel cladding hot spot and coolant not only assures that
the cladding temperature is only slightly greater than that of the
coolant, but that the fuel centerline temperature will not reach the
relting temperature. The applicant's criteria for overpower pro-

tection requires that the maximm fuel centerline temparature be less
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than that of the fuel melting temperature at a peak core power
genaration rate of 16.51 kW/ft during all modes of operatiom. In
fulfillment of this objective, the applicant has calculated a fuel
centerline temperature of 4470°F ar 16.51 kW/ft compared to a fuel
melt temperature of S080°F at begimning of life which reduces
linearly with burnup to 4800°F after 43,000 MWd/mtU.

On the basis of our review of the analytical techniques applied
to the previously reviewed and approved 15 x 15 core designs, we have
concluded that for the 17 x 17 core design, there is reasonable
agsurance (1) that the promosed thermal-hydraulic design accounts for
DNB and fuel center line temperature limitation in a satisfactory
manner, and (2) that the conservatism in the thermal-hydraulic design
procedures can be verified. In the event that sufficient verification
cannot be obtained from the test programs or that the analytical
methods are not conservative, appropriate restrictioms on operations

can be established at the operating license atage.
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REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

Sumzary Description

The Reactor Coolant System (RCS) forlﬂéllefnnte will.cééulst
of two similar heat transfer loops connected 1n.pafallii to ﬁhnll
reactor pressure vessel. Each loop will contain tﬁo raiéﬁdf coolant
pumps, and a once-through steam generatﬁr. in additidn,.thé Bystéﬂ
will be provided with a pressurizer, a reactor coolant dfhin tank
{(pressurizer relief tank), intercompecting piping and Banéing
instrumentation necessary for operational control. All the above
components will be located in the containment building.

During operation, the RCS will transfer the heat generated in
the core to the steam gemerators where steam wili be produced to
drive the turbine generator. Borated demineralized water will
be circulated in the R(S at a flow rate and temperature consiatent
with achieving the reactor core thermal-hydraulic performance.

The water will also act as a neutron moderator and reflector, and
as a vehicle for the neutrom absorbing Boron to be used in reactivity
control.

The reactor coolant system pressure boundary provides a second
barrier against the release of radioactivity generated within the |
reactor (the fuel rod cladding is the primary barrier), and 1s
designed to ensure a high degree of integrity throughout the life

of the facility.
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The RCS pressure changes caused by load transients will be
controlled by the use of the preaauri:ér with water and steam moin-

tained in equilibrium by elactrical henteru or water sprays. Steam

can be forled (by the heaters) or condenaed (by the presnuri:er

:prly) to minimize prnasure vnriatinnn due to contraction and
expnnsion of the reuctor coolant | Springhloaded safety valves and
power operated relief vnlvas are wnumted on the pressurizer and
discharge to thg reactor coolant drain tank, vhere the steam is
condensed and cooleﬁ by wixing qith water.

The‘lYItél ﬁonc;pt;s the aumé as feviewed and upprove& for
Rorth Anma Units 3 and#. |

Integrity of Reactor Coolant Pressure Boundary (RCPB)

The ASME Section ITI Code Class I components within the RCPB
will be deaigned, fabricated, and inspected in accordance with
the requirements of the applicable codes delineated in Section 3.2.2,
Syatem Quality Group Clasgifications and Table 5.2-]1 of the PSAR,
The applicable codes, code editions and addenda will comply with
the rules of 10 CFR Part 50, Section 50.55a, Codes and Standards.

No ASME Code Cases which are identified as unacceptable by
the Commission will be applied in the constfuction of pressure
retaining céuponenta within the RCPB. The applicant has specified
those Code Cases that will be applied in the construction of ASME

Section T1Y Code Class 1 components. Compliance with the requirements
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‘ R I R o gkl 'rfx:.@
of these Gode Cases 1s e:pectad to resulr. :l.n cmlpunml: 'qunl:l.ty Y
level consistent with the acceptable IBVel intendﬂd by t?&njrj_ j
requirements of GDC 1. i ._ " | , J ::‘:u” ‘
Design of Reactor Coolant Pressure Boun . Compe nt:l‘}
s . e NS SLRY - N TR .
The design loading cambinations spec:lﬂed far ASHB Coda . | L
Class 1 RCPB components have been appropr:l.ately c;tagotizfd 'iﬂ;i-:f :. e
respact to the plant condition :I.de:ntifi.ad as Nnrml: 5l:lp;:'l::. hlci'mnc; St

Ak b ]
W ,.,.f

or Faulted. The design 1limics prapnsed by the appliclnt far '
B R A
these plant conditions are consistent wi.th the crlteri.l recﬂ-mdld o

J

in Regulatory Guide 1.48 (Deaign Lim:l.tu and Londing (:odimt::l.ons

L f‘_,_-,':‘;‘;..‘:w o
for Seismic Category I Fluid System Compomtn, }hy 1973)' le e
Al

of the criteria recommended in Regulatory Guide 1. 48 for tha dnuign

F—
n‘.

of the RCPB components will providc reasonsble assurance that. (1) e
RTENY.. _‘-.e"‘
in the event an earthquake should occur at the sita, or (2) ﬂﬂu‘r
system upset, emergency or faulted conditiona shnuld develup, “

i 37'5"' ;5'- i }

the resulting combined stresaes imposed on the system componentn will

mot exceed the allowable design gtresses and strain 1:|.lll:lts for t;.'lﬂ
materials of comstruction. Limiting the stranua and strnins tmdjer |
such loading combinations provides a basis for tha dauiéu of tx:ha“.‘ .Tlu_i |
system components for the most adverae loadings postulnted to occui"”

v T DaarE

during the service lifetime wit:hout lon of the uyntml 8 struct:ural ‘
CeovetLg
integrity. The dea:lgn load conbinationa snd mmciatad utreas and

By B RS | [ R
deformation limits specified for ASME Code Class 1 couponenta '
constitute an acceptable basis for design in satisfying the related

requirements of General Degign Criteria 1, 2 and &.‘
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The applicant has idmtiﬂ.ed the active valves within the RCPB
vhoae nl;;;:;tic:n:; mlild upon to safely shutdown the plant and
maintain 11: 1n a safn mnditinn in the unlikely event of a safa
shutdown urthqnake or a design basis accident. The applicant has
also stated that ‘component: opeubﬂity test programs supplemented
by mlyt:l.c.nl lel:hodn will be daveloped to provide additional
assurance that: the clplbﬂ.:l.ty of these active componentsa 1r-r:l.J.].,..

(1) withnt.lnd thn imposed lnida assocliated witrh Hormal Uplﬂl:,
Emergency and hulud plant conditions without lose of structural
integrity and (2) perform their "active" funccion (i.e. valve
closun.or'old:ening), under éunditions and combinations of condi-
tions comparable to those expected when a safe plant shutdown

is to be effected or the consequences of an accident are to be
mitigated.

We have concluded that the program proposed by the applicante
is accaptable and will provids reasonable assurance of valve oparability.
The design and installaticn criteria for pressure relief

devices on the BRCPB will be in accordance with the acceptable
rules of Subsection NB-3500 of the ASME Boiler and Pressure
Vessel Code, Section I11. The maximum full discharge loads ra-
sulting from the opening of ASME Code Class 1 safety and relief

valves w:l.ll be calculated by either an equivalent static analyaia

or a l:ime reapanae dynmic analysis of the system.

1
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The criteris used in developing the design lnd mvnﬂina ﬂ'f‘

sumal

the safety and relief valves of ASME God. clul 1 nyatm providau‘

adequate asgurance that, under dinchnrg:l.ng condit:lm.L tba re;m
4] __“

sulting etresses will not exceed the allmrable deaig:_::_ atrgu and

strain limits for the materials of GDMFE}IF_tiqt!. Liu:l.ting the

LRl A H) vui

stresses under the loading combinations mocinr.ed with the:

RN B RS TEY w:i
actugtion of these pressure ral:lef devices providea l cunumtiw
basig for the design of the system colpunents to wi:hq_!:und thaaa
loads without loss of structural integrity and :lmpairnent of tﬁa
overpressure protection function, The cr:l.te'r:la, uned fot the dtuign %‘
and installation of overpressure relief devim :l.u ABHE Cude !
Clags ] Systems constitute an acceptable ‘deaign’ buia”appllica},}a | .
requirements of Gemeral Design Criteria 1, 2 4 1& fmd" ‘];51_1%-‘1

Overpressurizatioa Pro tec tion

R SV IET W T SR e

Overpressurization protection in accordance w:l.th the ASME Bui.].er.'

Vi th ,,l M;"f ..

and Pressure Vessel Code, Section IIT, Article NB 7000 (1971) 1:

provided by pressure relief of the RCS from two pre:ssurj:zqr sgfel:y

valves. One electrically actuated relief valve mnum:ed nu' _'npzzléé"

on the pressurizer is also provided. The pressuriner aafe.ty va]_vgg

i i

discharge through a common header to the react:or coolant drain tank--i

373 _'».-_‘?....:_-‘ r(m.« L

The pressurizer safety valves are Bized on the bas:ls of tha maximum
‘i. 2oy o

pPreggure tranaieut imposed on the RCS reaulting frpp complete 1035 ’

R ‘iu'\-f

of main feedwater flow. The applicant 8 deucr;l.pt:lon of RCS '

srbnel Foomoo
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overpresgire protection references B4 Topical Report BAW-10043,

Supplement 1. At present, this report is under review by the Staff

and determination as to the adéquhcy.nf the uvnrpfeﬁahre<bfbtéction

' for Bellefonte will be made as s part of the overall Anticipated

Tranaients without Scram (ATWS) review (Section 15.3). The applicant
has agreeﬂ‘td supply an hnaiyais as réqﬁlred in tﬁé‘staff'é réport,
WASH-1270, by October 1, 1974, The staff will evaluate this mstter
to:fhe'feqﬁirenents of the licensing position in Aﬁpendix A to
WASH-1270. ”

General Material Conasiderations

We have reviewed the materials of construction for the
RCPB to ensure that the posgibility of serious chemical or stresa
corrosion is minimized. All materials used are édmpatible with
the expected enviromment, as proven by extensive testing and
Batisfactory gervice performance. The applicant has shown that the
possibility of intergranular stress corrosion inm austenitic stainless
steel used for components of the reactor coolant pressure boﬁﬁdary

will be minimized because sensitization will be avoided, and adequate

" precautions will be taken to prevent contamination dﬁriug manufacture,

uhipﬁing; storage, and construction. The plans to avdid‘sanéitiZation

‘are in conformance with Regulatory Guide 1.44, (Control of the Use of

Sensitized Stsinless Steel, May 1973) except for approved differences

and iﬁclﬁdeﬂéontrols ou heat treatments and welding processes.
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The use of mlter:hlla ldth sltiafactory aerv:l.na X
oW ‘l._""a. R

the controls placed on lint: treamnt and welding prncuduru tgmad
L TR PR 1""14 3"“‘1*4 JI_."”

:I.cncl

S .—,H‘}

..,%

components wﬂl be co-pm::lhle. with the ezpected urv.i.ce euvimmnta

Jrf, 5!" pRCHES ;t:u,_

AT er-"r“'

by control of the chemical enviromem‘.. The chell.cal cﬁnpouil::l.on

and purity of the reactor coolant w:lll be (:ontrollad. 'l.'he prn

,;rr LI'?UJ.

maximm contaminant leveln, as well as t:he propoud pH, hydrngan

i ‘.._\

overpressure, and boric acid com:entrations, hwe baen shm_by : ‘tests

coma b i
MR RTINS A

and service experience to be ach:l.avable and adequate to pt‘otmt

FER T A .i"” a,t ir,"'

against corrosion problems.

Twlr o omanla ”mrr%
We have evaluated the proposed requirmnts for_ the. exte*mal
R S w*uJa‘:

insulation used on austenitic stainless steel cuqocments, and cp?t!x
e 03
clude that the reflective metal insulation used w'.lll not lead to

B T R e c'l’ tn
TE f

AL “4’.;_"'.'."’”'"“._‘ ..n'.’-.‘.J:E."L

deterioration of the stainleca steel when e.xpnsed to contaimnt

|‘- o '.I.J'\.;‘-"-,

sprays.

L
LA “’r‘

problems would occur in the unl:!kely event thaL ECCS or con—
Che e L he
tainment spray system are gctivated will be nin:l.miznd becaum
T *-:: el fa"*u,- e
of the pH of the circulating coolant will be maintained above S

e ,_11.3*"3 t"“-

7.0 by hydroxide additions.
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and service experience.
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“The applicant haa stated that the aecnndary water chemistry

will be contrnlled using full flow damineralization of the con—x.

?

densate tu prevant stresa corrosion or wastage of the steam

oy

Agenerator tubing, and that the adequacy uf the compositinnal

linits prnpﬂsed haa also been demnnstrated by lahoratory tests
We conclude that tha controla on chemical composition that
will be impnﬂed on the reactor coolant, Becondary wvater, -lergency
core cooling water, and the use of all metal reflectiVE external
thermal insulatiﬂn provide reasonable assurance that the reactor‘
coolant boundary materials will be adequately protected from

conditions that would lead to loss of integrity from chemical or

streas corrosion.

Fractufelfbughﬁaﬂs

We havé reviewed the materials éelection, toughness requirements,
andﬁéxtéﬁtfbfrmaterials testing propbaed by the applicant fo provide
assurance that the ferritic materials used for pressure retaining
componéﬂtéuﬁf ihélﬁCPﬁ wiii have ﬁdeﬁuate.touthEBB under test,

norual operation, and tranaient cnnditiona. All ferfitic materlals

P
Ry £

will meet the toughness requirementa of the ASME Beller and Pressure

Vessel Code, section TTT (1971 Bdition). In ‘addition, materials

for the reactor vessel will meet the addiﬁional téating and acceptance

criteria of the Summer 1972 Addenda, and Appendix G, 10 CFR 50.
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Tt H.rxr" Far ‘- /
The fracture toughness tente eud proeedures required;by Seet
Loy by wwhx
ITI of the ASME Code, as engnented by Appendiz G 10 CFR Part 50
TV 3! *-_*f;g,;j
for the reactor veagel provide reaseueble aesurancea that udequetn ”
.r.. 3\!3“‘. :-m
safety mergine egeinet the possibility of nnnductile behaﬂiar or
- SR L n\?“*“fubﬁi
rapidly propagating fraeture can be eatablished for all pressure o
vzl E,l“ Il e
retaining campnnents of the reactnr coulant boumdary. T _

The applicant etates that the reaetot w111 be epereted 16 a-

A r A ‘-‘{ GA
manner that will minimize the poeeibility of rapidly prupug;ting -

R Y IO, -if) .
failure, in accordance with Appendix G to Sectian III of the AS R
: ; -c‘ - , l-,‘:)::" S
Boiler and Pressure Vessel Code, Summer 1972 Addenda, and Appendix

_‘v-l w;_z f \-‘

G, 10 CFR 50. The applicant also states thut the method of

req!

determining pressure-temperature limitations will be deacrihed 1n

. e pp :_? ’ Lt
a forthcoming B&W topical repeort. We expect to review th:l.e report o

'E i“!-‘ . .
or such other equivalent infcrnetion ag TVA prnvidee to deecribe R

R, Im’l%""s';',*.‘
the method used to determine that the preaeure—temperature limita-

BT TA r“’...-}'lb‘ PR

tions will be in conformance with the provieions of Appendix G, 10

+ [ "
i

CFR 50, We find this commitment accepteble for the eunstruction

- [E N A
e .' t w “.f;

permit stage of review. Cnnservatiam will be required in the prea—
v el By
sure-temperature limits used for heatup, eooldown, teeting, and core

"u:;

operation because the applicant mst agsume that the beltline region

R oo ) A . T S ;,:1,_*?_1 Y A ‘ K .
of the reactor vessel has already been irredieted. ‘ o o gF

v *‘} %r
The use of Appendix G of the Code as a guide in esteblieﬁing ‘

IRy Ty ‘1'#3-..#‘6 ‘;‘."t:_'_’
safe operating limitations, using reaulte of the fracture tuughnnlu
tests performed in accordance with the Code and AEC Regulations,

will ensure adequate safety margins during operating, testing
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maintenance, and P“FF“;F?%P,?“?idﬂnt conditions. Compliance with
thﬁse Codg_éryviﬁ;;n; ;nA é#¢ regulations, goqatigute an acceptable
basis fo: utiéfy#grthe '.r.:equ_iremeqts. of.-’Genetal Design Criterion 31
at the cqp#p¥ucgion pe;-i;latagé of“our review. As ;n addifional
réqu:l.réuenj: the tﬂughnesﬂ i:ropertieq of the reactor vessel heltline
material wiil be mounitored .throughout service life with a material
surveillance program ;ﬁa; will_meet all the requirements of ASTM

E 185-73 and Appandix‘ﬂ, 1ﬁ CFR 50 (July 17, 1973). The composition
of reactor ;ressel.belltli.ne material, including weldﬁ, will be
controlled‘during fabrication to minimize the copper and phosphoruys
content., thus ensuring thathe sensitivity to radiation damage will
be low, but the mmber of capsules provided in the surveillance program
1s conservatively based on assuming high values of sensitivity.

Changes in the fracture toughness of material in the reactor
vessel beltline caused by exposure to neutron radiation will be
assessed properly, énd assurance of adequate safety margins againat
the posgibility of vessel failure can be verified through implementation
of the material surveillance requirements of ASTM E 185-73 and.
Appendix H, 10 CFR Part 50. Compliance with these documents will ensure
that the surveillance program constitutes an ncceptable basis for
monitoring radiation induced changes in the fracture toughness
of the reactor vesse]l material, and will satisfy the requirements

of General Design Criterion 31.
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st

Although the use nf controlled compnniti-un ‘miterfal for tiu i
reactor vessel beltline w111 minimize ‘the pouib:ll:lty th.t"“‘dj.tm

}
will cause serious degradation uf tbe toughneu pmpatt:[n;

applicant has stated that should reaulta of teats :uuﬂute thlt
the toughness 13 not nd&quate, ‘the reactor veusel can be maalul
to restore the touglmass to acceptable levels. We cuncludea tﬁ: g
adequate measures have been or will be taken to assuré lccaptable N
fracture toughness of the R.CPB,. . S

Control of Stainless Steel Welding

We have reviewed the controls prupoaed to pravent hot crlck:l.n;

(flssuring) of austenitic steel welds. These prec.uutions include
control of weld metal composition and irelding pProcesscs to'er'uura
adequate delta ferrite content in the weld metal. The propoud

methods comply with Section III of the ASME Code, and are 1n e

conformance with Regualtory Guide 1,31, (antt‘ol of Stl'.lﬂlm Stuik
Welding, 6/73) except for approved differences. The use of ﬂtcri;ls o
processes, and test methoda that are in accordance with these rcqu:lttn
and recommendations will provide reasomable assurance that 1oll of |
integrity of austenitic stainless steel welds caused by hot cracking

Cooe

during welding will mot occur.

Pump Flywheel

The probability of a loss of pump flywheel 1ntegr1i:y can be
minimized by the use of suitable material, ndequati dcdn:l.g'h.' and

inservice imspection. We have evaluated the integrity of the
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‘ “:Iaﬂﬂtﬁrféqﬂlant_nylp flysheel and have concluded that its lutegrity

£ provided by conformance with Regulatory Guide 1.14, (Reacror

Coclant Pump Flywheel Integrity 10/71).

_‘Ihg“qquof suitable material, and adequate design and in-

service inspection for the flywheels of reactor coolant pump motors
. a8 specified in the PSAR provides reasonable assurance (a) that

 the structural integrity of flywheels is adequate to withstand

the forces imposed in the event of design overspeed transients with-
out loss of their function, and (b) that their integrity will be
verified perfiodically in service to assure that the required level
of soundnessa of the flywheel material is adequate to preclude
fgilure. Compliance with the recommendations of Regulatory Guide
1.14 constitutes an acceptable bagis for satisfying the requirements
of General Design Criterion 4 (See also Section 5.4).

Inservice Inspection Program

Yo

To ensure that no deleteriocus defects develop during service,
selected wel@g_and weld heat~affected zones will be inspected
periodically. The applicant has stated that the design of the
reactor coolant system iqcorporates provisions for access for
inservice inspectinns in ;cﬂordance with Section XI of the ASME

Boiler and Pressure Vessel Code, and that a tool will be developed

to facilitate the remote inspection of thosc areas of the reactor

veagsel not teadily acceessible to inspection personnel.
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The conduct of periodic inspections ﬂﬂd”hyd_’-'ost_a.t,ic_ taﬂt:l.ng ,
of prewsure-retaining components in the reactor coulaqt;__pl‘ﬂlﬂ_;'u!{q «
boundary in accordance with the requirementa of ASME Sectipn'x;

Code provides reasonable assurance that loss of structural or

leaktight-integrity occurring during service will be detected ;' R

in time to permit corrective action before the required safety ,, -

function of a component is compromised. Coﬁ:plﬂnge "'“Ih, theﬂil n—
service inspections required by this Code mustitutes an Bzcceptg.,'b]_ﬁ.
basis for satisfying the requirements of General Design Cﬂter"inq 32,

RCPR Leakage Detection System

Coolant leakage within the containment conld be an indication;:::
among other things, of a small throughwall flaw in the RCPB,
Leakage detection systems are proposed for leakage to the con~

taimment which will (1) include diverse leak detection methods, |

(2) will have sufficient sensitivity to measure small %gakq,i

(3) will identify the leakage source to the extent practical, and
(4) will be provided with suitable control room alarms and Tead- |
outs, One system detects changes in cantaiment activity (gaseous -
lodine and particulate), another monitors changes in containment 5
sump liquid level while another measures vapor cundensation.
Indirect indications of leakage will also be.; obtainad.:from thg

increase in containment humidity meaaured_by_f pressure and temperatufa

indicators. The leakage detection systems proposed to detect leakage
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from mntu and piping of | tﬁe reactor conhnt pruiure bﬁundary
are in accordamce with the poeitions of Regulatory Guide 1.45

(Reactor Coolant Pressure Boundary Leakage Detection Systems, 5/73)
and provide reasonsble assurance that any ‘ltructiml deﬁudaﬂm
resulting in leakage during service will be detected in time to permit
corractive actions. We conclude that RCPB 1m;: systems designed
in accordance with the positions of Regulatory Guide 1.45 constitute
an acceptable basis for satisfying the requirements of General Design
Criterion 30.

Reactor Vessel Integrity

We have raviewed all facctors contributing to the structural
integrity of the reactor vessel and ve conclude there are no
special considerations that make it necessary to consider potentisal
reactor vessel failure for this facility.

The bages for our conclusion are that the design, material,
fabrication, inspection and quality assurance requirements will
conforw to the rules of the ASME Boller and Pressure Vessel Code,
Section III, 1971 Edition, all addenda through Summeyr 1972, and
all applicable Code Cases.

The stringent fracture toughness raguirements of the ASME
Code, Sectiom TII, 1971 Edition, and the 1972 Summer Addenda will

be met. Also, operating limitations on temperature and pressure

‘will be established for this plant in accordance with Appendix G,

"Protection Against Non-Ductile Failure,” of the 1972 Summer



Code and pertinent Code Cases. . ‘
Will be made from materials of ..mnt‘:gglqu_:md dmnpl:rlte(i
high quality. e e
Will be subjected to extensive inspection nnd teatingtn_
provide substantial assurance that the vessel will mot faﬂ
because of material or fabrication deficiencies. .
Will be operated umder conditions and procedures and with P :
protective devices that provide assurance that. t:he rencl:or

vessel design cunditions will not be axceeded during naml
reactor operation or during most upseats :l.n‘apgl_:a::_l,gg”ggg;:,
that the vessel will not fail under the cquitiona of !ﬂY
of the postulated accidents. . | D LS 2
Will be subjected to monitoring and periodic ‘inspé«_:t::!._dn to |
demonstrate that the high initial quality o.f"the Teactor ..

vessel has not deteriorated significantly under the agﬁica ;_,My;_;'-_:';:'ﬂ ’
conditions. e e
May be aqmealsd to restore the material toughness properties :I.f

this becomes necessary.
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' Component and System Design

The Reactor Cooiant Pump is designed'td provide adequate rnre
éoﬁliﬁg“fiﬁﬁihﬂd hence sufficient heat transfer to maintain a
DNBB<1.32, within the parameters of operation.

"$Sufficient pump rotational inertia is provided by the flywheel
to ﬁfﬂﬁnte‘cﬁntiﬁu&& flow following a loss of forced flow resulting
from mechanical or power failures to the pumps such that the reactor
neutron power can be reduced before DNBR limits are exceeded.

A pump ovarspeed evaluation has not been submitted to the
staff and the applicant has indicated that these studies, as well
ag the results of an investigation of overspeed protection devices,
will be reported for our evaluation of the operating license
application.

Analyses have been performed to hypothesize the effects and
consequences of the loss of forced reactor coolant flow accident
discussed in Section 15.

The steam generator 1s a vertical straight-tube-and-shell heat
exchanger and produces superheated steam at constant turbine throttle
pressure over the operating power range. The reactor coolant
enters the stesm generator upper hemispherical head, flows downward
ingide the tubes giving up heat to generate steam on the shell side
secondary loop. The steam generator tubes and tubesheets as part

of the RCPB are designed to withstand RCS design pressure and
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temperature to minimize the transfer of activit?

T
POpES
piL}

SR _-":"r_..,, fg "0 .«a.‘,J’:..
the core to the secondary system. The stea genarator

a heat sink for the feactbr'cubianfysyaééﬁlbeﬁﬂf‘

‘\-\.Ij

evaluation than the core to 1uprnve natu%al ci%tulnt n“% )

B T | “'I‘L;‘f =
heat removal, . ‘

interactions.
The Decay Heat Removal System (DHRS), 1a designé&wéd“ em&
decay heat and sensible heat from the RCS and core dur:lng the' latter,

low pressure stages of cooldosm. The system 130 provid&s auxiliﬁ

Ly

spray to the pressuiizer for complete depreaaurizatinn, uaintai‘iﬁg

the reactor coola.t temperature during refueling, and’ pruvides theﬁ

£.r u' ﬁ,.:

means for filling and draining the refueling r:.avity fu the ?&'ve t

AN 'H;-

of a LOCA, the DHRS garves a part of the Emergency Care Cooliuﬂ

Syatem by providing low pressure injection of borated waﬁer in:uﬂ ?f
the reactor vessel for emergemcy core cooling. R
The DHRS is placed into cperation approxiﬁatelf'ﬁ;ﬁﬁﬁfs'“
after initiation of plant shutdown when the téﬁﬁéfifﬁf&llhh?:ﬁ!
preasure of the RCS are below 305°F and 600 ﬁsiég‘réhﬁéﬁfi¥hf§fw
Agsuming that two pumps and coolers are in service, 'and tﬂ“H “H *’”

each cooler is supplied with component cooling water &t ‘déaign

LSRR VI E T Folie BRI T S
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_flqw.qﬁg Eﬁ!???ﬁﬁ#tﬁ; FPF&P“‘S igJQesigned to reduce the RCS
cempezature to, 160°F within 14 hours. .

- | Iﬁfﬁﬂﬂﬁﬁ,iazprqvided vith two DHR pumps and two DHR coolers
arranged in Feﬂugdanf,and independent flow paths. If one of the
two pumps or one of the two éﬁolers is not operable, safe cooldown.
of.tﬁé'?}appis not cn-prqnisgd, The use of the DHRS as partlof the
ECCS 1g described in Section 6.3

The applicant has indicated that redundant instrumentation will be
added to the DHR isﬁlation system to detect check valve leakage and to
prevent overpressurization of the DHRS. Detalls of this additional
safety feature will be included in the FSAR., We find this commitment
acceptnble‘and will require it to be documented prior to 1sauance of a
¢on3truc;iou permit.

The two pressurizer safety valves are bellows sealed, balanced,
spring-loaded safety valves equipped with a supplemental back
pressure balapcing pis;nn‘for handling a bellows failure. The
remaining pilot operated pressurizer rellef valve is electrically
actuated.,

The combined capacity of the pressurizer safety valves is
106 lh/h:&‘apﬂ_baggd‘nn gccep;;ng the maximum surge reaglting
from ahggpplgtg loss of main feedwater flow. This objectiveJis
met withgutﬁyeacéorbt;ip or any operator action‘provided tha:
the atgggianfety.ggivgg_qpag as designed when the asteam preasure

reaches the steam-side safety setpoints. The pressurizer safety



accident from an inlet line break. This flaw pathaprpvidea.fo'

[t

There are 8 of these vent valves, ea;h:with,agheffﬁﬁE%Yﬁ flow
diameter of 14 inches. The seating face of eaphﬁﬁ#lvewﬂigﬁfiﬁ
inclined 5 degrees to the vertical to insure auppﬂig;yg_ggal

(the differential pressure acting across the valvghgﬁyﬁ;gg;ﬁl"lw

it also). The vent valve design i3 essentially ﬁhg@qgggigs;Q§gq;

for the Oconee design except the exercising hoqk_igﬂg_iggﬁgfgp"
shape and the valve is mounted by capture bqltg\;h;pqgﬁwaffiange

In the thermal-hydrauiic analyais of the seligfohtg p;§ng£pr'
normal operation, the applicant assumed that there was no core'bg%

flow resulting from an open vent valve. At preaént*~the ghi‘

adequate instrumentation to detect the ayatem flow chﬂng&lk

(approximately 5% reduction in core flow), which would result frum

an open valve. The staff positiun haa not changed frum thatl‘akan

on the Oconee plant. Therefore, the staff requirea that one val"

less than the minimum detectable numhar of atudk open vent valvea'
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E;ﬂéééﬁﬁéd”éﬁéﬁ“éﬁh"iﬁé Eﬁ%téﬁpdﬁaing core flow péuélty‘be imposed

for the thermal-hydraulic design of the RCS and core. Thig analysis

_should be {ncorporated into the FSAR and will be evaluited to deter-

'ﬁiggféﬁeygiig§abié operating characteristica of the system. Changes

to this staff pbéifidﬁxwill be considered as experience from operating

piaﬁta for which vent vﬁlves have been installed becomes available.
'wﬁéhéﬁnﬁlude; with the conditions as nnted‘above, thatlthe proposed

reactor coolant syatem, subsystems and component designs are acceptable.

Laﬁee‘?affé‘anitor

Occasionally, miscellaneous items such as nuts, bolts, etc.,
have become loose parts within reactor coolant systems. In addition
to causing operational inconvenience, such loose parts can damage
other components within the asystem 6r be an indication of undue
wear or vibration. ¥For such reasons, the staff has encouraged
appiicanfs over the past several years to support programs designed
to develop effective, on-line loose parts monitoring. For the past

few years we have required each applicant to initiate a program, or

‘ to participate in an ongoing program, the objective of which 1s

the deﬁélbpment'of a functionsl, loose parts monitoring system within
a reasonable period of time.

As ‘a result of such programs several prototype loose parts

"monitoring systems have been developed and are presently in
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AL

operation or beling installed at aevefal plap'tf:fsi,.j
approved plants utilizing a Babecock &-W:I.idd:_: nuclea

system have installed such systems.

online monitoring system Wwill be :I.nstalled.

stage. 'fe find this comsmitment acceptable dnd wil]. requ:lre‘that

be documented prior to issuance of a constructiun pemit.
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" ENGINE SAFETY FEATURES

Desiﬁi‘: Considérations

’f%fhé‘pﬁiﬁoaé of the various englneered safety features is to

“pfbvi&é‘a‘cﬁmblete and consistent means of assuring that the

publi¢’ will be protected from excessive expasure to radioactive
materials should a major accident occur in the plant. In this
section we discuss the reactor contaifment systems énd the
emergency core cooling eystem. Certaln of these systems or parts
of these systems will have functiona for normal plant operations
as well as serving as engineered safety features.

We have reviewed the proposed systems and components designated
as engineered safety features., These systems and components will
be designed to beiégpable of assuring safe shutdown of the reactor
under the adverse conditions of the various postulated design
basis accidents deécrihed in Section 15 of this report. They
will be designed, therefore, to seigmic Category I standards and
mgt function even with complete loss of offsite power,

Components and systems will be provided in sufficient redundancy
50 that a single failure of any compoment or system will not
result in lose of the capability to achievé safe shutdown of the
reactor. These desige requirements are in accurdance:with the

AEC General Design Criteria of 10 CFR Part 50.






We have reviewed the materials selection p;ﬁpqaed for the cou-
tainment.heaﬁ.rennval and ECCS systems., The applicant has s;ated
that the u3é ¢£rsens1I1zEd stainless steel will be avoided, and
that the pH of the contaimment spray and the circulating coolant
will be compatible with the reacﬁor materiala;

We have concluded that the controls on material and cooling
water chemistry proposed will provide assurance that the Integrity
of components of these systems will not be impaired by chemical
or stress corrosion .

The applicant has stated that welding of austenitic stain-
legss steel for components of these systems will be controlled
.to prevent deleterious hot cracking. The proposed control of
weld metal composition and welding procedures are in general
conformance with the recommendations of Regulatory Guide 1.31
{Control of Stainless Steel Welding, 6/73) and will provide asaurance
that loss of function will not result from hot cracking of welds.

6.2 Contaimment Systems

6.2,1 Containmment Functional Design

The containment system for the Bellefonte Nuclear Plant, Units
1 and 2 includes a dual reactor containment structure, contain-
ment heat removal systems, containmment isolation systems, a
combustible gas control system and & secondary containment air

¢leanup system,



including the reactor, steam generator, reactor cuolant pumb g
and pressurizer, as well as certain cqmpnnants of the plaﬁt'
engineered safety feature systeam. The containmen;uis gggggned
for an internal pressure of 50 psig and a temperature of 275’?**w”
The secondary contaimment building enc],qaes th primry cogta:fl.n-\ ;
ment. The annulus formed by the,sgcpnﬂary cantainmgnprandwéhfﬁ H
primary containment building is maigtaingd atnegativeuptesagpg?ﬂ.”;_Hn 
conditions under both normal and accident conditioma. The
secondary containment system incorporates a cleanup system to
provide for the cleanup and controlled release to the environment -
of fission product leakage from the primary contaimment |
following a postulated accident, _
The applicant has described in the PSAR the methqu.anéan
results used to analyze the containment pressure response fgr_.
a number of design basis loss-of-coolant accidéﬁts (LOCA's).
Varioue break locarions and aizes were evaluated to detgrm:.l.ne_:qhat.“the.. ‘_ "
double-ended pipe rupture at the pump suction‘qf;;he reacto;;ﬂ: o |
coolant system results in the highest contﬂinmgn; pressure.
Minimum contalrment cooling, assumed in the an%lyqiqf‘inq;udgd“
one reactor building spray train and one reactorvhuildipg"fgn_“ e

cooler.
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The applicant has analyzed the containment pressure response

. from poatulated loss—of-coolant accidents in the following manner.
The B&W CRAFT code was used to calculate the mass and energy
release to the contaloment during the blowdown, core reflood, and
post-reflood phases on the accident. The mass and energy addition
rates calculated ipn this manner were then used as input by the
CONTEMPT computer program, which is used by the applicant to
calculate the contaimment pressure response.

As degcribed above, the CRAFT program was used to calculate
blowdown mass and energy releases. The blowdown phase of the
accident ig the phase during which most of the energy contained
in the reactor coolant system including the coolant or water,
metal and core stored energy is released to the containment.

To obtain a consarvatively high energy release rate to the
containment the apnlicant assumed nucleate boiling in the core

unti)] the quality of the coolant was approximately 1.0. In addition,
the analysis maximized the energy release to the containment

by assumlng full ECCS operation and neglecting the quenching

action of the incoming ECCS fluld on the exiring steam.

The CRAFT program was alzo used by the applicant to predict
mass and energy release to the containment during the core reflood
phase of the accident. The amnalysis of the reflood phase of

the accident is important with regard to pipe ruptures of the
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Teactor coolant systems cold legs since the amount of steam #ﬂ&{* .

entrained liquid carried out of the core for these‘bréakaipc#tibﬂpﬁl

passes through the steam generators can be evapnratedJahﬂlofyﬁf@;
superheated to the temperature of the steam generator segond;rquﬁﬁﬁ3
fluid. During core reflood the carryout rate fraction which
determines the amount of steam and entrained water laaving'the S
core and therefore the amount of energy that can be trangfetrednw~:
from the steam generator 1s calculated based on a correlation
inherent in CRAFT. The CRAFT reflood calculations for the design
basis accident Included average carrvout rate fractions in exﬁeas o
of 0.8. Results of the applicable FLECHT experiments indicate that
the carryout fraction of fluld leaving the core during reflood is.
about 0.8 of the incoming flow to the core which canfirms the
agsumptions of CRAFT. The rate of energy release to the con- .
tainment during this phase 18 proportional to the flow rate into

the core, and thus through the steam generators. The applicant

has also presented the results of an analysis of the mass and -

energy release during this phase of the accident assuming quenching
of the exit steam by ECCS Injection flow and in addition without
assuming quenching of the exit steam to the containment. Because
the applicant has not, however, provided gufficient justification

to demonstrate the extent of steam quenching assumed, we have

based our review on the conservative asgumption that no steam is

quenched by ECCS water.
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.Afterrthe:core has been completely covered with water, decay
heat -generation will produce boiling in the core and a two-
phase mixture of steam and water will exist in the core. This
mixture cap enter the steam generators and provide an additiopal
energy release to the contaimment. The applicant's analytical
model accounts for this additional frothing energy. The cal-
culated containment peak pressure as determined by the applicant,
occurs at 200 seconds. At 500 seconds after the accident essentially
all of the available sensible heat has been removed from the
Teactor coolant system and the steam generators.

The CRAFT computer program has been accepted by the staff for
calculating mass and energy releases to the containment during
the blowdown phase of the postulated accident. In addition,
we have compared the CBAFT calculations of mass and enargy release
to the containment during the refloed and post-reflood phase of
the accident to our FLOOD=2 calculations. This comparison indicates
good agreement between CRAFT and FLOOD-2, We therefore conclude
that the applicant's metheds for calculating the mass and energy
releases to the contaimment are reasonably conservative and
acceptable if the quenching action of the ECCS fluid on the exiting
steam 1is neglected following blowdown.

Using the analytical methods described above the applicant
calculates a peak contaimment pressure of 43.5 psig for the cold

leg pump suction double~ended rupture (equivalent area of 11.2 ftz).
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We have performed confirmatory containment.pressure Eggpguggﬁ

calculations for the design basis accident using our,K CONTEMPT, o

computer code. We calculate a peak containmgnt1prqgsufguphﬁﬂlﬁﬁ#‘tﬁiﬁ
egsentially the same as the applicant's (i.e., aboyt 43 Pﬁ#’;n@gﬁ‘j

The applicant has also analyzed the containgent,pggggggg o
response to a postulated main steam line failure. Thaﬁ;pplégakﬁ:
has comservatively assumed that the energy agso;iatgd:w4gpw§h%§?;
accident is instantanecusly released to the reactor building
and has pot taken credit for static heat sinks or rgacgnylbpilﬂing‘
cuoliné. The applicant calculates a peak containment prgssqrgﬁﬁj 
af 23 psig for this accident.

The applicant has analyzed the pressure response within the.
containment interior compartments, such as the reactor vessel .
cavity, the steam generator compartments and the primary shield
pipe penetration annulus. The applicant used the CRAFT computer
program to calculate the peak compartment pressure differentials,
Consistent with our current practice the applicant has set compafﬁ—
ment design pressure differentials using a 40%Z mwargin between .
the maximum differential pressures calculated by conservative
methods and design values used in che structural loading equatioms.
The applicant calculated 2 limiting design pressure differential
of 200 psi for a single-ended rupture of the hot 1eg.and lé.lﬁpgi

for a double-ended rupture of the hot leg in the reactor cavity
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and steam génerator compartments, respectively. The design pressure
of the'pipe annulus was set at 2200 psia, which corresponds to

the primary coolunt pressure. We performed confirmatory analyaes
using the RELAP-3 computer program and predicted pressures in

good agreement with the applicant’'s results,

We have evaluated the containment aystem functional design in
accordance with the General Design Criteria stated in 10 CFR Part 50
and in particular, Criteria 16 and 50. We conclude that the applicant's
containment design pressure of 50 psig provides adequate margin
{(about 15%) when compared to the maximum calculated contaimment
pressure of 43.5 peig and is therefore acceptable. In addition,
based on our review of the applicant's CRAFT subcompartment model,
our confirmatory calculations and the 40% margin specified for the
subcompartment design pressure differentials we find the subcompartment
design pressure differentials acceptable. We therefore conclude
that containment functional design meets the requirements of General
Design Criteria 16 and 50 and is acceptable.

6.2.2 Containment Heat Removal Systema

The Reactor Building Spray System (RBSS) and the Reactor Building
Cooling System (RBCS) are provided to remove heat from the contain-
ment following a loss—of-coolant accident. Any of the following:

combinations of equipment will provide adequate heat removal capability:



a. both spray trains of the RBSS, I 1ﬂF;‘"“ IR

b. two fan-cooler units of the RBCS, and

R

¢. one spray train of the KBSS and onme fan-cooler unit of-J“J}i“f.,T ‘
the RB"‘:S - i
The RBSS serves as an englueered sufety'féatufé"flt G

I

a seismic Category I system consisting of redundant”ﬁiﬁiﬁg;“;wj"w

o)
W

wvalves, pumps and spray headers. All active componuﬂférof°iﬂé:wf

Lo e anmd
RBSS are located outside of the reactor building., Missile pru—})

T

tection is provided by direct shielding or physical‘sdpafd%iaﬁ“”
of equipment. The reactor building sump screen acsembly s de-
signed to prevent debris from entering the spray systqﬁ‘fhafw:;unﬁ
could clog the spray nozzles.

A high reactor building pressure signal from the engineered -~
safety featurea actuation systmn'will automatically place the
RBSS in operation. The spray pumps will initially take suction
from the borated water storage tank. When the water in the'fankf
reaches a low level, the spray pump suction is manually Efﬁﬁéféifgd 
to the reactor building sump. _

The Reactor Building Cooling System (RBCS) 18 used dﬁrﬁhg both
normal and accident conditions. Three equal capaﬂity,fﬁk*cqolefﬁ'
are provided. Each unit contains a cooling coil and a twﬂ-aﬁéed
fan. Under post-actident emergency cooling conditions, uﬁdﬁ:

tecelpt of a reactor building high pressure engineered safety



feature signal the fans transfer from high to low speed operation,
Cooling water flow is supplied by the essential raw water cooling
aystem.

The Reactor Building Cooling System (RBCS) 1u a seigmic Category
I system. The RBCS unita will pe located inside the reactor
building bpt outside the secondary shield, at an elevation above
the water level in the bottom of the reactor building during post-
LOCA conditions. This location protects the units from missiles
and from flooding. We have reviewed the containment heat removal
and Regulatory Guide 1.1 (Net Positive Suction Head for Emergency Core
Cooling and Containment Heat Removal Pumps, 11/70) and we find them
to be acceptable,

6.2.3 Containment Air Purification and Cleanup Systems

There are two engineered safety feature aystems that provide
a containment air purification and cleanup capability. These are
the Reactor Bullding Spray System which reduces alrborne iodine
inside the primary ccntainment, and the secondary containment air
cleanup system which reduces the levels of airborne particulates
and iodine fn the secondary containment annulus. The Reactor
Building Spray System was discussed in Section 6.2.2.

During normal power operation the ampulus 1s maintained at

approximately 1 inch negative water gauge pressure. In the
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post-LOCA condition the secondary eanteinmeut cleanup eyatem o
RE Y
serves two functions. First, it maintnine the eeeondary eontain‘

i A
" N

ment at a negative pressure relative to atmosphere te ealleet

- r§f" A 'F"':

)HT

essentially all primary containment leakege. Secﬂnd, lt proceBEe

and recirculates the secondary containment atmuephere. The eyetem‘

.1!.13‘,_ R

consista of two separate redundant eyeteme, either of which is

L -Fn:.

capable of maintaining the pressure inside the enmulua to e negative

[
PR

0.8 inch water gauge and providing filtration ef the eir 1ns;de
the annulus while discharging to the environment‘through fiitere,
sufficient air to maintain the negative pressure differentiel. -
The syr.em will be designed to seismic Category I criteria and
each subsystem is provided with a separate source of emergeneyl
power. FEach filter train consists of a demister, heater assembly,
HEPA prefilters, two banks of carbon adsorber trays and a fieei
; ;
bank of HEPA filters. The trains are started automatically follow-
ing an accident signal. o
The applicant has performed analyses to demonstrate thee ehe
annulus presgure will be maintained at a negative 0. S 1nchee o
water gauge following a LOCA. We have reviewed the applieant e .i,
analysis of the annulus pressure responsge and find it eeeeptehle;
The applicant wiil perform a series of preoperatienal teete to ll

confirm the containment leakage and the perfermence of the fil- ’

tration systems for the secondary contalnment. we will review '
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the results of this testing program at thé'operating license review
atage and will require periodic imservice inspection tests as part
of the Technical Specifications.Based on our review of the proposed
design and the predicted performance of the air purification and
cleanup systems, we concludthat these systems will meet the intent
of Regulatory Guide 1.52, General Design Criteria 41, 42, 43 and 64,
and are acceptable.

There are four other engineered safety feature air cleanup
gystems at the Bellefonte Nuclear Plunt. These are:

a. Main control room air cleanup units.‘

b. Auxiliary Building Fuel Handling Area Exhaust air cleanup
units.

¢. Auxiliary Building Unit 1 mechaniecal equipment zone exhaust

alr cleanup wnits.

d. Auxiliary Building Unit 2 mechanical equipment zome exhaust
air cleanup units.

The astaff has analyzed the engineered gafety feature filtration
systems deaignated by the applicant to operate in emergency
situations with respect to the positions In Regulatory Guide 1.52
(Design, Testing, and Maintenance Criteria for Atmospheric Cleanup
System Air Filtration and Adsorption Units of Light-Water-Couoled
Nuclear Power Plants, 6/73). We find the applicant's design in
agreement with these positions. We have used an adsorption
efficiency of 95X for iodine removal in our accident consequence

computations (see Section 15).
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Contatmment Isolation Systems

The containaent isolation system will be désigned.tn aﬁtomnfically |
isolate piping systems that penetrate the cantainm;ﬁt g; ﬁrné;ﬁé
out«]leakage of the containment atmosphere following a 13&:45£¥'
coolant accident. Double barrier protection, in tﬁe‘fnxm of -
closed systems and isclation valves, will be provided.to aﬁiure‘
than no singie active failure will result in the loss of con-
tainment integrity. Contaiument penetration piping, including
the igolation will automatically occur on a high reactn; building
pressure of 4 psig. All fluid penetrations not required for
cperation of the engineered safety features equipment will bhe
isolated.

We have reviewed the containment isolation system for cnnfbtmance
to General Design Criteria 54, 55, 56 and 57 and conclude that the
system design will meet the requirements of the Gemeral Design Criteria
and is therefore acceptable.

Combustible Gas Control Systems

Following a loss—of—coolant accident, hydrogen may accumulate
inside the contaimment, The major sources of hydrogen generation
include: (1) a chemical reaction between the fuel rod cladding
and the steam resulting from vaporization of emergency core cooling
water, (2) corrosion of aluminum by the spray aolution; and (3)
radfolytic decomposition of the cooling water in the reantof |

¢ore and the contaloment sump.
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The applicant's analysis of poat-LOCA hydrogen generation
following a loss~of—coolant accident Is consistent with the guide-
lines of Regulatory Guide 1.7, (Control of Combustible Gas Con-
centrations, 3/71) and indicates thst the concentration in the con-
taimment would not reach the lowey flammability limits of 4.0
v/o until about 20 days after the accident even assuming no recom-
biner operatiom.

Two 100X capacity electric recombiners each with a capacity
of 100 cfm, will be located inside contaioment for post-accident
hydregen control.

The proposed recombiner system incorporates several design
features that are intended to assure the capability of the system
to be operable in the event of an accident. Among these are:

(1) seismic Category I design, (2) protection from missile and jet
fmpingement and (3) redundancy to the extent that no single com—
ponent failure disables both recombiners. A post-accident purge
system will be provided in addition to the recombiners to serve

as a backﬁp to the redundant hydrogen recombiner units.

The applicant calculates that the hydrogen concentration will
be limited to 3.0 v/o with operation of a single recombiner three
days following an accidenti We have performed a similar analysis
of hydrogen generation and hydrogen concentration in the con-
tainmenf following a loss-of-coolant accident and our results are

in agreement with the applicant's.
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Redundant hydrogen sampling tra;ns, qptsidg tﬁe\cPthigqgnt: .

will be provided to allow periodic sampling and analyaia of the

l 9 f‘

hydrogen concentration in the containment.

Based on our review of tha sysrems to br pruvided fur combup-

SO )

tible gas control following a puatulated loss—of-coolant accident,

..P R

we conclude that the systems will conform to the 3u1delines of

Regulatory Guide 1.7, meet the requirements of Genetal Desigu Critar
41, 42 and 43 and are therefore acceptable.

lLeakage Testing Program

L

The containment design includes the p:nviaio;g‘ﬁpd f%ﬁ;utéﬁ
planned which satisfy the testing requirements of Appendix Jt
10 CFR Part 50. The design of the contalnment penetrationgkgpd
igolation valves permits individual pericdic leakage :ate.téatﬁpg
at the pressure specified in Appendix J, 10 CFR Part 50. Included
are those penetrations that have resilient seals and expénaion |
bellow; i.e., airlocks, emergency hatches, refueling tube biiﬁﬁ
flanges, hot process line penetrations, and electrical penatratinna..”
The proposed reactor contaimment leskage tenting pruarar
complies with the requirements of Appendix J to 10 GFR Part Sb.
Such compliance provides adequate assurance that containment leakﬁ:l:h‘
tight integrity can be verified throughout service ;ifétimé[apé that
the leakage rates will be periudically‘checked durihgser#iée ;n o

a timely basis to maintain such leakages within ihe epecified limits.
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ﬁaihtaining containment leakage rates within auch limits providea
reasonable assurance tbat; in the_evant of any radioactivity releases
within the containment, the loss of the containment atmosphere through
leak‘paths will not be in excess of acceptable limitsa specified for
the gite. Compliance with the requirements of Appendix J constitutes
an acceptable basis for satisfying the requirements of General Design
Criteria 52, 53, and 54.

6.3 Emergency Core Cooling Syastem (ECCS)

6.3.1 Design Basen

The applicant has stated that the‘ECCS will be designed to
provide emergency core cooling during those postulated accident
conditions where it is assumed that mechanical failures occur in the
reactor coolant system piping resulting in loss of ¢oolant from the
reactor vessel greater than the available coolant makeup capacity
using normal operating equipment. The ECCS 1s also designed to protect
against steam line break consequences.

The applicant's design bases are to prevent fuel and cladding
damage that would interfere with adequate emergency core cooling and
to mitigate the amount of clad-water reaction for any size break up
éo and including a double ended rupture of the largest primary
coélant lines, The applicant states that these requirements will
be met even with minimum enginéered safeguards available, such as
would occur with the loss of one emergeﬁcy power bus together with

the unavailability of offsite power.
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The ECCS subsystems to be provided are Pf,ﬂﬁéﬁ,ﬁifﬁ??}#i
reliability and redundance that no single failure of ECCS equipmen
occurring during a LOCA, will reault in 1nadequate cooling of
the reactor core, Each of the ECCS Bubaystems are to be deaigned-
to function over a specific range nf reactor coolant piping éystem
break sizes, up to and including the flow area aasociated with a.
postulated double-ended break in the largest reactor.coql;p;Jp}p?-_

System Design

SRR

The ECCS 1s to comsist of two core flooding tanka, two high

pressure injection and low pressure injectinn ayﬂtems, with

provisions for recirculation of the borated coolant after the.eﬁd

of the injection phase. Various combinations of theae nyatems willu

assure core cooling for the complete range of postulated break sizea.‘-:
Following a postulated LOCA, the ECCS will operate 1nitially

in the passive core flooding tenk 1njection mode and tha active

high pressure injection mode, then in the active low pressure

injection mode, and subsequently in the recirculation mode."l
The high pressure injection syetem (HPIS) mode of oparation, upun ‘E:

actuation of a safety injection signal, will consist of the operationq?%;

of two of three centrifugal charging pumps (rated at 700 gpm each at""h

a design head of 2600 ft) which provide high pressure 1njection of

1800 ppm of boric acid solution into the reactor coulant nyntem ‘

cold lege. Suction ia taken from the borated water stotagn tnmk

(BWST) which has a nominal tank capacity of 570,000 gallouﬂ.f_

b
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ﬁa&uﬁféééﬁre injéétion ajﬁtem'(L?IS) will consist of two decay

”heaiﬂrémbvhl pumbﬂ (rated at 5000 gpm each at a design heat of 350 ft)

which will .take" their $uction from the borated water storage tank fovr
short ferﬁﬂcﬁoling. Thehlow presaut&‘lines terminate direct}y in the
reacior ﬁeasel through the core flooding nozzles located in the
vessgel. wnli; Créssover lines contaihing cavitating venturies between
the redundant low pressure lines are provided to ensure that sufficient
flow will be available for core cooling if a rupture occurs in the
core flooding piping. The staff has required that additional inatru-
mentation be added to the LP piping aftér the first check valve in
order to detect and prevent the potential for cverpressurlzation of
the low pressure system. The applicant has indicated that a
detection system will be provided and its deseripticn will appear in
the PSAR (see Section 5.4).

When a predetermined amount of water in the borated water
Atorage tank has been injected, or receipt of a low-level alarm
for the BWST, suction will be transferred manually to the containment
aump for the recirculation mode of oferation provided by the LPIS.
The ECCS will then provide the long-term core cooling reguirements
by recirculating the spilled Teactor coolant collected in the
containment sump, back to the reactor vesael through the core flooding
line nozzlea. However, should the reactor coolant gystem pressure be
higher than the LP pump head, the required flow is delivered by the
HPIS by aligning the flow from the discharge of the LP pumps to the

suction of the HP pumps.
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yrig»a
suction of the HP pumps. Presently, the PSAR ohowe thie alignmentlie

accomplished by the operator manually opening one valve 1n eaeh of
e ‘

the two crossover pipe lines located 1n the auxiliary building.x The

R I r

applicant has indicated that these velveo will be notor operated withng

IR I

control and indication in the eontrol TOOm. We will require this
commitment to be documented in the PSAR before a eonetruotion permitr "
is issued. I

The passive injectlon mode of operation is provided by the‘ﬁﬁ
core flooding (CF) system, which protccts the core in the event:ﬁ
of intermediate and large-sized pipe breaks, The coolant ie o
automatically injected when tne RCS preSBure drops beloo the eore
flooding tank pressure (600 psig). Each of the two core floodiné
‘tanks has a normal water volume of 1350 ft3 with 450 ft3 of nitrogen
gas at a normal operating pressure of 600 psig. Each tank ie -
connected by a core flooding line directly to a 9-inch reector
vessel core flooding nozzle. The driving force for injeetionlof
the 1800 ppm borated water is supplied by pressurized nitrogen.
Each core flooding line will have an eleotric—motor-opereted etop
valve for isolation of the CFT during reduced reactor eoolant
pressure non-critical operation and two series inline check valves

for 1solation of the CFT during normal reactor coolant pressure

cperation.
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Performance Evaluation
. The applicant has stared that the emergency core cooling

systems have been designed tc deliver fluid te the reactor coolant

system in order to control the predicted cladding temperature

tranéient follﬁwing a poastulated pipe break and for removing decay
heat in the long-term, recirculation mode.

On June 29, 1971, the AEC issued an Interim Policy Statement
containing Interim Acceptance Criteria for the performance of the
ECCS for light-water cooled nuclear power reactors. The Interim
Policy Statement includes a set of conservative assumptions and
procedures to be used In conjunction with computer codes to analyze
and evaluate the ECCS performagce for a pressurized water reactor.
A public rule making hearing on the Interim Acceptance Criteria
for ECCS for light-water cooled nuclear power reactors has beern
completed and new ECCS criteria issued which will be effective
for construction permits igsued after December 27, 1974.

In accordance with the Interim Policy Statememt (IPS), the
performance of the ECCS 18 judged to be acceptable if the courge
of the LOCA is limired as follows:

l. The calculated maximum fuel element cladding temperature does
not exceged 2,300°F.

2, The amount of fuel element cladding that reacts chemically with
water or steam does not exceed one percent of the total amount

of cladding in the reactor.
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1} '#‘(‘a‘-,h
3. The clad temperature trmient is terminated at a time when -

ThE s i “""""f*? Lv‘ S

ike core geometry is still auenable to cooling, and befora ﬁhﬂ

s r"a"i” ,~ ‘T“.“.T

cladding is so embrittlad as to fail during or after qumhing
R L Y LI

4. The core temperature is reduced and decay heat is removed for -

an extended period of time, as required by the loné-iived

T Y

radicactivity remaining the core,

The applicant presented an evaluation of the LOCA in‘,accotdmce.‘
with the requirements of the IPS in BAW-10065, BAW-10065 S,‘upplenent‘l ‘.
and BAW-10074. This evaluation resulted in a peak clad temperxature
of 1929°F and showed compliance with the Interim Acceptance Criteria.

Aa part of the FSAR for the Bellefonte plant, the applicant
shall submit a LOCA apalysis performed by an acceptable. avaluation
mode]. under the ECCS criteria published in the Federal Regiater
on January 4, 1974, and show that this facility is in compliance with
the same criteria, However, if a construction permit is to be issued
after December 27, 1974, the applicant will be required to show
complisnce before the construction permit is issued.

Tests and Inspections

The applicant will demonstrate the operability of the ECCS by
subjecting all components to preoperational teats, periodic testing,
and in-service testing and inspections.

The preoperational tests performed fall into three categories.

One of these categories consists of aystem actuation tests to
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verify the operability of all ECCS valves initiated by Engineered
Safety Feature Actuation Signal (ESFAS), the operability of all
safeguard pump circuitry down through the pump breaker control
circuits, and the proper operation of all valve interlocks.

Another category is the core flooding system tests. The
objective of this test is to check the core flooding system and
injection line to verify that the lines are free of obstructions
and that the core flooding line check valves and isolation valves
operate correctly. The applicant will perform a low pressure
blowdown of each core flooding tank to confirm the line is clear
and check the operation of the check valves.

Operational test of all the major pumpsa comprises the last
category of tests. These pumps consist of the makeup/high
pressuve injection pumps, the low pressure/decay heat removal
pumps, and the contalnment recirculatibn pumps. The applicant will
use the results of these tests to evaluate the hydraulic and
mechanical performance of these pumps delivering through the
flow paths for emergency core cooling. These pumps will operate
under both miniflow (through test 1ines) and full flow (through
the actual piping) conditions.

By measuring the flow in each pipe, the applicant will make
the adjustments nacessary to assure that no ome branch has an un-
acceptably low or high resistance. They will also check the

system to assure there is gufficient total line resistance to
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prevent excessive runout of the pump. The applicant must shaw.that

the minimum acceptable flows as determined for tha FQAR ln;i;;iu
are met by the measured total pump flaw and relatiﬁél;i;wng;tweenvg
the branch lines. In addition, preoperational flow te;;a wiii be

conducted to verify the sizing of the cavitating venturiep to
confirm the as-bullt flow split performance of the LPI s;atJ:.hrThe“wm
aystem wil] be accepted only after demnnatratiou of pruperdacééﬁtion |
of all components and after demonstration of flow delivery of all
components within design requirements. |
The applicani will perform routine periodic tests of thé
ECC5 components and all necessary support systems at power. Valves
which operate after a loss of coolant accident are aperated”fh;dugh
a complete cycle, and pumps are operated individually in tﬁié fést.
The Staff is presently developing a generic position with regard
to testing of the ECCS. During the post-construction permit af#ge,
the S5taff will require the applicant *o provide equivélent t;gfing

capability to comply to this position.

Conclusions

On the basis of our evaluation, we have concluded thatith;
performance of the ECCS is in accordance with the Comisa:l.dn'é |
Interim Acceptance Criteria and is acceptable in regard to a deciaion
concerning issuance of a construction permit if issued prior tu

December 28, 1974.
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Control Boom Habitability

The applicant proposes to meet General Design Criterion 19,

Control Room, of Appendix A to CFR Part 50, by use of concrete

shielding and a dual mode control room emergency ventilation system.

An accidenﬁ signal or a high radiation signal will initiate control
room isolation accnﬁpanied by pressurization with 500 cfm of outside
air for minimizing the inleakage of unfiltered air. We have calculated
the potential doses to control room personnel following a LOCA., The
resul tant doses are within the guidelines of General Design Criterion 19.
The applicant has indicated that the chlorine biocide system
originally proposed will be replaced with a hypochlorite system. This
hypochlorite system eliminates the potential onsite chlorine hazard,
The closest potential location for a toxic gas release ig a railroad
line 3 miles from the site. We have evaluated this hazard and have
determined that a release of 55 tons of chlorine from a railear would
not pose a serious hazard to the control room operators. However, we
will require that the applicant supply emergency breathing apparatus
for operators and that trhe operators be able to manually isolate
the control room in the unlikely event of a toxic gas release. The
applicant has indicated that he will meet these requirements., This
will be documented in a future amendment to the PSAR. We conclude
that the proposed control room design except as noted above will

provide adequate protection for the operators.
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6.5 Auxiliary Feedwater System

The applicant has classified the auxiliary feedwater system as
an engineered safety feature. A descriptiom of this Byatam‘and our

evaluation of the applicant ‘s criteria are given in Sectiom 10.6.



7-1

7.0 INSTRUMENTATION AND CONTROLS

7.1 Gﬁneral .

The dﬁmﬁiasion's General Design Criteria, IEEE Standards
including IEEE Criteria for Protection Systems for Nuclear Power
Generating Stations (IFEE Std 279-1971), and applicable Regulatory
Guides for Power Reactors have been utilized as the bases for
evaluating the adequacy of the protection and control aystems.
Specific documents employed in the review are listed in the
Bibliography to this report.

The review of the protection and control systems ﬁas accompl ished
by comparing the designs with those of a previously approved
facility, the Rancho Seco Plant. OQur review concentrated on
those areas of design which are unique to the Bellefonte Plant,
for which new Information has been received, or which have remained
as continuing areas of concern during this and prior reviews
of similar designud plants.

7.2 Reactor Protection System (RPS)

The RPS of the Bellefonte Plant will be functionally identical
to that of Rancho Seco except for the following features:
1. The Bellefonte Units have incorporated a high pressurizer
level trip which prevents the pressurizer from being filled
with liquid. It is also a back up trip for accidents that would

normally be terminated by high reactor coolant pressure trip.






2.

Low pressurizer level trip was added to prevent the emptying
of the pressurizer in the event of a small loasﬁuf-coﬁlantl
accident. It is also intended ags a2 back up for the low
Teactor coolant preaauré trip.

Power/flow trip was added to replace the overpower trip which
was based on flow and power imbalance. The power/flow trip
provides primary protection for the coastdown of one RC pump
from a four-pump operation at maximum powef and provides pro-~
tection for the locked-rotor accident. It also protects
agalnst power excursions for all modes of pump operation.

A calculating module (part of a new RPS design, RPS-II,
developed by B&W) was added which generates signal limits
providing protection for DNBR and peak power density

(kw/ft) limitations. It generates a power envelope trip

and a power/delra T trip and utilizes a voltage reference
check feature to provide continucus on line self-check of

the validity of the generated signal.

The RPS for the Bellefonte Plant includes redundant manual

trip switches at the systems level. This feature has heen

incorporated in order to comply with Section 4.17 of IEEE

Std 279-1971.
The RPS does not supply any signals to the control system.
The Rancho Seco plant RPS provided reactor coolant flow and

reactor coolant pressure signals to the control system.
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We have reviewed these changes and have concludad l:hlt
these design changes provide an equivalent or better dagrae of |
safety than that of the Rancho Seco plant and are 1n cunfor-nnn-‘ |
to TEEE Std 279-1971, and therefore find them accaptnblt fnr the
construction permit review stage. However, in view of the uniqun“-
design features and hardware utilized (i.e., use of intngrltld lﬂlid
state logic and mini-computer technology in the calcullting lodult),
the total system acceptability is conditional panding our generic re-
view of the new B&W RPS5-IT design. This design 18 described in B&W
Topical Report BAW 10057 (Reactor Protection System, September, 1;7'3)
and will be reviewed by the Staff prior to the operating license stage.
The applicant has replaced the high reactor building pressure
trip with a low pressurizer level trip in the new RPS-~II design.
(The new design retains the diverse low reactor coolant pressure
trip.) The Staff's position is that since the analysis of the
effectiveness of the ECCS performance assumes a reactor trip at
ECCS actuation, we require that diverse signals be used to trip
the reactor. At this point in our review there is-insufficient
information to evaluate the acceptability of the low pressurizer
level trip as a diverse reactor trip for this purpose. Therefore,
we may require that the Bellefonte RPS design be revised to provid@

a reactor trip on high bullding pressure for this diversity as is

the case on plants previously reviewed and approved.
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Ia res;;nae to the Sﬁ#ff'a concern, the applicant has agreed
to Indify Eﬁé ie;cﬁﬁr'prnteccion system to include a high reactor
building presgure signal to trip the reactor if it camot be
du-unnfrnted by'the ¥YSAR stage that the low pressurizer level
signal will provide an equivalent or better degree of protection.

We consider this cormitment acceptable for the construction
persit application and intend to re-evaluate the applicant’s
analysis and deaign in the FSAR review.

Engineered Safety Features Actuation System (ESFAS)

The ESFAS is fenctionally identical to that of the Rancho Seco
plant except that the Bellefonte syatem uses a five channel
system to actuate the engineered safety subsystems as opposed to
Rancho Seco's four chamnel system. We have reviewed the in-
strumentation, control Qnd electrical syatems being provided
for the ESFAS and have concluded that the design criteria is in
conformance to IEEE S8td 279-1971 apd the Commission’s regulationa
and ia therefore acceprable.

The follaﬁin; sections identify those aspects of the design
that were not acceptable i» us and were changed as a result of
outr review; and, those items of concern that have been identified

duiing this and previous reviews of similar plants.

Transfer From the Injection Mode to the Recirculation and Croas—-Over

Modea of Operatiom
Changeover from injection to the recirculation mode and the

crosg-over mode (uding LPI pumps as boosters for the HPI pumps)
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of operation following a loass of coolant accident is accomplished
by the operator in accordance with established pnocadufii‘vhich

include a series of manual actions. The conplﬂdtyl of thepropoaed
changeover procedures to be followed durins worst pﬁili;idi;pﬁrlting

conditions (LOCA) did not appear to provide adequate l;lurlhéa‘that
the operator would correctly perform the required‘nctic.nl (l;:
Section 6.3 also).

The applicant was requested to modify the dﬂign to provide manual |
initiation at the systems level in accordance with Section A.]..T of |
TEEE Std 279-1971, or to demonstrate that the time requirdd for
manual initiation is available and that the procedures are of such
simplicity that taking exceptions to Section 4.17 can be jutif:lad.

The applicant has indicated that this system will be modified
to our requirements. We will require this commitment be doctﬁentad

in the PSAR prior to issuance of a construction permit.

Activation of Trip Setpoints

The applicant has identified the high reactor coolant outlet
temperature trip point to be within 4,177 of the high end of the
calibrated range of the transmitter. Since the transmitter
saturates well above the calibrated range and provides an adequate
safety margin in case of drift, we find that the trip point setting

is adequate and therefore acceptaﬁle.
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Contaipment Spray System

Manual initiation of the containment spray syatem is accomplished
by two sanually operated switches per train. One of the switches
actuates the spray header valves and the other switch actuates the
spray pumps. This arrangement, as oppesed to a single switch for
manual gystem level initistion minimizes inadvertent actuation of
the containment spray system. We find this design feature acceptable.
We believe that the intent of Section 4.17 of IEEE Std 279-1971 is
satisfied and that the health and safety of the public is protected.
We agree with the applicant's contention that no single operator
error should cause containment spray actuatiom.

Safety Related Fluild Systems

The applicant was requested to address imadvertent actuation
of all electrically-operated passive and active components in
safetry relared fluid systems and evaluate thé effects relative
to the single-failure criterion, and to identify the degree of
conformance with the ataff position stated in our December 7, 1973
letter.

The applicant has committed to comply with the staff's poaition
and provide appropriate systems analysis during the FSAR stage.
This commitment is acceptable at this, the construction permit

stage of our reviaw,



7.3.5

7.4

Ao

Periodic Testing of Reactor Prutectinn nnd Ehg;nulrld Snfngz

Feature Systems

: St N
The applicant's design criteria provida for t:ltnbility of
gl a2

individual chammels, logic and final actuating duvicns and :atinfy‘

the requirements of IEEE Std 279-1971 amd Rngulntury Guidn 1 2

- X0 /a0

(Pariodic Testing of Protection SystEI.Actuatiun FUcntiﬁns. 2/71) ;

We conclude that the applicant's design crituria fnr testing
of protection sayatems are acceptable. |

Syatems Required for Safe Shutdown

We have reviewed the Iinstrumentation, control nﬁd”aiécé;ical
systems belng provided for safe shutdown as well as thﬁ dé#ign
provisions to place and keep the plant in a safe shutdown
condition in the event that access to the main control roon 1s
restricted or logt. We have concluded that the design of these
systems, as modified, will acceptably conform to our criteria.
The following sections identify those aspects of the design that
were or will be changed as a result of our review. o

Our review of the DHR gsyatem design, as initially ﬁroﬁoﬂéd.
revealed that the reactor could not be brought to the cold
ghutdown condition given a single failure in either of the two
serially connected isolation valves located in the suctiﬂn
line to the DHR pumps. The applicant has agreed to mndify the
degign by providing two additionally aerially cannected valvea

in parallel with the two existing DHR inlet iaolatiou valves.



Both valves in each serially connected set will be powered

from a different emergency bus, Provisions will be made

to permit manual transfer of power to the wvalves to affect opening
in the évent of loas of either emergency power bus. Also, the
applicant has steted that the design of all valve interlocks will
meet the requirements set forth in the position (December 7, 1973
letfer to the applicant) for high pressure to low pressure interfaces.
We find this design change acceptable,

Our review of the auxiliary feedwater control syztem and the
main steamline break instrumentation and control system revealed
that the design criteria did not comform to Section 4.12 of
IFEE Std 279-1971. The applicant agreed to modify the design
to be in full conformance to Section 4.12 and revised the P5SAR
accordingly. We conclude that the modified design is acceptable.

Safety Related Display Instrumentatiomn

We have reviewed the design criteria for the instrumentation
systems that provide information (1) to enable the operator to
perform required safety manual functions and (2) for post-
accident monitoring, and have concluded that they are acceptable
except for the following:

The PSAR listing of the instrumentation champnels for post-
aceident surveillance does not include provision for continuous
control room recording of all parameters considered essential by

the suaff, Also, as proposed, the instrument channel wiring would
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pass through the non-nuclear instrumentation cabinem (whi.ch lre

not Class I equipment) where they are aelected fur recnrding. Thn

applicant was advised by letter dated Janulry 11 1974 of rha
unacceptablility pf these features which must be nndifiehniu cunply
R B POt .

with the staff'as position. Ve will require the appiicant to cuumit

e
3

to the necessary additions and modifications in this ataa prior

to ilssuance of construction permits for this facility. |

All Other Systems Required for Safety

We have reviewed the design criteria for all other syatﬁls
required for gsafety amd find that they conform to the applicable
safety standards and Regulatory Guides and are tharefnre acceptnble.

Control Systems

The applicant has atated that the Integrated Control System
design is identical to that of the Rancho Seco plant except that
the Auxiliary Feedwater Control, which is required for safe
shutdown, has been separated from the Integrated Control System
in order to meet the requirements of IEEE Std 279-1971. This
design satisfies our evaluation requirements and is acceptable.

The applicant has stated that the design of the Nuclear
Instrumentation system is essentially the same as that of the
Rancho Seco plant and no differences have been 1dent1fied. Ve
conclude that this design is acceptable.

The applicant has stated that the design of the incore monitoring

system is essentially the same as that for the Ranch Seco plant
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with the exceptiom that this plant utilizes 3 greater number of
detector strings (62) because of a larger core. We find this design

acceptable.

Enviromental and Seismic Qualification

The applicant has stated that all instrumentation and electrical
equiprent that i3 required to perform a safety function will be
environmentally and seismically qualified by either test or
analysls in accordance with the appropriate IEEE Standards.

We conclude that the environmental and selamic qualification

criteria are acceptable.
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8.1

8.2

ELECTRIC POWER

General

General Design Criteria 17 and 18 IEEE Standarda 1nclud1ng |
IEEE Criteria for Class IE Electric Systema for Huclear Puwa:
Generating Stationms (IEEE Std 308-19?1), and Ragulatnry Guidﬂa for
Power Reactors including Regulatory Guidea 1 6 and 1,9 aervad a3
the bases for evaluating the. adequacy cf the electrical pawur
system. Specific documents uaed in the review are listad in the
Bibliography to this report.

Cffsite Power Sxﬁtem

Preferred (offsite) electrical power for all safety and non-
safety related auxiliary loads of both uniﬁs will be supplied
from the TVA 161 kV and 500 kV power sysﬁemﬂ by three indapendent
circuits. Each of the preferred power sources and assoclated
circuits has sufficlent capacity to supply all loads regardless
of plant conditious. The applicant has conﬁﬁcted power system
stability analyses showing that the loss of ﬁhe largest generating
unit, or the most critical transmission line, will not adverﬂély
affect *he stability of the remainder of the transmission system
or the ability to provide offsite power to this facility.

For each unit, the normal preferred pnwﬁr aource is the TVA

500 kV power system via four 500 kV transmission lines, the 500 k¥



switchyard, the unit transformer, and two unit station service
transformers. The use of the 500 kV system as the normal source
of dffsite power is made poéaihle by the provision of a load break
nwitéﬁ‘bétwéen the unit'genﬁratnr.and the connection to the high
voitage winding of the wnit station service tt:anéfomra. The
load break switch may be operated either manually or sutomatically
and will be open during startup and shutdown snd c¢losed during normal
power operation.

Two sources of reserve preferred power are provided to each
ynit from the TVA 161 kV power system via two physically independent
161 kV transmission lines, the 161 kV gwitchvard, and two reserve
station Gervice transformers., Two physically independent circuits
conrect the switchyard to the reserve atation servica transformers.
Eack ¢ircuit serves one of the two tranaformers for esach unit, aassuring
availability of reserve power to both units in event of loss of
one 161 kV circult. Each transformer has uufficiént capacity to
supply loads essential for safe shutdown or accident conditions in
one unit.

Automatic switching is provided to transfer the auxiliary
buses to reserve preferred power in event of failure of thé normal
preferred power source.

Each tr.ﬁnnmias:l.on line i3 protected with primary and backup

relaying systems. Each power circuit breaker is equipped with
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two separate trip colls. These componeuta .are mnmétﬁ mthat.a-«w
each protective function is redundant and loss of Iny linglu
component in one relaying protective scheme does not . affact the
proper functioning of the other protective devices. .: :;LfLﬁﬁﬁLGT;mﬁ

Two independent 250-volt batteries are provided in tha'ﬁuﬂeié;;Q 
house to supply substation requirements., Each of the :two: ZSquﬁlt
batteries supplies portions of the protective devices 1ndepamd¢nt1y.‘
and for loss of one battery, a manual transfer to thqﬁntharwbattarym
will be provided. The closing control circuitas for the 161-kV .. i:..
power circult breakers are supplied from the powerhouse batteries: .
in such a manner that loss of either Elttaty will not prevenr -
cloging breakers as required to energize a reserve aumxdliary
transformer.

We have concluded that the offsite powar system satisfies the .
requirements of GDC 17 and 18 and IEEE Std 308-1971 and ie acceptable.

Onsite Power Systems ' C

A-C Power Systen

Onsite standby power will be supplied by two diesel generators (D-G's)
approximately 6000 kw in size, Each D-G will supply one 6.9 kV emargency
bus comprising one division of a two-diviaion split-bus configurationm.
Interlocks will be provided to prevent paralleling the D-G's, and to pruﬁuni

closure of wore than one of the three power feed breakera-(ﬂnrmntfpiefarred“

s Te Tl g



reserve preferred, or standby) of each emergency bus. Each D-G will
be automatically started by an undervoltage signal from its respective
bus or by a aafety features actuation signal. Ounly one of the

two D~G's will be required to provide emergency power for accident
conditions.

The redundant engineered safety features and vital instrumentation
and control loads will be supplied, directly or indirectly, from the
two 6.9 kv emsrgency buses through the two-diviasion split-bus
configuration. This configuration will be maintained throughout the
a—c and d-¢ sybsystems. There will be no automatic switching of
redundant buses or loads, and interlocks will be provided to prevent
radundant buses from being paralleled.

Esch D=G and its auxiliary systems will be separately
housed in a Seismic Category 1 installation.

The starting and operation of any D-G is not to be conditioned
by operation of the other.

Separate onsite fuel storage will be provided for each D-G
sufficient for a minimm of seven days of operation at full rated
load.

At the time of ocur review the applicant had not yet selected
the standby D-C's for the plant. However, load studies indicate
these D-G's will be of @ size larger than any previously used in

nuclear standby applications. The applicant has committed to a
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test program, similar to that performed for the Zion plant, to

demonstrate that the reliability of the D-G's will be at least

equivalent to that of the smaller "standard” D-G's previcusly '

approved for nuclear service. The test program will include thé

following: |

1. Ar least two tests acceptable to the Ragulatory Staff will Bl
performed on each D—G to demonstrate the start and load -~
capability of these wunits with some margin in sxcess of the:
design requirements.

2. Performance of at laast 300 valid start and losd tll;:i will
be required prior to initial reactor criticality of 3allefonts,
with no more than thres failures allowed. This must include
all valid tests parformed offeite. (A valid start and losd
test is defined as a start from design cold mbient condivions
with loading to at least 50X of the continuous rating within the
required time interval, and continued operation wmtil temperature
equilibrium is attained.)

3. A failure rate in excess of one per hundred will require further
tasting as well as a review of Cha systam dasign adequacy.

For each unit, four independent charmals of 120-vuit a-c v:l.tnl
control power will be provided by ltltic inverters amd tlui.r umutod
distribution boards. Each invertar will receive normal 430 wlt a-c
power input from the a-c emergency power system (2 invarters nuppmd
from each division) and backup d-c pover system from a 120 volt



*
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vital battery through an auctioneering type ¢ircuit. Should the
norsal a-c power fall or be subjected to reduced wvoltage, the
inverter will be supplied without. interruption from the vital battery
source. |

We have concluded that the a-¢ emergency onsite power aystem
satisfies the requirements of GDC 17 and 18, IEEE Std 308-1971
and Regulatory Guides 1.6, 1.9 an/ 1.22, and is acceptable,.

8.3.2 D-{ Power System

The vital d—c power aystem for each unit is comprised of four
125 volt batteries, each with an assigned static battery charger
and diatribution board. A spare. inatalled charger is provided
for each pair of batteries. The batteries are independent Class I
inatallations housed in separate rooms.

The d-¢ eystem is compatible with the two-division gplit-bus
configuration of the a-c system.

We have concluded that the design of the d—c system conforms
to the atated criteria, safety guidea and standard and is

acceptable.

B.4 Physical Independence of Electric Equipment and Circuits

We have reviewed the applicant's crireria for physical
separation of electric equipment and circuitas to preserve the in-

dependence of redundant equipment. In addition, the applicant hae
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supplemented its criteria, at our request, to include the staff's o
position on Physical Independence of Electric Systems as provi ded ,-_"l-

in our letter dated December 4, 1973.

We conclude that this commitment is satisfactory at this itagﬂd‘ L

of our review. We will evaluate the applicants implementation

of these criteria during the FSAR review of this faciliry.



AUXILIARY SYSTEMS

The safety related auxiliary systeme have been evaluated for
the appropriate reactor safety and radioclogical safety requirements.
These systema are grouped in the following paragraphs to indicate |
the requirements that are applicable.

The auxiliary systems necessary to assure safe plant shutdown
are: essential raw cooling water systems, component cooling water
system, ultimate heat sink (in conjunction with the essential raw
cooling water system,) portions of makeup and purification system,
decay heat removal system, portions of the chemical addition and
boron recovery system, air conditioning, heating, cooling and
ventilation in the control building, the diesel generator building
and portioms of the auxiliary building, fuel oil system, cooling
Wwater system, starting system and lubricating system for dieael
generators, and portions of the compressed ailr system.

We have alao reviewed those auxiliary aystems whose failure
would not prevent safe reactor shutdown, but could, directly or
indirectly, be a potential source of radiological release to the
environment. These systems include raw water cooling, demineralized
water makeup, portioms of the compressed air aystem, process
sampl ing system, and the miacellaneous alr conditioning, heat and

ventilation system.
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From our review of the design criteria end basis for these
syatems, we find they are comparable in design and function to
other PWR facilities (eg., North Anna Units 3 and 4) that have been
previously reviewed and approved. On this basis we have concluded that
these auxiliary systems are acceptable,

9.1 Fuel Storage and Handling

2.1.1 New and Spent Fuel Storage

New fuel storage space will be provided for one refueling batch
for each reactor or a total of at least 138 fuel assemblies.

The new fuel storage space will be an integral part of the fuel
handling bullding which will be a Category I structure,

The racks will be designed with sufficient spacing to limic
the effective multipiication factor (Keff) of the astored fuel to
less than 0.90 even if immersed in unborated water. Based on
our review, we conclude that the design criteria and basis for
the new fuel storage space are acceptable.

The spent fuel storage pools are also located in the fuel
handling building. Each reactor will be provided with its own
spent fuel atorage pool. Each pool will be seismic Category I,
reinforced concrete, lined with stainless steel and of a size to
Btore a total to 1 1/3 cores. The srorage racks will be designed
with esufficient spacing to limit the effective multiplicarion
factor (thf) of the stored spent fuel to less than 0.90 even

if jmmersed in uborated wanter.
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A separate cask storage pit will be provided in the p::ox:l.nity
of the spent fuel storage pool, The cask pit will be separated
from the pool by a reinforced concrete wall with a gated slot =~
which permits movement of fuel from the storage area of the load-""
ing area, The gate between the fuel poo! and cask handling lrélﬁzi
will be kept closed whenever the cask is being loaded into or o
raised from the cask loading area, thus assuring that the water
level of the fuel pool will not be affected in the event of
a cask drop in the cask handling area. The shipping cask will be
prevented from being moved over the stored fuel by arrangglﬁnt
of the fuel pool, cask storage and loading area. The applicant
has evaluated the effects ¢f the cask being dropped into the
cask loading area even if it is tipped, The results indficate that
the stored spent fuel and other safety related systems are pro-
tected from a postulated spent fuel cask drop accident.

We conclude the applicant has demonstrated that the design criteria
and bases are in accordance with Regulatory Guide 1.13 (Fuel Storage
Facility Design Basis, 3/71) and is, therefore, acceptable.

Spent Fuel Cooling and Cleanup System
The spent fuel pool cooling and cleanup system is designed to

maintain the required quality and clarity of the pool water and
to remove the decay heat generated by the stored spent fual

assenbl ies.
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The energy release from the normal 2/3 core of spent fuel (1/3
core from each reactor) can be removed by one cooling train, main-
taining a pool bulk fluid temperature of 150°F. With 1 1/3 cores
of spent fuel stored in the pool, oac cooling train will maintain
the bulk fluid temperature of the pool at or below 200°F. Normal
operation of the spent fuel cooling system (SFCS) utilizes one
pump and one cooler, If the pump and/or cooler fails during
operation, a standby pump and cooler are avaialble.

In the event that the standby pump or cooler would not be
available the decay heat removal system (DHRS) will be initiated
- to cool the apent fuel pool. The DHRS will only be started to
supplement the SPCS if the reactor of the associated DHRS 1s empty,
being refueled, or being shutdown where only one DHRS string is
required for decay heat removal, Locked valves will be provided
to prevent the initiation of the corresponding DHRS for aspent fuel
cooling purposes.

The purity and clarity of the fuel pool water will be maintained
by a purification loop and a fuel pool skimmer loop. The purification
loop will also be used for cleanup of the reactor cavity and fuel
tranafer canal during refueling and the borated water storage tank
contents following refueling. The cleanup system will be deaigned
for non-nuclear service. This part of the system can be isolated

from the spent fuel cooling system in the event of a malfunction,
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All sgystem connections to the fuel pool will penetrate the pool
sufficlently above the top of the stored spené fuel agsemblies
to asgure adequate cooling in the event of a leak or break in a
pipe connection. The design of the piping system will be such as
to prohibit siphoning below the minimum cooling level. The cooling
loop piping and components will be designed to ANS Safety Class
3 and seismic Category I requirements.

Based on our review, we conclude that the design criteris
and bases for the spent fuel pool cocling and cleanup asystem are
acceptable.

Fuel Handling System

The fuel handling system provides the mezns of transporting
and handling fuel from the time it reaches the plant in an unir-
radiated state until]l it leaves after post-irradiation cooling.
The system basically consists of crames and handling equipment,
fuel transfer system, fuel storage racks, refueling canal, fuel
storage area and decontamination facflities, - The components and
structures that transport, position, raise, lower or house the
fuel assembly during transportation will be designed to meet
seismic Category I requirements. We conclude that the design

criteria and bases are acceptable.

P
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9.2.1

Waoter Svatems

Essential Raw Cooling Water System
.The_gsaential raw cooling water system (ERCWE) will be de-
signad to seismic Category I and ANS Safety Class 3 requirements,

except that containment penetrations and piping inside the reac-

tor building will be designed to seismic Category I and ANS

Safety Class 2 standards. Cooling water will be provided by this

system to all components essential for safe reactor shutdown,

either directly or by way of the componént_couling water system,

The ERCWS mainly conaists of eight pumps, associated
piping, strainers and valves. The system piping will be arranged
in two independent header loops each providing a continucus flow
of cooling water to those systems and components necessary for
plant safety either during normal plent operation of under acci-~
dent conditions. During any postulated combination of modes
of unitg opgration and adverse envirommental occurrences,
operatioﬁ_of three pumps on one header loop will be sufficlent
to supply all cnoling water requirements for both units. During
the hypothetical combined mode of loas—of-coolant-accident in one
unit while rhe other unit is in cooldown with logs of offsite
power and four diesel generators in operation, six pumps

are requlired rto operate.
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s - 'J\" T )
We find that the system has adequate redundancy 1n addition

to its ability to withstand a single failure without limiting th¢
po pebléts o

ability of the safety systems to perform their functiona in the
‘T R 7 IR

event of natural disasters or plant accidanta wa, therefore, >

fia .

conclude that the design criteris and haaaa for the syatama are -
; : .: ':ff' 4 ‘q J?( . 'l‘
acceptable, : ‘

s F T s
P

Component Cooling Water System

.’-'i R
The component cooling water aystem (ccws) ia aafety ralatad P

and provides cooling water to dissipate heat from varioaa campo- .

‘fav i

rents and piping of the system will be designed according to ANS

Safety Class 3 and geismic Category I raquifeﬁeats. It will act

as an intermediate heat sink and barrier between che reacta;
coolant and the ERCWS which is open to the atmuaphere.. The aya-
tem will be designed to operate at a higher pressure than the | . .
ERCWS to ensure that the cooling water quality can be-aaiéégined f
in the event of CCWS system leakage. | |

In order to preclude leakage of radioactiﬁiﬁy toﬂﬁﬁeEaaairon—
ment, radiation monitors will be provided to dateaf boééﬁéiéi
radioactivity inleakage to the ERCWS with indication and ;iarma
in the control room, Isolation valvea are provided to facilitate
the removal of leaking equipwent and contain any'radiaaétigé

PEERR RCEEE L F T E

leakage,
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The sgystem supplying cooling to safety related equipment will
be Aeu£gned to meet single failure criterion with two separate
éoéling ioops having a physical separation barrier located between
thelloops.

Tﬁe first subloop containg two pumps (one operating and the
other on standby), one cooler, one surge tank, one filter; and
will serve all the component cooling requirements during normal
operation. The second subloop containg 0me pump, one cooler,
one surge tank, one filter; and will be utilized as emergency
standby., Under emergency conditiong, cooling water flow to the
non—safety components will be terminated with sufficient redun-
dancy in order to ensure emergency heat removal capability of
the system. We conclude that the design criteria and bases for
the system are acceptable.

Ultimate Hear Sink

The ultimate heat sink design will be provided to ensure
sufficient coolant flow for: (1) simultapneous safe shutdown of
eiﬁher unit coincident with a loss—of-coolant-accident in the
other unit, and (2) maintain the two units in the safe shutdown
condition, dissipating decay energy from both units for & mini-
mm of 30 days without replenishment. A single water source and

intake structure will be provided for the ultimate heat sink complex.
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The intake structure and a 2000 foot chanpel uh:l::h qmng,h}tgg
the Guntersville Reservoir will be designed for. the _safe. ,;l;gt;down'
earthquske (SSE), tornado, severe storm -~ud proplble up:dmg f].md

The applicant ssmumed a water surface slope of 0.13 qver, thq eni:ire
chammel length and an additional 1/2 foot for the ;rnna;t;ign £rum
the intake forebay to the susp of the esaential rw,,cool.:!.ng‘vnte,
pump in order to emsure sufficient pump submergence with G%;ersviuc
Reservoir ar its lowest level. , B
steam condenser or the cooling tower to ulfunntiun. thn plant
would be shutdown and the Guntergville Regervoir would serve ‘as‘ |
the ultimate heat sink. In this regard, the occurrence of .a.

SSE coincident with a loss-of~coolant accident and a loss, of .either
the downstream or upstream dam is considered as a design basis event
for this facility. We conclude that the design criteria and ba"ai!j_ g
for the ultimate heat sink are acceptahle. . R, o

Condensate Storage Facilities _ _
The condensate storage facility provides water formakeup and“

surge capacity for the turbine plant, system inuntory and ,a re-
serve water supply for the auxiliary feedwater pumps (its only
safety related function), _

Bach unit will be provided with one condensate storage facility

conaisting of a 700,000 gallon capacity storage tank, transfer
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9210

‘punphaﬁd assoclated piping. The tank internal piping arrange-

neﬁt}wiilTbé‘éﬁEhzii“tﬁ'reherveﬁa'minimum of'3005000‘ga110n3 of

" condensate ‘for auxiliary feedwater pumps. Thé‘storagejtankrﬁill.

‘ be‘déﬁiﬁq&d“tﬁ”ﬁbnlééiéﬁié Category I 'requirements and not pro-

tected from external miseiles, Any loass of the tank would be

' compensatéd for by using essential raw cooling water for auxili-

ary féed#atet supply. We conclude that the design criteria and
bases for this system are acceptable.

Process Auxiliaries

Compressed Air Syatem

The compressed air system will be designed to supply com-
pressed air to all pneumatically operated components during normal
and/or emergency plant operations, and will be divided into three
separate aubsyhcams, the essential air system, the coatrol air
system, and the service air system.

Thesge aubayétems will be served by four seismically qualified,
motor—driven, non=lubricated compressors located in the auxiliary
building, Each of the compressors is sized to supply the total
plant egsential and control air réquireﬁénts under normal condi-
tions with sufficlent additional capacity to handle minimal ser-~
vice air requirements.

The essential air system 1s safety related and will be designed

to ANS Safety Class 3 and seismic Category I requirements. The
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requirement, Necessary valving will be provided, ao that the aer

: IR ,r._."-
E Lty . I

compressor and afr receiver and will meet the aingle failure
T Pl wmoea R N

criterion. Each of the eaaential air headera will normally aup
Y N Y- YR PRy g DJ’.AZ«.'_;': o

ply compresged alr to compenenta uf the eafety ayatem within it

AT -f;s*uuru‘w

domain. However, in the event of luaa of a compressor in a par—:
@ o ovARIRE

ticular train, the air reeeiver will have anfficient eapacitjft

-t

$'e w5 _|:.. v

L ---.5‘.,. ' r-\[]'._..u .u..r': "
actuate containment ieolation valves in that particular train.,
s Cubs ubermis bl

On loss of off-gite power each of the cumpreaaora will automati-

dame v s

cally be provided power from the on—aite emergency power aupply.

- 4-'.-" dhnt 3 fi.,.--; 5"

The control air aystem and aerviee air ayatem are not aafety

FE LIRS ' S
0" PRAAT: u Y-

related, nevertheless, all pipe hangers for piping 1ocated in :

selsmic Category I structures will be deaigned for aeismic

R LV

vice air system can be automatieally iaolated when air preaaure
RIS

in the header aupplying control and eaaential air dropﬂ beluw a.
Dhafue v

predetermined level. If the pressure dropa to 80 paig, the ‘

ST AERRE

control air system will be autamatically iaolated* thuB eonaerving
all the remaiping air for the eaaential air a?stem. We conclude

that the design eriteria and bases for thia ayatem are aceeptable.;

;:_r‘ Ppa

Equipment and Floor Drainnge Syatem

Lo

The equipment and floor drainage ayetem will be deaigned to :“T

4Es;“'4’=

accommodate a11 auxiliary building and eontainment draina during‘ﬁ

plant operation. The equipment and floor drainage ayatem will
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collect water frnm pntentially radioactive socurces and transfer
Z;ithgu the radioactive waate holdup tank. | |
| ‘The ﬁysten will be designed to prevent the spread of radicactivity
and the subBEQuent release of radioactive material to tha outside
atnosphere due to 1eakage during nnrmal operation, In areas where
s#fétf‘réiaﬁad Equifm;nt are located leak detectors an& emergency
drains will be provided. This will enhance the operability of
adjacent equipmant in the event of equipment leakage during an accident.
We cnnclude that the design criteria and basea for this system are

acceptahle.

9.3.3 Makeup and Purification System

Throughout the 1ife of the reactor core the makeup and puri-
fication system compensates for core burnup by adjusting the con-
centration of boric acid in the reactor c¢oolant and thereby assisting
in the control of available reactivity to within acceptable limits,
In addition 1t: (a) regulates the inventory of coolant in the reactor
coolant system, (b) removes impurities from the coolant, (c) con-
.trols the concentration of corrosion inhibiting chemicals in the
caolant (d) supplies barated makeup water to the core flooding
tanka, (e)‘p;ovi&ea injection water into the reactor coolant sys-
tem following engineered aafeguérda actuation, and (f) provides

injection water to the reactor coolant pump seals,
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The system will be deaigued to ANS Safety Clans 2 and se%fmic.
BHRC f Ja.*’i,ﬂ' UEE &

Category 1 requirem&nta. Alcernate fluid flow patha, radundan:“

2y f\i T*Ls&ﬁf*

components and isolatinn valvea, will be pruvided te enaurgrtha
RS L Nt \""‘1"'}5!

system operahility as an enginnered aafeguard. :

- .- ’g."] f [ “ p_‘_-, ..

We conclude that the design criteria and bases for the ﬁgatemf
_ L E

. '»'_ L J

are acceptable,

IR AL -
I ’3"3 E

Alr Conditioningl Heating, Coolgﬂﬁ and Ventilation sttens e
. I ?.i’l"

Control Building

RN EAY S .IV'!»J Le

The control building will have twa 100 percent redundgnt anf‘ri

s .\,

glneering safety feature quality air conditioning systans gaqh

containing a water—-cooled Londenaer-ﬂumpressnr vater chiller, an

A RN A

air handling unit, chilled water pump and piping, compresauts,

*,‘}‘:A:-J*’

filter assemblies, duct work, dampera and neceaaary cnntrols for
Ly TRy e

autumatic and/or manual operation, The operator qill have ggqpte

manual contrel capability to ensure satisfactory control‘ruom

o Tx.\, t'f -+

conditions following an accident., The contrul reon will he main-

tained at a positive pressure to preveut entry of dust snnke,

E R

radioactivity and other contaminants.

:3-‘-7“ L
e RS

Qutdoor air to the cuntrol Toom Hill be takan frﬂn two sapl-
i A ral

rate 1ncations each of which will be pruvidEd with duplicata ra-
. il P

diation mnnitora, chlorine and amoke sensors. If tha air to bath 4
b N BF B L B *'! ; ,’

inleta 18 radioactive or chlorine or smoke cancentrationn nxcaed

A D BT PR |

established limits, the system would ba au:onntically iaﬂlatnd
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';ﬁﬁfiiuiéd'1ﬁméihrgeﬁéj‘mo&é of oparitidn. Flectrical equipment

eﬁsehtiai'fbf Qy!fenkuﬁéfﬁtion will be powered by the onsite
emergency power sources. Based on our review of this system, we
conclude thatr the dééign criteria and bases are acceptable.

Aﬁiilihfj Ventilation Syatem

The auxiliary building air-conditioning heating, ventilating
and aif cleanup system will be designed to maintain an acceptable
building enviromment for protection of plant equiﬁment and to
1imit the release of radioactivity to rhe atmosphere. The system
will be required for shutdown of the reactor and to mﬂintain.it in
a safe shutdown cnnﬁitiOn. Areas containing engineered vafety~
equipment will be provided with air c¢ooling wnits in addition to
the normal veuﬁilating systems., Engineered safety equipment coolers
will be provided with emergency power and essential raw cooling
water sources. The fuei handling areas will be maintained at a
slightly negative pressure to minimize communication of air
with other portions of the building. Eifluent from the fuel
handling areas will be ventilated and digcharged thro.gh the
seismic Category I designed ducts and charcoal filters to the
station vent. This system will be aimilar to that of other recently
approved PWR plants. We conclude that the design criteria and

bases for the system are accaptable,
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Diesel Generator Buildings N L u

Each diesel gemerator building will be provid-d«wi‘

discharge to the atmosphere. Redmdancy in campongqt! w:l.l}. ensur
the system operability during a;c;\t.dgnt._‘condj.t_:iogsl.,'__j_v_,le:.amﬁ_,
the design criteria and bases are acceptable. |

Other Awdiliary Systems T PR ot Sy

Fire Protection System

The fire protection system will be designed to. P’_-'Dy;l,d& ;1&

protection in the areas of essential systeme .oT. cOntrols;wherey

a fire could prevent the operation of the safety uh;q:_l_"‘w s o

systems. It also provides fire protection to the safety :g;l,a;gd

equipment in the auxiliary building, control building apd ,m,}“
buildings which are designed to seismic Category 1.¢?‘“¥?¥ff?ﬁf-.' ;;#};;

The high pressure fire protection system will pxmqa‘.?.t;r |
to all potnts ehroughout the factlicy wh-xa,u;:et.fnnﬁﬁi?p.ftshtinsli:ﬁl
may be required. In areas where water could create g hﬂ,.lil-'ﬁl

due to the pature of equipment or the type of fire, a lower preuuu




9.5.2

9-16

carbon-dioxide fire protection system will be provided. All

components, piping and water supply sources of the fire protection
system necessary to maintain public safety with respect to nuclear
hazards will dbmply‘ﬁith ANS Safety Class 3 and seismic Category I
Tequirements. The remaining portion of the fire protection system
18 not associated with nuclear safety; this pdrtion (including the

turbine building, yard and other non—essential structures) will be

'desigued in accordance with AWWA and Power Piping Code, ANSI B31.1-1967

A ndpimm of two fire detection devices will be installed in
any given area of the faecility not normally occupiled by operators
or where rapid fire detection is otherwise essential. All detectors
which activate the aystem and alarms provided in the control room will
be installed in accordance with the applicable standards of the
latest edition of the National Fire Protection Association Codes.
In addition, portable fire fighting equipment will be providéd
throughout the plant for fighting small fires, Based upon our
review‘uf this system, we conclude that the de;ign criteria and
bases are acceptable.

Diesel Generatar Auxiliary Systems

The diesel generator fuel oil aystem will be designed to sup-
ply diesel fuel to each diesel engine operating at full load for

a period of not less than seven days. The saystem will be
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composed of two redundant trains, each having ? sqven-day,digihl ,,;Lfgfﬁ

oil supply tank assembly, motor driven dayﬁtank,fuel‘trqn!£erwJLc;
pump and day tank.. From the seven-day fuel tank assembly tq‘day;;ﬁp
tank, the system will be designed to ANS Safety Clags 3 and sels-. .

mic Category I requirements; and will be prntecﬁad from the-effect;"i'

of tornadoes, hurricanes, floods, snow or ice. .thconclpdé-that{,ﬁﬁ
the system design criteria and bases are accepfablé. _ ll-.uﬁyfl:é
A closed circulating water cooling system will be provided
for each diesel engine. The system will be designed to neat-thel“ .
single failure criteria and in accordance witﬁ;#éismic Category -
I requirements, Cooling water to each heat‘axchanger will be i
provided by duplicate headers from the esaential raw cooling water;,l
system. A failure of one header will not jeopardize cooling wnter‘.;;;
supply to the heat exchanger.
We conclude that the system design criteria and bases are ﬂag
acceptable. : ';"‘-“ﬁ;"
Each dilesel engine will be equipped with two full capacity
starting air motors, and redundant starting systems. The diesel
generator will be automatically started on the loss of off-site
power or by the engineered safety features actuation aystem sig-
nals. Two air accumulators will be provided for each diesel en-
gine. Each accumulator is sized for an air storage capacity suf-

ficient to crank the engine five times withour recharging. Two
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electric—motor driven air compressors will also be provided for
each dlesel generator power package, Each compressor is asized to
recharge one set of accumylators in 30 winutes. The appropriate
portions of the starting air supply system, as specified by IEEE Standard
387 (Trial Use Criteria for Diesel Generator Units Applied as Srandby
Power Supplies for Nuclear Power Generating Stations), will be designed
to ANS Safety Class 3 requirements, We conclude that the design
criteria and baais for the syatem are acceptable.

An individual lubricating oil system will be provided for
each diesel generator engine. The system is interpal to the
diesel engine and meets the requirement of IEEE Standard 387, A
fatlure in the lubricating oll system of one diesel generator will
not effect the operation of any other dissel generator. Lubrica-
ting o1l is cooled via the lubricating oil cooler by the closed
c¢ircuit cooling water system, and will be heated to ensure rapld
starting when the engine is not operating. We find the design

criteria and bases for the system are acceptable.
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STEAM AND POWER GJNVERSION EYSTM

Summary Descr:l.p tion

The steam powe.r cunversion mteu will be of convant:lml

i d

al T e

LR ‘.‘N‘.,j oo L :"5"11 Ty
design, similar to thoae Df prev:l.ously approvnd m plmtﬂ ul:l.ng
L e MNERR hg? v ! A‘_‘.\‘ -JF l..k"‘!. .

B&W NSSS such as North Anna 3 and ﬁ The system id.ll mnmnte

e S Rt ST VT

electricity thrﬂugh a turbine generator Hh:lch :l.aJ nuppl:l.ld !tm o .'

from the two steam generators descl.::lbod :l,n Sﬁ.:ti."on.l-rzl Aji%;l:;ﬁnr

tranafers unusable heat: in the semndnry cyéie tothe coa:dm‘séa‘;

cpoling water and frnm there to t:he atmnphere throush m‘lit;g tmrﬂ-l
SR

The entire system will be designed for t:he nmd.m e:tpected mergy frm

F)

-y

the nuclear steam supply aystem.
I
Imnediately after loss of full load, thia sysl:en w:l.11 diuipatc

a portion of the stored energy in the rmtor mlant zya’l:ﬂ through

. ‘_”

safety wvalves and power relief valves to the atmuphcte. ) ‘

Mein Steam Supply System

‘:"'\‘J' WL T

The steam from the two steam generatorn w:l.11 be roul:ed to the

e :.J:;!_ .

turbine by four main steam lines. Each line w111 conta:l.n one unin |
steam 1lsolation valve outside the contaimlant‘ *m four min ntm
lines will be joined to formed two Bepnrate stm supply headers.
These two headers will conduct the total stesm _ﬂqw frnq:ﬁ thcl_gtm
generatora to a common header and then to the t.:‘urbinal. Bral_nct;l
piping from the main steam common headqr provi.des ateﬂn“ to .l:hle_! .\
turbine bypass to the condeﬁaera. Stesm fgr the i:utb:!n__i__ driven
auxiliary pump will be taken from two main Intm‘ 11;1&-. upatIc.m

of the main steam igolation valves. Portions of the main s. .
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supply systen upatream of the unin ateam 1aolation valves and inside
the mnin atean safety valve rouna. will be designed to ANS safety
clnss 2 and seismic Catagory I raquirennnts. The main ateam 1solatinn
vnlves are 1oca:|d outside and as cloae as poaaible to the aecondary
contlinmeut building. In the event of a main eceam line rupture
accident the main staan isolation vaivea are capable of closing and
isolating a steam generator within 7;5 seconds of the detection of
high containment pressure or low steam generator pregsure.

The main steam supply system is not ﬁornnlly radioactive, but
in the event of reactor coolant leakage into the steam gemerators,
radioactive material could be relessed to the secondary system.

The condenser vacuts punmp radiation monitoring system and the
turbine building radiation mwonitoring system will provide redun—
dant detection of radioactivity in the secondary syatem. The
vacuum pump exhaust is passed through a high efficiency particu-
late air filter and charcoal absorber train before being discharged
through the turbine building exhaust vent.

We conclude the design criteria and basis for the main steam

syatem are acceptable.

Stoam Generator Dump System

The steam generator dump system will be divided into two sub-
systems, the turbine bypass system and the power operated relief

valve system. The turbine bypase aystem will be designad to
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large turbine load reduction, Iﬂadver#qntqntéiq&ﬁﬁf

reduce the magnitude of nuclear system transienty_
conaists of six power operated relief va1veg,’four'beingﬁoﬁfﬁff’5 
type and two are modulating types, locatEd-upatré"'ﬁﬂﬁﬁﬁﬁﬁﬁiiﬁu*
steam isolation valve and housed inside the safety vulvu tddmd%

Inadvertent or accidental opening of any one power QPttlt!deilief-‘
valve during power operation will not Bubjec:"thE“IEICEOb?ébdlnnFi
system to an uncontrolled depressurization and cuoIdpﬁ“;{;wq Eépr;' T
clude that the design criteria and basis for thase:sjateﬁﬁfafﬁf
acceptable, | RS ‘fﬁFEQHF

Condenser Circulating Water System

The condenser circulating water desigm is such that aystan piping
failurea will not result in flooding of areasn where slfetyaralnted
components are located. we conclude the deaiﬁﬁ*tritérin‘undﬂhhsiq~

for the system are acceptable. I E R E R
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;Pcﬁﬁiﬁéﬁﬁﬁﬁﬂghéh;d‘cleanup=uyatem-acts,to protect the steam
‘génuﬁQtﬁr?tubéshand'tubeshaats—bywranmving corrosion products
:'carriedfnvar from the: atEamklines. turbine, condenser, feedwater

*-hnntera;*piping, -aswell-as impurities which mdght enter the ayatem

in tha mnkeup water, - Thia sygtem will also be gble to remove con~

densate radioactivity produced in the event of steam generator tube

- :The:cleanup system conglsts of five mixed bed demineralizers and
accesgories per reactor. The demineralizers will be shielded from
the -turbine building and valve galieries. Each of the five de-

mineralizers i1s isolated in an individual concrete cell., During

normal operation all five demineralizers will be in service with

a spare resin charge in the resin atorage tank; however, the '
components in the system ¢an be separately isolated with no cur-
tailment or interruption of power generation.

We conclude that the design criteria and bases for the sys—
tem are adequate.

Feedwater System

Feedwater flqw to the steam generators will be interrupted upon
initiation of a feedwater isolation signal. This {solation (accom-
panied by a reactor trip) is accomplished by closure of redundant
valves in the piping to each steam generator. High level in any one

steam generator initiates rapid closure of the feedwater control valve
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class 2 requirements. -We coucludefthexduaignﬁeritgg$
for the system are acceptable.. ... ; . AT

Auxiliary Feedwater System L ;@Q;gﬁ.hfu

The auxiliary feedwater system will be- deaisnsd tn supply,"

quate secondary side cooling to remove 'system- atored and fﬂaidu&lf

reactor core energy in the event of a loas of main. feedﬁaterl

89
tem. The system consists of one 1200 gpm capacity tufbine driven 1"
pump and two 600 gpm capacity motor driven pumps, piping‘and valvas.“ﬂ
Either the two motor driven pumps or the ome turbineﬂdrtve‘wpumﬁ-

will be sufficient to supply the required feedwﬁtarwinTthe*Casﬁ?ﬁf-.h”
loss of ali offaite A-C power, and a stéam11ne'nr-feédﬁat¢r?1iﬁe.
break accient. The primary source of water supplyffnr'nibféuﬁiliﬁryu?'"
feedwater pumps is the condensate storage tank which willﬁpfn#i&éﬁa“-
minimum of 300,000 gallons for the system. As an unlimited backﬁﬁ".
water supply, a separate essential raw cooling water system header

feeds each motor driven pump, and the turbine driven pump will receivé;'m

backup water supply from.either or both of the essential raw couling,”

water headers. The auxiliary feedwatef system is a safety related'




20w

i #Y!!;téﬂla' dnd will -ﬁ#:désigned ; to'.engineered. sefetyfeature. requi rements.

- It wiilurgmninufﬁnctioﬂAI=fo11&wihg:dqfa-ahutduwnearthqua;e, a loss
 ¢£:uff&gife;power;po:xa“qingléufaiiurgu1n:thE”syatém dr}ita supporting
é}lﬁeméa- Redundant electrical -povier and air supplies wiil ensure
reliable system initation and operation,.: :

The motor driven pumps are powefedjby,eithgrsoff-site or op=-site
power sources; the-turbine driven pump takes steam: from two of the
four main steam lines upstream of the -main steam isolation valves.
Esgential parts uf the system will be designed -to seismic Category
I requirements and protected against missiles by physical separation
of all redundant components. We conclude that the criteria for the
design of the auxiliary feedwater system are acceptable, and that
the system design based on these criteria will satisfy the require-
ments set forth in the discussion concerning postulated pipe breaks

outside containment.
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RADIOACTIVE HASTE HANAGEHENT

Swmnary Deacription

system,
avystems

pProcess

“_;‘_‘v v:.

balance requires makeup and if the water quality iw adequate

i*“\w w;..

n ‘-.-»--\"‘
'\1"

liquid waste system will treat waatelliquid utilizing evapofation

chemical impurities, nd particulate&.

streams will be released to the environment.
' RN
Solid waates will be ganerated during plant operation,
R Py g ‘
wastes will consist of such radioactive mnterinl as cldthing.

i A4 [EEW S dfmie mom iy
rator buttoms. demineralizar resins and discarded radiqgctive ¢0um

. \

“‘ -t

panents and tuols.i Treatmﬁnt w111 coﬁéisf nf soiification;‘ Dispoaal
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ﬂwilifequieteuf‘pecE5§iug”end shipping to a licensed burial site.

thits 1 and 2 share the’ radioaetive waete management ayatems

A listing of the liquid and gaeeeus source terme ie given in

Table 3 2 and 3 3 of the AEc'e Draft Enviroumental Statement dated

_n L ..a ..

February,‘1974.

Liquid Waﬂtee

The 1iquid radioeetive waste treatment system will be divided in-
to the following four eubsyetEme (1) tritiated vaste, (2) nontri-
tiateu waeee,“(B) chemieal‘waete, and (4) detergent waete.

The tritiated waete subsystem will coueiet of a 25, 000 gal tri=-
tiated waste holdup tank a 2 gpm waste evaporator, two 2200 gal
test tanks, and a mixed beﬂ deminerelizer. The liquid collected in
the tritiated waste ueldup teuk consisting of floor and equipment
drains with tritium centent and deborating deminerelizer sluice water,
will be processed thruugh the system and stored in the distillate
storage tank in the burun recovery system,

. 'Thé neu:tritiatengaste_eubsystem will consist of a 53,000 gal

epent regenerante tank- a 25,000 gal non-tritiated waste holdup

u_tank a 30 &P auxiliary waste evaporator, two 22,000 gal test tanks,

_end a mixed bed deminerelizer. Regenerant solution from the conden-

sate demineralizere will be collected in the spent regenerant tank,

_ _and }119iq‘f1°9r eud eguipmen; drains with low tritium content will

be collected in the nontritiated waste holdup tenk The liquid in

theee tanke will be proceesed through the nontritiated waste subays-

tem apd dieehargeq to‘the cqq;ingftewers‘bluwdowu stream.

s aia L T



11-3

The chemical waste eubeyetem will coneiet of a 690; al chemica.

R _=- Ty kS e :':5:4 . g,"{ﬂ:i ‘.\_-: ' o “ :
drain tank Weete 1iquid celleeted in this tenk will be trannferr
24 g “,Jeibex 1e3 “Qi‘hum

to the nontritiated waste eubayetem for treetmentf‘ &g ¢
SN L A S 4 e : -
lected in the ehemical drain tank will consist of laboratory drai
v E‘:-""; ¥ g\ a1 Lﬂ ‘Iﬁ -rr E}uﬂ@h L

and non-detergent deeontaminetion liquide. s

PR IR S mqj ﬁﬁf
The detergent waste seheyetem will eeneiet of eg370g:ge1.1auqdry
Gk ek ‘

u-.'

and released to the eooling tower blnwdnwn etreem

ey Jhi g.__r,;

decontamination wastes will be collected in the fuel decontanination
OBV S S UAE £ wakn

waste collection tank, filtered, end released to the couling tawef

L E TR R )

blowdown stream.
e d n.aa,,‘wx :ETEH
The liquid effluent released to the cooling tover blowdown Btream

G, men T feshed ru S S A

will be monitored. Upon a high radietien 1ndieation, the valve in e
comd b1 e L’“‘Eﬂ‘»J ‘4’”'-1' o
the liquid waste dieeharge line will be automaticelly closed. i_‘”
L R t;‘lfgl:‘}‘imﬁi‘-;
Based on the parameters given in WASH—1258 Dur evaluation ae—“l“

#air i, ;_:.u o3

sumed a tritiated waste subsystem flow rate nf 895 gpd, a non-tritie-

N S S - 4 Ya v iy, !.M

ted subsystem flow rate of 585 gpd a chemieﬂl waete 3“bﬂyatem flow g%
4o ‘a.._.‘:

rate of 400 gpd, and a detergent waste eubeyeten flow rate of 450

S s L ¢| ShE

gpd. We eeeumed that tenke will be filled to 801 capacity, end thet

VI A:‘. r‘

the syetem should have the capecity to treat radioentive 11 uida

ST drd ] ") 1ivu-”»r".u:

generated from backﬂto—back refueling. He eeﬂumed the deconte.inatiun

I R T
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factor (DF) for evaporation to be 10" for all nuclides except iodine
and 103 for iodine. For mixed bed demineralizers wa assumed a DF

of 102 for cations and anions, except cesium and rubidium for which
we assumed a DF of 2. In our evaluation-the quantity of radioactivity
released in the liquid effluents during normal operation, including
anticipated operational occurrences, we calculated using the ORIGEN
Code described in WASH-1258. We calculate that the radicactive ma-
terial in the liquid effluent exclusive of tritium and dissolved
gases, will be 0.1 Ci/yr/unit. We estimate that there will also be
an annual release of 350 Ci/yr/unit of tritium based on operating
data of slmilar reactors,

The system will be designed for Quality Group C in accordance
with Regulatory Guilde 1,26. The tritiated waste holdup tank, waste
evaporator feed tank, waste evaporator, and waste evaporator distillate
test tanks will be designed for seismic Category I and the vemaining
components will be designed to nonseismic Category I in accordance
with Regulatory Guide 1,29, The liquid waste system will be installed
in a seilsmic Category 1 structure,

Based on our evaluation of liquld radwaste releases, we calculate
that the whole body and critical organ doses will be less than 5 mrem/
yr at or beyonu the site boundary, and that the propozed gsystems will
be capable of limitinrg the release of radioactive materials in liquid

effluents to less than 5 Ci/yr/unit. We find that the proposed liquid
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radvaste system to be capable of reducing effluents to "as low as
practicable" levels in accordance with 10 CFR Part 20 and 10 CFR
Part 50.36a.

We also find that the liquid radwaste system will be designed
in accordance with acceptable codes and standards that meet the
guidelines of Regulatory Guides 1.26 and 1.29. Based on our findings,
we conclude that the liquid waste system proposed for this facility
is acceptable.

Gaseous Wastes

The gaseous waste treatment systems will consist of the waste
gas system and the portions of the ventilation system that controls
the release of radiocactive effluents to the anviromment. The waste
gas system will treat gases from the chemical addition and boron re-
covery system, primary aystem degassing, and equipment vents in sys-
tems handling tritiated liquid. The waste gases will be compressed
into one of two 3000 cu/ft gas decay tanks at 85 psig. The gas de-
cay tanks will be designed for 100 psig.at 200 F. The gases, after
a decay period of at least 60 days, will be vented through HEPA fil-
ters and charcoal adsorbers to the enviromment,

Exhaust gases from the main condenser mechanical vacuum pumps
will be vented through HEPA filters and charcoal adsorbers to the
enviromment, The turbine will be fitted with gland seals that will

e oy plied with sealing ateam from an auxiliary boller. Steam from
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the seal exhaust header will be condensed in the gland seal steam con-
denser. The noncondensibles from this condenser will exhaust to the
atmosphere without treatment. The gaseous waste generated from this
source is expected to be negligible.

The various areas of the reactor plant will be provided with
ventilation systems., Effluents from these systems will contribute
toe the gaseous source term and Lthe gaseous radioactivé releases from
the ventilation systems are included in this section. The evalua-
tion of the ventilation systems from a source term point of view 1s
given in Section 12.2.

Our evaluation of the gaseous waste and ventilation systems was
based on the parameters, calculationsal techniques, and the STEFFEG
computer code as described in WASH-1258, We calculate that a total
of 2500 Ci/yr of noble gaseg and 0.007 Cifyr of iodine-131 will be
released form each unit, For reactor operation with up to 1% of
the operating power fission product as the source term, the release
of radicactive effluents are calculated to be less than 10 CFR
Part 20 limits.

The waste gas decay tanks and compressors will be designed for
Quality Group C in accordance with Regulatory Guide 1,26 and seismic
Category 1 in accordance with Regulatory Guide 1,29, The gaseous
waste treatment system will be installed in a seismic Category I

Etructure.
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Based on our evaluation of the applicant's proposed gaseous
radwvaste treatment system, we calculate fhat the annual air dose ﬁue
to gamma radiation ar or beyond the site boundary will not exnéédl
10 mrads, the annval air dose due to beta radiation at or beyond
the site boundary will not exceed 20 mrads, the annual thyroid dﬁse‘
to an individual will not exceed 15 mrems considering the iocatiop
of the nearest cow, 1l mi, 55W of the site, and the annual tq;al.
quancity of iodine-131 released will not exceed 1 Ci for eacﬁ reactor
at the site, We find the proposed gaseous radwaste system to be
capable of reducing effluents to "as low as practicable" levels ip ‘
accordance with 10 CFR Part 20, 10 CFR Part 50.36a, and Régulatory
Guide 1.42. We also find that the gaseous radwaste system will be
designed in accordance with acceptable codes and standards and
meets the guldelines of Regulatory Guides 1.26 and 1.29, Based on
our findings, we conclude that the gaseous radwaste system propsed

for this facility is acceptable.

Solid Waste
| The solid radwaste gystem will be designed to collect, monitor,
process, package, and provide temporary storage for radioactive solid
waste prior to offsite shipment and disposal in accordance withlap-
plicable regulations. |
Miscellaneous dry waste consisting of clothing, rags, paper, and

air filters will be compacted into 55~gal drums by a baling machine,
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Spent resins will be placed in 30-gal drums and mixed with a
blend cf vermiculite and cement for solidification. Evaporator
bottoms will be placed in 35-~gal drums and mixed with a blend of
vermiculite and cement for sclidification. 1If required by the
activity level, the filled drums will be enclosed in steel-jacketed
lend shields for shipmént.

We estimate that for each reactor unit approximately 500 30-gal
drumg of spent Tesins, 200 55-gal drums of evaporator bottoms, and
600 55-gal drums of miscellaneous dry waste will be shipped offsite
each year, We estimate that each drum of spent resins will contain
approximately 10 Ci after 180 daye of decay; each drum of evaporator
bottom will contain approximately 2 Ci after 180 days decay; and the
600 drums of low activity waste will contain less than 5 Ci total.

Drums will be filled and sealed by remote means. Storage time
will be provided depending on the curie content and number of drums
generated.

Our evaluation indicates that the volumes and radionuclide con-
centrations estimated for this facility are consistent with operating
experience for similar plants. The system for precessing and
packaging the splid wastes will be of adequate capacity. Solid
wagte will be packaged within the limits specified by Federal

Regulations 10 CFR Part 71 and 49 CFR Parts 170-178 which are
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applicable to packaging, handling, and transportation of radioactivgq'
materials, The wastes will be shipped to a licensed burial site H
in accordance with AEC and DOT regulations,

Based on our evaluation of the solid waste system we conclude
that the system design will accommodate the wastes expected during
normal operations including anticipated operational occurrences in
accordance with existing Federal and local regulations. The sysﬁﬁn
design provides for waste handling in a manner consistent with main-
taining as low as practicable (ALAP) exposures to operators. The
wastes will be packaged and shipped to a licensed burial site in
accordance with AEC and Department of Transportation Regulations,
Based on these findings, we conclude that the solid waste system
is acceptable,

Process and Effluent Radiological Monitoring Systems

The process radiation monitoring system will be designed to pro-
vide information on radicactivity levels of systems throughoutr the
plant, on leakage from one system to another, and on levels of radio-
activity released to the enviromment, The system will consist of
radiation monitors for ventilation vent particulate and gas, elevafed
release particulate and gas, auxiliary building exhaust, fuel bﬁilding
exhaust, containment purge exhaust, leak colléction area gas, compo-
nent cooling water, condenger air ejector discharge, steam generator

blowdown tank discharge and composite sample, reactor coolant
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letdown, auxiliary steam condensate, gaseous waste disposal system gas
and particulate, waste gas tank vault ventilation, liquid waste con-
taminated drain monitor, liquid waste effluent monitor, reactor coolant
plant component cooling system, and waste gas decay tanks,

Samples will be taken of all liquid and gaseous releases to the
environment, Gaseous and liquid waste streams will be automatically
terminated when radicactivity content is above a predetermined level,

Provisions to monitor all normal and potential pathways for re-
lease of radicactive materials to the enviromment will be made in
conformance with General Design Criterion 64. Control of releases
of radicactive effluents to the enviromment will be in accordance
with General Design Criterion 50. Compositing of samples for low-
level analyses and provisions for instrumentation and facilities to
perform gross beta-gamma and alpha measurements and isotopic analyses
will be in accordance with Regulatory Guide 1.21 (Measuring and
Reporting of Effluents from Nuclear Power Plants, 12/7),

Based on our evaluation of the radiological process and effluent
monitoring system for normal operation and anticipated operational
occyrrences, we conclude that the plant 1s adequately provided with
process and effluent monitoring equivment and meets the requirements
of General Degigm Criteria 60 and 64. Based on our findings, we con-
clude that the radiological process and effluent monitoring system is

acceptable,
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RADIATION PROTECTION

Shielding and Health Physics Program

The Staff has evaluated the radiation protaction deaign featu:es'

and health physics program presented in the PSAR for this facility. .

This review was conducted to determine that facjlity design

and operational practices are such that exposures to, personnel |
will meet the requifEmﬂnta of 10 CFR Part 20. The review~includéd;f:ﬁ”f
evaluation of the facility layout, radiation sources, shielding #nd
ventilation, radiation monitoring, access control, expected radiation”
and airborne radioactivirty levels, and the health physiea‘organiza;
tion, equipmert and procedures,

Thig plant is similar to other licensed light water power reactu:su
in terms of equipment layout, shielding, ventilation and health phyaicﬁ
program. Based on past experience from operatiﬁg nuclear reactor.
plants, it is estimated that the average collective dose to all on-
site perszonnel will be approximately 450 man-rem per year per uhit.
Design measures described in the PSAR such as operating valves be=~
hind shield walls, provisions to drain equipment from behind shield
walls prior to maintenance, and shielding of spent filters during
removal should minimize the radiation exposures recelved by plant
personnel,

On the basis of the above review, the staff has concluded that

the proposed plant design and health physics program pfovides
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reasonable asaurance that exposures to individusls will be in

accordance with the requirements of 10 CER Part 20 and are acceptable,

Ventilation

Ventilation systems will be provided for this facility to
reduce airbornme aztivity levels and induce air flows from
potentially less radicactively contaminated areas to areas
with potentially greater radicactivity levels,

The inner or primary reactor containment will be provided with
a purge system and an air cleanup system. The air cleanup system
will recirculate air through HEPA filters and charcoal adsorbers.
The purge system will exhaust alr from the primary contaimment through
HEPA filters and charcoal adsorbers to the enviromnment. The outer:
or secondary reactor contalmment will be provided with a ventilation
purge system that will mainiain the secondary contaimment at a slight
negative pressure. This system will exhaust secondary containment
air to the eavircenment through HEPA filters and charcoal adsorbers.

The auxiliary building ventilation system will consist of the
building air supply system and the ailr cleanup and exhaust system.
The auxiliary building air exhaust system will consist of air clean-
up filter trains for the mechanical equipment room, fuel handling
area rooms, and common area rooms. Fach alr cleanup filter train
will consist of banks of prefilters, HEPA filters, and charcoal ad-

sorbers. The treated air #¥ill be exhausted to the environment.
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The turbine building ventilation air will exhaust to the environ-
ment without treatment,

The primary reactor contaimment air cleanup system will have a
capacity of 36,000 cfm. Charcoal adsorYers installed in the venti-
lation air cleanup and purge systems will provide a decontamination
factor of 10. In our evaluation of the véntilatiun systems w2 used
the parameters and the STEFFEG Code given in WASH=1258. We qglculate
thar the jodine~13l releases for the reactor building, auxiliary
building, and turbine building will be 0.0005 Ci/yr/reactor, 0.002
Ci/yr/reactor, and 0.003 Ci/yr/reactor, respectively.

The plant ventilation system will be designed to provide air flow
from areas of low contamination to areas of progressively greater
contamination before final exhausting. Building areas will be main-
tained at slightly negative pressure with resapect to the exterior
pressure to reduce exfiltration and contamination of outside areas.
The ventilation system will have adequate capacity to limit radioac=-
tivity concentrationg within plant areas to values listed in 10 CFR
Part 20, Appendix b, Table I for normal plant operation and therefore

we find it acceptable.
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13.0 CONDUCT OF OPERATIONS

13.1 Organization and Qualifications

The plant staff proposed by the applicant will comsiat of
approximately 170 persons under the direction of the Power Plant
Superintendent, Reporting to the Power Plant Superintendent
and Asgistant Power Plant Superintendent will be a Power Plant
Results Supervisor with a staff of approximately 25 persons, responsible
for plant performance, reactor engineering, chemistry control and
instrument maintenance; a Power Plant Operatings Supervisor, with a
staff of approximately 43 persons, responsible for plant operations;

a Pover Plant Maintenance Supervisor, with a staff of approximately

58 persons, responsible for mechanical and electrical maintenance;

a Health Physicist, with a staff of approximately é persons, responsible
for plant health physics activities; an Engineering Unit with
approximately 5 engineers and additilonal supporting groups such as
administrative services, public safety officers and storekeepers. This
is a customary type of organizational arrangement for two unit operation
at the game site,

The shift complement for one unit operation will consist of
seven men including one Senior Licensed Operator and two Licensed
Operators and for two unit operation will consist of nine men in-
cluding two Senior Licensed Operators and three Licensed Operators.
These ghift crew compositions are in accord with the established

staff position.
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The applicant has stated that gqualifications for plant employees
will meet the criterisa set forth in ANSI N18.1-1971, Selection and
Training of Wuclear Power Plant Personnel.

Technical support for the plant staff will be provided by the
TVA Division of Power Production (DPP). The main groups within the
DPP supporting Bellefonte will be the Power Plant Maintenance Branch,
the Plant Engineering Branch and the Nuclear Operations Coordinator.
These groups are currently supporting the operation of the TVA's
Browns Ferry Nuclear Station.

We conclude that the proposed organization, and the qualifications
of the ataff are adequate to provide an acceptable ataff and tachnical
support for the safe operation of the plant.

Iraining Program

A training program has been established to train the plant staff
for the operation of Bellefonte Units 1 & 2. The formal training
program for Senior Licensed Operators and Licensed Operators will
consist basically of six phases; Basic Nuclear Courses, Plant Tech-
nology and Specialist Training, Reactor Operations, Simulator Training.
Since 1t is expected that the applicant will be operating the Browms
Ferry, Sequoyah, and Watts Bar Nuclear Plants prior to the completion
of the Bellefonte NMuclear Statiom, TVA expects to draw many previously

nuclear trained and experienced personmel for the Bellefonte Nuclear
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Plant Staff. Therefore, the specific training any uhe 1n#i§i4h#;
may receive will depend greatly on his previous traininsfﬂﬁd'ﬂifi;”
perience, We wiil review the details of the ;raiﬁing p:ogfaﬁfgfi
the operating license review‘atage. 3 .:l

We have analyzed the proposed training program and’&nnclﬁdé;fﬁnp
it will meet Regulatory Guide 1.8 (Persomnel Selection“aﬁduTrﬁiﬁingg
vhich incorporates ANSI N18,1-1971, Selection and Traihingl:?‘-uf',':,._.',.ﬁi"
Nuclear Power Plant Personnel) and will provide the basis for an o
adaquately trained plant staff.

Emergency Plannig&

The applicant has descr’bed his preliminary plans for'coping _
with emergencies, including the proposed contents of the TVA'Rndiolo-‘
glcail Emergency Plan for the Bellefonte Nuclear Plant. The prelimi-
nary plang describe his own organizaticon inclu’‘ng responsibilities
and delegation of aythority, protective measures for accidents af-
fecting both onsite and offesite areas and a description of arrange-
ments made or to be made with local, State and Federal agencies
that may be needed in coping with emergencies occurring at the Bél-
lefonte site, The proposed plan is similar te the plan in effect at
the Browns Ferry site which includes arrangements currently in effect }
with the State of Alabama and Federal agencies,

We consider that the applicant's preliminary planq,meet the re-
quirements of 10 CFR Part 50, Appendix E, Part II and 1is, therefore,

acceptable,
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Administrative Controls

The applicant has described his intended administrative controls
Tegarding review and audit of facility operation, and plant. proce-

dures. They are similar to those in effect for the operation of

Browns Ferry Unit No. 1 which have been approved by the staff and

are acceptable for this facility.

Industrial Security

The applicant has submitted a description of the elements to be
included in his Industrial Security Plan. The plans include person-
nel selection policy and provisions that need be considered in the
design of facility. We will review the detailed security plan for
the Bellefonte Nuclear Station during the operation license review
stage.

We conclude that the applicant has deseribed those items important
to industrial security at the CP review and meets the intent of Re-
gulatory Guide 1.17 (Protection of Nucleav Plants‘Against Induatrial

Sabotage, 6/73).

——— . L el
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14.0 INITIAL TESTE AND QPERATION

The applicant has committed to an initial test and startup B
program to assure that equipment and systems perform in ‘acc'or'dance_.

with design criteria. The TVA Division of Power Productioﬁ‘has, .

the responsibility for the overall test program adminiatration"-‘
inciuding the conduct of tests, approval of results, and.mainw
taining records of test results.

We conclude that satisfactory test and startuyp program can

and will be implemeated by the applicant.
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15.0 ACCIDENT ANALYSIS

The pomtulated design basis accidents analyzed by the applicant
for.offaite radiological consequences are the same as those analyzed
for previously licensed PWR plants (e.g. North Anna Units 3 and 4),.
These include a loss-of-coola accident, a steam line break accident,

a Bteam generator tube rupture, a fuel handling accident, a control
rod ejection accident, and a rupture of a radicactive gas storage
tank in the gaseous radicactive waste treatment system.

We have reviewed these accldents and further evaluated the loss-of-~
coolant accident and the fuel handling acecident. The offsite doses we
calculated for these accidents are presented in Table 15.1, and the
assumptions we used are listed in Tables 15-2 and 15-3 of this report.
Further discussion of the loss-of-coolant accident dose modeling is
given in Section 15.1 of this report. All potential doses calculated
by the applicant and by us for the postulated accidents are within the
10 CFR Part 100 guideline values,.

On the basis of our experience with the evaluation of the steam
line break and the steam generator tube rupture accidents for PWR
plants of eimilar design, we have concluded that the consequences of
these accidents can be controlled by limiting the permissible
reactor coolant system (RCS) and secondary coolant system radie-

activity concentrationa so potential offsite doses are srall,
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At the operating license stage, we will include limits in the
Technical Specificatioms on the RCS and secoandary coolant system

activity concentrations such that the potential 2~hour doses at

 the exclusion radius, as calculated by the Regulatory staff for

tﬂese accidents, will be émali fractjons of the guideline doses
of 10 CFR Part 100. Similarly, we will include limits in the
Technical Specifications on gas decay tank adtivity guch that any
single failure (such as a relief valve 1ifting and sticking open)
does not result in doses that are more than a small fraction of
the 10 CFR Part 100 guideiine values,

The conttrol rod ejection accident will be evaluatred at the time
of the operating license review. This may require the setting of an
additional technical specification on the allowable operational
RCS leakage into the steam generator secondary side to assure that
radiological consequences of this accldent are well within the 10
CFR Paft 100 dose guidelines.

Loss~of-Coolant Accident Dose Model

The Bellefonte plant utilizes pressurized water reactors with a
low leakage concrete primary containment and a concentric concrete
secondary structure forming an enclosure building. The énclosure
building along with the fuel handling area and the auxiliary building
mechanical equipment zones for both units form an enclosure building

reglon (EBR) which is maintained at a negative differentizl pressure
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by engineered safety feature filtration systems. The purpose.of: ..
the EBR is to further reduce the amount of fission product leakage -
to the environment that is assumed to occur after the postulated: ..

design basls loss—of-coolant accident.

TVA has atated that the entire EBR will be normally maintained
at a negative differential pressure. Upon receipt of a high radiation
gignal, ESF filtration units will be activated such that the EBh'ié
always at a negative differential pressure, In aﬂdition, aftef:ﬁ'
postulated loss-of-coolant accident, the annulus atmosphere wiillbe
recirculated and mixed before release to the enviromment. In analy-
zing the capability of the proposed enclosure building region to
further minimize the direct outleakage of fission products, the staff
considered three specific points: (1) the minimum negative differen—
tial pressure throughout the EBR, (2) the fraction of the primnfﬁl
contaimment leakage that could bypass the region filtered by‘the
ESF filtration system and be released directly to the atnoaphefe, and
(3) the fraction of the primary containment leakage that 1s processed
by the annulus recirculaﬁion filter system as opposed to the once-
through auxiliary building filtration system,

At the operating license review stage, the staff will require
the applicant to show by appropriate teats that the ESF filtfatiﬁnﬁ

system will maintain the enclosure building region to a minimum’
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negative differential pressure of .25 inches water gauge under accident
copditions following a contaimment isolation signal, assuming a single

fniluiafof an active'cu-ponent in the filtration or 1uo1ation'ay#tems.

The applicant has indicated he will comply with this requirement.

' The applicant has indicated that the Technical Specification for
bypass leakage will be .52 of the containment leak rate. We will
require that this ppecification include all potential bypass leak
paths, inc;uding leakage through guard pipes which penetrate the
anrlus. In addition, we will require a Teckhnical Specification
to be set such that not more than 9.5% of the integrated containment
leskage can enter the auxiliary building, as opposed to the annulus
volume. The applicant has proposed similar Technical Specifications.
ﬂith these reatrictions, we can sasume that at leaar 90% of the primary
containment leakage is processed by the annulus recirculation system
for the purposes of computing design basis accident doges.

The applicant has provided redundant recombiners for the purpose
of controlling any fognntiun of hydrogen after a design basis loss
of coolant accident. In the event of failure of both recombiners,
the applicant has provided a backup purging mpda. Purging would be
done through the Secondary Containwent Cleanup System ($CCS) provided
for the enclosure bullding region to minimize the radiological con-
sequences of pyrgiug, We hqve evalvated the additional dohe an in-
dividuai might receive due to purging the containment after the &e—

sign basies accident. Our assumptions are listed in Table 15-1. The
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. gency sump located in the lower portions of the building. In th:l.s |

15-5

combined LOCA and purge dose wou.ld be w.-.ll wi.t'.h:ln tha gu:l.dalinc ex-

posures given in 1G CFR Part 100 fnr thn er outar boundnry and are
acceptable. | BT

Radioactive Spills

Tanks and equipment cnntlining"rndionptive liquids ;ocatédfﬁith

in the auxiliary, turbine,a nd reactor buildingn uill bfllervic?d wix
an equipment and floor dvainage mtel.' This mtﬂ wlllwijnci;.'lde
instrumentation for leak detection, level control fbr drninngl IUHFI;
and tanks, and system pump discharge preasures. Abnorsal cnnditinnn"
will be annunciated in the control room to waran of need for oparatq?f”
action., The drain system will handle normal leakage, but furtﬁer'fﬁw?
provigions will be made to accommodate major leaka. In the case ‘pf‘ “f""""ﬁ

major spills, where liquid builds up in a room, emergency drain drop— ,f3'

out panels will rupture to allow the liquid to drain to the e-nr-'ﬁlf 'L

manner radioacitve spills will be contained within the plant -truc.—-
ture, Liquid dumped into the emergency sump will be pumped tp-thg‘;“ﬁ; L 

liquid radwaste system for treatment and disposal.

Two condensate storage tanks will be located outside. Water ‘  :
stored in these tanks will be makeup water and condemsate that hln-u;““;‘
been proceased through demineralizers. A borated water storage |

tank will also be located outside. This tank will be designed to -
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ACCIDENT Thyroid  Whole Body = 7Ihyroid  Whole Body

Loss of C.Dolant 89 _ 0 7% 6._5
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TABLE 15-2 ©

LOCA DOSE CALCULAT

Power Level

Operating Time

Primary Containment Leak Rate
(0-24 hours)
(>24 hours)

Todine Composition
Flemental
Particulate
Organic

Pilter Efficienciesn
Flemental
Particulate

Organic

Minimm Site Boundary Distance
(.565 miles)

Low Population Zone (2.0 miles)
Accident Duration

X/Q Values (sec/m?)

0~2 hours @ .568 miles

0=8 hours @ 2.0 miles

8-24 hours @ 2,0 miles

24-96 hours @ 2,0 miles

96~720 hours @ 2,0 miles
Yolume of Secondary Building

Volume of Primary Containment

{ON INPUT PARAMETERS

“§?§3 ﬁyt ‘=3:;r;”ﬁﬁiL.{£': o

dyears .. ooy avw Gl

.. »zi,lday R I PR

- 1% /day
91%
Ly 2
4%
952
952
952
914 meters
3218 meters
30 days

R U 3
T A SN




Recirculation Synfeu:.“'; h
Initisl Exhaust Flow Rate 500 cfm
Final Exhaust Flow Rate 500 cfm

Total Recirculatcion Rate - 6000 cfm
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Shutdown Time
Total Number of Fuel Rods in the Core

Number of Fuel Rods Involved in the
Refueling Accident

Power Peaking Factor

Iodine Fractions Released
from pool

Elemental
Organic

Filter Efficiencies
Elemental

Organic

X/Q Values, Sec/H3

0-2 hours @ .568 miles

0-2 hours @ 2 miles
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Power Level (Mit)

Volume of Primaxy Contaimment (££?)

_Purge Duration (days)

Holdup Time in Containment (days) Prior
to Purge Initiation

Filter Efficiency for Iodinme (X)
Purge Rate (SCPH_)
4-30~day X/Q (sec/m?)

(>._ _nYnmonu PURGE DOSE INPUT PARAMETERS

3763

3.4 x 108
30
20.

95.
25

- 1.3 x 10 9
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Quality Group B and seismic Category T according to lmlatm:r
Guide 1.26 and 1. 29, respectivaly. llo prwuim vu:l. be udc

to retain apills from these tanks due to the inlinifimt

radicactivity content of the condensata l'tdrngl tulhana thn

design standarda for the borated water storage tanks.

Based on our evaluation of the applicant's dni..n AR ;

conclude that provisions 1_ncnrporita¢l to monitor tank lﬂﬂ.’ T
retaln 11quid spillage and sample, process, and diapose of
spillage, will be adequate to prevent potentisl uncontroiled
releases of radioactive materials to the environs from tlis T

saource.

Abnormal transients and Accidents ' o S | .

The applicant’s safety analysis evaluates the ''a'la:l.l:l;t:s"'c'l!‘?"m

the Bellefonte plant to operate without undue hazards to’ the

health and safety of the public., Two basic groups of events °
pertinent to safety are investigated by the applicant; ”lhmr."ll
transients and poatulated accidents. 'All transients and 'a'c;c:l"dmtl” |
have been evaluated for a core power of 3600 MHT .mgpgm“m [ty
which has been evaluated at 3760 MWt. The environmental consequences )
of accidents have been evaluated at a core power level of ’576"3;' it

‘ o S N LR SEEE TR ¢
The criterion, adopted to assure that the reactor cochnt

pressure boundary integrity is maintained, 18 tfult thq syntu

v

pressure shall remain below the code preuure limitu ut |

O
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forth in ASME code Section ITI (110X of RCS design pressure). The
criterion adopted to ensure that no fuel damsge has occured is
that the DN3R must be greater than 1.32 throughout the transient.

The applicant has submitted analyses of abpormal transients
and has shown that the integrity of the reactor coolant system
pressure boundary has been maintained and that the minimm
DHBR exceadad 1.32 for all transients. The maximum pressure
transient was identified (B&W Topical Report BAW-10043, Supplement 1),
as the complete loss of main feedvater from full power, resulting
in a peak RCS pressurs of approximataly 2670 psia.

Ve conclude that the evalustion of abnormal transiencs indicates
that the transients ‘presen:ud do not lesd to unacceptableon-
sequences and ara therefore acceptabla,

The applicant has evaluated a broad spectrum of accidents that
might result from postulated fallures of equipment, o‘r-thnir
maloperation. These highly unlikely accidents (design basis
accidents) that are representative of the epectrum of types and
physical locations of postulated events and that involve the
various engineared safety feature systams have bean analyzed
in detail.

The mcidcptn reviewed in Chapter 15 of the SAR included the following:
(1) Locked Rotor

(2) lLoss-of-Coolant (LOCA)
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(3) Steamline Rupture

auon s

The locked rotor accident was analyzed by postulating an :I.nqmm-

1‘-}

eous seizure of ome reactor coolant pump rotor. The ml:nr ﬂl'll
would decresse rapidly and a reactor trip would oceur ag.a ruult.
of a high power-to-flow signal. The thermal anslysis of the hot »
fuel element in the core was performed using 102% of rated power
and nominal flow, pressure, and inlet temperature. The mlyl:l.l o
revealed that 3% of the pins experienced a DMBR less than 1,32 =
and one percent experienced a DNER less than 1.0. The applicant
concluded that there vas no fuel cladding failure since the
naximm clad temperature was calculated to be 1060 F,

. The loss-of-coolant accident analyses referenced B&W Topical
Reports BAW-10065, BAW-10065 Supplement 1, "Multinode Annlyqiq__‘ ._‘q{giﬂ'l
205-Fuel Assembly (Mark C Design) Nuclesr Plant During a loss-of-
Coolant Accident”, August, 1973 and BAW~10074, "Multinode Analysis
of Small Breaks for B&W's 205 Fuel-Assembly Nuclear Plants with L
Internals Vent Valves", November, 1973. The avaqutm nodn]. L
described in the AEC Interim Acceptance Criteris and Amendments =
for Emergency Core Cooling systm-ﬁu used ‘i‘.n.the break anllyﬁqg%
except for tha deviations noted in these topical reports. qunmnt
to the latest Acceptance Criteria for ECCS published in the F.dcul. |
Register on January 4, 1974, the applicant will be required t§
resubmit the LOCA analyses satisfying the requirements of the

new Criteris.
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For a core power of 3760 Mit, the largest double-ended cold
leg break at the pusp discharge resulted in the highest peak cladding
m&im-"af'xm F. The wetal water rasction for the whole
core was 0.112% which 1s well below the 1% limit specified in
the Criteria,

Loss-of-secondary-coolant analyses have been parformed to
determine the effects and conseguences due to & double-ended
steam line rupture. A 29.53-inch I.D. stesmline rutpurs, between
the steam generator and the main steam isolation valves, snd a
42-1inch steamline rupture downstream of the main steam isolation
valves were analyzed. The analyses assumed that the reactor was
operating at rated power prior to the accident. The resctor
remsined subcritical even with the maximm worth control rod
assumed withdrawn.

In accordance with WASH-1270, "Anticipated transients
Without Scram for Water—Cooled Power Reactors", the applicaunt
will submit the raquired evaluation for Bellefonte by October 1,
1974, Any Jdesign changes required to make ATWS consequences
acceptable for the Bellefonte plant will be delinated in this

evaluation,
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TECHNICAL SPECIFICAYIORS

The Technical Specifications in an operating liclnllﬂdlf_l
certain features, chnrlcttrilticn. and cnndttinnl apvn:ntng u;n:
ation of a facility thut clnnot be changed Ui:hnut prior nppruvnl_
of the AEC. Final Technical Specifications will hc dnvnlbpidjﬁnd
evaluated at the operating license stage., However, in lcrutdauﬁu?
with Section 50.34 of 10 CFR Part 50, an npplmuon for a con~
struction permit is required to include preliminary Ihchnicul
Specifications. The regulations require an idantifiﬁatiun offihd';
a justification for the selection of those variables, cuuditinnl;l 
or other items that are determined, as a result of the prqliliunryj,
safety analysis and evaluation, to be probable subjects of chﬁniéliw
Specifications for the facility, with special attention given to ,;
those items that may significantly influence the final delign.,_ﬁ

We have reviewed the proposed Technical Specifications pfaséntwd;
in Section 16 of the PSAR with the objective of identifying thnaa g
items that would require special attention at the conatruc:ion‘ ,"
permit stage, to preclude the necessity for any aignificnnt change:
in design to support the final Technical Specificationa. The .
proposed Technical Specifications are similar to those baing
developed for or in use for plants of a dasign similar to Bellefont

On this basis we conclude that the propoaed Technical Specif

cations are acceptahle.
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The description of the Quality Assurance (QA) Program for the
design and construction of Bellefonte Nuclear Plant, Units 1 and 2
1s containéd in Section 17 of the PSAR, as amended. Our evaluation
of the QA Program is based on a review of this information, other
applicable documentation, and related discussions with the applicant
to detersine the measures to be implemented by TVA and its principal
contractor, B&d, to achieve compliance with the requirements of
Appendix B to 10 CPR Part 50. Our review of the TVA QA Program
includes dircussions with Regulatory Operations, Region II, relating
to their acceptanceé of the QA Manual and their inspection reports
on TVA's compliance with Appendix B to 10 CFR Part 50.

This section reflects our review of the QA Program for thia
facility to ascertain:
a. that a OA organization for the facility design, procurement,

and construction is established to derv'élop and execute a QA

Program in compliance with 10 CFR Part 50 Appendix B.
b. that this orgsnization is structured such that the in-

dividuals responsible for QA can effectively manage and

control ‘the QA/QC functioms.
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¢. that persomnel performing QA functions uiéhin the appli- .
. .cant's and contractor's organizations have suff;ciént,
~suthority, crganizaifonal freedom, and independence to
.. perform their functions effectively without undue in-
fluence from project cost and schadule and without re-
servation, and
d. thac the QA Program esbodies sufficient policies and
procedures to fully implemsnt 10 CFR Part 50 Appendix
B for safety related structures, gystema, and componants,

Temegsee Valley Authority

TVA is to perform the architect-engineering design, procure-
ment, construction, and operation of this facilicy.

Three organizational elemenis of TVA will be involved.. As
shown in Figure 17.1, these are (1) the Office of Power, (2) the
Division of Purchasing, and (3) the Office of Engineering Design
end Construction (OEDC). The Manager of OEDC has overall
reapunaibility.for quality assurance during design and cénatruction.
Pigure 17.2 shows the QA organization of OEDC. The management
of the QA Program in engineering, design, and procurement is the
responsibility of the Director of the Division of Engineering
Design.

The management of the QA Program in comstruction is the responsi-

bility of the Director of the Division of Construction. The Quality
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to 10 CFR 50. He has the r:nponsibility1of au&iting,tb

',_-_ by

Manager of OEDC. e QF? ”“’*hh g
The Division of Engineering Deaign has: a Qunlity Asuhrance

Staff (See Figure 17.2), nanaged by a Chief uhiéh revieua and

coordinates the depart-en£ 's QA Progran within the departunﬁt hﬁd

as it interfaces with others. It perfurms‘intgrngl audits wiéhiu-

the department. ‘ '}ﬁj;ﬁﬂf;:{ v %@}
There i3 also an Inspection and Testing Bra;hﬁ*ﬁithin”tha'nivi-'

sion of Engineering Design. This branch is raupéﬁsibie‘fox*aSIHrihg

that suppliers of safety related structures,; systems, and components

for the facility meet the applicable criteria of Apﬁendixsn EE

to 10 CFR Part 50. Inspectors from thisxbranch‘géffofmiinspactions

and surveillance at suppliers' facilities. 5"#51

The staff concludes that these organizatidﬁhi%iirangementa'ﬁ1113

provide sufficient independence and are théréfdtéﬂéhtiafactnry.for?éngineerinh,

oo
Sy B

design, and procurement QA funcrions. e e et
Within the Division' of Conmstruction, the‘Céq%trUctiun‘Engineer is
responsible for quality assurance im the rehéi#ﬁﬁand storage of ma-—

terials and in field fabrication, construction; eréction, and’

LTV
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preliminary teats and checks for Bellefonte 1 and 2. As shown in
Figure 17.4, the staff of the Conatruction Engineer includes Engi-
neers and Principal Engineers. The Englineers prepare detailéd in-
gpection and test procedures; and, in response to our questions,
the applicant stated that thege engineers are trained inspectors
in their specific discipline, that they perform physical inspections,
and that they magke formal acceptance of marerial and equipment.
In addition, TVA has stipulated that the Goﬁatruction Rogineer and
his staff of field engineers will make no judgment of acceptance
of inmpection findings which are not within the literal limits of
specifications and their tolerances as defined by the design en-
gineering organizations. The Principal Engineers, on the staff
of the Constructioun Engineer, perform independent checks and audits
of these functionas

Figure 17.4 also shows that the Construction Engineer, responsible
for comstruction quality assurance, and the Construntinﬁ Superin-
tendent, responsible for construction cost and schednle, are onm
the same organizational level; i.e. both report to the Project
Manager. TVA has recently proposed organizational changes under
the Division of Construction which include the addition of a QA
Staff Supervisor repurting'tu the Director of Construction, -The
QA Staff Supervisor has reporting to him an onsite QA represent-

ative with responsibilities for auditing the QA activicies on site.
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: Rk
We will require the details of TVA'u urgauisltinnll chnnggs be
Y A EaF AW i' .

documented in the PSAR prior to iauuance of a conn:ruction paruit.
R w‘*r”

The PSAR, as amended, states that TVA hns 1np1uuuntad nn o

'v_'ll: ‘:'l
overall QA Program for this facility. This prugra- ia docunentad ‘

SR g‘ﬂlﬁ
in the TVA Quality Assurance Manualas and thu nnw Qunlity

‘-'r:‘.".-

Asgsurance Manuals, all of which prnvide datnilu of hnw the

design, procurement, and construction of this fnuility ;iil

comply with Appendix B of 10 CPR Part 50, TVA hls lilted the con—-
tents of its QA Manuals related to each of the criteril uf Appendit
B, Our review of thia listing shows that the QA Prugrn- requirennntl
of Appendix B have been addressed by implementing provisions in

these manuals.

Based on our review of the QA Program as described in Section 17
of the PSAR and on its implementation in accordance with the contcntu
of the QA Manuals, we conclude that except for the recent nrgtni—
tational changes noted above which have not been docu-nntld, an
acceptable QA program has been documented and that this prngr;- 1a
in compliance with Appendix B of 10 CFR 50. |

TVA has established a three level program to obtﬁin #dﬁqunte

quality control and quality assurance, The first level, quality

Lol

control, 1is provided by supplier inspectors during nnnufacturing

i \
J

and by TVA inspectors (Engineers-Figure 17 4) of the Diviainn of
Construction during construction. This fira: leval nlno 1nc1udea

v,

the review of design drawings and procutement docunenta by 0.7,
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m ucon:! lavel in surveillance cnnducted by the Inapac.tian and
Tut:lng thlmh af the D:l.v:l.sion of Engineeﬂng D&Bign and by the
l'rrincipal Engi.neers uf tbe Divin:lon af Cunstructiun. 'rhe third
| level 1s the Audil: Progran which includer | |
1 OEDG nanagement audiu perfumd under the direction of the

Qunl:l.ty Msm:a.m:e Hamget. -

2. Internal andits performed by the QA Staff of the Division

of Engimaﬂng Dexi;n and by the. Qc Qnd Records Supervisor

‘of the Division of Construction. |
3. Vendor audits performed by the QA Staff of the Division of

Engineeriug Design and site contractor audits performed by

the Conatruction Engineers Staff of the Division of Con-

struction.

Based on our review of the QA Program description for this
facility as contained in the PSAR and in othar applicable documen-
tation, we find that the proﬁu provides for sufficiently detailed
procadures, requirements, and elemsnts of control to assure that
all safety velsated structures, systems, and componants are designed,
conatructed, installed, inspected, and tested in accordance with
the requirements of 10 CFR Part 50 Appandix B,

17.2 Babcock & Wilcox

TVA has pﬁrchlud the Nuclear Steam Supply System (NSSS) from B&W,
and B&W 1is responsible for developing quality control requiraments
and prochurn for the W588 and sssuring that these requiressnts and
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procedures are followed. The B&W P W“:G‘m’m mm s |
comprised of a pumber of Operating Divigions (See w.‘?‘. 17-5)' "ch SRR
PGG facility that is fabricating nuclear equipment “EﬂMﬂllf o
audited by the Quality Assurance organisatiom of Group Operation
Services of PGG. The Nuclear Fower Generation Diviston (WPGD) of
PGG 1s responsible for supplying the nuclaar plamt. Omniﬂt.:lon .
elements of NPGD are also shown on FMigure 17.5. Owverall comtract |
responsibility for supplying the WESS is assigned to a Project
Manager within NPGD.

Quality msnagement within sach PGC Division has stop work autho-
rity. The Quality Comtrol Inspectors ara located ia sach PGE Divi-
sion. An organization chart for quality assurance within WPGD is
included in Figure 17.5. Responsibility for QA activities is assigned
to the Quality Assurance Msnager. The maneger of Quality Assurance |
reports directly to the Division Vice President. In response to
our quastions ¥Yigures 17.6 and 17.7 were suppliad. Thase figures
show similar QA organizational independence for the Nuclear Bquipment
Division and the Commercial Nuclsar Fuel Plant.

Since thm quality sssurance organisations are indspendent of
menufacturing organizations and since the Quality Assurance Managars
are on the same organizational reporting level as those managers
directly responsibia for cost and scheduls, we conclude that BaW
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QA organizitions have sufffcient fndependence and authority to pro-~
perly carry out their QA téhpdnsibilities without undue influence
and prespures from those organizations directly responsible for
projeéct costs and schedules,

" "B&W's QA Program includes coverage of each of the 18 criteria
of Appendix B to 10 CFR Part 50. The PSAR includes a table showing
the B&W QA procedures as they address each criterion and a summary
table of the QA procedures required of B&W suppliers of safety
related structures, systems, and compenents, Based on our
review of these tables and Section 17.1B of the PSAR, we conclude
that an acceptable QA Program has been documented and that this
program is in compliance with Appendix B of 10 CFR Part 50.

B& uses three levels of organizational control to evaluate the
QA Program. At the first level, suppliers and B&W divisions other
than NPGD are required to have internal audit programs. At the ge-
cond level, process audits are conducted by the Nuclear Power Gene-
ration Division and by other divieions to assure functional areas are
adequately covered. The third level consists of quality system audit
of involved B&W facilities by the QA organization of Group Operation
Services of the Power Generation Group.

NPGD surveillance of suppliers during fabrication, inspection,
test, and shipping of safety related structures, systems, and com~
ponents i{s planned and conducted in accordance with Product Surveil-
lance Plans which include inprocess hold points, The Product Sur-

veillance Plans provide the field representatives with instructions -
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on gource gurvejllance, critical proceas v:dﬂcgtion,' m fﬂmll
inspection. B&W holds the supplier responsible for mtm M
testing. The field representative assures that it 1- donl :tn M:—
cordance with praappmed procedures. e amitamie

The organization structure and !unct.ionll nmuibi,lity -,qpign-
ments are such that attainment of quality cbjectives :I.lchnm],;l.lhid
by individuals assigned responsibility for specifying quality or for
performing work to specifications. We find that mif:l.cltioﬁ of )
conformance to sstablished quality requirements is lccowlhh&dby . |
those vho do not have direct responsibility for specifying or for
performing work to specifications. The QA Program of B&W contxins
those quality system elements necessary to provids agsurance t!'ut
systems and components iaportant to u!at; seat spplicable codes,
standards, and regulatory requirements and the quality requiresents
of TVA.

Regulatory Operations
The Directorate of Regulatory Opm:ltim;n (RO) has examined the

quality assurance program for thig facility to determine its -
conformance with commitments in the application for a cmtmt:loq
permit and with the requirements of Appendix B to 10 m 50.

The RO examination tncluded: (1) a detailed review of the application
for the construction permit; (2) attendance at regulatory meatings
with Tennessee Valley Authority, in which the proposed. program -




N

"ﬂiﬁlio‘

e:plaidéd in datail, (3) inwdopth exaninntions of the quality
nuourhnoo progron, organization and’ prooodurea fox dooign and
'ptucurémént at ‘the applicant's Knoxville, Tennessee offices;
(4) detailed discusaions of theé results of RO 1nspect;on findings
with"iﬁhﬁééﬁént'of‘Tohnéhééo valley Authority, including the
applicant’s proposed corrective méaiofeh.' Basad on these actions,
1t 1s the opinlon of the Directorate of Rogﬁlhtory‘Operofions
that: ‘(1) the applicant hLass providod and {mplemented a
' quality sssurance program ‘commensurate with the prolect statua, and
s program, inoludiug‘oorfeotiﬁo commitmwents, conforms to 10 CFR 50,
Appendix B, and the applfcation commitments: (2) the applicant has
implemented his quality assuraunce progiom through his Divieion of
Engineering Design (DED) and nuclear stesm system supplier design
and procurement activities, and by conducting qualification and
performance audits of major component suppliers in oooordanoo with
the provisions of Criterion XVIII of Appendix B, 10 CFR 50; and
(3) the nuclear oteao'oyotEm'supplior's quality assurance program
has been made an integral part of the applicoot's quality assurance
- program.

Regulatory Operations will accompany the applicant on soleotod
audits of major contractors and suppliers, and borform.odditional
inspections as neceasary prior to intitiation of ooustructioo aoti-
vities to. examine the current status of development and implementa-
tiom of the overall quality asgurance program for the Bellefonte

nuclear project.
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strating that quality relnted activitiu vﬂ;l. be eunductﬂl in IG-
cordance with the requirmmts of Append:l.x 1 to 10 crE !'lﬂ.: 50. _
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COMMON DEFFNSE AND SECURITY

The application reflects that the activitles to be conducted
would be vithin the jurisdiction of the United States and that
all the directors and principal officers of the applicant are
citizens of the United States. 7TVA is a corporate agency of the
Federal Government.

The applicant is not owned, dominated or controlled by an
alien, a forelgn corporation or a foreign govermment. The aétivi—
ties to be conducted do not involve any restricted data, but the
applicant has agreed to saféguard aﬁy such data that might becowe
involved in accordance with the requirements of 10 CFR Part 50.
The applicant will rely upon obtaining fuel as it is needed from
sources of supply available for civilian purposes, so that no diver-
sion of epecial nuclear material from military purposes is involved.
For these veasons, and in the absence of any information to the coun-
trary, wve find that the activities to be performed will not be ini-

mical to the\cunnnn defense and security,
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-The Regulatory staff haa ravieuad tho aatimatod oouatrucﬁ ,

; : NS R
e‘__. ..,_q‘:..‘w T

| tion ooato of tho nucloar production plant and has found them to

B 5

be om tho low-sida. Reviaod ooat eatiuataa are being prepared by

‘tho applicaat.‘ The ataff intaada to evaluate theao oatimateo aa
’ part of ita preparatiou of finantial qualifioationa teatimooy to

 be included n a Suppiemen: to the Safaty Evaluation neport

The oatliaat and lateat oatinated datoo for complation of the

' oooatruction of each uoit are atatad below'

Earliaat Data Lateat‘nato
tatel Hhrch 1, 1979 ~ September 1, 1979
Unit 2 | December 1 1979 June 1, 1980

The ptopoaed;faoility~io‘aénaoeoaarycpart-of the applicant's
oootiuoiag“axpanaioo;of:iaoilitiaa:to provide the electric energy
for new. growth and for: the: inoraaaiog demands placed on its gystem

from inoroaoad uaago by 1ts customera.  According to the applicant,

: tha graateat patt of -this. growth- haa been and will be due to rising

standards of living, induatrial dEVBlOPmEut with better job

'*'opportunitieo and iotomaa, and a riaing population.

3.

. \ i

lconatruction of the plant will be finaaoed as an iotogral part of

1'.‘1 y

tho applicant 8 power facilitieo conotruotion progran. - New power

facilities’ are financed largoly fron borrowingo made thnough the

sale of power booda snd notes "and in part from powar revenues remaining

S A, 5
s . . L ‘!"-
1|.-M f X I i s o -



of power notes and bonds ‘accounted fnr 212 and 79! reapectively,

‘

of construction and nuclear fuel expenﬂiturea-

Section 15d of the TVA Act (Temea'aa*a"'vallay "Aﬁfhﬁi:ii:ir ,‘AEE o .-193"?3

as amended) authorizes TVA to iasue bonda, notes and other'evidennea

of indebtedness up to a total of 55 billion nutstlnding at:hny

one time (of which $2.3 billion {s" nutstanding) to assisﬁ“in_ inancingw
its power program. Deébt service on thile dbligatinns,.

R 1\'1‘1 :.' :
payable golely from TVA's net‘power'prucegﬂs, haﬂ pracedgnéa

will submit its recommendation in’ aﬁcurdance uith the foice of
n'.r it

Management and Budget Circular No. A-19, Revised dnted Julylal 1912.,-

L b

[

‘-i' La " s ';"F'j"": "[::'T"‘r

Naither the TVA act mor the Baslc Tennenuee vnllqg Autbority Pauer,.

i )‘:‘.J‘
h

Bond Resolution (Indenture) raquires that TVA -nat specific 1n;cr¢-n

- ‘.’-w.

coverage ratios, debt coverage ratiom, or debt to aquity rntins.
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nom::, Sectitm 15:1(f) of the IVA Act tequirna that TVA ma:lntain
ratea sufficiently h:l.gh to meet :l.ts iinancial obngacions, o

to m;@ﬂﬁ,;}ﬁ_hﬁﬂkglﬂsﬂ. and to protect the equity of the,
Ifedernl gweru-mt. P |
Infm:-at:l.on preaeuted in T?A's "power annual report:“ for the fiscal
year ended Jme 30,. 1973 indicates that operating revenues from.
the power Mﬂmﬂlﬁﬂwnﬁ nillion. Operating expeunses vere
sqggtgg_j;ﬁﬁf?,,ﬁ.-!ﬂ};qn, of which $89.5 million represented
depreciatjion_.. Intqg_st on long-term debt was earned 2.2 ti@a_a. ‘
Wet income totaled $106.4 willion, of which $53.8 million vas paid
t.o’the,l U.S Treagury as a return on Federal govermment appropriations
invested in the power system. The dividend is determinad each year
by applying the Federal government's average interest rate payable
on marketable Treasury securities at the beginning of the fiscal
year to the Pederal government's net appropriation investment in
TVA facilities at the same date. The return of $53.8 million was
computed by applying the average intereat rate of 5.099X to the
net appropriation investment of $1,054.8 million. Pinancial ratios
based pg_:vA'p_ balance sheet for its entire operations as of June
30, 1973 indicate an adequate financial conditions, s¢.§., long-tern
debt to total cap:l.taluation - 41X, and to nat utility plant - 39%;
net plant tn capitnliution - 1. 06 "and hwent-am: and nurplua to

tota:l. uuu - 501. 'nu uwrd of TVA': pwer progran during the

Tt
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fiscal years 1971-73 shows that operating uvmu :Inuruu

from $598.0 million in fiscal year 1971 to $769 i l:lllicm in

fiscal year 1973 and net investment :ln ut:l.lity plmt fm
$3,635.9 million to $4,567.6 million. Hnuem, mt incou dnclin
from $119.0 million in fiscal year 1971 m $106.4 ﬁnion" in

fiscal year 1973, and the number of tim :lntere.st m urned

declined from 4.0 to 2.2. Moody's Investors Service ntu 'NA'.-
power bonds es Aaa (highest qualiry). More recent dutn 1nc1uded
in TVA's Power Quarterly Report issued in February 1974 diutel
that operating revenues from operations mcrmed fro- 3683 2
million in calendar year 1972 to $804.0 milliop in calem!u' yﬁar

1973. However, net income declined from $103.0 million t:o 381.’4' lﬂ,l:l. '

A sumpary analysia veflecting various ratios and other pcrt:l.mt -

data is attached as Appendix B.
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21,0 comcLusToNs’ T vt

Baled on the proposed design of the Bellefonte Nuclear Plant,
Enits 3 and 2% on the criteria, principles, and design arrangemants
. for systemn and ‘components thus far deacrihed in the PSAR that include
%;all of ‘the 1npor:ant aafaty items; on the calculated potential |
cunsaquénCeé'af‘rou:ihe‘and accidental relesses of radioactive material
to the envirops: on the scope of the development program that will be
conducted; on the technical competence of the applicant and the principal
cantractorafﬁéna‘éauum;ng favorahle‘resolution of outstanding ﬁattera
.discussed‘héréin; we have concluded that, in accordance with the pro-

vistons of Section 50.35(a) of 10 CFR Part 50 and Section 2.104 (b)

of 10 CFR Part 2:

1.‘ The appligaqt has described the proposed design of the facility
iﬁclu#ing, butlnot‘limited to, the principal architectural and
eﬁﬁineering criteria for the design, and has identified the
'majur features or components incorporated therein for the
prm:ectian of the health and Bafety of the public;

2, Such further technical or design information as may be required to
compléta the safety analysis and which reasonably can be left for
later éonsideration will be éupplied in the fiﬁal safety analysis
reportg}

3. Safety fia;ures or components which require research and

development have been descxibed by the applicant and the applicant
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has ideatified, and there will be conducted, research and
development programs reasonably dasigned_to_resolva safety
questions associated with such features or components;

On the basis of the foregoing, there is reasonsble assurance .
thar (1) such safety questions will be satisfactorily resolved
at or before tha latest date stated in the application for
completion of construction of the propoged facility and (i1}
taking into consideration the site criteria contained in 10 CFR
Part 100, the proposed facilities can be constructed and
operated at the proposed location without undue risk to the
health and safety of the public;

The applicant 1is qualified technically to design and construct
the proposed facility:

The applicant has estimated the costs reasonably and is
qualified financially to design and construct the proposed

facility; and

The igsuance of permits for construction of the facility will not

be 1ninical to the common defense and security or to the health

and safety of the public.
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APFERDIX B.

TENHEESEE VALLEY AUTHORITY

DOCKET NOS. 50-438 and 50-439
{d ollars in nillions)

Long~term debt
Utility plant (net)
Ratio - debt to fixed pliant

Utility plaant {(net)
Capitalization
Rario of net plant to capitalization

Investment and surplus

Total assets
Ratio of invest. snd surplus to
total assete

Net income

Investment and surplus
Rate of earnings on invest.
and surplus

Net income before interest
Utility plant (net)
Rate of earnings on net plant

Net income before interest
Interest on long-term debt
No. of times long-term interest earned

Net income
Total revenues
Net income ratio

Total utllity operating expenses
Total utility operating revenues
Operating ratic

Utility plant (gross)

Utility operating revenues
Ratio of plant investment to
revenues

Capitalization:

Long—term debt
Investment
Surplus

Total

Year Ended Year Ended Year Ended
6-30-73 6-30-72 6-30-71
$1,775.0 31,225.0 $ 675.0
4,567.6 4,166.0 3,635.9
.39 .29 .1y
4,567,6 4,166.0 3,635.9
4,296.0 3,692.9 3,083.0
1.06 1.13 1.18
2,521,0 2,467.9 2,408.0
5,051,¢ 4,523.1 3,993,8
.50 .54 .60
106. 4 112.1 119,0
2,521.0 2,467.9 2,408.0
4.2% 4.5% 4.9%
245.8 212.5 196.7
4,567.6 4,166.0 3,635,9
5.4% 5.1% 5.4%
245,8 212.5 196.7
111.4 69.0 48.6
2.2 3.1 4.0
106.4 112.1 119.0
823,2 693.8 646.2
.13 .16 .18
577.4 481.3 449,5
749 .4 641.,9 598.0
.77 .75 .75
5,808.2 5,321.6 4,710,4
749, 4 641.9 598.0
7.8 8.3 7.9
6-30-73 6-30-72

Amount % of Total

$1,775.0

41,37 $1,225.0

Aﬁount # of Total

33.2%
1,697.3 39.5  1,696.9 45.9
. 823.7 19.2 771.0 20.9
32,2%.0 100.08 $3,692.9

NOTE: Amounts derived from balance sheets reflect all operations of TVA and those

derived from income statements reflect TVA's power program only.

1

. Bl

100.0%
e

e



