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1.n I M RCDUCT ION AND GE*,ER AL DISCtB5 ION

1.1 Introduction

The Tennessee ialley ;u thori ty (or applic. t) filej with the aclear Pegulatory
Conmission (cr Ci'crissicn) an app ,vn docketed cn hmer ber 7,1975 fer licenses
to constract anj ercrate its prcposed Phipps Bend Nuclear Plant (Fhipps Pend plant)
r ensisting of tnc units desii;na ted Units No. 1 and No. 2. The Phipps Ben.1 N; clear
Flant proposed site is located in Hanins Ccunty in eastern Tennesste on
the Holsten River appraximately 15 miles southwest, of kingsport, Iernessee.
The Phipps ErnJ plant will utilize the General Electric i cmpany star.dard nuclear
islanJ design. A separate Envircnmental Report was subnitted for the Phipps Eenj
plant in accorjance with the Connission's regulatiers,10 CFR Part 51, which imp l em en t
the latioral Envirem ental Policy Act of 1963 (NEPA).

1 Preliminary Sa f ety Analy sis Peport was subr:itteJ with the Tenressee ialley c thoritya

a;Tlication. Inis re;crt describes the site and the design of the balance-of-plant
s truc tu res , sys ter's , a nd corp 3nents ind inccrpurates by reference the General Electric
Cer cany " Standard s tety An3 lysis Pe pcet" (GSS5AP-?34, 4; clear Island Docket N0. SIN
w 047, hereinafter referrej to as GE55A*>). GE5S AR describes a s tandarj n; clear

island desian which incc<porates a W rk III Contaiorent and a B A -6 class boiling
Water reac't r

it e Co unissicn iss;ed WR ,-13ll, "Fr gravatic Inf om3 tion for the licensing cf
tandardized *, : lear Power Piants on August 20, 1974 Anenanent 1 to WASH '3al,

dealing with "cpticns" and o ve rl ap s , w n isw ed January 16, 1975. Thc regula-
tions qo,ernir} t' e submit .al and review of standard designs unjer the "referincer

syste option 3re fanJ n -ppen' x 0 to Part 50, 'Licensin cf Frcdaction and4

Utilizatico Facilities, ^d "s r tion 2.110 of Fart 2, L;les of Practice,' in<

Title 10 of the ede of Fejeral Fegalations (CFR).r

Gibi r w3s c d'ittoj by the General Elec tric Cor;3ny in the fem of an applicaticn
fer a Prelimintry psign Aptrcval fror the C W ission a was in response tc
Option 1 of tN clear Regulatory Lonnissicn'2 stand 3rdization policy. Opticn 1,

allows fnr the review of a " reference syster that inval ses an entire f acilitj
ksign or raju f raction of a design outside the centex t cf a license apDlicaticn.

Lly 31, 1973, the application for GES$A' was docketet-'

discus sia of 0 ;r evaluation of 'J55AR is presented in our sa f ety esil uat icor

+ ;tirt, dated Cocember 1975, an ' Su;.ple"ent Na I,arj" gpiteent No.
m there to date !

c r + e" ' , r 197t and f otruary 197 / r enec ti s ely. Ecpies of the safety evaluation
n , ert an ' its c aple" ant' 3re attached as 4 pendices e, C and C 10 this toinrt.

1-I q_, ,i
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Where we have made use of these evaluations, we have referenced the appropriate

sections of the GESSAR safety evaluation report and its supplements in this report.

Durtig our review of the Fhipps Bend application, numerous reetings were held with,
representatives of the applicant, its centractors and its consultants to discuss the
design of the facility and the techr.ical material submitted. A chronological listing
of the meetings and ether significant events in our review of the application is
given in f.ppendix G to tnis report. We requested that the applicant provide addition-
al inforr tion needed for car evaluation and to modify the application to meet certain
regulatory requirements. The additional information and modifications to the applica-
tion were provided in Arendments 1 through 13 to the Preliminary Safety Analysis
Peport. The Preliminary Safety Ar.alysis Report and copies of these amendments are
available for public examination at the Commission's Public Document Room, 1717 H

Street, N.W., Washington, D.C. 20555, and at the Kingspart Public Library, Broad and
New Streets, Kingsport, Tennessee 37660.

Inis safety evaluation report sunnarizes the results of the technical evaluation
of the proposed Phipps Eend Nuclear Plant performed by the Com1ission's staf f and
delineates the scope of the technical ratters considered in evaluating the radio-

icg; cal safety aspects of the facility. Aspects of the environrental irpact con-
si:ered in the review of the f acility in accordance with 10 CFR Part 51, " Licensing
anj Pegulatory Policy and ProcedJres f or Envirenrental Protectico" of the Connission's
re;ulations, which irplements the National Envircnrental Psiicy Act of 1969, are

discussed in tre Connission's Firal Environmental Staterent which was issued in
February 1977.

Upon favorable resolution of the outstanding issues discussed herein, and sunrarized
in Section 1.9 cf this report, we will be able to conclude that the Phipps Bend

Nuclear Plant can be constructed and operated as prcposed without endangering the
he3lth and safetj of the public. Our detailed conclusions are presented in

Section 21.U of this report.

The review and evaluation of the proposed design of the facility reported herein is
only the first stage of a continuirg review by the Connissicn's staff of the design,

constructicn and operating features of the Phipps Bend Nuclear Plant. Construction
will be accomplished under the surveillance of the Connissicn's staf f. Prior to

a decision on the issuance of operating licenses, we will review the final design

to determine whether all of the Cennission's safety recJirements have been net.
The f acility may then be cperated only in accordance with the ter~s of the cperating
license, the Connission's regulations, and under the continued surveillance ci the
Connission's s taf f.

1.2 Lereral Plant Desc& tion

Tha proposed nuclear island design, as described in the CESSAR StanJard Scfety

Analysis Report, incorpcrates a single-cycle, forced circulation BWR-6 class boiling

1-2
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water reactor and a Mark III type of vapor suppression containnent systen, both of
which are based on designs with certain new features introduced by the General
Electric Company in 1972. The nuclear island scope of design, graphically shonn in
figure 1.1 cf this repart, incluJes the nuclear steam supply systen, the engineered
safety f eatur e, systers, the reactor and auxiliary buildings , the control building,
tne raduaste bJilding, the fuel building, the diesel-generator buildings, the offgas
treatment syster (housed in the turbine building), the onsite electrical power syste-
and related systems and structures.

The principal Phipps Bend plant balance-of-plant features that either contain
safely-related systems or interface with GESSAR nuclear island safety systems will
include the turbire building structure and Ecwer conversion system, the instrumenta-
tion and control fcr the turbine building systems, the portions of the reactor pro-
tection system frcn the turbine stop and control sal,es, the portions of the engi-
n(ered sa fety features from the condenser, the turbine steam and power conversion
systen Enction of the f hipps Bend plant balance-of-plant on the turbin, side of
the m3in steam and feedwater shut-off valves, the fire protection systen for the
turbire building and site, including a central carbon dioxide supply systen, the
essential service water system, including stray pond; as a source cf cooling water
f or nurnal ar.d en ergency plant shatdcwn et safety systers, the diesel generater fuel
oil storage and transfer systers, the condensate stcrage and transfer system, and
the of f site alterniting current power syste .

1.2.1 R
e. actor---

The reactor care f or eacr of the two B'aR-6 class boiling water reactors will contain
732 tuel asso-blies Iuel will consist of slightly Enriched uranium dio<ide in th-
forr of sintered ceramic ,ellets. Sure of the fuel will contain gadolinium oxide in
a mxture with urani c dic(ide, also in the form of sintered ceranic pellets. The
qadalinium will serve as a " burnable poiscn" Jesigned to flatten tre Ecwer distribu-
tion ani l mi t + be core reacti',ity variaticn thrcugncut the ccre li f etim TFe tuol

ellots will te er closed in lircalcy-2 tubes (cladding) which will be evacuated,s

b3ckfilled aith tellum, and sealed by welded ZirCalcy-2 end plugs at each en j. A
11rcalns-4 fuel channel will encicse a buncle of 63 fuel rcJs in an 8 x 8 array (cno
f uel ro 1 ; os i tion r'll ( Ontain a water tilled rod).

'ne romal s entivity contral or rapid shutdown of the reactor will be achieved with

t ottv-entry crucif or -shacej centrol rods that will b( roved sertically in t9

Spaces (Ptweef fuel assPf"blies by 3 hydraulic rechants with wa ter a s tne work inq

f lui i- f or rapid in orticn, riite t gen under pressure in an accu ulatc r will provide
''e dris in ] fccce Each (Ontrol e td will be in fepen tent at the other control reis

anj will hno its e n hjJraulic tontrol syster f standby liq;id cuntrol syster will

ilsn te asa11able f( r injecting a bcrcn solutice into tho reactor for enrgency icng-

tm n reactivity c entr ol,

q < / p)
..,

|
? \ L_ [
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1.2.2 i+a c t o r Coolant Sys+e,

ire reactor coolant pres u e t n ndary will include the reactor pressore vessel, tFe
recirculaticn lines, the " ain steanlines, the feedwater lines, and branch lines to
t hei r cutermos t centain +ot isolaticn valves. Water tIcwing through the core will
serve as both noderatcr anJ coolant. Maverent of water through the core will tie
accorplist.ed by the drivig f orce f ron two recirculation pu ps s i; plying water to 20
jet purps (10 per r(circulating pr p and associated piping), and by csnsect .e
forces Stea' fron the Loiling process in the reactcr core wili te separ?' from

the recirculating water and dried in tre upper regicn of the vessel, then directed
torough the fcur steanlires to the turbine generator systen where its erergy will t'e
cnnvertej inta electricity. The steam will then t e e<hausted to a ccndenser located
beneath the turt, ire where the condensate will be collected and returned thros / a
cleanup systen fcr recycling throsgh the reactor.

1.2.3 & lineered Safety Features

Engineered safety features will proside the c3pability to contain fission prode:ts
asced ta t;e released dJring a PCstulatEd design basi 5 accident s0 trat radicartiVe
releases will be restricted to acceptable le.els, provide for heat rerocal fer
e se:;ency srcrt H1 lon,-tern c; cling, and ccndense steam within the primary
containrrot

Systen s and cc%nents designated as cngireered safety features will be designed to

be capnle of cerfcering their function c f assuring safe shutdown of the reacter
/ er the af,erse conditicns Cf th e varicus pcstulated design basis acciderts
described in ection 15 cf 8 ;endix to this report. 'The Phipps Bend plant'ss

postulated design basis accide t intcenation is presented in Secticn 15 of this
reinrt. The engineered safety features will te desigred to seismic a teqa ry Ir

standards and tnej will f A ticn esen with a corplet] Icss of offsite pcwer,
L a crents and syste"s will te provided with sufficient redsndancy so th3t
a single f ailure cf Jny COr ycnent Cr syster, Will nCt result in the Icss of the
plant's cg ability to achieve and maintain a safe shutj;wn of the reactor. the

instruncntatien systens and e ergency power systems will be designed to the same
seisnic, rejundancy, and quality requirements as the systems tney serve.

1.2.4 Pro Nction Syste s

Plant protecticn systers designs will te provide 1 that will autcratically initiate
appropriate action wnene.er a monitored conditicn accrcaches preestablished safety
limits. Trese prctcction systens will act to shut down the reactcr, close contain-
rent isolation val Ns and initiate operation of the engineered safety features should
any cr all of these acticr.s be recuirec.

Ite reactor protecticn systen will provide the reans to protect against ccnditiens
that ray cause Lel da age or a loss of integrity of tre reactor conlant pressure
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ts ou nd a ry . The reacter protection system will initiate a reactor scram following an
abnorm 3l operational transient, pressure pulse, predetermined f uel damage cr signifi-
cant loss of integrity of the reactor coolant pressure bcundary.

The design and control for the engireered safety feature syster's will consist of
adequate instrumentation and controls to sense accident situations and initiate
operation of the necessary engineered safety features.

1.2.5 Other Nuclear Island Structures and Systens

The auxiliary building will be located adjacent to the reactor buildirg (figure 1.1)
where the four main steam lines leave the containment structure. The auxiliary

building will house the engineered safety features, auxiliary systems and the two
trains of electrical equiprent which serve these engineered safety features.

The fuel building will be located adjacent to the teactor buildirg di3retritally
op; osite the auxiliary building location anJ will house the new and spent fuel
storage and shipping are6s and the standby gas treat"ent system.

Diesel generater buildings will be lccated adjacent to tne auxiliary and fuel build-
ings and will house the three diesel generaters serving the three electrical load
t ra ins .

The control building will be located adjacent to the auxiliary building and will
contain the control roon and the computer facility. The radwaste building will house
the liquid and solid radioactive waste treatrent facilities. The gaseous radioictive
waste treat ent f acilities will be lcca ted within the turbine building of each unit
as shown in fig;re 1.1.

1.2.6 Fawer Scerces and Hoat Priection

The fhipps Bend plant will be provided with physically 1rdependent offsite elec-
tric power sources at the 500 kilovolt and 161 kilovolt levels to supply power f or
ncrmal startu; and shutdown or to operate the engineered saf ety features in the event

500 kilcnolt transmissionof an accident. ihe norral of f site pcwer sLurce is *r e

systen which supplies Unit 1 via the 500 kilovolt switchyard and Unit 2 via the
161 kilovolt switchyard. Failure of the normal of f site puwer source will brirg
about automatic transfer of the safety and ron s3fety-related buses of both units
to an independent reserve 161 kilovolt power scarce,

Heat rejection from the main cendenser at:d turbine buildinq auxiliary cooling equip-
ment will be provided by a closed circulating water systen incorporating one natural-
draf t cooling tcwer for each unit anJ utilizing raleup water f ror! the Holstrn River,
The source of ccolirg water f cr norval and Prergency statdown et the two ; nits will
be spray pords

1-0
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1.3 Shared h stens

The Phipps Bend Nuclear Plant will be designed such that the sharing of safety-
related systens by the two units will be minimized to include only the fire protec-
tion system, the liquid and solid radioactive waste treatment system, the of fsite
electrical power and the two adjacent spray ponds which will provide cooling water
for essential equipment during normal and abnermal conditions. Our review has

considered sharing of systems and is discussed in appropriate sections of this report.

1.4 Coy 2 J scn with Similar Facility Designs

Certain f eatures of the GESSAR design are variations of previcus General Electric
Company designs; however, many aspects of the nuclear island design are very similar
to plant designs we have evaluated and previcusly approved. To the extent feasible
and appropriate we have 53de use of Car preVicus evaluations dJring our review of
these features that are similar to GESSAR.

To assist in better understanding the relationship of the GESSAR (EM-6/ Mark III)
design to othor CWR designs, a comparative listing of principal parameters and
features for the Phipps Bend, Grand Gulf (Docket Nos. 50-416/417), Ferry (Docket Nos.
50-441/442), and Riverbend (Dock et Nos. 50-458/459) plants are presented in Table 1.1
of this report. In additicn the design of the Phipps Bend plant is identical to the
Hartsville Nuclear plants design (Docket Nos. STN 50-Sl8/519/520/E21) . Our
safety evaluation reports for the above discussed opplications are available for
public inspection in the Nuclear Regulatory Connissicn's Public Docunent Roon at~

1717 H Street, N.W., Washington, D.C. 20555.

1.5 Identification of Agents and Centracto>s

The Tennessee Valley Authority's Division of Engineering Design has the responsi-
b11ity for ensuring that all aspects of the site are cc patible with the site en-
velope specifie f in GESSAR and that the design of tre balance-of-plant is compatible
with the site and with GE55AR. The Tennessee Valley Authcrity's Divisicn of Construc-
tien has the respcnsibility for the ccnstructicn of the entire facility. The
Tennessee Vallej A 4thority's Division of Power Producticn has the responsit,ility for
operating the facility.

The applicant has ccntracted with the General Electric Ccmpany to supply the nuclear
steam supply systen and the design of the nuclear island- The General Electric
Company has subccntracted with C F. Braun and Co. to provide the architect -

engineering design for the nuclear island buildings The Brown- pany will

supply the two turbine generators.

i->
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1.6 summary of Princiyal Peview Ma tters

Our technical review and evaluaticn of the information submitted by the Tennessee

Valley Authority considered the principal matters sunnarized below:

(1) We evaluated the population density and land use characteristics of the site
environs and the physical characteristics of the site (including seismolngy,
neteorology, geology, and hydrology) to establish that these characteristics
have been detennined adegaately and have been given apprcoriate consideration in

the plant design, and that the site characteristics are in accordance with the
Commission's siting criteria (10 CF R Part 100), taking into consideration the
design of the facilities, including the engineered safety features provided.

(2) We have evaluated the design, fabrication, construction and testing criteria,
and expected perforr'ance Characteristics nf the plant structures, sys tems, and
corpenents important to safety to determine that they are in accord with the
Connission's General Design Criteria, Q;ality Assurance Criteria, regulatory
gJides, and other appropriate rules, cojes and standards, and that any departure
from these criteria, codes and standards have been identified and justified.

(3) We evaluated the ex;ected response of the facilities to various anticipated
operating transients and to a broad spectrum of postulated accidents. Based cn
this evaluation, we determined th3t the potential conseuuences of a few highly
unlikely postulated accidents (design basis accidents) would excoed those of all
other accidents considered. We perf on'ed conservative analyses of these design
basis accidents tu determine that the calculated potential offsite radiation
doses that right res;lt in the very unlikely ennt of their occurrence would not
exceed the Comissicn's guidelines for site acceptability given in 10 CFR Fart 100.

(4) We evaluated the applicant's engineering and constructicn organi:ation, plans fcr
the condKt of plant operaticns (including the organizaticnal structure and the
general qJalifiCatiCns of cperating and technical support personnel), the plans
for ind;strial security, and the plar.ning for emergency actions to be taken in the
unlikely event of an accident that nignt af fect the general public, to determine
that the asplicant will be technically qualified to safely cperate the f acilities.

(5) We evaluated tue design of the systems provideJ for control of the radiological
ef fluents f rm the f acilities to determine that tnese systems will be capable at
controlling the release of radic3cti.e w3stes frtm the facility within the

nits of t*e Cennission's regulations (10 CFR Part 20), and that the equ i pr en t
to be provided will be cacable of being eperated t<y the applicant in sach a
P3nner as to reduce radicactive releases to levels that are as lcw as reasonably
achievable within the context of the Cerrissicn's regulations (10 CFL Part EO),
and to reet the dose design cbjectives of Appendix I, 10 CFR Part E0.
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( f;) We evaluated the applicant's quality assurante program f or the desir;n and ccn-
struction of the facilities to assure that the program complies with the intent
of the Cunnission's regulations (10 0 9 Fart 50) and that the applicant will
have proper control over the facility design and construction such th3t there
will be a high degree of assurante that, wher, completed, the facilities can te
operated safely and reliably.

(7) We are evaluating the financial data and inf or ation supplied by the applicant
as required bj the Co nission's regulations (section 50.33(f) of 10 CFR Part 50

and A; perdix C to 10 CF R rart 50) to detennim tnat the applicant is financially
gaalified to design and construct the prcposed facilities. ne will report the
r esults of our evaluatico in a s g plwent to this r eport

1.7 GFSW ' ? lated Ma tters
1.7.1 GFSSAR Prelimin)ry resien Acgroval

The i relinira ry Design Approval f or GE5SAR was issued to the Gener al Electric Cor pany
on Dececher 22, 1975 A copy of t9 Freliminary Design 4 prosal (FIA-1) and the
letter transmitting it to the Cereral Electric Company are attached as Appendix B
to this repart. The Preliminary Design Apprusal was subject to four conditicns

which relate to those fe3tures of the GLSSAP nuclear island stancard cesign for
which we id(ntified req;irerents that dif fered tron those in GLSS AR In additicn.

identified 19 itens (Post Prelininary Design 4;rosal iters) wnich require resolu-we

tion. The resoluticn of these matters 5 discussed in the f ollcwina paragra;ns.

1.7.1.1 (re l 1Qn a ry_ De s ign3p ro ul (PDA-1) Conditiens

Subsec ont to the issuance of tne Preli-inary Design -pproval the General Electric
Cnnpany provided us with acceptable comnitments or cesign alternatives to resolve
the f our condit1crs of the Freliminary Design Approval, with the exceptien of the
rnrtien of Londition 'd. 2 relating to the impact leads in the regien 17-19.5 feet
above the suppressich PCol, lhe apDlicant by referencing GESSAR thrCugh Ar,end+e n t
t 45 adcpted the GESSAR resolutions. In addition the applicant ctmitted to
accept our position cn the impact loads in the region 17-19.5 feet 3bove the
suppression pool for the rhipps Eer.d plant. We therefere consider these ratters

resolved. The f our ccnditiens are listed t.elcw with reference in parentheses to
sections in this rep rt and its a;;pendices where our evaluations are discussej.

ti) Tornajo missile welocities acceptable to the staff ~ust be adopted (Section
3.5.2 of this repcrt and Section 3.5.3 of Appendix C to this repert).

(2) The staff's criteria rust be used for establishing dyramic loads cn structures
located in and abase the s;ppression pool related to (a) dynamic lcads generated
during the clearing of the safety / relief valve discharge lines, and (b) impact
leads en pipes at elevaticns between 17 and 13.5 feet above the suppression pool
(Section 6.2.2 of this report).
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(3) The contin;ous contain.'ent purge system rrust be designed to meet the design
criteria set forth in Branch Technical Fositico CBS 6-4, "Ccr.tainment f urgin;

During hormal Operations, and nust exhaust throJgh a charccal filtraticn
system to meet the design dose objectives of Alter dix I to 10 Cfe Part 50
(Sections 6.2.4 and 11.3.3 of Appendix C to this report).

(J) Interlocks must be provided to preclude operation of any individual main steam
lire isolatien v31ve leakage collecticn systen if the assCCiated inboard main

steam isolatlen valve in the steam lir.e connecttd to the leakale collecticn
system is r.' t fully cicsed ($cction 9.3.2 of this report) . In MJitico, the

0=rd leakage collectic.n syste"setpoint for the ficw elanent t rer in the u

r ast be set at 11.5 cubic feet p r ho. (Sectico 9.3.2 of this r eport).

1.7.1.2 (J S R A R Pa s t- P re l i r : r a r v De s i a n A "'_r_o v a l_I t w >_n

Table 1-3 of 4pendix A to this reccrt identifies nineteen past-Preliminary Desi7n
4 proval ite Since the Preliminary Cesign 4 proval, the General Electric
Co pany has w;; plied additiona' inforraticn on these ratters. Based on our review
ct the additional inf erraticn, we conclt.de that the Gereral Electric Corp 3nj has
sa; plied sufficient inforration cn all the pcst-Preliminary Cesign ;cproval ite"s
to P ovide a suitable basis for a decision en issuance of a ccnstruction ;errit to
a referencinq plant (Section 1.8.2 of h cendix C and D to this report).

In ajjitirn, af ter the i reliminary Design -;prowal v.as issued, tror rew >>s,es
ne re iden ti fied, for wnich the Gereral Electric Cor'pey provided acceptable inferv -

tion. These r3tters arc as follows: (1) cracks in tno reactor vessel feefw3ter
czzle bleni ridii and t'* nozzle t ore surt ace (Secticn 5.2.1 ot 4pendix D to

this repor t), (2) the w sideration of asyvetric lcadirgs cc the relcter vessel
and internals d .e to postulated pipe ruptures (Secticn S.c .1 of ,g erdix D to this
re;;rt), (3) cracking in austenitic stainless steel piping (Section 5.2.5 af
4pendix 0 to this report), and (4) the evaluaticn at a postulated f uel Nn11irq
accident inside ccrtainment (Sectico 15.3 of A;pendix D to this repcrt).

The Tennessee Vallej Aathcrity has incorpcrated the GESSAR resolutions Ly re'er+ nco

into the Inipps Eend (cchet TFese items are therefcr e consider e1 resolved +:e the

Phirps EenJ applic1 tion.

n {opnsed bL the 3 p_licantP1.7.2 [wcentions t_a_GESC

,'ewej the f ailc aing excepticns to the GE%w r .leir island 4' sign trc;. sed byWe v e

t!r T en* + 3 s ee Valley ,athcrity and concludri tnat they are Jcceptable alternJtis' t'

the GESSM *esign. 0:2r evalaatien of trese e<cepticnc ar e ;.resen el in dH ail in tFe
sec t10ns of t his r eport ir.dicated in parentr eses
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We conclude that the interf ace inforration provided in the Phipps Bend Preliminary

Safety f<nalysis Report is acceptable f or the construction perinit stage of the review,

1.8 Re3uirements for Future Intorration

The applicants have identified in Sec. tion 1.5 of the Fnipps Bend Preliminary Safety
Analysis Peport, by referencing Section 1.5 of the GESSAR Standard Safety Analysis
Report, certain de.elc; rent programs applicable to the Phipps Bend plant These

programs, that are 3 ired at verifying the nuclear : team supply system design and
confiming the design margins, are all being condJCted by the General Electric
Corpany. The oojectives, scheNles for completion, and current results are syrarized
in GESS A Standard Safety Analysis Repcrt. Der evaluaticn of this inferration is
presented in Section 1.8.1 of Appendix A to this report.

In surrary, the verification programs have been reviewed and we have concluded that
(1) the test programs outlined in GESSAP Standard Safety Analysis Report, if carried
cut as stated, will provide in a timely manner the necessary inferration to verify
the design and safe cperation cf GESSAR nuclear island systems, and (2) in the event
any of the programs provide unegected results, appecpriate rostrictions on operation
can be used and/or modification in designs can t+ made to protect the health and

safety of the psblic.

l.g nutstandina Issues

We have id-n ti f'i ej four cutstanding issmes fron car review of the Phipps Eend plant
for which additional information is req 2 ired from tne applicant. We require
resolution of all tnese iters prior to a decision cn issuance of ccostruction

p e rr i t s . The status of these ratters will to reported in a supplerent to this
recort.

(1) Emergency core ccoling systen for GE5SM (Section 6.3)

(2) Water level ('lcod) design criteria (Secticn 3.4)

(3) f o;rdatic n ergineering aspects of the spray pond > (Sectic.n E.t.5)

(4) Evaluatien of tne applicant's financial q;alificaticn (Section 20.u)

1.10 Generic Issues

The Adsisory Connittee en Po3ctor Safegsards (Connittee) periodically issues a
report listing varicus generic ratters applicable to lightwater reactors. Our
discussion of these ratters is prawided in "ppendix E to this repnet which re f e re r.c e s
sections of this report where nore specific discussions of the status of generic

items concernir7 the ,uupcsod facility is given.

1-14 ,



In addition to the r;eneric matters identified t;y the corinit tees that are listed in
Appendix E, we are conducting a generic revies of anticipated ransients withodt
sc ran. The results of this study oay impact the design ;f the irnpostd Phisps Eend
plant (Section 15.4 of this report .ind Secticn 15.4 in Aprendices A and C to this
report.)
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2.0 SITE CHARACTERISTICS

2.1 C,.o r ijhy and_perrgr_athy
.

2II 5.i t P C_oycrip_ tion anJ Earlusion Are LCcntro_1_

The proposed phipps CenJ site is located in Hawkins County in eastern Tennessee on
the Holston River appr;ximately 15 mi',es southwest of Kingsport, Tennessee. The
site is shown on 1 rejionil ~ap of the area in Firpre ?.l.

The ;_ re;osed Phipps Per.d site cor sis ts of approxinately 1,270 lard arres which lie

it' side of a bcnd in the Folston Riser at river ni'e 121. The site is bounded on the
northNstern thrcalh western qu3rdrants by the river. The site tcpography is charac-
terized b/ flood plairs along tM eastern sb e of the site which rise into a series orl

ridles on the western side. The o clusico are3 consists of the site property plus
the Folsten River e.e ce it tiorders tre site property. A rap of the site shewir , tre
exclusicn area bcundarj lines and the lot ation of the principal plant structures is
shawn in Fig;re 2 2 Tr# minimum exclusion area boundary distance is approxi~ately
7t0 r eter s (2,030 feet) "easured f rom the center of the Unit No. I containcent build-
icq to the ne3res t point c n the oclusico arei bry_,ndary.

5 e clusico 3rea property is er.rej by the UniteJ St3tes and is in the custciy oft

*N Terressee Valley Authority, a p blic hit,r wijs cr railroads traverse the

oe:ln ior,arri. Control of the n.overent of fisherren and boaters on the portion of
Fols ton Ri gr which is within tho exclusion area will be initiated ty the plant"'

urity force in the event of a plant e~ergency. The applicant plars to arrangee

with th' apprc;riate state agency for tre in,pis ent.1 tion of adjitionil control

;rocedJres cn tIf river as patt Jf the radiolCgiCal F ergency plan. Eased on the

applicant's casted / cf the exclasion area propert/ and the corritment to take arrarno-

ments witn tM ap;ro;.riate s ta te a;;m.cy f cr control of the Folston River through tho
e<:lusion area in tre event of an err.orcy, we ccnclude that there is reasonable

assurance that the applicant will n6ve the proper aat tcrity to deter-ine all

activities within the ex -lusicn area , as required by 10 CFR Part 100.

t . l.2 Pgpulation Distribution

The reqicn surrcurding tre prnroced Fnipps Pend site it r.n t he ) v i l y ;,c pul a t ed ,
is pro < nately 10,000 persons resicod within 10 c.iles of the site in 1970. The closest

c ; r unity to the sito is Sur.;;1nsville which is lotatoi a; L rox i:'.a tel y 1. 5 m ile rc rt h-

,nt )nd Fid a occulation of 1,.E in 1970. Twa other cn < unities, M'urt Ca rr el ard

Cr ure h Hill, with a cccbined 197; M alation of 5,634 are located between six a n d 12

ilt< r,orttNst of the site. TFe l argest urban center within 50 milet of the site is
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Kin ;sj urt , Tem < see, which is located approximately 15 niles northeast. tingspnrt
City and the uninuor; crate j s2 ;rb of Kin;sc; ort *.or th hij a r urbined l'alatico cf
45, 55 in 19/0.

!Le 1970 census and trojected cumulatise populations for tre jears 1900 and 2020

are shcan in tb table telow as a fur.ction of dist3nce DJt to 50 9il?s from he
s i ti-

TARLE 2.1

1970 C EWS A*,0 F F0JE C TE D P00Ut AT IC'.'

Radius,

Miies 1970 l 'C 0 20?0

0-5 5,265 5,740 10,750

0-10 17,715 23,300 (0,645

0-30 3C6,140 378,5/5 842,555

0-50 059,600 E 03,13 5 1,454,700

Tho l W) cumulative resident population, tre projemted population near the approxi-
rate date of the plant operation, is shown in Figure 2.3 as a function of distance
from the site. For reference, the cu ulative population corresponding to a moderately

po; alate area of 500 people per square nile is also shewn. The curves in Figure 2.3d

illustrate that the average populaticn density at all distances out to 50 miles
fro ~ the site is well t-elow 500 people per square nile.

In crder to verify the applicant's population data, we obtair.ed <.1 independent

estimate of the 1970 population within 50 miles of- the site f ron U. 5. Bureau of
the Census data and compared this value to the applicant's 50-mile population

figure for 1970. We found that the U. S. Eureau of the Census value of 6B7,265 was in
close agreement with the applicant's velue of 689,E00. We also compared the ap-
plicant's projected pvpulation growth rate to the year 2020 f or the area within 50
niles of the site with the population projections of the U. S. Bureau of Econonic
Analysis for Eccnomic Areas 50 and 51. These two areas cover the region extending

over northeastern Tennessee and southeastern Kentucky and include the 50-mile area ..
surrounding the site. This comparison showed that the applicant's population growth
projection of 16 percent per decade for the area withiri 50 miles of the site exceeded
the regional growth projections of five percent ter decade and eight percent per decade
for Ecorouic Areas 50 and 51, respectively, m.ade by the U. S. Bureau of Economic

Analysis.

The applicant has specified a lcw ?opulation zone with an outer boundary distance
of 4,830 neters (3 niles). The population of this area was 2,C90 in 1970 and the
applicant projects that it will increase to 2,395 by 1930. There are no large
transient populaticns within or inrediately beyonc the low population zone which
could significantly alter the population distribution. Eised on our review of the
population distr ibution, road retwork, and land use fastors within the low population
zone, and by corparison with similar characteristics of previously approved sites,
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conclude that there is reasonable assurance that the definition of the low popula-w?

tion zone in 10 CFR Part 100 can be satisfied in that we have not identified any

factors which would preclude the developrent of acceptable erergency reasures to
protect the public within the low population zone (see Section 11.3 of this report).

The nearest population center of 25,000 persons or more, as defined in 10 CFR Part 100,
is Ki,'asr - Tennessee which, in conbination with the subJrb of Kingsport North, had
a 1970 popu.a. *; Cr# hingsnort is located approximately 15 miles northeast

greater than the ninimun population center distanceof the site, a distance -
. . .

of one and one-third tires the distance from the center of the site to the cuter
boundary of the low population zone, as required by 10 CFR Part 100.

On tne basis of the 10 CFR Part 100 de'initions of the exclusion area, Icw population

zone, and population center, the applicant's corr.itrent to -ab e arrangerents to control
traffic or the Holston River through the exclusion area in the event of an energency;
and the calculated radiological consequences of postulated design basis accidents
presented in Section 15.2 of this report, we conclude that the exclusion area, low
pop;lation zone, and population center distances specified for the proposed Phipps
Eend site rmet the req;1rer'ents of 10 CFR Part 100 and are acceptable.

2,2 Marb v Indus trial,_ Transporta tion and Mili ta ry Fa;c_ilities

aeseral industrial plants are located in the Holston River Valley prinarily to the
nortboast of tre site location. The closest plant is a plastic ranufacturing

f actory which is located adjacent to the site t oundary approximately 5,600 feet
nrrth-northeast of the nearest plant safety-related structure. The plant employs
about 100 people in the production of injection nolded plastic houseware iter >
Cn the basis of information supplied by the applicant, the plastics used in the
process are styrene and polyethylene of which a raxim n inventory of 250,000 poundsm

each are stored at the plant in pellet forn No explosive raterials of sufficient

quintity to pose a threat to the safe operaticn to the proposed Fhipps Fend plant

have been identified as being stored at the plastic runuf acturing f actorj. The

applicant has calculated the potential ef fects of a fire invciving the stored

c henicals at the plastics plant and deternined the concentrations at the nuclear

plant of the toxic products of corbustion. The applicant has concluded that the

tosic gas concentrations at the Phipps Bend plant would t.e within the toxicity limits
specified in Regulatory Guide 1.78, "Assurption, for Evaluating the H3bitability of a
haclear Plant Control Poon During a Postulated Hazardous Chenical Release. ' In
addition, smoke detectors located in the control tuilding air intakes will alert the

plant operators to tne presence of cor bustion products su that protective actions ray
te taken. We have reviewed the applicant's an31ysis and assurptions and find then
acceptable, We agree with the applicant that a fire at the plastics plant will not

adsersely affect the safe operation of the Phipps Eend plant. The applicant also
states that the of ficials of the plastics plant do not anticipate any expansien or

ch3nges in the plant processes

2-6

! h6



Several other ranuf acturing industries are located between 2.7 and 4.3 miles from
the Phipps Bend plant. Based on information on hazardous raterials at these locations
provided by the applicant, we conclude that the quantities of materials and distances
involved are such that potential accidents at th%e industries will not adversely
affect the safe operation of the plant.

The Holston Army Amunition Plant is located approximately eight mi!es northeast of the
site. This separation distance is adequate to insure that any credible accidental
explision at the arrunition plant will not te a threat to the safety of the nuclear
plant. High explosives are shipped to and from the annunition plant over the Southern
Pailway line which, at its closest point of approach, passes the site approximately
7,500 feet northwest of the nearest plant safety-related structures. The largest
shipment of high explosives which is expected to pass the site is 435,000 pounds.
This shipment would be carried in three railroad cars which would be separated to
preclude the simultaneous detonation of all three cars. Nevertheless, the applicant
has calculated the blast overpressure resulting from the postulated sinultaneous
detonation of three railroad ct rs fully loaded with high explosives on the railroad
line adjacent to the site and cc7cluded that even this accident would not exceed the
plant design criteria. We have also calculated the potential effects of an accidental
detonation of three r ailroad cers fully loaded with high explosives on the railroad
and are in agreement with the conclusion reached by the applicant.

The nearest highway to the site is U.S. Highway llW which passes approximately 1.9
miles to the northwest. Int:rstate Highway I-81 is located over five miles from the
site. There is no coTercial barge traffic on the Holston River in the vicinity of
the site.

The applicant has identified the toxic chenicals which are stored and transported in
the site vicinity and has evaluated postulated accidental releases of toxic chenicals
resulting from traffic on the Southern Railway at its closest point of approach to
the site. Utilizing conservative assumptions regarding the amount of chemical
released to the atmosphere and the meteorological conditions prevailing at the tire
of a postulated accident, the applicant calculated that concentrations in the control
roon of chlorine and acet31dehyde from the rupture of a railroad tank car could
exceed the toxicity limits specified in Pegulatory Guide 1.78. Therefore, the

applicant has comitted to install detection instrumentation in the control roon air

intakes and to provide automatic isolation of the control roon upon detection of
either chlorine or acetaldehyde. Emergency air supply equipment will also be available
for the control room operators. Based on our review of the analtyical model and
assurptions used in the evaluation, and with the addition of the protective instrumenta-

tion for the control roon, we concur with the applicant's conclusion that postulated
toxic chenical accidents fron railroad traffic, or from other transportation routes

cr storage facilities in the site vicinity, will not interfere with the 53f e ope ation

of the plant.

The nearest airport to the site is Hawkins (cunty Airport which is located 4.2 niles
west of the site. The airport has one asphalt runway 3,500 feet in length and

2-7
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er ses only c;er eral aviation air raf t cr. crating under visaal flicht rules. Them

car est airport with co r ecc ial airline traf fic is the Tri-Cities Airpcrt which it
located approxia tely 20 eiles east of the site. Fe vral Airway VlfN, locattd
a;;roxirately ,even niles nartbest of the site, is the closest civilian airway. +

s

pres ent, t he center lir.e of a militarj Ica level training route 'TR-870) Lasses
a L;a ox i" 1tel y 1.2 " iles wt ,t of tFe site. By agreecent between the 4,clo3r
i<e _;;la tory Con i ss ion and Lepartr ent at Defe's , military low lesel trainim, rs;tes

an DEeratira license is grarted so that at a rini m theare chang d at th- ti +

ferineter of the traininj note will clear a n; clear plant sito Eased on our

review cf the aviaticn activities in tre vicinity of the site arJ cn v31yses of
si-ilar actis ities at other ruclear ps,er pl a nt si tes , v.t conclude that tro probabilit,
of an aircraft c risn i rg ir,to t N init ps Eend pl ar.t -.a n d ca ;s i rq of +s i t e radiolclic31

deses in e*Les, of 10 CTR F!rt 100 r;uidelines is 50 Icw that it need r.ot be P resided
for in tho des . y of the facility.

A n3tural q1s pi;,11ne 6.25 irches in dia"oter c;eratina at rc nin31 pressura at 'U

pc !s per sware i r c h r;sa ge liet abo;t 7,9 f eet rartFw st of the site at ite
closest point of a; prcich. The atplican+ b > e,alu3 t cd the ;,os sible cor oqvnc e s

of 3 pe tuitte ru;; t > ro of 19 pipeiire with atnea m disMrsal and icniticn of
ite 31; clo,1. ,e Ne r ev1(. ed the evila ttien at , :; r . wi*h the a;cliccot tt at iti

rot represent a nazird ta the <4fe c;rcatir, of tu plant.>+arai 's pire: ire i <e

e>< mlu b th!t the nearby inJ;strill, tra'ogortsticn, ar's ni li tary ac ti v i t ies in-

the vicinit of tN Fhi;- Et sd nlear Piant ;ite uve teen properly evalaltei and
f

* hat. with rt ;3, d to pcstulated accid (nts which "ay cccur as a result of tHo
L tisitiec, ut plu < ra n curate v,itto;t a W e riss to the F(alth anj safet< of
tre p21ic.

.3 'v * * r. r . ) \ q.y

:ntor"ation - - r t . r n i t; th- a tmos;t eric 1i f f.; > 'em c t. i r a: oristic nf 3 crc And r . it

r awe r statico site a re rea4irrJ in or M tha* a etc nitico ay be lie t N + p -d i

reatine vera *. i c e ll , r el e a sos of r ad i oa c t i '. < aterialtulated 1r:1S tal, as weil u

a r, <.ithin er iielines. Fortror , rt ;in . i W n c 31 cl !" a tol c';ic al infer"1tr -
inclu dir ; e t r e- > of c il at ard s e, es weatner occarrentc; v. hic h ay aff+ct th'

4 i f e' d^sifjn dnl sltini cf J Cu lear staticn Mre e lairPj to ir5ure tha* s1fetv-

roll' 1 static ' sic v j cperatirs, tases are ,. i t h i c o r :;u i d e l i n e', e <<4ioitM

art-ttristics of a prc;cce? site in 'ccordance with the p r e. . b re'
tho et<<>nloli i' e

;r r%nt 4 tr '+ .t! d.3.1 thrc4h 2.3.5 of tre Sta H3rd Revies Plan (hise ' er IUt

<.3.1 L , ,i n_a l c l i r a_t n_I_n_a
~

AltN gh the cren 1 Phir; W-rd site, onicn is it ite ! in rc ett ra s'ere Terres w ,

jces ro+ lie alc r.; u, aice storr tracks, it is irtlu ced a,' starr which vp

alor ; the cal f rnas+ ard ue t he r,tl ictic 2 3st to t ho rc r tmast. Ynentain irJluee ns

str3ct 'oistu - frem toth tjpically vrsterly and easttriy flog h f l c;/ .b-'

sepfntly i:he the sito -i r a d r i o r t it weald bt ottorwise. *oi". cn'bl,

.
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cre-ipitatisr ot t ars in ?aly, ast fr>N antly as a re wlt of afterr, ,n r. r ea r l y - n i c.h t
t b ;rof ers t c t r sir' n serr/:ni n ; oi,* air is..,;iated with low-t r es sur, cr'*(rs to tr(

a t h a rd r;o r t fa s t results in a , ttr jiry 11 i" ; of lite-winter pret i; . t it i in. Sln ,
c

T/ini cold air cells ( ou "ttri with lew-L n c ur t sys% tentered ir Pe nn3 yl v v u<

at i s' a t te rn 's o fcrk it ti",, r"; alt in utenir* ter10!; of cold weattar. Frcimt

eriajs of hot writo r result rest f reg n ' tl y fre tne ef f ec ts of diur nal he- tir,

D iec 1 jent s i tn > .h ,i ' ors e f r n a niqh-pressure syste, A niritinq tt+ entern Jr.it i

State

iro a v e r a'; <ax1' te .r3ture in jaly is 75 ,reo fahre"heit, while the a ar3 a

Jinrirf terperater .4 is 3[ de p t r > Fahr **' it Ier , e r 3 t u res ' Jiy tw e ; ri +/1 t o ro v'
~ b;rrer F3rren"eit cr r, i p o r . '' I l di s per yo 3 r , 32 d m rt. iirrr 'oit erf.

1r -r<r M dijs rir year, all 1r ttan ze r o dr;rees F ahrc rhoi t en tw'l + <a r

** er yrTr.,

in f ortt "n 'i r n ' erne cee tetween IR71 and 1774, t"oe.rricara are rc ' ' '

i+nters of t<, r2rr;" v+s '' <r v a':1 t' o; i . al +ms) ;3ssed within EG il! of

th site, I t ;n dert+_, ri,, r, _urr( n = <o. itri, to M d36 in 3r. a ,-r a ;"

, .: r i c 1 lb5 thrc ? 1 R 7, -)il m eater than three curter: Of angT. h,rin; +'

inch ir 113'etr 'is toen n artEd '* ti e s within the nno de]rr o , ire nr3inir,r

ui; in! site, ! e t .s 19 5 3 ir 19 71, m i tornalces have cc:arre 1r a li-4**,

ile , ; .3 r4 ar . nic h ircl,2 tr. t ec z e * P r.1 ; , E.nd site, This '4 3r Nr ;il,

yoit fi r tFv 1% < vare r ile at el, uu' - ett''trt,, 'tf 3+ 1.1 rnit ;* r

. e l c. ; ed b I N r .. s a l t ; in arc tre t e in +rv31 cf scat i , cars ter a 'Jrr31;

' ! r 3 '- t e r i s t i c s el et it d l'y 't*at the p'r, *i Llant siti N 6 si? Nsistcrr'', r

fatiu - at 4 ~;u l a to r / f aile 1. 7 f: ,nlicant f_r U, s i t e r t ^ f i" , t N- r,- r'+
i

F .c Pla +, fm t h i '. r e';ico o f t' c trantry., ; i '; [isi; ' re> % .' i

1:~ an, l'f7, 3n a , er. of i9 nirdit.or" , (* ., e i r va t h ,, ts eater than* . ,

krr+ (' 11, ; e, t: ir' < t;rrel 1r +F, r, de<,ree c ; mare cintainin, tr e [ ro, ;ji >,

F r. i ; , > i er site. 5 "fa rr st ile: wir j > "ed r m 'r*,* at tho Tri-Citic Airport'

3 -ilcr pr t r ur (M 4 1%1) Ir. 't ;i :n W is ra r * fcr i t. c .- , w:d Pri;,r '.r i,
,

*l .' i t i r r of M f eet a: o c ra in tased c.n a recurrert.esi*e is b 'iic ; "r tour at m ,

'r i, withiir.ter;31 et IN jrt an eutlin 1 in '<ctior .3.1 cf -bis rerirt ,

tro GE W R rr vel;

ln t'.c 35 ye ir nric t et ll:t thrcu ;h 1970, 70 case < a t m o s;- h e r i: s t a'; nit ien tc t a l--*

lin abcat i7E 11,s r' currel i n r,Dr t re, s torr Ic nessee.

-.3. Lo 31 ".troroin.rv. s

L e n q - t e r: ,9ther r40.v (1911 thre,qh 1970) fcr the site vicinit we auil3tled
s

t ror tFe Tri-Cities airport, atcut 22 -iles east Df thr- site. At *ne Tri-Cities

3ir;crt, t he a v era ;e d aily r e u:ra t tre rarats ! r t ween s .1 deg ri o w 1 fA + Mrarees-

F!hrerheit in 'ulv ird 46.1 '-gree; and ?6.7 do"rees Fa rorheit in Jn ry. Itee
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extrene maximum terperature recorded was 95 degrees Fahrenheit in July 1970. Minus

15 degrees Fahrenheit was the extrere minimum terperature recorded in January 1966.

Annual average precipitation recorded at tFe Tri-Cities airport is 41.5 inches. With
an average of 2.3 inches, October is the driest rohth, while five inches in July makes
it the wettest month. Precipitation is well distributed throughout the year. The
maximum 24-hour precipitation recorded was 3.7 inches which fell in October 1974

The raxirun 24-hour snowf all was 16.2 inches in Nover ber 1952.

Average annual relative humidity in the proposed Phipps Eend area is 70 percent. Heavy
fogs (visibility one cuarter of a mile or less) are reported on an average of 44 days
per yeir.

Wind f requency by direct'on at the ISO foot level for the period January 1974 through
Decerber 1975 is shown in Figure 2.4 Wind ficw at this height was most frequent
fron the east northeast and west ,outhwest directiota witn 3 bout 22 percent and 16

percent occurrences, respectively. The eserall average wind at the 150-foot level
reduced to represent the wind at tne 33-fnet letel is 2.1 niles per hour.

2.3.3 Onsite Meteorological Measuren nts Prngran

The onsite preoperational onsite reasurements began in Cecerber 1973 f rom c 150-foot
tower. Wind speed and direction are reasured at the 33 and ISO-foot levels. Vertical

terperature difference is measured between these two levels. Since February 1976
t he dew point has been n easured at the 33-foot level.

The Tennessee Valley Authority has provided joint frequency distributions of wind
speed and direction by atmospheric stability class, based on the ver tical terperature
gradient reasured onsite from Janu3r/ 1974 through Decerber 1975. The wind speed and
direction neasured at the 150-foot level and reduced to representative ef fluent release

heights provided the bases for our evaluation c' atrospheric transport and dispersion
characteristics of the site area since these data seen to best represent airflow in

the site area. 03ta recnvery, at the ISO-foot level, for the period was 88 percent.

2.3.4 Short-Ter t(Accident) Diffusion Esticates

We have nade ccnservative assessrents of post-accident atmospheric diffusion conditions

at the proposed Phipps Bend site using onsite reteorological data and the appropriate
dif fusion rodel described in Regulatory Guide 1.3, " Assumptions Used for Evaluating
the Fotential Radiological Consequences of a Loss-of-Coolant Accident for Boiling
Water Rnactors.' In the evaluation of short-tm e (0-2 hoars at the low populatien

zone distance) accidental releases fron the station building and vents, the staff

assu ed a ground-level release with 3 building wake factor of liSO square r eters.

The relative concentration for the 0-2 hcur tir e period wtich s exceeded no more
-3

than five percent of the tint is 1.8 x 10 seconds per cubic ,eter at the exclusion
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Figure 2.4 Onsite Wind Data,150-foot Level, January 1974-December 1975
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distance of /O 'Tten (re3suroi from the outside edce of ths cont 3inment building).
This relatise con nntritinn is el;ivalent to that calculate! Ly assuming Pis vill

wi .1 speed of 0. 3 r etu s p(r se cond Tre relative oru ntra-Tge f stability with a

tien values for $3rt: tiro teric is at the outer l'osndary of tto low pooulation zone

(k33 r ef ers) are sm vn in Table J 2:

TAELE_P ?

M_ L A T_I_'i.E C.C NC E N.T P A T I _O.N. ! A L U E S AT- -- . -
-

[ht OJTER POMMY OF THL 10W PnPUL ATION 70NE

Fhipps Eend CESSA?

( 3 r ile icw (2 mile icw
po platien zene) population zone)

Relative concentration Relative cor. centration
T i "p_f y r_i o d s ( Se_c c r d_s_ g_r_ cgby c re t er ) (Seconds f r tubic reter)

0-J hours 1.2 x 10 1.1 x 10
F-21 hours '.0x 10 2.3 x 10 9
I-4 divs 3.5 x 10 8.1 x 10 '
a-30 S ys 1.1 x 10- 1. 7 x 10~

Altho g h the relative concentration values for the long t1"e periods are not the sa"e
> typical values used in car evaluatien of the GESSAR nuclear island (Section 15.0'

of Ap;enjix A to this report), the res>lts of the calculations shown in Section 15.0
of this report do cnstrate the conforrance of the Phipps Pend plant to 10 CFR rart 100

guidelines.

_ D_u t i_r;) _0_i f_ tpi o_n E s t i m a t e_s( i2.3.5 L o n g -T e rr-

e have rade re3scrible esti:"a es of average 3tmospheric dif f usion conditions for the
proposed Fhip;', Dend s'te usinJ LEO-foot wind data adj n ted to repre3er.tative heights
of release, sin:e these uta s ?en to represent the regicnal air flow cegimes To

provide relati e concentrat,'n and deposit 1Cn values fCr the site, we used the
Stra ic;ht-L ine Trajectory thdei , descrit ed in Fe<;alatcry Guide 1.111, " Methods for
Est1 rating At:'os;teric Transport and Dispersion of Gaseces Ef fluents in Routine
Peleases fron Lignt-W3ter-Cooled Peactors, in evaluating at~orpk . transport and

dispersion characteristics. Partial elevated releases sere considered when the exit
velocities and building configurations met tre criteria established in Regulatory
Guide 1.111. The Tennessee 'Jalley Authority also calculated relative concentrations
and depos tion values for the site using a PJff Adsection Model as describea ini

Pegulatory Guide i.lll, with one year ( August 1974 throsgh July 1975) of concurrent
data from the proposed site and the John Sevier Steam plant about 11 miles down

valley from the prc;osed Fhipps Eend site. The results of the Puff Advection Model
support the staf f's d:;se estimates (which are scrarized in Section 5.7 of the Phipps
Eerid Final Environmental Staterent) based ca the Straight-Line Trajrctory Mode' for

the centrolling receptor locatiora Table 2,3 lists the relative concentration and

deposition values used in the dose estimates The Puff Advection Model was used to

adjust the diffusion ar.d deposition estim3tes oJt to 50 miles

-
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i:. e t ers' hn
Deposit(Type Release) (fro Sca; rc e ) Relative Pe; os i t V n Pelative

')(cr entration (~.ter< ~') Cu tt nti at ion
(sec onds per (set or,ds cer
<qaare eter) sam e r o ter)

6 - y'
'.i's t eou t h-We s t 1.E 3.6 - 10 ' 1,1 10Feactor Vcnt % x imin Ot t site x
<
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-6 4
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jMeat
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"
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-6 - )
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.
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2.3.6 Ccyclusions

Tennessee Valley Authority's onsite meteorological program meets the recorrenditions
and intent of Pegulatory Guide 1.23, "Onsite Meteoralogical Prograns lhe data from

this program, as su"rarized by Tennessee Valley Authority in the Prelimin3ry bafety
Analysis Report, pro.ide an adequate meteorological description of the proposed
site and its vicini y for the purpose of raking atmospheric diffusion estimates
for postulated accidental and routine airborne releases of ra ioactive releases
from the proposed Fhipps Eend plant. We have concluded that the onsite meteoroloqical
data prescnted by the applicant for the two-year period, January 1974 through
Cecember 1975, provide a representative and conservitive bisis for estin'ating
atnospheric dispersion at the proposed site.

2.4 Hy d ro l ogi c_ _E ngi n ee ri ng

2.4.1 Hydrologic _ De_sc r_iption

The proposed Fhipps Eend site consists of approximately 1,350 acres inside a bend on
the north bank of the Holston River. Surface elevations range fron about 1,110 feet
alOng the floodplain to 1,300 feet alon] the ridge.

The Holston River above the proposed Phipps Bend site drains 2,861 square miles of
eastern Tennessee, western North Carolina and southwestern Virginia. The Holston

River proper tegins just west of Kingsport, Tennessee, at the juncticn of the North
Fork and South Fork Holsten Rivers. The rive- flows generally southwestward joining
the French Ercad Piver at Knoxville, Tennessee, c, form the Tennessee River.

With the exceptico of the Watauga River, a r.ajor tributary of the South Fork Holston
River, the watcrshed is long and narrow, averaging about 160 miles long and 20 miles
wide and lying within the Appalachian Valley physiographic Province. The major
streams flow between parallel ridges running generally northeast-southwest. The
terrain is hilly to mountainous except for the comparatively narrow and relatively
flat floodplains. In the vicinity of the proposed site, floodplains range from
800 to 4,000 fee; wide.

There are three major dams located on the South Fork Holston River: Fort Patrick
Henry Dan, Boone Dam and the South Holston Dams. The Watauga River which joins the
South Fork Holston River ?0 miles above its nouth, heads in the rugged, heavily

forested Blue Ridge region of eastern Tennessee and western North Carolina. Ore
n3jor d3m, Watauga, is located in the Watauga watershed. The Nort For': of the
Holston River is r ot controlled. The Cherokee Dam is located downstream from the
site. The reservoir system is operated for flood control, navigation, and power
generation with the exception of Fort Patrick Henry which has no reserved flood
retention capacity. There are no water control structures proposed or under consid-
eration which would significantly affect river flow conditions at the plant site.

2-14



Flood control above the proposed Phipps Bend site is provided largely by South
Holston and Watauga Reservoirs. Elevations in the watershed range from 1110 feet
near the p; ant site up to 6285 feet along the watershed rim. The clirate for the
watershed is humid te perate with a mein annual precipitation of 44 inches. Major
flood producing storms are of two general types, the cool season, winter type and the
warm season type including decadent tropical storrs or hurricanes. Watershed snow-
f all averages about 22 inches annually above the proposed plant site, but in the
extreme headwaters at higher elee3tions the annual rainfall average ranges up to near
50 inches. Snowmelt is not a factor in raximum flood determination.

The proposed Phip;s Bend plant site is underlain by geologic formations belonging to
the Sevier Shale Group of Ordovician age. The formation is a calcareous shale with

scattered, thin interbeds of lirestore. Locally, the Sevier shale is a fairly
productive aquifer, yielding up to 100 gallons per ninute to wells. Groundwater will
not be used as a water supply for the proposed Fhipps Eend site.

2.4.2 Flood Potential

Several flood producinq sources were investigated by the applicant and the staff to
determira the design b3 sis flood level for the proposed Phipps bend site. They include
a probable naximum flood on the entire Holston River Watershed above the site and on

critical sutwatersheds including potential consequent dan failures, postulated
seisnically indated dar f ailures and the ef fects of local 'ntense precipitation.

5 torn amounte and the time distribution used by the applicant were those deternined
by the Hydroretecrological Eranch of the National Water Service contained in their
Peport No. 45, "Frobable Maximun and TVA Precipitation for Tennessee River Basios up
to 3000 Square Miles in Area and Durations to 72 Hours. ' loss rate functicns and
unit hydrograph determinations were reviewed by us and found to be acceptable.
Routings were perforred using an unsteady flow rodel developed by the 1pplicant
and [re/iously deternined to te acceptable by us during tne clinch River 3reeder
Reactor (Docket Na. 50-537) review.

To determire tne probable maxirum flood at a point when upstrean reservoirs would
re ~;ul a te the flow, Pegulatory Guide 1.59, " Design Basis Floods for Nuclear Power
Plants, provides thit either the reservoirs be considered full or that an antocedent

(or subsequent) storm equal to about one-half the probable naxirum precipitation
three to five days prior (or af ter) be used in conjuncticn with the probable naxirun
preciptation. Based on extensive studies of the eastern Tennessee area, the applicant
and his consultant, the Hydroreteorological Eranch of the N3tional Weather Service,
have detennined teat an antecedent storn equal to 30 percent of the probable naxi~un

precipitation is conserv3tive and compatible with the definition of the probable
raximum flood as scated in Regulatory Guide 1.59. After extensive review of
these studies, we agree that for this particular case a 30 cercent of probable

r3ximur precipitation antecedent storm rtets the intent of the criteria set forth

in Regulatory Guide 1.59 and is therefore acceptable.
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*i ::ra luiej, an1 we tcM ur, tMt tu prd ibleLa d on tht atave, tre anpl1 tart

r a x ir , timi for tre entir. s 3 t e r s t 31 arnve the Llant or t h. ;rchible a v i" 2

ter the waterstet ar c ,e S,oth Nlc + a Di wi th c onarrent On : ipit it ir o in th
il '

r+ aie 'r of the ' sin % not p c1Jt" the d .- , i '; n t: asis flood level at t% plant sit~

Iae arplicant has *,11altH tN effects of a DostJlatt safe shJtd;wn e3rth3,a k c nn
ups tre r & coir cident with the M ,"ir flooi as o atlired in Feg alit nry C,ide 1.59.

Usin ; o nscrsatist issa pticos tFe a; pliant ha > deta r in"d that t t e f i c 11 Erod ged
ty tre atnve events would t'e t elcw plant grade and t asej on oar r" view o' its anilysis

a c w ar, ite 3;;ilicant bas alto evaluate 1 Wat3;13 Car and deter-ined it to tw safe
rrence of the orec itional t r'r e3rth 1;O e coircidtnt with12r in ; tb p stulit H oc u

ene-Pa!' of the pechlt,le n isir flon1 from tr e W3 tar:3 h sin. Fcr o;r evaluation of

tb ;ois "1c ca; abilit y nt ,,'a t a u ; ) [;a" , see Sectinn J5;- Acordingly, this eva>nt

faith the failurt 01 ' 2t h Uc l s t< < P ; woald int proV e the design t' asis flood le el.

IU arulitan* doternir.ed that the prc' itlo 1xi v flecd prodr ed b, a prob 3ble

p ecipitation stor! (entered 3b o.e Alta.,qa qa an1 'mth Holston Er suchr3 , ,

a design t' asis still water levol at thejust fiils would pro 14 otra* M t a nt e +

Ern ' sed sito of 119- 1 f t+ t . Tho applicant assure 1 fc" the residal rainfall a
.n i f ern distritatico fn' the rt"ainder of the t,asin equ31 to 90 percent of the total
'2 sin (:Et,1 s w3re niles) p'cLable ru i: r trecipitation. We espect these conditions
.s i l l in fact protte t he dosi1n ba si s ficM , tow"vor, we have 3sked tho applicant to
serity tu conservitisi of this last ase r rtion and to verity that a store center 1nq

at a s, 3nd t elew Wa ta ; ;a Dr i s u:h t ha t Wit a .11 Di !ust fails would nat prc.d n e tr e

desim basis Tioj.

Im a; plic 3nt m co"r:itte1 to design ard cGhstruct the Ihipps N nd '.;cle3r Plant to
withstard a r avi r still water ficoj level for en elesation tetwnen 1182 feet and

ll?3 feet plus coincident wind wive ar4 ru n ;;; ef fects f at oat 1.5 feet) ed to serify
the atu,< as m ptices On the residall rainfall and the , tore centerin1 We concur

uith the applicant's desi ;r still uter le.el nf betuen llP? feet v t IlM feet
s / j ec t to the erificatico of his asm;'ticns

The applicant als es31uated the effects of laul probable ' a (ir 4 precipitition

t he plant are3, including the rnofs of safets-related struct;res. The applicant
r :1s concluded t hat tF e pro;'osej site grading scald precl W flood wator duo to a
local nrdable rui r precipitation fra entering safety-related structures Eased

cn our review of the arplic 3nt 's inalysis and the a[ plicant's co mitment to protect
safety-relited syste~< and structures fror the design bas i s flood , we concur.

2. . 3 .ater_ S.uLm.l.v

TN mn eup water int ue will be located on the M1ston River to tFe south of the

[ lint structuros W3 tor will to ,i 'ed from a trapezoidal intako channel to the
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plant at a ui un rate cf abwt 132 cubic feet rer second. E v1m ser toolirl will
Le accaroliste two natural draft ro:>lir tom rs located en the nort& east sid" at, 4

the plant.

The ultirate roat sink complex will tonsist of two seisilt ategory I oli tical "; r3yt

vm1s locate 1 to tre north of tM: plant. The pnnds are to be idontical to the

previously appro.ed ponds proposed for the Fartsvillt '. ;c l ea r Plants (CccLet 'as.
STN 53-51R, 514 E:? at ! 5:1). Tho plants (Ha ssville and Thipps Ec r.1) are identica l
and the reteorological cunditions ar e less sesere for tr e Inir; r Eend site. Makeap

witer for the ultiM te heat sir.k tseyend the 10-d3y req; ire ent will te from the

P31ston River. Act ordi sly, we nave concluded that the reteorolo1ic31 and hydrolo;ic-

design bases for !> e ultiNte Feat sink are conservati se and r eet the recom endaticns
set forth u. FegJlatcry GJide 1.27, "Ulti ate Peat Sick f or 'oclear P%er Plants and

are therefore 3cce: table.

l.4 Groad niter<

Gro;nd wate, in th relion surroandira the Phi; - ord proposed site oc urs almost

entirel under shallen-syster unconfir+d conditio in consolidated rocks (dalo"itr,y

lim -stone, shale, ud sindstone) and in thes verb rden above bedrock. Tho cutonite

rocks are tre princip al c;ai fers , of which the Frox Dolorite is the r est sicnificant.

few of the shale f ni atirns and cree of the s 3rttor for"ations, yield water to ,ollse

in p intite' safficient for other than domestic or stock sz-plies. The knos Dolc~itP

a rlies aboat half the surface arei of tb region and is the principal source of

taso ficw to stre

~ , th t a t h- v. i t e r tabla varies with the icpocraphy tein1 greater under hic;bor aret>
and nearer tho s;rf3ce in lerer are3s. In a few places deptn to v.attr table is

greater than 100 feet, but in rost it is le: trin EO feet. Since it is r:enocall y>

shallow, th configration of the water t3ble confor~ f airly clesolj in surf aro

topo ;riphy and ;rca nd w3 ter Jivides a;arox i:' ate sort a e watc r di vide;

Colo''ite is ttr rost significant 3 @ifer. The tccm of urgoinsvilleLccally the Er -

lesc than C , T) qillons ter day from a griel fic e.in ; frc the >nnx En. .,

e tcrop telt of t*e Pno( lies atoat 1.5 miles rorth.est of the site. Since th dip is

to t h ., sou t be n t a t abn ;t 33 de ;rees , the krc> is present benPath the prcposed plant

7th of rcre !b3n 1000 feet , f ar t alow tFe .'one o f active w3ter "o/e"ent.site 4

WTter oc cars in tk Sevier shale .aich unterlies the pry;osed plant site in fairly

widely spac"*, generallj small, <Pathered zones formed 310 m fractures and te dirq
planes. ";st storej w3ter asailable to the forration is contained in the rverbardon,

.s h i c h , t.elr1 rostl, a9 a ct claj and silt, is of inw :.erreabi li t y bat relr.tively
h i r,'i perositj in co parisen to bedrock.

, ,

) , '

; -
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ihe Holston River forrs a hydraulic barrier to the site on three sides and all (;round
water discharges from the proposed site will flow to the river. No ground water use
is planned for the Phipps Bend plant. The epplicant has conservatively selected two
feet belrw final plant grade as the design basis for hydrostatic ioading for all

safetf-relatea structures.

The applicant anj u have independer.tly analyzed the ef fects of an accidental spill
of . 'dioactive liquids at the proposej plaat site. Fnr the purposes of this analysis,
it was determin: d tha' the r: cst critical case would be the f ailure of the 18,000-

gallon high conductivity waste tank in the radwaste building.

Upon a postulated rupture of th. high conductivity waste storago tark and the build-
ing, the radioactive liquids would mix and travel with the ground wattr according
to the hydraulic gradient of the ground water. The direction of travel wou H be
towards the Holston River. The ne1 rest d:,ch3rge point would be 2000 feet down-

gra'iient at the river. Any spill would be diluted first by the ground water and
further by the Holston River. As outlired in section 15.3 of this report we have
deter-ined that all nuclide concentrations would be snall fractions of tte linits Gf
10 CFR Part 20 for unrestricted areas.

2.4.5 Conclusions

Eased on our independent review and analyses, we conclude that an adequate water

supply can be assured for safety-related purposes, that design oasis ground water
levels are conservative, and that postulated accidental spills of radioactive liquids
will result in radionuclide concentrations that are sr all fractions of 10 CFR Part 20
limits at public water supplies. We concur with the applicant's still water level.
Hcmever, we are requiring the applicant to verify the conservatism of his assur ptions.

2.5 Geolog_,_Sei<,nolog and Foundation Engineering

2.5.1 Introdyction.

Tne geology and seismology review of the proposed site ;erforred by us addressed
the geologic history of tho region including physiographic, lithologic, stratigraphic,
and tectonic settings as well as the subregional and site-specific geology and
seismology. In addition to reviewing data subnitted in the Phipps Beni Preliminary
Safety Analysis Report, staff geologists, seismolgists and foundation engineers
visited the site and environs on two occasions. During those vists we examined
the regional geology, tedrock exposures, and an extensive nurber of core borings.
We have conferred with local geological experts and the applicant's technical
personnel concerning geological interpretations within the site region. Information
gathered during the review of this site and reviews of other sites in the Southern
Valley and Ridge area have aided in the evaluation of this site (Sequoyah Docket

m
,

I
~'
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Nos. 60-32/ and 50-328. Wa tts Bar Occke' Nos. 50-340 and 50-341, Bellefonta Docket

Nos. 50-438 and 50-439 and the Clinch River Breeder Peactor Docket No. 50-537).
Since the regional aspects whi;h apply to this site are reasonably well underitood
and have also been dis ussed extensively in these other reviews and safety evaluations,
the r.ain ef fort of this section will be to address specific issues which night
,have indicated a possible hazard to the safe operation of the Phipps Eend plant at
the proposed location.

The particular iters of concern at the proposed Phipps Eend site were:

(1) The potential for local surface faulting, and

(2) The determination of the safe shutdown earthquake.

We are satisfied that geolog. and seisnic investigations perforred by the applicant
have been sufficient to adequately assess site geologic conditions in accord 3nce with
" Seismic and Geologic Siting Criteria for Naclear Power Plants,' Appendix A to
10 CFR Part 100. We conclude as outlined below that the regional tectonic structures
do not pose any threat to the safety of the plant. There are also no geologic
structures that would cause surface displacement or would tend to localize earthquakes
in the site vicinity.

2.5.2 Geologv_

2.5.2.1 Geolo ic Setting

The proposed Phipps Bend site is losated 15 niles southwest of Kingsport, Tennessee
in Hawkins Country, Tennessee. Geologically, it is in the southeastern section of
the Valley and Ridge Physiogrchic Province of eastern Tennessee which is characterized

by northeasterly striking ridges and valleys. The geolojic structure is predominantly
no r t hea s t -sout hw s t trending f olds and f aults which developed during Paleozoic tir e
(greater than 225 r illion years tefore present). The faults are extensive thrust
faults which dip to the southeast. The applicant in Section 2.5.1.1.3 of the Phipps
Eend Preliminarj Safety Analysis Report describes the geologic history of the site
vicinity as follows:

"The Phipps Bend area lies near the western border of what was the

active portion of the Appalachian geosyncline during rest of
the Paleozoic Era. During the early portion of the era, in
Ca~ brian tine, sands and clays were deposited in shallow,
ruddy water and these consolidated to form sandstone and
shales of the Pore Forration. The syncline gradually depressed
and the se3 became deeper and broader. At the beginning of
the deposition of the Conasdup, the sea received a small
a-cant of sand and much clay. The sedirent lo3d gradually
changed until at the end of the Conasaup only lig deposits
were being laid down. Throughout the succeeding Know
deposition, the sea was deep and still as indicated by the
great thickness of lirestones and dolomites that were deposited.

'i .
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At the close of the knox, most of the area was uplif ted
slightly and e, posed to ercsion. Py the fiiddle Orjusician
the land h H subsided again and was covereJ by a shallow and
oscillatirl sea in whicn a qreat thickness of liv estCM ani
calcarcoas shalt was deposited. These are the f errations
that will proside tre fcundation for st actures at tha
Phipps Eend site. At the end o' Paleozoic tire, dJring the
Alleghenj oro_,enic episode, the rccks at tie site were
folded and f aultej and tilted to the southeast. Since
Paleozoic ti'. , neathoring anJ erosion have been tFe dcninant
geolo';ic pro'.es sas a t the site with selircnt accur Jiation
% ing restricted to the alluvial and flCod pl3in deposits of
the Holston River.

2.5.E 2 s i te r#o l o.:j

The Sevier shale of the "idjlc Ordavician Chick 3 auja Grcup is the fo;ndation t.ed-
rock tor the plant and is dcscribed is a calcarecus shale, aith layers of grij
limestone and siltstone. Tbc t.edrock in the site vicinity is part of the
structs 31 fe ature k rcwn as the Bays "Nntain syn .lir.oria and in this area, the
Sevier shale is known to te seserely folded 3rd distorted and contiins s~all f auits
At the site the hedrud is oserlain in ss , areas bj terrancs deposits and shale

resid e The thick nas of this escrt sden in the plant area ran';es from
appro.i"ately 13 feet to f 4 fert. Nst of the plant will be founded on the Sevier
shale which locally ccntains sore znne, of woathmring. Cgerience gained by the
S ilitant during the construction af t N Jckn Sovier sto plart in this sa-e
t %rd a tion rc c k iriicates 9 i: the;e .cnes c14 Le adel;1tcly treated d; ring
e cavitien c.d fc wfaticr prepar3ticn. Specific site fo/ datico ccnditions are
addressei in Section 2.E 3 of the Thirp, m r1 Prelir'inary Safety f r.alysis Pepcrt

anj M ction 5.4 of this reprt.

'.5.2 3 Faultirg

A rajor faJit, tir Carter .illey fault, passes atout five riles west of the site.
This f ault strik es nurtheasterly and di,s to t he soutbust. This f ault is one of
many Late Palcozoic thrusts tnat ce/elc.,M d; ring tFe Allegheny Crogenj (Perrian-
Pennsylvarian ti + , 20-233 million jears t.efci e presenti. Studies ccrdatted cn
t he Copper Cred fa;lt for tre Clir,ch River Creejer % ctor plant cnnfirred the
regional <cologic history of the regien. Pidiv etric dates of 293 + 10 "illion
years before present and M O t Ir; millicn yeirs refcre cresent wtre cbtained for
fi;1t gouge aterial taken frc the f aal t. In adfiticn, the ap:14 cant has corducted

photogeologic investiqations of the Carter 'salley f aalt and h3s conducted groand

wrveillance in order to confir - that there has teer no later ove' ent on this
fault. Tne results of these investiptions, coupled with lack of esidence of any
rectnt of fset along this f ault ard a gererally accepted understanding of the
tectonic developr.ent of the Paleozoic thrust f 3ultir9 in east Tennessee, indicate
tnat this rajcr fault and other all f aults in the site area associated with it
are tectcnicalij old. Therefore, we do not ccnsider tr.en haZdejous to the safe

r
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c; eration of ano c h a r p l 3 n t -1 t this location. The' faults are not c apable
faalts within the r+aninj et beisoic and Geologic Sitire) Criteria far aclear
i'cwcr Plants, A;;,mjit A to 10 CFR Part ' C1

c.5.2.4 T t t_' . n_i r._ .F r o s i n : e

Since earth: 2ik" utivity carrat t:e reas r 'bly asso:itted with geolo<;ic str J ture
.

in the < t tern N ; 11a t nia r,3, ea rth;1Lr-s are ins teal i dent i f iol wi t h t h" tec tonic
; ro v i r{ e i n '..h i c h t he , i t e is located. Ibe ai plicant indicates tha' the Phip; >
eni prci o f i sito is located in it . Ec ;t hern A; ;.'llac hla n tectonic Frovince. /
'ofired this prc.vince is Locried on th t 3st ti tt'e western I arqin of tf e Lic'-ont-

F! ,sinte, m t h. << st by the e a c, t e r n limits of tro Cr Eerlar.d Platea;, n t N to<

of (6* ou rlag Gt (>t ', a l t fotstal Pljih Irbsincp, 3rd of tho 90r t r t / t hs- n: -en t r W
in t h. ialley a o 2i Frovir. relr Fear:Le, ,' i r < p n i a .

In o;r r stew, w, 9 t e r~ i r :d thit tb tror :d site is within the % 2t W rn 'Ilt in1,

ft i j It'' 19 | C itu ir l-a S ed Cn [ rg y j rg es w' i c 'i a rPr t are in accCrj with !! u

;'r '% Med by >in k le ll' r', 3 r, j ,: j}q.,}j 3; j Lei,ipp fm [3 r t ,- cn Qr t h f , y j 3,
*

, ,

This presirse istc. km on t h, ea st ts tte estern estent of the ' d ort Tectonic
-

t' r i s i fic P : O' '' . , ' by tt* ,''Ie r l .l'i ' I l d ' r' 't J ; t.fi t h e^ $( ;th t 'f f, f , e C J ) f [, 7;t3}t

l k r' h af', ' fl I II? f ') # t k , Iy. #I d f C l' ( I, a * c F ; {ar* yf (br h}} f/ 3 P ,'j -[ i j '] 9 I( (,1/j F;[Ot'

_. 25 (<r . i < . ',1 m

, i t' ,g ; ) t ', ( I f k, 'I ' ' *' ;,}i[]nt'' 5}* ] T' g (' C, t i ' ' 3 [ ] i' D , O jf 5 | f, e1fi .jr F 1
_

1

, is fis lt r ilt' iLCol' 0 li t, *H r.,.+ of atFar sitM in the'5, 4

'e 't:nic re ce tcrElm *it t * <- r e is ' w | 0 l i r. str at tars in t+c vicinits of,

nite trit tn.li .T. > ssrf'ce j i Dl t:''* i to It c31ize e3rtH 43kos,r * *
tt r-t

at to sit ( in a 11i t icq31 in orir th pl ic i' tas J " Fit' d to carr, 0;t'

Ol*( '' i r l' )lt ; i i. 1 '.' L i r Jf tF f0 f 'ltiin dar i' .'t' )tir fi,'' *i e < e s

* b,i " D i s. L)l n ;V
.na

.I .' l ! ' r a ' ' t ,/. Gr j tien"
c ,

f I k. 4- %
'

( ' - . W y 4 $ } *.- !

Ift. rn tt.- ;i'rr'< 1 r. ite a r. **. lill-l'12 intensitj N jlf.'f'orralli*
,

.,,nt v ir '., "'' rid, Miv ,ri, 1rttesity "-difini ':alli IA Y e',& t of 1" in' > *
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'' -
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this distance, the occurrence of a similar event would result in an intensity of
Modified Mercalli VII at the proposed Phipps Bend site (Gupta and Nuttif). The
Charleston earthquabe of 1886 would result in an intensity VI, at the site (Dutton).
A repeat of thtse major earthquakes at New Madrid, Missouri and Charleston, South
Carolina would cause less severe c;rcund ration at the proposed Phipps Eend site than

.

events occurring within the Southern Valley and Ridge Tectonic Province. The m3ximun
historic earthquake in the Valley and Ridge Tectonic Province is the 1897 Giles County,
Virginia earthquake. In assessing the maximum historic earthquake for the proposed
Fhipps Bend site, the applicant proposed a re-evaluated intensity of f'odified
Mercalli VII-VIII for this event. The re-evaluaticn was based on new information
ccntained in a report entitled " Report on Evaluation of Intensity of diles County,
Virginia Earthquake of May 31, 1897" by Law Engineering Testing Corpany compiled
and submitted as an amendment to the Clinch River Freeder Reactor Preliminary

Safety Analysis Report.

After reviewing the new information, the U. 5. Geological Survey which has the
Federal responsibility for evaluating earthquakes determined thi.t the Giles County
earthquake was intensity Modified Mercalli VIII as listed in *h: "ternal records
of National Oceanographic and Atmospheric Administration (Von Hake). The official
National Oceanographic and Atmospheric Administration publication by Cofmann and
Von Hake erroneously records an intensity VII for the 1897 Giles County earthquake
because of a typographical error (Von hake). Therefore, following the tectonic
province approach described in Appendix A to 10 CFR Part 100, it is assumed that
the maxinun historic intensity at the Phipps Bend propcsea site could equal Modified
Mercalli intensity VIII.

2.5.3.2 Safe Shutdown Earthquake

The applicant proposed an effective acceleration for seismic design at the proposed
Fhipps Eend site of 0.2g t;ased on the intensity-acceleration relationships developed
by Coulter, Waldron and Devine, Neumann, Newnark and modified versions of Trifunac
and Brady intensity-acceleration relationship. The applicant's modification of the
Trifunac and Brady intensity-acceleration relationship is based on changes to the
naximum intensity and peak acceleration recorded at Pacoima Dam during the San
Fernando earthquake in 1971. We find that the Pacoima Dm record of Modified
Mercalli intensity X and 1.259 peak acceleration used by Trifunac and Brady is
acceptable and consistent with UNITED STATES EARTHQUAKES and cannot therefore

accept the applicant's proposed modifications to the intensity-acceleratior relation-
ship. It is our position that the ef fective acceleraticn for seisnic design
associated with intensity correponds to the mean value cbtained from the intensity
versus arceleration relationship of Trifunac and Brady. Therefore, the Modified
Mercalli intensity VIII for the naximum histcric earthquake results in an acceleration
of .25g. Based on our analysis, we consider .25g an appropriate effective acceleration
to be used as the high frequer.cy input to the design spectra recomended in Regulatory
Guide 1.60, " Design Response Spectra for Seisnic Design of Nuclear Power Plants. '
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This ground rotivo is to be put at the finished grade as free field ration. The
applicant h3s stated that be Will PPet this requirerent. The acceleration valuo
of 0.259 is well within tha design envelere value of GESSAR which is 0. 3 :1

2.5.3.3 Opera t_irq Basis Ea rthp3) e

The operatin') bisis earthquake is defined by Appendix A to 10 CFR Part 100 as an

parthquabe which could re3sonably te ey ected to affect the pl3nt site during the
e;erating life of tre plant. The applicant has proposed to use an acceleration of
0.091 for the operating basis earthqud e anj to scale the Regulatory Guide 1.f>0
response spectra to this value. In so;; ort of this position the applicant submitted
a probabilistic analysis an the t asis of which it was concluded that 390 years was
tho minirun return period corresponding to an earthquD e with a rauirum around
acceleration of 0.0 h (representatise of the rean acceleration for Modified Percalli
inte Gity VI-VII based on tM Trifunac and Crady relationship).

perforn d an indeperdent analysis using the earthquakes of intensity V or greatere

which occurred in the South"rn Valley and Rid y over a tine interval of 117 years.
We deterrined a recurrence relationship for earthquakes in the region. Issuning
earthquakes hive an eq;al prob 3bility of occurring anywFere in the re-] ion, the return
period for intensity VI-VII at a particular site in the region w3s deternired to bo
ahuut 270 years

The rost significant differerte betw en es procedure and that u>ed by tFe applicant
a; pe3rs to te in tho selection of the relationship describing the Intensity attenu3 tion
as a function of distance from the so;rce. In cor Eroce%re we used a relationship
dneloped by Er3:ee; the applicant used a relation; hip coc tining attenuaticn curves
develeted by Cnilin;er with isoseis al data for to Giles County Virginia ear thq;ak e
of 187

We conclude that an eartb u3ko proj 2cin ; intensity VI-VII at the site has a recurrence
tir> on the order af i l years and an ~ ; ercent prob)bility of not t,eing exce(ded

$ ring the 4] year 0; crating life of the plant Eased on tnis conclusion, an

=cceleration level :sf 0.09; (repre senta tin of the r e3n acceleration for hdified

ercalli inteesity VI-iII tased en tre Trifun3: ard Bradi relationship) is a cor.scrui-M

t1we acceleration lesel for the e;eratinq *asi< earthbab e at the proposed rhipps lend

site and is consistent with Ap;endix A to 10 CFR v rt 1:0 a'd is therefore acceptable.a

Fcandation Enaineerira. ,

2.6.4.1 S t a b i_1_i ty_ o f % b s u r f a c o Mater _ials

Ib pec:osed ehip,e Lerj plant site is loc )ted in the drair ne tasin of ? N Holston
Fiver. The plant location is in a tend of the river that has teen cowered by terrace

dcLosits to an averale surface elevation of lic0 feet roan sea lesel. These terr 3ce

deposi t s a re un k rla in t;f tho foldoj Eevier shale forr=aticn, an interbedkd cal-
careous siltstone and shale. The fino@ lain adjacent to tr e riwr a* the bend is
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tuillirls will te foun j;d en f ri c drain 1' o r w al a r till iterial pinrj er rock.

r,ranala r f ill , ill t e cv g as t, i to an averar;e relatise ensity of 05 [ercent or
greit er , with a r:inir .c r elative Scsity of 30 frrte'.t n detpr-irod by * A"erican
h icty fcr Testin; "stcrials, Standard D 2049. Test fills will te usca to tccfir,

tFe de;13n crecertie! ' i ' action r ethods fm ei;;irei red grar21ar fill. Str.ctur,e

f cur r ed co rock U" e n ;irecrs arJwlar fill will FaSe re :lilible sett!* c ont. Settle
i

; erts will tie : ul tc re.1 Ly tre *; clic an' an1 design provisions will ta riie to acco.-
' ate twiu tb ef tr;ti r ,ettireent cr differen'ial 2ettl( "t withma _ ay s in i- ;
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1.0 N SIGN CRITERIA FOR STPUCTURES, SYSTEMS A'.3 COMPU',ENTS

3.1 Conforr.ance with General Desi"n Criteria

The applicant has stated that the Phipps Eend plant w ll be designed, constructed andi

operated in accordance with the Cornssion's General Design Criteria as contained in
Appendix A to 10 CFR Part 50. On tne basis of our review of the docu entation
supporting this conritment , we have cor.cluded that the proposed f acility can be
designed, constructed and operated to reet the requirements of the General Design
Criteria. Discussions regarding cor pliance with each criterion are presented in
Section 3.1 of the GESSAR Stand 3rd Saf ety Analysis Peport and Section 3.1 of the
Phif;'s Eend Preliminary Sa fety *,nalysis Roport.

3.2 Classification of Structures, Systems and Cn7anents
3.2.1 Seismic Classification

Criterion 2 of the General Design Criteria requires that nuclear power plant struc-
tures, systems and corponents ir portant to safety be designed to withstand the ef fects
of earthquakes without loss of capability to perform their safety function. These
plant features are those recescary to assure (1) tre integrity of the reactor coolant
pressure boundary, (2) the capability to shut down the reactor and r:aintain it in a
safe shutdown condition, or (3) the capability to prevent or rnitigate tne consequences
of accidents which could result in potential of f site exposures corparable to the
guideline exposures of 10 CFR Part 100.

Structures, systers and corponents important to safety that will be designed to
withstand the effects of a safe shJtdown earthquake and renin fvictional have been
identified in an acceptable canner and classified as seismic Category 1, in conforr-
ance with Fegulatory Guide 1.29, " Seismic Desigr Classification.' All other structures,
systens and corponents that ray be required for operation of the facility will be
designed to other than seismic Category I requirements. Included in this classifica-
tion are those portions of seismic C3tegory I systers which will not be required to
perforn a safety function. Our evaluaticn of the structures, systers and components
important to safety within the GESSAR scope of supply that will be designed to withstand
the effects of a safe shutdown earthquane and rer.ain functional is presented in
Section 3.2.1 of Appendix A to this report.

Three balance-of-plant items classified as seismic Category I structures that do not
coincide with the design of the GESSAR are: (1) the emergency service water purping
stati'n, (2) the spray ponds, and (3) the concrete steel lined diesel generator fuel
storage tanks. These seismic Category I items replace the cooling water inta'
structuras and the steel diesel generator fuel storage tank design identified in
GESSAR.
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of the ;plicant < &si;ns,lhe basis for acce,tance in our review has tren confc rNnt *

desir;o criteria ar t desi';r t.as+> for structures, syste' v 1 co ;ont nts im ortant to

'

safety with the PJ rission's regulations as set forth in General Mign Criterion
and LM;14 tory G;i k 1.M , st) f f tect nical pas 1ticns, and ind;stry codes ini stand 3rds

We cercl e th]t structures, s,sto s ar j co: gnents 1. portant to safety thit a ll t;
functimaldesigned to withstand the ef fect s ef a sa fe shutdun earthcD e a"J r e"lin

have been pre;erly classified as scislic Category I i t er e in conf r anc> Witn tre

Co aission's re mlations, tr e applica!,le re ;;latory g;ide, ani industry cc'es an1
standart and are acceptatle.

~ _ _l_a i s_i_f i c_a_t_i o nP3.2.2 5 .s t em_ _Du s.l_i_ t " G_ra mu L

Critericq l of the General Desiln Criteria reTJire5 that ruClear pwr plant sjsteo,
a nd cor i anen t s i , c rt an t to s a fe t.< s hall te designed fabricated, erected and tested

to w ilit/ stanjards co m niJrate with the r p,r tance o f the safety f unction to t e

p.. f o r" c d .

we have reviewed the a plic ant's classification syste for pressure-r etaining corro-
nen t s ;uc h a s c res ;re m s w l s , ' ea t e < c Mnr;er s , s tora';o tanks, pu~ps, pi,'inq and

val e , in fluia syste i , ortar.t to saf ety and the assign e nt t / the applicant c f
s3fety classes to those portions of syste > required to perfern sa fety functions

The applicant has a;;: lied t he classi ficatico s yster of the cerican % clear Scciety
(Safety Llcsse< 1, ? , 3 and ?,an , clear Safety), which corresponds to car Coality
Cro;ps A , L, e and D identified in Pequlatcry C;ido 1.2E , "Quali t y Group Cla ssi f ic a-
tions and Sta"firds, to those fluid containing corinncnts which are part of t&e
reactor coolant pres are rcundary and other fluid syster- i'portant to safety.

A; noted in Section 1 2.1 o f thi s report, except frr the e"eroency service water
prpin) rtatico, spray pands, anj diesel generator fuel stcrale tanks (which the
applicant bis classified in an acceptable r.arrer in the Fhipps Ben] Frei minary
Safety Analysis Pc; nct), all other structures, systers and components imortant to
safety are ident :fied and classi fie i by referen::e to GESSAR. The fluid ; / ste"
;1re s sure-ret t inin; co verent s irportant to safety will te designed, fat ricated,
erected and tested to qu3 lit < standards co"r ensura te w'th the importance of t' e

safety function *o te erfcr"ed. These fluid containirl co"ponents are part of the
r

reactor ccolant pressure t u mLej and other fluid syste > to: (1) p' event or citigate
the conse:;uences of iccidents and r alfunctions originating within tra reacter coc! ant
pressure toandtry, (2 ) ;+rni t s hutdown o f the reacto r ar d r a in ta in it in a safe
shod wn conJi tion, and (3) contain radioactive r.aterial . These flsid syst r hise
teer classifiei ;n an acceptable manner in the Fhipps [Mrd Freliminary Safet < oll/ sis
eport in cr.1fornanv with Regulatcry Guide 1.26. Our evaluation of tM Gb50 fluid
systene classification is presented in Section 3.2.2 of mnjix A to this re; ort
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D e basis fia acceptar te in car t s ,1 c w has been conforrance of the applicant's designs,
design criteria ar'i des ign b in s f( r p res sure-r etaining c fponents such a s pressure
vessels, hNt e chang rs, stora m tanks, purs, pipinq and valves in fluid systers
icpcrtant to safety with tr+ Comission's regulaticns as set forth in Critcrion 1 of

r,ener31 trsion tr i ter i a, tre renirerents of tr e Codes specified in Sec tion 50.55atre

of 10 LFR Fart re, - . A atcry G ald" 1.2f; staf f technic 31 positions, ar d industry
cc hs and +ta' urd;

We co cla J" M a t fluid 'jste" > i ressure-retainirg camponents irportant to safety will
t,e des 17,d, f n ris ated, erectod and tested to quality standards in confornance with-

tre f issicn'< reg ala tions, the applic3ble regulatory guide, and industry codes and
sta :n dt v.are acceptable.

3. 3 f n . i r- ' til l eadincs
3.3.1 W! '<

Lv .11. i t t + of the dasign for seismic Cate g ry I structures that will be exposed
t .. i r * forte, which are within the scope of tFe nuclear island design is presented

- t i. n 3. 3.1 of A; pendi x A to this report. The CESSAR design wind speed is 130
at 31 feet atove grade with a recurrence intersal of 100 years. The:( ' nr s

-. vM w j for the proposed Phipps Derd site is 95 niles per hour at 30 feet

i, 'mt grade with a recurrence interval of 100 years. This is within tne CESSAR
'r, I'. safety-related balance-of-plant structures will be designed for this,

' ' er b:ur basic wind deternined in accordance with the American Society of:

vil eers Parer No. 6033, "New Distribution of Extreme Winds in the United

tit The desig1 wind loads for the safety-related balance-of-plant structures
will "ter-:na by folicwing the same procedares as reviewed for CESSAR which will
t:e i' u _ordance with tne merican Socinty of Civil Engineers Panor P a. 3269, " Wind
Fc rce s c1 Structure. The design wind loads will be corbined with other applicable
Ic a : as discussed in Section 3.8 of Appendix A to this report.

.2 T n y; _ ! c a d i ng s

'l the nuchar island seisnic Category I structures will be designed to t ithstand
re effects f the design basis tornado, and all seismic Category I systems and
cr Lorents located within will thereby be protected from its ef fects. Our evaluation

' 'ne design of those structures is presented in Section 3.3.2 of Appendix A to this
eport.

Ite design basis tornado specified for GESSAR was selected to reet the nost severe
tornado conditions listed in Pegulatory Guide 1.76, " Design Basis Tornado For Nuclear
Pcuer Plants " in that it has a .angential wind velocity of 290 miles per hour and a
translational velocity of 70 mile per hour. The pressure drop associated with the

tornado is three pounds per sq 1re inch in two seconds. Furthernore, an appropriate
spectrum of tornada-generated missiles was also postulated.
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ine procedures that will be used to transform the tornado wir.d velocity into pressure
loadings will be in accordance with the American Society of Civil Engineers Paper
No. 3269 except that the pressure will be applied unifonnly over the full height of
the projected area of the structure and no gust factors will be applied. Those
changes result in a more conservative analysis than the American Society of Civil
Engineers Paper. Seismic Category I structures will be designed for the pressure
drop associated with the design basis tornado which will be treated as a load that
varies with time. The tornado missile effects will be determined using procedures
discussed in Section 3.5.3 of Apyendix A to this report. The total effect of the
design basis tornado on seismic Category I structures, systems and components will be
determined using an appropriate combination of the ef fects of wind load, pressure
load.and missile load. Tornado generated loads will be combined with other loads as
discussed in Section 3.8 of Appendix A to this report.

The balance-of-plant seismic Category I items identified in Section 3.2.1 of this
r ; ort will be designed to the same tornado loadings as utilized for GESSAR and which
e found acceptable.

All the facility structures that are not to be designed for the tornado effects will
be investig3ted to assure that they will not fail to the extent that they might
damage seismic Category I structures and systems. The safety function and structural
integrity of seismic Category I structures will thereby be assured.

3.3.3 Snow toading

The maxirn;m snow and ice load of fif ty pourds per square foot selected for the design
of safety related structures in the GESSAR nuclear island is adequate for the northern

Tennessee area in which the proposed Phipps E ?nd site is located. Therefore, the

design of the nuclear island structures for snow loading will be adequate for the

proposed Fhipps Eend site.

With regard to the safety-related balance-of-pl nt structures the applicant has

stated that these structures will also be dec.igned to the sare snow and ice load

triteria a s GESSAR. We therefore conclude that the design of these structures f or

snow loading will be acceptable.

3.3.4 C on_c _l u s i_on s

We have concluded that tre procedure ts tilized to determine the londings on

seistic Category I structures i a;i t he jesian wind, the design basis tornado,

ind snow specified for the ' l' accer, table since these procedures provide a

conservative basis fur eng cring to assure that the structures will withstand

such environnental forces.

The use of these procedures provides reasonable 'e tha', in the ( seat of

occurrences of the design wind, the design tus co. n. v, the struc tural
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integrity of the nuclear island and balance-of-plant seismic Category I structures
will not be impaired and, therefore, seismic Category I systems and components
located within thes2 structures will be adequately protected and will perform their
intended safety functions if needed. Conformance with these procedures is an accept-
able basis for satisfying the applicable requirements of Criterion 2 of the General
Design Criteria.

3.4 Water tevel (Flood) Design Criteria

As discussed in Section 2.4.2 of this report, the applicant has connitted to a maximum
still water flood level of 1182 to 1183 nean sea level plus coincident wind wave and
run up effects. This will increase the design flood elevation approximately five
feet above the current de3ign. However, the applicant has also committed to design
and constrict the Phipps Bend plant to withstand the above stated flood level without

loss of safety-related function and is currently evaluating alternate designs for
providing the flood protection. We require that the results of the study be submitted
for our approval prior to the start of the radiological safety hearing. We will
report on our review of the submittal in a supplement to this Safety Evaluation
Report.

3.5 Missile Protection
3.5.1 Missile Protection Criteria

The Phipps Bend plant will be designed so that missiles generated by postulated
failures of equipment within the facility and froa sources outside the facility will
not cause or increase the severity of an accident. Our evaluation of the missile

protection criteria for GESSAR is presented in Section 3.5 of Appendix A to this
report. The following paragraphs therefore discuss only the balance-of-plant criteria.

Safety related systems will be protected against loss of function dae to internal
missile impact. Rotating components which have the potential of overspeed in excess
of design limitations have been considered as potential missile sources. Other

potential missile sources include valve bonnets and valve stems. Prctection against
missiles will be achieved by strategic orientation of components and systems, physical
separation, compartmentalization, barriers and equipment design.

We have reviewed the applicant's proposed design criteria and bases for protecting
safety-related systens from internal nissile impact. We conclude that the design
criteria and bases for structures Fousing essential equipment and for systems being
capable of withstanding the effect c' internally generated missiles are in conformance
with General Design Criterion 4. In addition we conclude that the design criteria

and design basis for the central pumping station being capable of withstanding the
effects of internally generated missiles are in conformance with the reconrendations
of Regulatory Guide 1.?7, " Ultimate Heat Sink for Nuclear Plants. Therefore, the

design criteria and bases are acceptable. ,

' , , g
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3.5.2 Tornado Missiles

The applicant has ccnnitted to design the Phipps Rend plant to withstand the impacts
of the same spectrum of tornado missiles as presented in GESSAR. We, theretore,

conclude that the design of the Phipps Bend plant for protection from postulated
tornado generated missiles is acceptable. Our evaluation of the spectrum of tcrnado
generated missiles for GESSAR is presented in Section 3.5.3 of Appendix C to thi"
report-

3.5.3 Turbine Missiles

Historically, there hase been a number of failures in rain turbogenerators used in
f ossil and auclear pcwer plaats. Some have resulted in overspeeds which led to
e< tensive damage where turbine fragr,ents have been ejected for considerable distances.
Analysis of tne histor ical experience suggests that a destructive overspeed condition
may occur with a probability of the crder of 4 x 10- per turbine year.

Leca ne turbine missiles from destructive overspeed can be energetic, da' age to

safety-related structures could occur if such structures were in their path. One
reans of ninimizing the risks associated with a destructive overspeed is to orient
the turbine so as to be peninsular relative to safety-related structures

Th( Phipps Cend units are criented in this f ashion. They are interactive in that
missiles frca one unit could strike safety-ralated structures in another. However,

the risks associ3ted with turbine failures are significantly reduced as corpared with
designs hich 3re non-peninsular. The Fhipps Bend turbine generator units also
include three-foot thick concrete walls, for radiological shielding purposes, which

extend nearly to the top of the low pressure turbine noods This feature would tend
to reduce the low trajectory missile energies.

The applicant's pecposed turbine rotors are different from those analyzed by the

staff in past reviews. Instead of the usual disc-shrunk-;n-shaft concept, the rotor

@ sign for Fnipps [ erd consists of a series of discs welded together near the r1n

into a " pancake stack" ccnfiguration. The rotor is, in ef fect, r.onolithic, and thus

the missile frayents could involve nore than a single disc. Therefore, we are

currently studying tre spectrum of potential missiles that could be generated.

U thou]h this study is tot c ypleted, based on the inherent protec tion af forded by

;eninsular orientation of the turbine and on preliminary e/aluations of the prob'-

tility that any type of missile right cause dame to safety-related structures, we

cor: ludo that the current plant crientation is acceptable. The results of the study

cf potential nissiles may ct nfirm the applicant's belief th3t the orobability of

potential interactions of turbine missiles from one plant cn the adjacent units is so

unlik ely tha t these potential interactions need r i tc considered furthor. I f no t,

we cenclude that cther provisions, such as incrc ' od testing of turbine valves, can
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Lt in.cied ta redace risks a3stciated with t u rb i r.e "i.,si!"s to acceptibly Icw luels
On conc lasi;n of car s tudy, we will reewaluate the irpa ct c f t urt'ir.e -issiles on this
facility, and will Mernine wnether a iditional rusures are required be, "i t"at

already proposed.

3.5.4 Earrif r_ o ,iin Procedures

The entlysi> of seismic Categar, I structures shields and barriers to N t e rr i n e tr e

ef fect of missile ir mict aill t e accor'plisned as nutlined in Secticn .4 of GES5AR,

',.e have reviewed the prctedures provesed to te utilized f or +he neclear island and

the balance-of-plant safety-related structures. Tre use of t%se procedures to

deter-ine the ef fects Jnd Idad1ngs en seirmic Category I structures and missilo

tarriers induced Ly de >ign t a;is missiles selected f or the plant are 3cceptable an

th: follcwing basis D+se procedures have crevic2 sly tcen reviewed and acceotel as

outlice1 in Sectica 3.5 :f A;cendix A to this report ind prrvide a conservative

basis for coqineerir.g design t assure tnat the structure er Nirriers are a%usately

protected against the ef fects c f missile irmacts

The uso of tNse LrocedJres provides rPJsCnable assurance tN t, ir the event of

design t:1 sis missiles strivin] 'eis-ic Cateqcry I structures cr other r issile twrrie rs ,

19 structural integrity nt the strrtars and to rriers will not t - ir paired or

loss of ro uired protection. Seis-icdegraded to an entent that will result in 2

Ca te pry I y ste" and cor pore nts protected t>f these structures will t e ademately
crc +ected ag)irst t he ef f;-ts af missiles. Ernfor~anct with these procedsres and tre

use of u prcL eiato missile velouit.ies is an acceptable basis for satisf ying the

re pire ents af Gor eral ' osigr. Criteria 2 aM i

3.t Pro +oct ion Miinst Cinanic Effects Associated with tr e Postulated P w tore of
r ipj nj

3.6.) Pos_t u l a tyd P q t a_re_ of P ip i m Ir s , de f. cn t a i r"._en t

Our safety e. )luation of tt e criteria ard r otteds f or 1:rotection against tho effects
of postulated ru;tures :f pipir j inside contaircent is presented in Sectico 3.f cf

4:enjix is tc tnis report

'.L.c Pos talved P ;::turo nf Pipiry natsico Ccntai rent

OJr s'lfety CValu3 tion Of tre G[SSAR Criteria dnd F.etbCcs for protection against thc
iping outside contain~ert involving pipinq withinoffects 0+ pcstulatad ruptars of r

the sccpe of the nuclear island is presonted in Section 3.6 of ALper. dix A to this

r* Lect. N applicant refere nces GESSAR criteria and cethods which we found accept-
able fer the hlance-cf-plant design

,^
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We, therefore, conclude that the design criteria and bases utilized for the protection
against the dynamic effects of pipe failures outside the containment are acceptable.

3.7 Seismic Design

3.7.1 Seismic Input

Secticos 2.5.3.2 and 2.5.3.3 of this report present our evaluation of the safe
shutdown and operating basis earthquake acceleration values for the proposed Phipps
Bend site.

The applicant has documented that the seismic design response spectra (for the safe
shutdown and operating basis earthquakes) to be applied in the design of seismic
Catelnry I structures, systems and compcnents both for the nuclear island and for the
balance-of-plant safety related structures will comply with the recorrendation of
Regalatory Guide 1.60, " Design Response Spectra far Nuclear Power Plants. The

specific percentages of critical damping values to be used in the seismic analysis of
seismic Category I structures, systems and components are in conforr"ance with Regula-
tory Guide 1.61, ' Janping Values for Seismic Analysis of Nuclear Power Plants. The

synthetic time history to be used for seismic design of seismic Category I plant
structures, systems and components will be adjusted in amplitude and frequency content
to obtain response spectra that envelop the design response spectra specified for the
site.

As stated in Section 2.5.3.2 of this report the site seismic design criteria are
within the envelope specified in GESSAR for the nuclear island

Conformance with the reconrendations of Regulatory Guides 1.60 and 1.61 assures that
the seismic inputs to seismic Category I structures, syster$ , and components will be
adequately defined so as to form a conservative basis for the design of such structures
systems and components to withstand seismic loadings.

3.7.2 Seismic Srstem Analwsis

The applicant refers to GESSAR for seismic analyses Our evaluation is nresented in
Section 3.7.3 of Apperdix A to this report.

GESSAR specifies six conditions that must La met for each plant utilizing the GESSAR
design to ensure the seismic desiy, adequacy of that nuclear power facility. These
conditions are as follows:

(1) The maximum (;rouno acceleration at zero period of the site design response
spectra must te less than or equal to 0.39 for the safe shutdown earthquake, and
0.15q for the operating basis earthquake.
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(2) Tne site design response spectra must be less than or equal to those given in
Regulatory Gaide 1.fs0, normalized to the maximum ground accelerations given in
(1) above.

(3) There must be no cotential for liquefaction at the plant site due to the safe
shutdown or operating basis eGrthquake.

(4) There rust be no potential for fault displacements near or underneath the plant
foundatim.

(5) Ine embedment depth of the reactor building must be between 34 to 40 feet (+ 0.5

feet excavation t.lerance) for soil sites. For sites with shear wave velocities
greater than 3500 feet per second, there will be no limitation on embedment

depth.

(6) The average shear wave velocity for the top 30 feet of soil must be greater than
500 feet per second.

The Phipps Bend application contains sufficient information that assures that the

above six conditions are ret.

We have reviewed the information provided and conclude that the seismic system analysis
procedures and criteria proposed by the applicant provide an acceptable basis for
seismic design,

in addition, we conclude that the seisnic analysis methods and prccedures proposed
by the applicant provide an acceptable basis for systen seismic design.

3.7.3 Seismic Instrumentation Systen

The applicant has documented tht it will install the seismic instrunentation speci-
fied in GESSAR and evaluated in Subsection 3.7.4 of Appendix A to this report. Data

obtained from such installed seismic instrumentation will be sufficient to determine
that the selsnic analysis assumptions and the analytical model used for the design of
the plant are adequate and that allowable stresses are not exceeded under conditions

where continuity of operation is intended. Provision of such seismic instrumer tation

corplies with Regulatory Guide 1.12, " Instrumentation for Earthquakes" (Revision 1).

We conclude that the seisnic instrumentation program proposed by the applicant is
a ccepta bl e.

3.8 Design of Seismic Category I Structures

Our evaluation of the design of seismic Category I structures which are part of the

nuclear island design scope is presented in Section 3.8 of Appendix A to this report.

t
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Therefore, the discussion belo,v is limited to thore seismic Category I structures,
syste"s, and ccqcrents which are within tM scope of the balance-of-plant.

3.9.1 Essential Sorvice Water System

The essential service w:ter system as evaluated in Sectico 9.2.1 of fppendix A to
this rerort and rcjified oy Section 9.2.1 of this ree'rt will be desi',ned to seis"ic
(3tegorf I requir vents fhe de- 1 consists primarily of 3 seistic Cate;ory I

NLing sta tion wnich houses the essent'al service ..ater sys t e:" p u+ps , the high.

prei,;re core < c3y cocling water circulation p; v,, and all necessary piping, valves,

strainers and electrical soitch;eir for these systens

3.6.' scra, Ponds

Tao seismic Ca teg;ry I scray par d; sill serv the essential service water syste-s.
preserted in Sections 2.4. 3 and 9.2.i0;r evaluation of the design of these pcrds ,,

ef this report.

3. ' . 3 M crete Sp :ificatirns

ne require that tee construc ticn corcre+a specificetions set the Acerican % tional
St 3rards In sti t;te M5.2.5-70, "Supplemtary Caality Assorance Peavirements for
I- tallation, Irspection, and Testing of tractural Concrete and Structural Steel
Nrirl tne Construction Thise of ac lear iawr Pla ts, and the icerican Society of

Anir.a1 Erjirmers a s well as Boiler and Iremre Code, Section III, Division 2
(ALI-;59), "Frcrosed Standard Code for Concrete Felttor Vessels and Containrent,
iss;e1 for interir trial use and com ent, April 1973.

It( a;plicant h3s crop sed to use its concrete construction specificatian r' f arred to
as 'G t Thr a ; :,l i c a n t subritted a co"; aris ;n of the "G-2" specification with

orica % tional (tand3rds Institute N45.2. 5-74 and the A erican society of ''ccranical

Engir eers/A"erican Concrete Institut' 359 in ceder to su;ocrt tha use of G-2" during

constructicn cf the Enipps D=nd plant. R enluated tk ro parison and, en tho Lasis

that it will provide for an equiv31ent cesree or conser<ati, , we find tre appiicant's
propocal to use tFe "G-2" specification for :ortrete constru-tion acceptable for tne

ni;,5 Bend plant.P

3<.a E_n c _l u.s_i o_ _n s.

propased Jse by the acclicant of criteria defined in M S Q for aEplicable cod %5 '

s'andards and specifications, loads and loadina cc~binaticr s, design and analysis

; ruedares, tre structural acceptance criteri3, and 9 teri31s 42ality control ar,d

trecial construction techniques provides reasonable assuranc that, in tu + ser t of

w i r.d 3, torridoes, e3rth;uales and sarious postulated accidentc o '. c u r r i n g within tho
structures, these structures can be espected to withstand the specified 9 ;ign ccrai.

ticn uithout i pairrent of their structural inu ;rity or their safeti function
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We have concluded tFat conforrance wi*h these criteria, codes, specifications, and

standards in designing seismic Category I rtructures constitutes an acceptable basis
f or satisfying the requirements of Criteria 2 and 4 of the General Desigr. Criteria.

3.9 Mechanical Syster s and Corponents

The applicant in Section 3.9 of the Phipps Bord Preliminary Safety Analysis Report
references GESSAR for all mechanical systems and equiprent which include: the balance

of plant k erican Society oi Pechanical Engineers Code Class 2 and 3 cogor,ents. Our
evaluation of the criteria, testing procedures and djnamic analysis to be er::loyed to
assure structural and functional integrity of piping syste-s, rechanical equipnent
arj reactor internals is presentCJ in Section 3.9 of Appendix A of this repor t.

3.10 Seismic Coalificaticn of Seismic Cateaorv Instrumer tation and Electric Epir.=nt

cur e,aluation of the design of seismic Categars I irstr rentat;'n and electrical

equip rnt within t9 s; ode of the nuclear island design is presentrd in Section 3.10
af s pendices A and C to tris report. The applicart has inJicated in Section 3.10.2

cf tte Fhir.cs Bend Freliminary Safety Analysis Report that its seismic design critcria

fcr the balance-of-plant instrur:entdtion ard control and eicctrical equip ent will

rely with all ai.? icable design critecia set forth in Section 3.10 of GESSA?l

St' Grd Safety Analysis feport Ou evaluation for equiprent within the scope ofr

the talance-of-plant is presented in Section 7.5 of t,is report.

3.11 En virov ental Desinn of Elec trical Equirent

Cur evaluation for equipn nt within the scope of the nuclear island desir,n is presented
in bettico 3.11 cf T;pendir i ar.d Appendix C to this ry ort. Our evaluation for
equipment witnin tre s; ope of t e talarce-of-pla.+ is presented in Section 7.B ofF

this report.

7} f~ f
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4.0 REACTOR

Our evaluation of the reactor is presented in Section 4.0 of Appendix A and
Appendix C of this report.

. . _1 --
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5.0 R E.A C.T O.R C O,O.L.A.N..T S ( S T E M
--- - -

5.1 I n t r.a d a c t_i o. n-

%r evaluation of the reactar coolant system is presented in Section 5,0 of

schendix A, Appendix C and Appendix 3 to this report. T he re fo re , the discussion
L'elc is rolited to the t,alance-of-plant -

5.2 Loose part N n i t o r i n ct Systea

Tr,e applic. ant in its initial design did not provide for installation of a loose parts
coitar i r. t h ihin > Cenj plant. Ho..ever, we tel ieve tha t the st ate-of-tbe-a rt i s

sach that the develc: e n t o f t h i s i te:- for the Fhiprs Cend plant is practical. 'e
t herefore in forc ed t he Tennessee Valle r T atheri ty tha t we would reqJ ire a Corr.i tment

for installation of a lc h Eart" ronitor in eacn unit crior to full pov.er cperation

In end'ent 12 to tne Inipps Eerd Preli- 'niry Sa f etj ''nal ysis r port, thes o e

Tennessee '!allej fatharity provided a cc nitrent to install a loose parts monitcr in

e3ch , nit pri.,e +: +all c.:.or operation.

e4 C a result of * t.e acceptable comitmnt , we consider this item resolved.

< ' (',
,t

. c,
t U

,
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6.C ENGINEERED SAFETY FEATURES

61 General

Engineered safety features are those systems which will be provided for the protecticn
of the public and station personnel against the postulated release to tha environment
of radioactive products from the nuclear plant, particularly as the result of the
loss-o f-coolant accidents. Our ev11uation of the GESSAR enginoered safety features
is presented in Section 6.0 of Appendix A to this report. In the following sections
we therefore discuss only items involving the engineered safety features which are in
the balance-of-plant scope, itens in GESSAR which the applicant took exception to, or
iten2 which are conditions in the GESSAR Preliminary Design Approval.

6.2 contai',1en t Systems
6.2.1 Containment functional Desig_n_

Car evaluation of the containment functional design is presented in Section 6.2.1 of
Appendir A to this report.

In Section 6.2.1.2 of the Phipps Cend Preliminary ifety Analysis Peport, the appli-
Cdnt increased the total containment leak rate (tecnnical specification leak rate) to

0.5 percent per 24 nours from a 0.3 percent per 24 hours as indicated in GESSAR

standard S3fety Analysis Report. Since as outlined in Section 15.0 of this report,

the site doses for this value are within 10 CF? Part 100 quidelines for various

postulated accidents we find this change acceptable.

6.c.2 Dynamic Loa Js on Structures Located In and Above the Surg,ression Pool

As is discussed in Section 6.2.1.1 of Appendix A to this report, ;everal pherorena

r.ere identified in our GESSAR review of tre Mark III containment that could result in
djnanic loading of ste <* located in and abase the su;pression pool. They aree3

related to l' respcnse to the loss-of-coclant accident, and (2) pool response.

:00 to ,ief valve cperaticn, generally associated with plant transient :onditicns.

We sent a letter to the General Electric COTpan/ d3ted October 24,197S which provided

a set of design criteria developed by us which we would find acceptable. The General

Electric Company subserwentl y agreed to adopt our criteria, with two exceptions. The
first exception pertains to the d ynamic loads cenerated during the clearinq of the

safety / relief valve discharge lines. The second exception is related to i~p3ct loads

on pipes and structures at elev3tions between 1; and 13.5 feet atove the suppression

pool. The General Electric Company proposed a lo< d of 30 pounds per square inch in

this region which we did not consider adequate. Both of these exceptions remained

6-1

~j r/ a

o

/



unresolved at the time of issuance of the GESSAR Safety Evaluation Report and therefore
the GESSAR Pieliminary Design Approval was conditioned.

< lith regard to the first exception, we stated in Section 6.2.1.9 of Appendix C to
~.is report that this matter is consideced r esolved for GESSAR, provided that an in-

plant prototype test to verify the relief valve loads is conducted by the ;tility
applicant referencing GESSAR. The Tenn?ssee Valley Authority has adopted the GESSAR
relief valve load resolution, and has agreed in Amendment 12 to the Phipps Bend

Preliminary Safety Analysis Report to perform an in-plant test and submit the results
for our review provided that the test had not been perforced in a prototypical contain-
ment of the Phipps Bend type prior to full power operation of the Phipps Bend plant.

We theref ore consider this matter resolved.

With regard to the second exception it is our position that (1) the impact loads on
beams should be 115 pounds per square inch up to 18 feet above the suppression pool
and then the load should be lir.early decreased to 15 pounds per square inch at 19. feet
abowe the suppression pool, and (2) the impact load; on pipe should bc 60 pounds per
square inch up to 18 feet above the su;pression pcol and then the load should also be
decreased li'early to 15 pounds per square inch at 15 feet above the suppression
pool. The Ter.nessee Valley Authority, in a letter dated I; arch 31, 1977, provided a
cornitment to design the Phipps Eend plant to the load profile outlined above or to
relocate the relevant structures to elevations greater than 19.5 feet above the
suppression pool. We find th:s commitrent to be acceptable and we therefore consider
this matter resolved for the Inipps Bend plaat.

5.2.3 Second_a_ry Containment Functional Cesign

In our evaluation of the containment bypass sealing systems and the rain steam line
posit;ve sealing system outlined in Section 6.2.3 of Appendix C to this report, we
indicated that General Electric has provided sufficient infornation on these systems

for us to conclude that they are acceptable 'or the construction permit stage of the
review. In addition, as indicated in Sectica 6.2.3 of Appendix C to this report,

the Gereral Electric Company has agreed to provide us with a topical report containing
more detailed information on these systers. We will report the results of our review
of this report at the final design approval stage of the GESSAR and will require that
the re sults of our review be incorporated into the accident analysis calculations
performed at the operating license stage of review for the Phipps Bend plant applica-
tion. The applicant has committed to accept this resolution. We find this cornitment

acceptable.

6.2.4 Combustible Gas Control

Our evaluation of the GESSAR combustible gas control provisions is discussed in
Section 6.2.5 of Appendix A to this report. We concluded that the design of the
combustible gas control systc.ns conforms to the applicable regulations, regulatory
guides and staff positions and was acceptable. We stated, however, that we would
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*$ 3?
t .U



.- -
-

require the General Electric Company to submit results of their prototype test
progra n for the thermal recon.biner as they becoire available.

Except for the vendor and capacitj of the thermal-type corbustible gas recorbiners
the applicant refr. ences CESSAR for the cor,bustible gas control systems. The appli-
cant has identit,ed the Westinghouse Electric Corporation and Atonics International
as two additional potential suppliers of recorbiners.

However, if the applicant selects a supplier for the recombiners other than the
General Electric Con any which we have not previously approved, we will require the
applicant to submit the results of a proMtype test program Also, we would require

that the applicant describe the provisi as, if any, r.ade to share the hydrogen
recor:biner between the Fhipps Bend plant units.

Our prior review egerience f or cor bustible gas centrol syster:s is that ef fecti'.e
hydrogen control systems can be designed to conform to the requirertents of Criteria
41, 42 and 43 of the General Design Criteria and Pegulatory Guide 1.7, " Control of
Combustible Gas Concentrations in Containment followino a Loss of Cc-lant Accident,'
We therefore conclude that an acceptable system can te provided for cortustible gis
control following a postulated loss-of-coolant accident. We w'll review the design
of the systen during the operating license stage of our review.

E.?.S Containment Leaka,e Testing

Car evaluation of the GESSAP containment leakage testing progran is described in
Section 6.2.6 of A:pendix A to this report. We found the GESSAR testing progran
acceptable.

In Section 6.2.1.4 of the Phipps Bend Freliminat j Safety Analysis Report, the appli-
tant toch exception to th+ GESSAR containment leakage testing program The applicant's

exceptions de31 prim 3rily with the magnituje of the test pressure to be utilized and
tre allcwable leakage rate for specific tests. In each case where the applicant has
taken exception to the GESSA? test program, the revised test pressure is either e ;u.31
to or more limiting than that sLecified by GESSA1 In n iition, for each case wnere

the allowable le3k a ;e rate has t.'een chanced by tM applicant , the revised value is a
r'cre restrictive cne than that specified in GESE AD.

therefore ccrclude that the Phipps Eend e=ceptions to tFe GE5SA? containrentn

leakage preqram are acceptable.

6.3 ,_ncy Core Coolin, Syste-

ur eva l ua t ion o f the en crc;'" c y cort cooling syster is presented in Section 6.3 of
pendi< A to this report. 5 & qaently the General Electric Co:Tany informed us

t hat certain calcalaticnal error, W e 'een discovered hich ay effect the per-
forrance evalulticn o f the GESSns e ergrncy ( ort cooling s nte- (see Sec tinn L. 3.2 o f
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Appendix D to this report). The resolution of this outstanding item will be reported
in a future supplement to the Phipps Bend Safety Evaluation Report.

Although the applicant has referenced GESSAR for the description of the emergency
core cooling systen test program it is recessary that each applicant referencing
GESSAR provide an individual commitment regarding the emergency core cooling system

preoperational test program. Based on the infortration presented in Section 14.1 of
the Phipps Bend Preliminary Safety Analysis Report, we conclude that the applicant
will comply with Regulatory Guide 1.68, "Preoperational and Startup Program for
Water-Cooled Power Reactors," and conclude that the applicant's energency core

cooling system preoperational test program is acceptable at the construction permit
stage of review.

6.4 Control Rcon Habitability Systems

6.4.1 Radiological Protection

The applicant proposes to meet Criterion 19 of the General Design Criteria by the use
of concrete shielding and by installing a dual fresh-air inlet systen containing
redJnd3nt deep bed Charcoal filters.

As indicated in Section 6.4 of Appendix A to this report, our acceptance of the

standard plant control room design for multiple unit sites was potentially sensitive
to the location of the dual outside air inlets since a loss-of-coolant accident in
one unit can result in the contamination of both inlets of the adjacent unit. We

have evaluated control room doses for the Fhipps Bend plant assuning a design basis
loss-of-coolant accident source tern (see Section 15.2.1 of this report for discussion

of the loss-o' colant accident), the Fhipps Bend site meteorology, and the expos' re
of both outsi e air inlets of one unit to the airborne radioactivity released by the

adjacent unit. We find, on the basis of the results of the analysis, that the thyroid

and whole body doses to the plant operators for the Phipps Bend plant are within the

guidelines of Criterion 19 of tre General Design Criteria and are therefore acceptoole.

6.4.2 Toxic Gas Protection

The habitability of the control rocn with respect to potential toxic gas releases has

been evaluated by the applicant in accordance with the procedures described in

Regulatory GJide l .78, "AssumptiCns for Evaluating the Habitability of a Nuclear
Power Plant Control poem During a Fostulated Hazardous Chemical Release." Since a
sodium hypochlorite biocide systen will be used at the Phipps Send plant there will
te no onsite chlorine hazard. Other chemicals that will be stored onsite are not
censidered hazardout te control room habitability. A nurter of toxic chemicals which

are shipped on the railroad adjacent to the site have been iJentified. Anal yses of

the cffects of postulated accidents involving these chemical > indicated that the

concentrations of chlorine and acetaldehyde in the control ronm fron the postulated
rupture of a railroad tank car could exceed the toxicity limits specified in

Regulatory Guide 1.78 Therefore, th? applic*nt has connitted to provide detection
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instrumentation for chlorine and acetaldehyde vapors in the control room air intakes
with the capability to automatically isolate the control room upon detection of
either chlorine or acetaldehyde. In addition, self-contained breathing apparatus
with an air supply sufficient for six hours will be : rovided. Baseo on our review of
the analytical model and assumptions used in the evaluation, and with the addition of
the protection instruirentation for the control room, we conclude that the control
room habitability with respect to potential toxic chemical accidents is acceptable.

i
1 (() J
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7.0 iNSTk ?ENTION A .; C'MTROLS

7.1 G&nera_l_

The Conni ss ion 's Genera l Design Cri teria , the Institute of Electrical and Electronic
En ; inners Standards, including the Institute of Electrical and Electrcnic Engir.eers
Criteria for Protection Systers for N; clear r g" Generating Staticns (Institute ofe

Electrical and Electronic En ;ineers Standard 279-1971), applicable re;ulatory quides
fcr poacr reactors, and staf f technical positions noted in Table 7-1 of the Standard

Review Plan, he > tecq utilized as the bases for evaluating the adequacy o f the
crotection and control ;jster> This Safety Evaluation Peport reflects the results

of our review of the Phipos Eend application through v endment 13.

Since tht two unit Phipps Pend plant utilizes the GESSAR design, interf ace areas r ust
be established at each coint where the reference design and the appliC3nt's design
reet. This section of the Sa fety Eval >1 tion Report cosers the instr entation and
centrols in the balance-of-plant design along nith those nortions th3t are in the
design and/or sup;11, responsibility of GES500 but are implerented t>y the applic3nt.
Therefore, througnout this section when the tem "acclicant's responsibility" is
., s e j , it refers only to the portion 7 in which the applicant is involved in, as
discassed at'ovs , and not to th entire plant

7 .1.1 Principal Dosion Criteria

The Phipps Eend plant's principal design criteria were initially fourd to be in-
co~plete and inadeq; ate. As a resul . of requesting additional information, the

applicant provided a ' Codes and Stanin ds Applicabilit/ Yatrix, Figure 7.1-2(T) in
the i nipps Lend i reliminary Safety Analysis Resort which identified the principal
design criteria to Le s plemented in those portion- of tN plant that arc the appli-

can t 's responsit;ili t f. Ine subject matrix is t:ased on an identical ratrix identified

as figure 7.1-2 in tu CESSAR Standard Safety Analysis Peport. Our evaluation of the
'E55M ratri is ccntained in Section 7.0 of Appendix n to this report.x

Ine criteria listed in Section 7.1 of the Phipps Bend Freliminary 53fety Analysis

?eport include the applicart's cynitrent to the General Desiqn Criteria, Institute

of Electrical and Electronic Engit.eers Standards including Standard 279-1971,

acolicable regulatory guides and branch technical positions

'n > lelieve that this ethod of referencinq tt e criteria of GESSAR, supple' ented by

tv information in Figare 7.1-2(T) of the f hirrs Eend Preli-inary Safety Analysis

Heport, establishes principal design criteria compatibility with GESSAP and at thc

,re tiro docu~ents tte arplicant's prir.cipal design criteria that satisfy 0;r

7-1



requirements for safety systems or portions of the safety systcms that are in the
applicant's area of responsibility.

We have reviewed the principal design criteria documented in the subject matrix and
have concluded that the criteria listed are consistent with our requirements for

safety systenis and are acceptable.

7.1.2 Design Bases

The applicant has referenced GESSAR extensively for the design bases of systems or
portions of systems nnat are its responsibility. Since there was initially a lack of
definition of what systens or portions of systems the applicant was responsible for,
we were concerned about the acceptability of this referencing approach. T he re fo re ,
in response to our request, the applicant provided a list of safety related systems
or portions of safety related systens in its scope of supply and the principal design
criteria for these systems or portions of systems. The compatibility of these design
bases and criteria with GESSAR criteria was demonstrated. As reported in Section

7.1.1 of this report, principal design criteria have been established and accepted.
In add; tion, th2 applicant nodified the Phipps Bend Preliminary Safety Analysis
Report to provide more specificity as to which sections of the GESSAR were being
referenced for design bases infortraticn and connitted to adhering to the criteria
established in the Phipps Bend Preliminary Safety Analysis Report for integrating
these design bases into the design.

We have concluded that this rethod of referencing design bases information in GESSAR,
bounded by the principal design criteria established in the Phipps Bend Prelinin3ry
Safety Analysis Report, satisfies our requirecerts and is therefore acceptable.

7.1.3 Identification of Safety-Relate _d Systems in Applicant's Scope of Pesponsibility

The applicant .ified the following safety system >, or portions of systens, as'
.

being in its areas of responsibility:

(1) Reactor protec tion sys tem,

(2) Essential service water,

(3) Containment and reactor vessel isolation control systen,

(4) High pressare core spray,

(S) Peactor ccre isolation cooling, and

(6) Diesel ';enerator fuel oil storage and transfer syste-'

7-2

)



Further discussion describing the scopt ' responsibility for design and interf ace(

fin orNtion is reported in Sections 7.2 tt ^ough 7.6 of this report.

7.2 Reactor Protection System

The r /erall desir;n of the reactor protection systen is described in Section 7.2 of the
GESSAk standard Safety Analysis Report. The reat tor protection system portions pro-
vided by the applicant consist of trip inputs from turbine stop valves, turbine
control valves, and turbine first stane pressure instrumentation.

There are four separate and independent devices provided to generate each of these
trip inputs. The separation of the instruments and connecting wiring shall be in
accordance with the requirerents of Electrical and Electronic Engineers Standard
279-1971. The number and method of separation for this instrumentation is consistent
witn the four-channel design described for the reactor protection systen in GESSAR.

In response to our concerns regarding the capability of the Brown E.overi turbire
generator instrumentation to provide the reactor protection systetr inputs within the
times required in GESSAR, the desirjn was rodified to include the following additional
requirements:

(1) The turbine stop valve closure switches will open and generate the signal within
10 milliseconds a f ter the setpoint is reached.

(2) The control vala fast closure signal will be generated within 30 milliseconds
of the start of a fast c ure,

b . have reviewed these additional requirements and have deternined that they are
identical to the requirements of GESSAR and are therefore acceptable.

The applicant tas defined the interface requirerents for the reactor protection
system as folloc

(1) The instruments and switches to be used to generate the reactor protection
system inputs associated with the turbine r;enerator will be provided by the
applicant.

(2) The applicant will provide the interconnecting wiring between the reactor
protection system input devices noted in (1) and the teminal cabinets in the
control building. The applicant's design implerentation responsibility ends at

these terminal cabirets.

(3) The applicant has identified the channel to sensor to cabinet assignrents for

all the reactor protection system inputs in his scope of responsibility.
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We have reviewed this additional informa tion, and have concluded tha t the applicant
has identified its scope of responsibility for implementing this GESSAR design and
the interfaces with the noclear island. Based on this we conclude that the design
reets our requirer:vnts and is acceptable.

7.3 Engineered Ss fetr Features Actuation Systens

The overall design of the enginoered safety features actuation systens is described
in Section 7.3 of GESSAR, The portions of the engineored sa fety features actuation

sy stu > that 3re the applicant's responsibility are as follcus:

(1) Essential Service Water S< ster

The essential ervice w3ter systen in the balance-of-plant scope will consist of
instreentaticn and ccntrols on that portion of the systen that provides water
fr om the ultimate heat sink (spray ponds) for safe sFutdown. We have reviewed
the inforration f or the porticq of the essential service water syster in tre

including the Icl c diagra's and flewiapplicant's scope of responsibility,
diagra s, and have concluded that the dosirp1 of instrunantatien and centrols

;.covi ded by t t a;olicant for the essential service water is consistent with the
three divisional syster > established as part of 'iEWU.

The port 10n of the e c s+: n t i a l service s.ater syste~ in the applicant's scope of

res; cn ,iD11ity will i cu s 'st of tb es.,mtial c ervice wa ter systen prTs ,

associate i switCn eJr, P I i] instru"entation 3nd Control s and 3 pray pond tFrera-
t se an d level instr ; ent ation. Tle interface betreen this equip ent and

',E S S' R oil 1 te as felic ,,

(3) T- vpiicant'< instrum ntation and control field airing interfaces oill t e
in tr r zlear sl and at terninal cat-inets in *.ne centrol roa and at tn
re nte sn;td nr .arml. (Set >ctic i.5 of t' re art 'or a disa >sico of

tu sa fo t / related di wla/ in' t er nt a tion. ,

(b) The er trals for tre e; ential service .sitor e:uip ent aill tt lccate1 On_

;v tore toaling syste- hercu lard ir tF r nit'ar islan i u ,t altM e+r r

roo^ and " local panels in the gelican* > etsentill service oite s f stenr -

, n ing stati n.

' c' trnIl anj t r t' l 3 /u ;t G f t he W er'knC y O re ^ ,1) inq s y s te" t e r'. h b o a r d(c)
are tFo a plicant'> ro ,'nsit'ilitj, v. nile m.wr311 re', r sibilit/ Of tM

x 15 In tEF nlClPar islan1.C Ln t r l1 r C '. Cn"plo

( i) ' i ;ign of th remoto srutdoxn pinel is in "+ alear islarJ ciw

ihi; - c'r sister * .. i t ' t' " criptinr, in G! Dr S plicant will;

p en / i G t hi 6 ;f 7 i11 ser/'EL W1ter %yst! instr 4 en t ][i c: a'i cOntealc for'

Ji/isi ir tnis pinel.i
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The applicant has provided th divisicnal assi7,m nts of irstrurentation and
indic3 tors fcc the essential scrvice water sjst m and tne 'crrination cabinet
assiqnrent for these divisions in the nuulcar island.

On tre basis of cur revitw of ti e in ferr ation, tD evi cart'> cr",it"ents to

the GES$M design basis and principal des 110 criteria, and the identification o'
the acplicant's r es nsibilities for ir ple enting tre interfaces with t he ' uc l e 3 r
island, we ccrclode that t h' 3pplicant's pcrtion of the essential syste~ design
r eets e;r req;irencnts and is therefore acceptable.

(Zi Containc.ent and Re actor sessel Iwlation Control 5 < stm

The applicant h is identi f'JJ t tree f unc tion s tha + input to ttc rentairr.ent au
re3ctor veescl 15 31 a tian ccnt rol sjster fran icrtions of tre lant that ar2 ins r

its area of rr . sibilit/. Ibese three functions are:

(3) Lra sin to rrer asu;> 'cr3ted by fear pressure tran :i t to r s a r.de
,

provi 1 as ?1r t n f + ro "E n G scope cf surpljd

(b) " tin stc1 i 1 rf low pres nee, cer+ rated by four c ressure tr19smittr es and
;: ro v i d.- 1 a s p a r t oftr. r E 5;, sun;o of supply,

(c) " air s+., lim . . -nign terrerat..o, nenerateJ by 36 te~,erature >crs,<

p rra re d ' , t he a rtl i c 3 n t + ~ '.552 s;. c ificatirn s

Re a;; lic n t h as idec+ 1 fied '' > Toterrar n as + ollw ,

(a) 1re a;clican* in'.trr+ntatice field viring interfaces will be en loc 3lc -

a nels ir +t> turt ire ' Jildin7 ar d tne ter" 1r a tion cabinet in tne nuclcar
islani

( t. ) Trt .irn of tt+ ir 'r c ents to t he t+ r inat ice c3birets c.ill te the.

,r pl ic nt ' re< nsibilit, nile tM sverall respcnsibilit v cf 'm contral

rou' i c. D i e <, i s .v i t h i n t h e C[ E 5 4 d s c ;. e .

's a;plicant 'as prw ided th divisicn31 ansi;t rot of instru en taticr for t o>

cortaincen+ and re.1ctor ves<el isolation tt trol sy ste an J th:. terr 1ntticn

cab 1 ret assiv i f o r th- t divisions in rJ 7 .:

Un t' b a ', , , o f % r r e v i e .y of tr( infcrr3 tion cn tt>< f ;tii nal trcuts to tNa

ccntair nt and + re.1.tcr 1 solation control s/ste bhich is in + Fe GL%
s< a), ar1 the id eti fic 3 tion of the applicint's rrq $i nsibility for 1r pl ercnt i r.;

t h -' interface w i th t he r ,c l ea r 1 sl ar d , we rcr.c l uM tn1t the desicn of tre

in,;* fn the G ntair ont u i r,3ctar isolat in control sjste- r.eets <ur et 21 r o -

n t '> a n j that i t:e eje s i c;n js ttEreforp .icc epta b l e ,

7-
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(3) High pressure Core _ Spray _ and_ Reactor Core Isolation CoolinLystemsS

Level instrumentation will be provided for conitoring the condensate storage
tank water level . These safety system inputs will conitor the status of the
nrimary water source for high pressure core spray and reactor core isolation
cooling systens r. a will enable the transfer logic (GESSAR scope) for the high
t ressure core spray and reactor core isolation cnoling systems to switch to the
suppression pool when the primary water source (condensate storage tank) reaches
a low level setting.

The level instrumentation srecification and procurement will be within GESSAR

scope. The interfaces are as follows:

(a) The applicant's instrumentation field wiring interfaces will te on local
panels in the vicinity of the condensate storage tank and tennindtion

cabinets in the nuclear island.

(b) The wiring of the instruments to the termination cabinets will be in the
applicant's area of responsibility while the overall responsibility of the
control room complex is within the GESSAR scope.

The applicant has provided the divisional assignments of instrumentation for the
high pressure core spray and reactor core isolation cooling systems and tre
termination cabinet assignment for these divisions in the nuclear island.

On the basis of our review of the submitted infceration, the applicant's corriit-

ment to the GESSAR design basis and principal design criteria, and the identifica-
tion of the applicant's responsibilities for imp ementing the interfaces withl

GE5SAR, we conclude that the design of the applicant's partion of the high

pressure core spray systen and reactor core isolation system reets our require-
rents and that the design is therefore acceptable.

(4) Diesel Generator Fuel Oil Storale and Transfer Sy_s_t en

The portion c f the diesel generator fuel oil storage and tran;fer systen that is

safety related and supplied by the applicant consists of the seven d3y tank, Jay

tank suppl y pump (transfer pump) and motors, asscciated switch ear, instrumcntsl

and control The interfaces with the nuclear island are as follows:

(a) The applicant's instrumentation and control field wiring will interface

with the nuclear island at terminal cabinets in the control t,uilding and at

the nuclear island remote shutdown panel. (See Section 7.5 of this repcrt

for a discussion of the safety related display instrumentation.)

(b) The controls for the diesel gererator fuel oil storage and transfer syste",

equirent will be located on the long tern renponse panol in the nuclear

s

7-6
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island and on a local panel in the diesel generator building.

(c) The layout of the long tenn response panel is the applicant's responsibility,
as is the design and supply of the diesel generator fuel oil storage and
transfer system controls

(d) Overall responsibility of the control room complex is within the GLSSAR
scope. The design of the rerote shutdown panel is also within the GESSAR
scope.

The applicant has provided the divisional assignment of instrunentation and
control for the diesel generator fuel oil storage and transfer system and the
termination cabinet assignment for these divisions in the nuclear island.

Un the basis of our review of the inforrutico pro,ided, the applicant's commit-
nent to the GESSAR design basis and the identification of the applicant's
ee 'ansibility for implementing the interfaces with the nuclear island, we
conclu e that the design of the applicant's portion of the diesei generator fuel
oil storage and transfer system reets our requirerents and that the design is
therefore acceptable.

7.4 Sa fe Shu tdown S yste'"s

The applicant identified the essential service water systen and the reactor core
isolation coolin) as being the safe shutdown systernin their scope of supply. Our
evaluation of these systems is included in Section 7.3 of tiis report.

7.5 Safety _Related and Power Generation Disolay_Jnstrumenta_ tion.

T"e applicant identified the essential service water systen and diesel fuel oil
storage and transfer system within its scope for which display inforration will be
prTvided in the control room

The functions for these systens will be displayed as follcws:

(1) Essential Service Witor Systen

The following para eters will be ronitored by the Nuclenet 1000 cathode ray tube
di splay syster'

(a) Pump head pressure
(b) Purp flow

(c) Pur p bearing tenys rature

(d) Motor bearing tenterature
(e) Motor winding terrerature

(f) Motor current
m .~. ,
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(g) Spray pond level
,ali g screen(h) Differential pressure acros, ,

The following parareters will ' > rTrJuired indicators r-ounted on the e-ergency
core cooling system panel (H13- <11 in the main contr31 roon

(a) Pump flow
(b) Pump well temperature
(c) Scray pcnj le el,

(d) Spray pon d sprayer h . ; n , s'il ve posi tir.n

Al l paran cters or.ni tort d by tne cathode ray tul' will hav> cathode ray tube
alarm displays In aijiticn to the se alams, tN folloWing parameters will have
ha rdwi red anr.un ia to r windc.., A the er crgoncy core cooling syste, panel

(H1<-Ff01):

(3) P ep head pressure icw
(b) S;: ray p;nd level abnce" al
(c) Scray ;uid tc 7 erat;re abnorral

(2) Diesel Generator ruel nil Stora .e and Irm fer Syst tr

The follcwing para.'eters alil to mc ni tc re d by the '4 ;cleret 1000 ca thode raf tabe

display ,Stf m

(a) Seven day stora;:e tin, le<el

(b) Transfer ,2 -p f!r o

(c) 0 3 ./ tank le.el

The folic,,in. pr imeters ,4ill ta<e rard.sirej indicators on tv lon terr

re, c: n n e- ;awi (H13-F 7):

(a) M << d3f toraic tsak 1 c .+ 1
(b' Tr3ns er flow

,

~_3,, tar, levelI ;

'll O f t' E3ri'CterS litCred b/ tFe Cal NdP F3r !Ube Will blVC C3 ttJde ra /.

+>o a l ,1 r" di ?la s ir addition to tre 113r the followin. para ^ettrs .111

n3ve ra rd.41 r':. 4 iremrci3 tor .s i r d h cn ti icnj t o r^ ro ;ons > wel (Hl3- 11

daf ';rav tan; l a le<el(i) S e
t

(b) Trar-> fe r c; f i c. . ar cal

uj ,, 'm >i i t .v

'_' I 4| $ + b i
y

/-

3
.
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(3) ^ oto 5_h_ 4td le.r; J_T ri _ D iyp 13 f s

(a) Essential wrvice water s y sten fn flw T di.ision 1

(b) t <5 r.tial service water syste- ;s p flow [ divisicn 1

(c ) Spray b,p r s valve pn:ition divisinn 1

(d) Screen <. w para fl oc, div sion 1i

(e) Essential service mter syster ro pA mad rressare low division 1

we nive- reviewed t ne ir f orra tinn for that partic' of tne safety related and ,<wer
generation displaj instr 1 entation i kntified bj tho 2;:plicant as being in its s:opo

o f rmponsibil i ty. This included the infor~ation dir ec ?J in Sec tic 7.3 of this

reccrt on a systE ! sis 3rd t he d.'scri; ti ve infor a tion prov id 'd in Section 7. of
the rhi;; bcnd Frel e iin 3rj % fe tj " n al _. s i s ?e;,o rt , en thc t a s > of %r revien of.

thi i n f o rma t i o n , t' applicant's ca nit ent to the GES5e desinn bases, an tre

prircipal Josi jo cilteria, e rwe com ldd that tre 3 alicant's porti n n' 'm

s1fetj related dis;ilaj instrrentation eets car re<pircnents and is acce; table.

In rt ,onse to t;r redest for interface inforu tion, the applicant 'vn&d tre

it's ' Ronj Freliminarj Sa fety nnal / sis ?Nort to f urtt er define it' scc;e of resrcn-

sinility fo- safety u s' , or partions of r,afety sjstens. 's have re viewed thi s

1fiti nal infor13 tic' and " ave cencluded tr3t tho sensor and indicator d:visicnal4

as ," ent and division to th nuclear islard terminal cabinct correlation for botn

tm es wntial 'crvice w-iter and the diesel genera tor fal oil stora';e anj transfer

s p*er is aS q; ate to define the a plicant's ccp. of res ponsibility ari the interf aces

with thc racleir island and is therefore ceptable.

7.6 U t._o r_i_n_s_t_r 4. r n_t a_t i_o.n_ _E.v_s_t_eP e T; i.r_e_d _f_c_r _5 3.'.c_t,ve
.. _

Darins tN rNiew crncess we identifiej sarious systems tnat, though designed t4y the

meeral Electric Co :any and described in GE55D, nill to located in areas dosi n d

plicart. t of trese syster s tho- r not re'; aired for automatic reac torcb / tt1 4

engirr ere j sa f e tj +ac il ities f ant tiens , will be pc. ered f rc , theprotecticn s,ste '

reattor pio'/cticn W te" ;oter b..ses in tne G M Ic date, the fclicain; syster .

cr er+ ions thereof) have be ' identified as teing in this ca tegory: tie p roces-s s

r3 fiatic n I:enitorin; the area ra jiation r enitorin], and tre cart-cn ted va;lt raiiation

. n i t o r i n '; ,a ste- In cau > such as tFese, <e ar( ccccerr ed that se;uratico (as

dtvia a re l';ca ted in a non-Ca ts :ory I structare) isolationin tF cau where t*<c e

.), Lo c o ;;romi sed . Inis concern has bN n dis:ussej with the applicant Ed it Fas

stated that it is rnt -issible to ijentifj and 2 ;r_ rite all the ito > that fall in

design. N ever, the arDlicant has provided a*"is cac m ry at thi staj af the

c r 11 ent that th isolaticn rt aire -ents 'or circuits that are tr eated as enn-Clas,

U in tte ;alarco-nf-plant (ir :lu jin , all e ,;1cnn t lccated in non-Catecorf I strustures)
v.111 he in ac cord ece witn the L5W Standird 11f t ty , nal / sis P pnet Section ' .3.1.1.3t

ch states tnat the isolati r res irce:nts will conform to Repl atery G ;io 1.75,e

,sical InMer * nce af Electric Syst !s " (?esision 1), or tM applicant willr

' ,,, .)
]
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provide an alternate design which is acceptable to us. We consider this approach

acceptable at the construction pernit stage of the review.
..

7.7 Control Systems Not Per; ired for Safety

We have reviewed the non-safety control systems that will be provided by the appli-
cant such as the turbine generator pressure regulator and steam bypass control
systems. We have found that these centrol systems are similar to those in other
previously accepted boiling water reactor plants. In addition, the Fhipps Eend
Preliminary Safety Analysis Report description of these systems is ccnsistent with
the GESSAR description of these systers. We have concluded that the description of
the turbine generator pressure regulator and steam bypass control systems described
therein have been acceptably classified as non-safety related systens and, consistent
with GESSAR, that failures in these control systems will not adversely affect the
safety functions of the plant safety systems or lead to plant conditions more avere
tr n those for which the safety system, are designed to protect against. We concludeo

that these control and instrurnentat son systers satisfy our requirements and are

acceptable.

7.7.1 Turbine Overspeed Protectico

We hase reviened the applicant's proposeJ turbine overspeed protection syster The

o/erspeed protecticn systen will te comprised of redundant nechanical, hydraulic and
electro-hydraulic channels config; red to ensure that no single failure wculd prevent
initiation of the turbine overspeed function. TFe overspeed protection system has

prov1sions for periodic testin] while the plant is at poner.

We have concludod that tFe prc visions fcr turbine overspeed pro'ection to perfor its

fJnction are a; Cept 3ble.

7.E Environmental 0;ili fic 3 tion o f Egip7c;nthui red for Sa fet <

ine applicant referenced GESSAR f or infor ation on environn. ental quali fication of

equip' ent required for safety. Due to the lack of : n f e rra ti on in this reference, we

were unable to deterline the acceptability of the equipment requirej for safety th3t

will te supplied bv the applicant. In response to our request for additional infor-a-

tien, the applicant amended the Fnipps Send Freliminary Safety Analysis Report to
include the following additional information.

(1) A list identifying instrunentation, controls and electrical equipment required

for safety that will be supplied by the applicant was added tc Section 3.0 of

the Fhipps Eend Frelimin3ry Safety Analysis ?eport.

(2) A staterent was included in Secticns 3.10 and 3.11 of tFo Phipps Eend Freliminary
Safety Analysis Peport that the apolicant will provide the seisnic and environ-

rental qualification r.ethods and procedures for instrumentation , cont rol s and

7-10
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electrical equipr.ent required for safety that will be sup lied by tne applicant.
This information will be provided for staf f review and 7,praval in the post-
construction pennit period prior to the submittal of the Final Safety Analysis
Report:

We have reviewed this additional inforcation and the applicant's commitment and have
concluded that it meets our requirements ano is acceptable.

7.9 Separation Criteria for Safety Related Electrical Equipnent

The applicant acended Section 3.12 of the Phipps Bend Preliainary Safety Analysis
Peport to include the requirement that it is responsible to satisfy in its design the
recor;mendations of Regulatory Guide 1.75 for separation criteria for instrursentation
and electrical equipment.

We find t:.is connitment acceptable for the construction permit stage of the review.

7i ) 0| [r7-11 ip



8.0 ELECTRIC POWER

8.1 General

General 061'; Criteria 17 and la, Institute of Electrical and Electronic Engineers
C ri t" 1 a for Class IE Electric Systems for N; clear Power Generating Stations (Institute
of :1 ctrical md Electronic Engineers Standard 303-1971) and applicable regulatory
g;ide ir 'uJing Pe ulatory GuiJe 1.6, " Independence Between Redundant Standby (Onsite)
icv. cr ' ' arce s ana Ent.seen Their Distribution Systems," Regulatory Guide 1.9, " Selection
of Die Ia rator Set Capacity for Standby Power Supplies," Regulatory Guide 1.32,
'Use i m i! W 4 -1971, ' Criteria for Class IE* Electric Systems for nuclear Fowers

Gewra t in a St a t ions ,' Regulatory Guide 1.41, "Preoperational Testing of Pedundant
Co- '+ Elt tric f ewer Systers to Verify Prcper Load Assignments,' Regulatory Guide
1.~ h,, al Ir. dependence of Electric Systers" (Revision 1), and staf f technical,

, >;itims rct 4 in Table 8-1 of tr. star.Jard Peview Plan have been utilized as the
ces fm evaluating the adequacy of the electric power systems This section of the
.itry , iluaticn report reflects the results of our review of the Phipps Bend Preli"11-

r 9" c ty Analysis Report through Amendment 13.

, unit Phipps Send plant utilizes the GESSAR design, the interface o eas3i- 'n '

tablisned at each point where the refere~1ce design and the applicant's*'
2

This section of the Safety Evaluation P.eport covers the portions of the*

al u.i t' it will Le designed an j supplied t / the applicant along with those pcrtinn',
that nile in the GESSAR design and/or cply scope, will be implemented by the
> ;:l :c n t . Iberefore, throughout this section when the tem applicant's responsibil-

it )s ased, it reflects only the portions in which the applicant is involved in .1s

di,cas>ed above and not to the entire plant.

.l.1 c i j_ a l Desicn Criteria

applicant provided in tabular forn the principal design criteria to be inple-' e
t,J in their f ortions of the electrical design. T a bl es P . l .1 -( T) , 8.1 2-(T),

-(T), and 8.1.4-(T) of the Phipps Eend Preliminary sa fety Analysis Report aro
'a:ej cn identical tables in the GESSAR Standard Safety an alysis Peport, and were
incorporated into the Phipps Bend Preliminary Safety Analysis Report. In addition,

these tables were supple ~ented to demonstrate applic3bility of our branch technical

position;

.

Rafety classification of the electrical equiprent and systen that are essential in
e'er?nc y reac tor shutde.vn , containment isolation, reac tor coro cooling and contain-
r ent and reac tor heat re~. oval .

'
, |
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The criteria listed include the applicant's connitment to the General Design Cri-

teria, Institute of Electrical and Electronic Engineers Standards including "In-

stitute of Electrical and Electronic Engineers Criteria for Protection Systems for
Naclear Power Generat;ng Stations" (Institute of Electrical and Electrical and
Electronic Engineers Standard 279-1971), " Criteria for Class IE Electric Systems for
Nuclear Power Generating Stations" (Institute of Electric and Electronic Engineers
Standard 308-1971), other applicable Institute of Electrical and Electronic Engineers
Standards, regulatory guides and branch technical positions.

We believe that this methoa of presenting the criteria of GESSAR, supplemented by the
branch technical positions, establishes principal design criteria compatibility with

the GESSAR and at the same time docunents the applicant's principal design criteria
that satisfy the Conmission's requirements for safety systems that are in the appli-

cant's areas of ressonsibility (as defined in Section 8.1 of this report).

We have reviewed the principal design criteria documented in these criteria tables
and have concluded that the criteria listed are consistent with our requirements for

safety systems and are acceptable.

8.1.2 Design Bases

The applicant has referenced GESSAR extensively for the design cases of systems or
portions of systems that are the applicant's responsibility (as defined in Srction

8.1 of this report). The applicant identified in the Phipps Bend Preliminary Safety
Analysis Report the systems and the portions of the systems that are in his area of
re s ponsi b il i ty. The capability of these design basis and criteria with GESSAR was
demonstrated. As outlined in Section 8.1.1 of this report, the principal design
criteria for the systems have been established and accepted by us.

We believe that this method of referencing design bases in GESSAR, boundea by the
principal design criteria established in the Phirps Bend Preliminary Safety Analysis
Report, establishes the applicant's design base ~ to satisfy our re"Jirements for
safety systems or portions of safety systems that are the applicant's responsibility.
We have reviewed this information and have cor cluded it meets our requirements and is
acceptable.

8.1.3 identification of Safety-Related Systems in Applicant's Scope of Responsibilit,y

The applicant amended the Phipps Bend oreliminary Safety Analysis Report to provide
additional information defining the responsibility between the applicant's scope and
that of GESSAR. This information includes the following:

(1) Figure 8.1-6 (T), " Interface Table for A-C and D-C tuxiliary Power System," vas
added to provide a correlation to the GESSAR, Stand rd Safety Analysis Report
F igure 8.J.1 Interf aces.

8-2
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(2) The "* ; ps Cend Preliminary Safety Analysis Report was amendod to clearly
specify that the onsite power system, including the diesel generators, is in the
GESSAR scope. Selected applicant designed loads will t,e fed from the onsite

power systen. These loads have teen identified in Figure 8.1-6(T).

We have reviewed this additicnal infornation and have concluded it reets our require-
r:ents and is acceptable.

8.2 Offsite fewer Systt

The rhtpps Cend wcleir Plant, Units No. I and No 2 will feed power into a 500
vilcvolt and a 163 t ilorcit transmission system which will ultimately tie into the
Tennessee Valley Authority utility grid system. The station's two r:ain generators
will provide powtr t 14 kilovolts through load Soik switches and isolated phase
buses to the main transforrwrs. Indiv idJ3l PMin (nrsf urrers for Units I and 2 will
be connected to 500 kilovolt and 161 kilovolt setchj rds, rescectively, utilizing a
r.odi fied breaker and a hal f bus arrangement. The twc witchyards will be connected
electrically throyh an intertie transfor-er ba .k. Five 161 kilovolt and three 500
kilovolt lines are proposed for connecting the swittnyards to the Tennessee Valley
Aatharity utility grid.

T h. fise 161 kilovolt linas that will teminate at the Phipcs Bend oint aill consist
of one line to the Sullivan 500 kilovolt substation and f 3ur lines to the John Sevier
S t e am Fl ar.t . The three 500 kilovolt lines that wi. I ter, in3te M tha rhipps Bend
plant will consist of two lines to the Sullive , cnd one line r Pe Volunteer 500
kilcwolt substations. The 161 kilovolt line to the Sllivan substation will be
underbuilt on the towers of the Phipps Bcnd-Sulli m 40.- x kilovolt line for a

short distance at Phipos Cend. The Fhipps Stnd Je n Sevier No.1 and No.2 161 kilovolts

liros will be unjerbuilt on the towers of the Phipp Snd-Volunt(er 500 kilovolt line
with the terminal line sections at the fhipps Bend plant and John Sevier on d]uble
circuit 161 kilovolt towers. Similarly the John Sevier No.3 and No.4161 kilovolt
lines will t e underbuilt nn the towers of the Phipps Bend-Sullivan 161 b ilovolt line
'a . l . The Phipps Eend-Sullivan 161 kilovolt line wili cross under Phipps Bend-
Volunteer and Phipps Bend-Sullivin No.1 500 kilovolt lines and the John Sevier Na. I
161 kilovolt line nc3r the switchjard at Phipps Bend. The Phipps Bend-Volunteer and
the Fhipps Bend-Sullivan No.1500 kilovolt lines will be on comon right of way but
will be separated to minimize the possibility of sirultaneous outages of the 161
kilovolt underbuilt circuits.

During the course of our review, we were ccncerr.ed about the susceptibility of the
of fsite power system to failures and, as a result of requesting additional inforration,
the applicant Stated that detailed information on the separation, crossings and tower
he ,nts cennot be supplied at this stage of the design. Honever, they reaffirr ed
their co:ritment that tre off site power lines will be designed to preclude the likel: hood
that a tcwer f alling or line breaking could simultaneously affect t,oth circuits, and
the design will conform to the requirements of General Design Criterion 17. We conclude

that this design corru trent is acceptable at the construction pemit stage of the
review. 8-3
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The five 161 ki! volt lines and the intertie bank connection to the 500 kilovolt
tran', mission systen will provide reliable sources to the two physically separate and
independent 161 kilovolt lines supplying offsite power to the Phipps Bend plant.

Two independent 250 voit power house batteries will te provided at the Phipps Bend plant
to supply both switchyards. Each transmission line will be protected with prirary
and back-up relaying.

During normal operating conditions, the nain generators will supply electrical power
through isolated-phase bJses to the nain step-up transformers, and the ~ unit station
service transformers located adjacent to the turbine building at a point between the
load break switch and the ICw-voltage connection to the main transfonners. During
normal operation, station auxiliary power will be taken from the main generator
throu gh these transfomers.

During normal startup and shutdown, the load break switch will be opened, allowing
plant auxiliary loads to be fed from the 500 kilovolt grid for Unit No.1 and the 161
kilovolt grid for Unit No. 2 through the rain and unit station service transfomers
During norral power operation the load break switch will be closed. Failure of these
sources will initiate automatic transfer for both safety and non-safety related buses
to the reserve, of f site 161 kilovolt sources which will be relied on for both of fsite
po er paths. The reserve auxiliary power will be supplied by the four reserve
transtorners which are fed through an independent 161 kilovolt connection from the
Tennessee Valley Authority power system. If both of the reserve supplies subse-
quently f ail, the Class IE system will be autor.atically transferred to tN onsite
standby power sources (diesel gererator sets). See Section 8.3 of this report for
the onsite (standby) power system infornation.

The applicant has stated that the results of study-state and transient stability
studies show that the 161 kilovolt offsite power sources will remain intact as
reliable sources of supply to the separate and independent onsite electric power
s / sten of each plant for (1) the loss of either or both nuclear units, (2) the loss
of the Bull Run unit, and (3) the loss of the Fhipps Send 500 kilovolt line with twc
underbuilt 151 kilovolt lines.

We have reviewed the offsite power system information including its principal design
criteria and the definition of the applicant's ares of responsibility (including
figures and infomation tables defining the interfaces and scope). We have concludad
that the criteria rreet our requirenents and are acceptable.

R.3 Onsi te Nwer Spt ems

The applicant provided the follo.ving information with regard to the onsite power
s ys tem

-p
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(1) A list identifying and describing each loaj (whether safety or non-safety) that
is in the applicant's scope and that is powered from alternating current and
direct current power sources in the onsite power systen. A description of the
loads as depicted in GESSAR Standard Ssfety Analysis Report Table 8.3.1 was

provided (e.g., division assign"'ent, horsepower, kilowatts, naximum inrush, and
kilovolt-anperes).

(2) For loads in the applicant's scope that are sequenced onto the saf ety buses, the
infornation similar to that depicted in GESSAR Standard Safety Analysis Pecort
Table 8.3.4 was provided (e.g. , time to start, au-t.er required, and divisional
a s s i gnme n t ) .

(3) The design criteria for the underground cable installations for Class IE systens
that are in the bilance-of-plant scope of supply for the Phipps Cend plant design
was provided.

(4) As part of Section 8.3 of the Fhipps Bend Preliminary Safety filysis Report,
the aiplicant inclJded a statenent that all of the onsite power systens, except
for those portions identified and discussed in the Fhipps Cend Preliminary
Safety Anslysis Refort, are within the GESSAR scope of responsibility.

Initially, we were unable to define the applicant's responsibility for safety systens
and portions o f sa fety systers. As a result of req;esting additional in formation the
a;plicant amended tre Phipps Cend Prelininary Safety Analysis Report to provide
additional infor ation, including figures and tables defining the interfaces ar:d
copo o f responsibility.

We have reviewed the aaditional infornation provided by the applicant and the principal
design criteria and h3ve concluded they meet our requirements and are therefore
acceptable.

3.4 Fire Ster, and Seals for Areas Containino Electrical E gip;e_nt_

0;r evaluation of the fire stops and seals for areas containing electrical equipment
is discussed in Section 1.4.1 of this report.
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9.0 AUXILIARY SYSTEMS

9.1 In troduc t ion

The auxiliary systers necessary to assure safe plant shutdown which are in the

applicant's balance-of-plant scope include the essential serv ce water systen, ul ti-i

mate heat sink (in conjunction with the essential service water systen, and the
central purping station), fire protection system and the diesel generator fuel oil
storage and transfer system

We have reviewed other auxiliary systems, such as the equipnent a.nd floor drainage
system whose failure would rot prevent safe shutdown but could, either directly or
indirectly, be a potential source of a radiological release to the environment.

We h3ve also reviewed the design of non-safety related auxiliary systems to ensure
that the failure of these systers would neither prevent safe shutdown nor result in
potential radioactive releases. These include the component cooling water systen,
the denineralized water rakeup systen, the potable water system, the condensate
storage facilities, the compressed air systen, the process sampling system, the
ventilation systers for non-saf ety related areas and the con"unication and lighting
systems. Failure of tte above systems will not af fect the capability of safety
related systers to ef fect sa fe shutdown. We conclude that the design of the above
systems are acceptable.

The applicant references GESSAR fo- the following syste s and nur evaluation is
presented in 59ction 9 of Appendix A to this report: new fuel storace, spent fuel
storaqe, spent fuel pool cooling and cleanup system, fuel handling system, closed
cooling water system, standb/ liquid control systen, control room area ventilation
systen, spent fuel pool area ventilation systen, auxiliary and radwaste area ventila-
tion systen, engineered safety feature ventilation systen, corrunications systems,
lighting systens, diesel generator cooling water systen, diecel generator starting
syster, diesel engire lubrication systen, and diesel generator combustion air intake
and exhaust system.

nhere systems or portions of systems will be shared by the two units, the applicant
has stated that such sharing will not irpair their ability to perforn their safety
functions. We have reviewed those systems and components that will be shared and
find that the design meets the requirements of General Design Criterion 5, and are
acceptable.
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9.2 Water E< ster

9a.l E s3 en t i_a l Se rv i & y t t e rjy s t _e" <

Ter essential service water sjstem will r rovide coolicy water to tr e sifoty related
systes used f or norm al plant c;eration, for safe cold shutdown, ar,d f or the nitiv-

tien of ivstulated acciJents.

T a u s t r a y f un P. f c r + M facility will serve th' er tire esu ntial service water systro
and will ts desir;ned to i ro.ide an ade iu3te su; ply of water for all antic 1;.ateJ
everts anor ing ,in.;1e actise f ailures Tho GESSAP ir:terf ace r. ;ui re ent s 5; ec i fy

' hat thrm divisirns of enential service siter syster te provideed. Enh divisicn
corsists nt one f ul l c.3 ;a c. i t y train t'cr each unit. 51rt 'h:ro are two units for
this site the ar;;1icant has proviceJ 3 total of six t r.3 i n s

D; ring t er a l teratitn Divisien v.ill t. in q-erati v . D " Division II traira will'

i 2', i.'.ilized only daring safe shutdown fall u irg a 10 -of-coo ant a: L im nt, or ,

' ac h ap to the reacter cure isala t ion tNlin ; s s s tr>r Divisico I c< II ..ill te caiu-

t,le of diairatir; tr +utal roat Icad rewirej for a eclJ shuttw Division III

of ea:.h 4 nit will t e-j un F 1 ;h pr essure core s;< ray f or each unit. Divisien I in d II
for t3th un i t w ill t'e i u.e re i by ir Jm e' d"n t er .;ir e c r-J s a f ety f ea ture t Os. Tan

trair will er re ;ui; d to pru. id" (; ling for tb dosian Lasis lcse-cf-coolar.t
accid-mt. IFo essu tial sersice water . ste will t;t iinned to seitric Cate.;f . I*

cc a i rt ,fr+s

De ,sential coolirq witer central p n ini static w i l l ti designed (I) 'i tir~ir

L itegc' . I r e ; aire en t , (i) '; ;rotett * uin s t un n ce; t n;le 1a ag f re + o rn a h

.issiles ar,1 (3) for desian bisis f lea ! ;/retec tirn i3th essential enolirl w3ter
sep arlie t o , artr e r.t wi thin tN central ru~ pin; st3t'an. The[ ur is locatod in a

>,'3r3tien aills between L , art ents will te desip J to withstand interral 'i s s i l + ,
r,1 will h we 3 three -hour t ire ratir j. Two s"isrit Catt mry I diste3rw str n'are.

will N utilize: to return t r.e essential (colina water tr o pnnd.'

t i 31 ser. i t na t e r S r. t e" de s 1';nBa s.-d .n<,e n o len, wo c: .n c l u jo trat t' - e

t riier i n arl t,a s e are in centor m e with tN ( l ' re ; ,i re"( n t , o f Gm o r 11 Le sian

friterico M rEpr2in i tho abilit/ to tran;for wit f rr safety relate 1 er ;>cnen t e 'a

0 ulti 4t3 ,at 'e= end t o ra of the single failure criteria an. (2) wrecal Fasi:r*

(riteria and X with regard to synte- Mos i ;n trit allt. . rer or-arce of pericdicf
t

c n f i rN t i C N nf N O transfert e ', ' nj 1rs[PC t ion 5, ifE luding functil'rll M stir.] M t
*

capatilillet Ir e 6 sPritidl service W3 tor '> CP5 i ;' triteria 10i t ,' ' ' s a l E i'''f.'

clu! *at tb s y s ter + w ntiaiJa siste- r e a ;i r er .:n t s a tNreft a < r+ *
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9.2.2 Ultinate Heat Sink

The ultirate heat sink will consist of two seismic Category I spray rands for the
Phipps Lends plant. The ultimate heat sink will dissipate heat fro- the essential

service water system for saf e shutdown of the plant unde uccident conditions.

Our evaluation of the ultimate heat sink's caracity and heat dissipation capability
can be found in Section 2.4.3 of this report. In addition, the applicant has demon-
strated to cur satisfaction in the Phipps Pend Preliminary Safety Analysis Report
that the ultimate heat sink is in acccrd3nce witn Position 2 of Regulatory Guide
1.27, " Ultimate Heat Sink for Nuclear Power P. ants'', nane'v, the capability of the
ultimate heat sink to withstand (1) the rost severe natural phenonera anticipated 6 t
tre site, taken individually, (2) the site related events that historically have
cccurred or nay occur during plant lifetire, (3) reasonably probable co-binaticos of
less severe natural pheno ena ard/or site related events, and (4) a single failure of
nareade structural features and is therefore ac;tptable.

9.2.3 Fatable and Sanitarv Wator Syste s

Ws have reviewed the description of the potable and sanitary water systercs and have
determined that the syste, design criteria preclude connections to systems having tne
rotential for radicactise contamination. Consequently, we find the systers to be
acceptable.

9.2.4 Ptw W1ter (jstem

The raw service water system will supply the service water reauirements outside the
reactor 1sl3nd and will be utilized to provide nakeup water to the essential service
water system during normal c;eration. The raw service water systen which st.pplies
ran water from the Holston River is not a safety related systen and is not required
to operate under accident conditions.

9.3 Process Auxiliarios
9.3.1 Cor_gressed Air System

Our evaluation of the design and design basis of the co pressed air system which is
within tne GESSAR scope of supply is presented in Section 9.3.2 of Appendix A to this

report.

9.3.2 Main Steam Isolation Valve Positive Seal dv_ stem

Our evaluation of the design basis main steam isolation valve positive seal system
which is within the GESSAR scope of supply is presented in Section 9.3.1 of Appendix
C of this report.

,,
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9.3.3 TurbineBuildingSugs,iDrainsl

Turbine building drains will be of the following categnries:

(1) Radioactive floor and equipment drains.

(2) Non-raJioactive and non-contaninated drains.

(3) Clean oil and oily water drains.

Radioactive floor drainage will te collected in floor drain surps and transferred to
the floor drain neutralizer tanks in the radwaste building for treate,ent.

Radioactive equipment drainage will ba collected in equiprent drain surps and trans-
ferred to the waste collector +anks in the radwaste building for treatrent.

Non-radioactive and non-contaminated drainage will te collected in the station sump
and transferred to the yard drainage pand.

Clean oil will be drained directly to tank trucks for reuse or reroval from the
plant. Oily water drains will be routed to the oil surp, which will be located at
the lowest level of the turbine hs.iaing. Oil will be accumulated in the surp until

a sufficient arount is collected to be purped into tank trucks for disposal.

Each drain header will be terninated below the minitum water level in the surps to

provide a water seal between the other drain headers.

We have reviewed the turbire building surps and associatcd GESSAR interfaces and the
interfaces with the liquid radwaste systen (see also Section 11.2.1 of this report)
dnd find then acceptable.

9.4 Ot her Auxiliary Systems

Ei eJ_ rom ction Sy_ sten94l L

The applicant has received our new guidelines as stated in Appe- .x A of our Branch
Technical Position (BTP) APCSB 9.5-1 and has indicat(c that it will provide a reply

by April 18, 1977. We will review the evaluation along with revised design features
of the fire protection systen ar:d provide the applicant with the resul ts of our
evaluation of' a tinely basis so that they can be ef fectively incorporated into the
final design. The design as presently proposed reets General Design Criterion 3,
" Fire Protection" and applicable guidelines in ef fect prior to issuance of Branch
Technical Posi tion APCSB 9.5-1 and for the construction per-it stage of the review we
find it acceptable. Final approval of the system will depend on the review of the
applicant's submittal which will be completed af ter a decision the issuance of the
construction permit; however, based upon our current review of the facility, suffi-
cient flexibility exists in the design to allow implementation of any design changes

9-4
, .

h]' \ '

y



that may be necessary to assure compliance with Appendix A to Branch Technical P si-
tion 9.5-1, "Guideli,xs for Fire Protection for Nuclear Power Plants."

9.4.2 Diesel Generator Fuel Oil Storage and Transfer System

The diesel generator fael oil storage and transfer system will be designed to provide
sufficient storage of fuel oil to allow operation of each emergency diesel generator
for a minimun of seven days. The system will be designed to seismic Category I
require:nents and consist of three independent trains, one for each diesel generator.
Each train will include a steel lined reinforced concrete 7 day storage tank, a day
tank, and associated pumps. The steel lined reinforced concrete tanks will be located
in an underground vault and will be protected f rom tornado missiles and flooding.
Fuel oil will be supplied to each day tank from its corresponding seven day tank, via
either of two electric motor driven pumps. Each pump motor will be fed from its
associated engineered safety feature systems bus. The seven day fuel oil storage
tanks will be served from one of two non-seismically designed 200,000 gallon fuel oil
storage tanks.

The interface between the non-seismic and seismic portion of the f uel oil system will
be double valved. One of the two valves will be a check valve, thus precluding the
possibility of inadvertently draining the seismically designed seven day tanks.

Based on our review, we condude that the system capacity and design criteria can
satisfy their designated safety function and are, therefore, acceptable.
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10.0 STE AM WO FC.ER COWERSION SYSTEMS

10.1 Surrurv Description,

The stean and power conversion system will t,e of conventional design, similar to
those of previously approved plants. The systen will be designed to transfer therr:al

energy f ron: the reactor and convert it to electrical energy tiy the turbine generator.

The condenser will transfer unused energy in the cycle to the rain condenser circu-
lating water. The entire system will be designed for the raxir um e=pected therr:al
output from the nuclear stean supply system

In the event of a turbine trip or a large load reJuction, the heat generated in the

reactor will be dissipited by directing steam throuqh the turbine bypast system to

the condenser and through the safety relief .alses to tFe suppression pool if the

turbire bypass capacity of 35 percent of power is exceeded.

The review of tFe steam and pcwer con.ersirn systen was condJCted to allow us to
roach a conclusion as to whether the GESSAR interface requirerent were satisfied by

the interf acing talance-of-plant syste , and to re /iew the turbine grrerator over-

s;eed protecticn.

10.2 Turbire-Generatar (Ccntrol Syster)

The turbire gererator will te a tarie:, cor , cund type consistim of cre d uble flow
hig'. pressure turbine and tnroe low flow pressure turbines The rota tional s;eed

will be 1F00 re.olutions Le -inate. I " turbine electrchydraulic systc.: uill

control the ste? flow thro gh the turbine b/ rodulatina the turbine inlet ste3r

control valver Tre tJrbine protection syste" and electrohydraulic syste" Will

e ecute their res;ective functions hjdraulically with certain subfunctions being

carried out pne "aticallj cr electricallj. Ice turbire control syste <. i l l be

.!esigned to trip tr t turbine under tr e folloaiq conditions: turbine caerspoed, low
conjenser vacuur, e,cessive vibration, electrical faults, lobe oil Pressure and tank

level, or ran;al trip bers;<eed protection aill te accyplishod by two inde; endent

sy st> ~s, the electr:njdraulic s/ stem and the echanical o verspeed syste" Tre

electrohydraulic systen will rapidly close tte governor and interceptor valses if 1CE
Lercent of rated sp.ed is tyceeded. If 110 percent of rated speed is reached, the

.

ch!nical overspend sensnr <,ill trip all stea 3 ( tt ra t t l e , goverr.or, rehea t

stup and interceptor valves) to raintain the speed beloa 112 rercent of a rated
s;eed. As a be ap, a second cv pletelj indocendent rectanical overspeed senscr will
also trip all valves at 112 percent of rated speed.

,
. -
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Based on our review, we conclude that the turbine-generator overspeed protection

design criteria and bases can meet their designated safety functions and are, there-
fore, acceptable.

The turbine generator control system interfaces with the GESSAR reactor protection
system and the main steam isolation valves. Our review of the interfaces are dis-
cussed in Section 7.2 of this report.

10.3 Main Steam _ Supply System

The steam generated in the reactor will be routed to the turbine by four steam
lines. Each main steam line will contain safety valves, main steam isolation valves
and a shutoff valve.

The portion of the main steam supply system teyond the seismic restraint (main steam
shutoff valve) is classified $3fety Class Nonnuclear Safety, Qu31ity Group D, and is
non-se;smically designed.

Eased on our review, we conclude that the main steam supply system design criteria
and bases are in conformance with the seismic position of Pegulatory Guide 1.29,
"Seisnic Design Classification (Revision 2), ar.d are, therefore, acceptable.

10.4 9)in Condenser

The main condenser will be designed to provide normal heat removal capability of at
9

least 8.1 x 10 British thermal units per hour. This capability will enable the

condenser to condense the steam from the turbine exhaust. At maximum expected
9

reactor thermal output the heat renoval capability will be at least 8.48 x 10

British thermal units per hour. The hotwell will be designed to provide at least

four minutes holdup of the condensate for radioactive decay.

The condenser will be capable of accepting a turbine bypass flow of approximately 35
percent of steam flow. The condenser could become ineffective because of the loss of

some or all of its cooling water and/or because of excessive air inleakage. Either
of these conditions will cause the loss of condenser vacuum, which will result in

turbine trip and a reactnr scram.

The main condenser interfaces with the nuclear island through the condenser
vacuum trip. These interfaces have been evaluated and found to agree with the require-
ments identified in GESSAR. They therefore are considered acceptable.

10.5 Main Condenser Evacuation Systen

The main condenser evacuation system which will consist of mechanical vacuum pumps

(hogging pumps) and two 100 percent steam jet air ejectors, will be capable of
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removing all condensible gases (including air inleakage and radiolytic dissociation
products originating in the reactor) from the main condenser. The systen will be
designed so that under operating conditions proper condenser vacuum will be main-

tained and the gases leaving the evacuation system will have sufficient pressure to
be exhausted to atrosphere through the gaseous radwaste system. Under startup
conditions the systen will have sufficient capacity to guarantee the availability of
the turbine bypas. system to the reactor within one hour from the time a pressure 125
pounds per square inch absolute is reached in the reactor vessel.

The main condenser evacuation systen will be designed to minimize the potential for
explosion in the piping upstream of the catalytic recombiner in the offgas system by
maintaining sufficient dilution steam in the steam jet air ejector discharge to limit
the hydrogen concent :thn to less than four percent by volume. Additional pro-
tection an-inst explosion will be provided by ensuring that the mechanical vacuum
purps '.nogging pumps) do not operate when radiolytic hydrogen is present in the main
condenser. Furthernore, the steam jet air ejector intercondenser and preCooler will
be capable of withstanding an explosion in the offgas system.

The evacuation systen will be designed to minimize radioactive containment releases

to the environment by ensuring delivery of the offgases to the gaseous radwaste
systen during power operation. The mechanical vacuum purps, which discharge their
effluent through the turbine building exhaust system, will not be permitted to
operate if a high radiation level is indicated in the discharg' piping.

Tbe hydrogen concentration at the outlet of the second stage air ejector will be
maintained below the lower flammable limit of four percent hydrogen in air by the
addition of dilution steam. On indication of low steam pressure or low steam flow,
the operating stean jet air ejector will be removed from service and the standby
steam jet air ejector activated.

The scope of our review included an evaluation of the systen's capability to transfer
radioactive gases to the gaseous waste or ventilation systems, and the design pro-
visions incorporated to monitor and control releases of radioactive materials in
gaseous effluents in accordance with General Design Criteria 60 and 64. We also
found the system interfaces as listed in GESSAR to be acceptable. The basis for
acceptance in our review has been confornance of the applicant's design, design
criteria, and design bases for the rain condenser evc .vation system to the applicable
regulations. Based on our evaluation, we find the proposed main condenser evacuation
system to be acceptable.

10.f Condenser Circulating W3ter System

The condenser circulating water system will be designed to use water from the cooling
towers to remove heat rejected from the main condensers and feedwater pump turbine
condensers.

10-3
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A piping failure in the condenser circulating water system or the condensate system
Ir.rge enough to cause flooding will be detected by high level alarms in the turbine
room pumps and condenser pits. Further, should the punps remain running, there will
de no flooding of safety related equipment. The alarm will alert the operator to
take action to isolate the equipnent or shut down the system.

Based on our review of the design basis and design criteria for the circulating water
system, we conclude that this system will perform its intended function and, there-
fore, is acceptable.

10.7 Condensate Cleanup System

The objective of the conden . ate cleanup system is to maintain high quality feedwater
by removing dissolved solids and corrosion products f>om the condensate systen. The
system will be designed to polish the full flow of condensate at a temperature of 140
degrees Fahrenheit and a design pressure of 190 pounds per square inch gauge. The
system w'll also be designed to remove impurities which enter the makeup water or
enter the condensate system as a result of condenser tube leakage.

The condensatt demineralizer system for each unit will consist of eight mixed-bed
denineralizer vessels, seven operating with one spare. The system will also include
an external regeneration facility, consisting of a resin separation and cation
regeneration vessel, an anion regeneration vessel, three resin storage tanks, two
ultrasonic resin cleaners, and a resin receiving tank.

In an effort to reduce the volume of regenerant waste, an extensive reclaration
system will be included in the condensate cleanup system. This recycle equipment
will consist of acid and caestic reclanation tanks, a high-conductivity waste accu-
mulator tank, a neutralization tank, two low-conductivity waste collection tanks, and

a centrifugal filter.

Radioisotopes will concentrate in the demineralizer beds, the concentration will not

affect ion exchange capacity but the radioisotope activity level uill require shield-

ing of all equiprent. The demineralizers will be located in concrete cells. No

valves or other equipment with moving parts are to be located inside the cells.

Regeneration and reclamation equipment will be located in the ccntral service facility.
Liquid waste from the system will be pumped to the waste collector tanks in the

radwaste building for treatment. We have reviewed the interfaces between the conden-

sate cleanup system and the radwaste system and find them acceptable.

W have reviewed the design criteria and bases of the condensate cleanup system and
ccnclude that they are in conformance with Regulatory Guide 1.56, " Maintenance of
Water Purity in Boiling Water Reactors," and are therefore acceptable.
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10.8 [ondensate and Feedwater Syytens

The condensate systc= will t;e designed to deliver water f rom the main condenser
hotwell to the suction of the feed pur p in suf ficient quantity and with ,uf ficient
pressure and terperature to ensure that the design bases of the feedwater system can
be r et.

The reactor feedwater systen will be designed to deliver condensate from the suction

of the eactor feed pur ps to the reactor in suf ficient quantity ta raintain desired

reactor water level during all rodes of operation. The system will terminate at the

serend valve outside containment.

The condensate and feedwater systems are not required to effect or support the safe
shutdown of the reactor or engineered saf ety feature operation. We conclude that
failure of these systens will not affect the safety of the Phipps Eend plant.

We have reviewed the condensate and feedwater system designs and the interfaces

specified in GESSAR. We conclude that the design and the interface information are
acceptable.

10.9 Condensate Storaje and Transfer Sys g

The condensate storage facilities will be designed to acconnodate the various require-
rents of the boiling water reactcr systen and its auxiliaries and to interface with
the condensate sjsten to raintain proper condensate inventory in the condenser hot-

well. The condensate storage tanks will provide suf ficient inventory to add water as
required to the condenser bo*well through the condensate nakeup valve and will have
sufficient cap 3 city to receive water bypassed from the condenser hotwell due to
excess water inventcry in to hotoell. In addition, the tank will nave the capacity

required to supply condensate for denineralizer bed regeneration (approxir.ately
35,000 gallons) withcut initiating r,akeup to the storage tank from the demineralized
water system af ter regeneration.

The Cendensate stora]e facility Will be designed to ensure perforn3nce of the follow-
ing functions: (1) supply water to the control rod drive system, (2) supply rakeup
to the auxiliarj boiler systen, (3) supply rabeup water f or the fuel pool and con-
tain ent pool cooling and cleanup systems, (4) supply water to the reactor water
cleanup systen for flushing the filter demineralizers, (5) provide an erergency
scurce of water for the high pressure core spray and reactor core isolati7n cooling
purps, (6) provide water to several hose stations at various lo ations in the reactor
and auxiliary buildings, (7) provide adequa'e condensate to flood the reactor well
during refueling operations, (8) supply water required for initial fill ard con-
tinuous makeup to the suppression pool, and (9) provide water for backflushing the

ccrdensate demineralizer when the unit is out of service.

~
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The primary ccrrponents of the storage facility will include a 500,000-gallon steel
tank, two 100 percent capacity condensate transfer pumps, a cond nsate head tank,
and all piping and valves required to connect this eauipment and interface with other
systems. The storage tank will be constructed of carbon steel and lined with a
phenolic-epoxy coating for corrosion protection. Two 100 percent capacity condensate
transfer pumps (one operating with one on standby) are required to maintain level in
the condensate head tank.

We have reviewed the design of the condensate storage and transfer system and the
system interfaces with the GESSAR leak detection, reactor core isolation cooling, the
high pressure core spray and the liquid radwaste systems. We determined that the
interfaces agree with those identified in GESSAR. They are therefore considered
acceptable.

10.10 Turbine Gland Sealing System

The turbine gland sealing system will be designed to control radioactive steam leak-
age and air inleakage from the turbine and lar3e steam valve shaft sesi glands. The
glands will be sealed with essentially non-radioactive steam from a steam seal evapo-
rator which will evaporate demineralized conder.; ate using extraction steam from the
rain turbine.

Our review included the source of sealing steam and the provisions incorporated to
monitor and control releases of radioactive material in gaseous effluents in accord-
ance with General Design Criteria 60 and 64.

The basis for acceptance in our review nas been confermance of the applicant's design
criteria, and design bases for the turbine gland sealing system to the applicable
criteria referenced above. Based on our evaluation, we find the proposed turbine
gland sealing system to be acceptable.
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11.0 RADICACTIVE WASTE MMAGEMENT

11.1 Surr:ary Descr_ipticn_i

The Fhipps Bend application referenced GESSAR for radioactive waste management

within the nuclear island design scope. The two Phipps Band units will share liquid
and solid radweste systems rather than have independent systems for each unit as

evaluated in GESSAR. However each unit will have a separate gaseous waste processing
system. Our evaluation of the GESSAR radioactive waste management systens is
presented in Section 11.0 of Appendix A to this report.

In our evaluation of the balance-of-plant portion of the waste management systems,
the following areas were considered: (1) the capability of the liquid and gaseous
waste treatment systems for keeping the levels of radioactive material in ef fluents
"as low as reasonably achievable" based on expected radwaste generated over the life
of the plant, (2) the capability of the liquid and gascous systems to maintain
releases below the limits specified in 10 CFR Part 20 assuming fission product
leakage at design levels from the fuel, (3) the capability of the liquid, gaseous,
and solid waste systens to meet the processing demands of the plant during antic-
ipated operational occurrences, (4) the interfaces between the balance-of-plant and
raduste systems within the GESSAR scope, (5) the design features incorporated to
control the release of liquids containing radioactive materials due to tank over-
flows, and (6) the provisions for monitoring and controlling radioactive materials in
process and effluent streans and the provisions to detect leakage of radioactive
material betw en systems.

The principal radionuclides associated with the liquid, gaseous and solid wastes are
given in our Final Environmental Statenent which was issued in February 1977. In
naking these determinations, we considered waste flows, radionuclide activities, and
equipnent decontamination factors which are consistent with those expected over the
life of the plant, ccnsidering both normal operation and anticipated operational
occurrences. The liquid and gaseous source tern s were calculated using the BR-GRE
Ccde described in NU;EG-0016, " Calculation of Releases of Radioactive Materials in

Gaseous and Liquid Effluents from Boiling Water Peactors. The principal parar:eters
used in these calculations, along with their bases, are also given in NUREG-C016.
Based on our evaluation, we conclude that the liquid and gaseous radwaste treatment
systens are capable of reducing releases of radioactive materials in liquid and

gaseous effluents to "as low as is reasonably achievable" levels in conformance with
10 CFR Part 50.34a and which neet the dose reqrirenents of Appendix I to 10 CFR
Part Sb

s ,3 , ,
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Based on our evaluation, as descritied in detail below, we find the above aspects of
the proposed liquid, gaseous and solid radwaste systems and associated process and
effluent radiological monitoring systems to be acceptable.

11.2 Padwaste Syste, Descript_ ion and Evaluation

11.2.1 Liquid Radioactive Waste Treatment System

The liquid radiocctive waste treatment system will consist of process equipment and
instrumentation necessary to collect, process, monitor, and recycle or release
radioactive liquid w3stes. Liquid radioactive waste will be processed on a batch
basis to permit optirue control of releases. Prior to being released, samples will
be analyzed to determine the types and amounts of radioactivity present. Based on
the results of the analysis, the waste will be retaired for further processing,
recycled for eventual use in the plant, or released under controlled conditions.

The liquid radwaste systems will be as described in GESSAR with the folicwing excep-
tions. The applicant has proposed to f astall two 78,000-gallon low conductivity
tanks and two 54-square fact waste filters to acconnodate the additional waste
asscciated with sharing the liquid radwaste systems between the two units. The
GESSAR design for one unit indicates two 40-square foot waste filters. These provisions
are proposed in the more recent GESSAR-251 (Docket No. STN 50-531) design for shared

liquid radaaste systens. We find these exceptions acceptable taking into account the
peak and average capacity requirements of the two unit plant.

Our calculated releases of radioactive materials for the liquid radwaste system for

nonnal operation are given in our Final Envircnmental Stater:ent, issued February
1977. In our Final Environmental Statement, we have determined that the proposed

liquid radwaste systems will be capable of reducing the release of radioactive
materials in liquid effluents to approximately 0.17 curie per year per reactor,

excluding tritium and dissolved gases, and 15 curies per year per reactor for tritium.
An isotopic listing of our calcu'ated liquid source tern is given in Table 3.4 of our
Final Environmental Statement.

The liquid radwaste systems will be located in a structure with a seisnic Category I
foundation. Ibe seismic design and quality group classifications of the equipnent
are consistent with our quidelines and with GESSAR criteria. A listing of major

liquid radwaste equip;ent is given in Table 11.1 of this report.

The design capacities of the flocr drain neutralizer subsysten and waste collection
subsysten are aporoximately 57,000 gallons per day and 230,000 gallons per day,
respectively. We calculate the expected waste flows to the floor drain neutralizer
subsystem and waste collection subsysten to be approxinately 20,000 gallons per day

11-2
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TABLE 11.1

DESIGN FARAMETERS OF PRINCIPAL COMPONENTS CONSIDERED IN RADWASTE EVALUATION

Liquid Systems

Nster of Quality Seismic
Cy ponent Each Component Capacity (Er.hl Gro up Design

Low Conductivity Tank 2 78,000 gallons Note 1 Note 2

Waste Filter 2 54 square feet Note 1 Note 2

Filtrate Tank 2 3,000 gallons Note 1 Note 2

Low Conductivity Demineralizer 1 180 cubic feet Note 1 Note 2

Backup Cenineralizer 1 180 cubic feet Note 1 Note 2

High Conductivity Tank 3 18,000 gallons Note i Note 2

Waste Evaporator 2 40 gallons per ninute Note 1 Note 2

Concentrated Waste Tank 1 25,000 gallons Note 1 Note 2

Distillate Tank 1 3,000 gallons Note 1 Note 2

Distillate Demineralizer 1 180 cubic feet Note 1 Note 2

Spent Resin Tank l 10,000 callons Note 1 Note 2

Excess Water Tank 2 50,000 gallons Note 1 Note 2

Detergent Waste Tank 2 1,500 gallons Note 1 Note 2

Detergent Filter 1 25 gallons per ninute Note 1 Note 2

Detergent Evaporator 1 5 gallons per ninute Note 1 Note 2

Gaseous Systems

Number of Quality Seismic
r gponent Each Component Gray Designo

Offgas Preheaters 2 Note 1 Note 2

Cstalytic Pecombiners 2 Note 1 Note 2

Offgas Condenser 1 Note 1 Note 2

Wster Separator 1 Note 1 Note 2

10-minute Holdup Piping 1 Note 1 Note 2

Cooler Condenser 2 Note 1 Note 2

Moisture Se;:arator 2 Note 1 Note 2

Dessicant Dryer 4 Note 1 Note 2

Dessicant Regenerative Systen 2 - -

Gis Cooler 3 Note I Note 2

Glycol Cooler Skid 1 - -

Delay Eeds (12 tons each) 3 Note 1 Note 2

Nate 1 - Design Classification per Branch Technical Position, ETSB 11-1.
Note 2 - Seismic Design Criteria given in Branch Technical Position, ETSB 11-1.

. fi.
11-3



flows and the design flows will provide adequate reserve for processing surge flows.
All major processing components in the floor drain neutral 12er subsystem and waste
collection subsysten will be redundant with the exception of the detergent waste
subsystem etaporator which will not be redundant. The failure of this component and

the subsequent release of untreated detergent waste could increasc the plant releases
by approximately 0.01 curie for each month of unavailability, which is an acceptably
small fraction or the total liquid releases.

We consider the system capacity and system design to be adequate to meet the d(mands

of the plant during normal operation, including anticipated operational cccurrences.
The system will be designed to accept wastes from the turbine building floor drain

collection subsystem which is a balance-of-plant system, and wr find this acceptable.

lae system will also te designed to control potential radioactive releases due to

overflows from tank s outside containment containing radioactive mate"f als by provid-
ing level instrumentation which will alarm in the control room, and by routing
overflow lines to collection tanks capable of collecting liquid spillage and retain-

ing it for processing. We consider these provisions to be adequate for preventing
the uncontrolled release of radioactive materials to the environment. We f'nd the
applicant's proposed system design to be acceptable and in accordance with Branch
Technical Position ETSB 11-1, " Design Guidance for Radioactive Waste Management

Systems Installed in Light-Water-Cooled Nuclear Power Reactor Plants" (Revision 1),
included as Appendix B to the GESSAR Safety Evaluation Report (Appendix A to this
report).

11.2.2 Gaseous Radioactive Waste Treatmer? System

The gaseous radioactive waste treatmcnt systans will consist of a low temperature
charcoal delay system for treating the offgas from the main condenser air ejector,
and iodine and particulate control systens for certain tuf1 ding ventilation systems.
These systems will be as described in GESFAR with the following exception; in addi-
tico to having two charcoal delay trains, each containing 12 tons of charcoal on-line
during nornal operation as provided in the GESSAR design, the applicant has proposed
to install a third 12-ton charcoal delay train which will be held in reserve for
contingencies. We conclude that the addition of a third 12-ton charcoal delay train
is suitable because it adds capacity above and beyond our requirements

Our calculated releases of radioactive materials from the gaseous radwaste treatment
system for normal operation are given in our Final Environmental Statement.
In our Final Environnental Statement, we have determined that the proposed gaseous
radwaste treatment systens and plant ventilation system will be capable of reducing
the release of radioactive materials in gaseous effluents to approximately 7,300
curies per reactor for noble gases, 0.46 curies per reactor for iudine-131, 0.064
curies per reactor for particulates, 9.5 curies per reactor for caroon-14 and 79
curies per reactor for tritium. The applicant calculated the estimated annual t elease

11-4
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to t>e approxir:ately 9500 curies per reactor for noble gases 0.085 curie per year per
reactor for iodine-131 and 9.5 curies per year per reactor fron tritium. An isotopic
listing of the calculated releases of radioactive naterial in gasecus ef fluent is
given in Table 3.5 of our Final Environrental Statenent.

The of fgas system design classification and the systen support seisnic design criteria
will be in conformance with Granch Technical Position ETSB 11-1. The nain condenser
air ejectors (a balance-of-plant system) will t.e designed to meet the GESSAR inter-
faco rmire ents for the uf fg3s treatant systen. The nffgas treatment system will
e haust ta tt e turbine building vent thereby satisfying the GESSAR interface
requirements.

Mechanical vacuun pumps will be used to establish nain condenser vacuan daring plant
startups and to raintain an air sweep through the nain condenser during plant shutdowns.
The ef fluent f rom the rechanical vacuum punds, containing noble cases and iodine,
will be released without treatrent. Non-radioactive steam f rom an auxiliary boiler
will be used to seal the turbine glands ard, therefore, the release of radioactive

r,aterials in qaseous ef fluents f rom this scurce will be negligible.

Building ventilation systems tt *t are scurces of radioactive gaseous effluents are

described in GESSAR except fer the turbine ventilation system whicn is a balance-of-
plant systen. The turbine building ventilation air will contain noble gases, iodine,

and particulates. The turbine building ventilatior air ef fluer.t will t>e noni+.ored

for radioactivity and released without treatment, except for the sump area. The

ventilation exhaast air from the sump area will be processed through a high efficiency
particulate air filter-charcoal adsorber systen prior to release.

The ventilation systen eshaust will be isolated if the activity in the exhaust air

exceeds a predetermined level. The ventilation system will be designed to induce
airflows from potentially less contaminated areas to areas having a higher potential
far radioactive contanination.

11.2.3 solid Radwaste Treatrent Systen

ire solid radwaste treatment system will be designed to collect and process wastes
t aSed on their physical form and the solidification processing required prior to

;eckaging. The applicant has proposed to adopt the CESSAP solid waste system design
with additional capacity provided for storing packaged w n tes. " Wet" solid wastes,

consisting of spent de ineralizer resins, evaporator bottoms, filter sludles, and

chenical drain tank residues, will be combined with cement to form a solid ratrix and

sealed in shippinq containers with a capacity of 170 cubic feet each. Dry solid

wastes, consisting of ventilation air filters, contaminated clothinq, paper, and

miscellaneous ite" > suc h as tools and glassware, will be compacted into %-qallon
steel drums. Miscellanecas solid wastes, such as irradiated primary systen components,

will t:e handled on a case-by-case basis, based on their size and activity. Expected

;olid waste volumes and activities shipped of fsite for each reactor will be 43,n09

*
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cubic feet per year of " wet" solid waste containing 4100 curies of activity and 450
druns per year of " dry" solid waste containing less than 5 curies tota!, which is
acceptable.

The applicant's design provides adequate capacity for approxirately 30 days onsite
storage of packaged wastes prior to shipping. Our est.nate considers the applicant's
proposal to provide storage space for 12 high-level waste containers in the rad aste
building and to provide reserve space for 25 low-level waste containers in controlled
yard areas. The controlled yard areas will include a concrete pad with a six-inch
turb to nitigate the effects of potential contairer leakage or surface contariination
washoff and will be fenced and controlled to r:aintain adequate separation beiween the

pad and facility personnel. In all, the applicant's proposed design provides 1.5
tires nere storage capacity per unit than does CESSAR.

11.3 f rocess and Ef fluent P31iological Monitoring Systems

The GESSAR process and effluent radiological r,onitoring s: stem was evaluated in
Section 11.5 of Appendix A to this report. For the balance-of-plant scope, monitors
on effluent release lines from the turbine building till alarm should radiation
levels exceed a predeternined valua (see Table 11.2 of this report). Systers which
are r.ot amenable to c ntir is monitoring or for whith detailed isotopic cnalyses are
reqJired Will be E riodical sampled and an3lyzed in she plant labor 3 tory. The

streams that will be monitor including the station water discharge lines are

presented in Table 11.2.

All normal and potential re' ease pathways will be iicnitored. The exact locaticn,

type of instrumnt, ranle, set point, sensitivity, and calibration frequency will be

provided at tFe Final Safety Analysis Wrt review stage. Similarly, crre scecific

i n f a rra t ic n n 2rdir a li';Inatu' and analyses will be provided at the Final
Safety Anal p -t : art re, u sta;e. Car detailed review of the final design adopted

by tne applicant at th Final Safety An31ysis Report review stale will assure his
cor pliance with General Cesi;n Criteria 13, 60 and 64, which govern radiological

sa pling arj r=cnitorin1. The inforraticn provided by the applicant in the Fhipps

Ead Prelininarj Safety Analysis Report along with the ronitoring comitment is

acceptable for the ccnstruction permit stage of t'e review.r

11.4 Evalu3 tion Findings

We nave evaluated tr.e applicant's proposed design c. the radioactive waste ranayent

systems and the exceptions taken to the GE5SAR design s.hich the applicant references.
'e ccnclude that all exceptions to GESSAR have been suitably identified and ju"tifiedn

and ar e acceptable. The GE55AR t alance-of-plant interf aces for these syst ans are
compatible and therefore we conclh that the applicant's design is acceptable,
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TABLE 11.2

F ROC E SS A'.3 E f f t t'E NT P ADIOL0r;IcAL MONiteq[Nri SYSTf M

S_t re a.l _M.a n i t o.re d-

1 ijl ;_i d *

Co".ponent Coolirl Witer Loops

Serv ice Wa ter Di sc hart:o

Li'pid Pajaaste Discharge +

(_ col ing Towe r Cl c ,, bn Di sc ha rge

(, v, * *

Of f ;a s Di sch1r.;e +

Centain.ent c:d Def.vell ientilation Exb3;st+

.ijuaste Caildin - V( nt'

fc; < iliary C1ilding Vent +

fuel Cuilding Vent +

Tar t in' Emildic Vent
I-l an t b h 3 ;s t Latt

Ch an Ster (aatiliar, s tar - re bo i l e rs )

_ _ _ _ _ _ .- _

.

' ',1 liq 2id strea rs will Le n'nnitored for cross ;)~ 1 .it t i v i t i .

?11 gas strea's sill te nenitorej for nchle gas (b ta i..r gr r a): other for s
*,

of rajicattivits will be s r ;, led for laboratory anal ysis

'!F.ese r.cnitors u111 ,rovide a nr. anc i a t ion an J utc ' a t i c c l c ', 2r e of isoliticn
v11ves terr:inatirl releases or diversion to alterr. ate syste- wren the

t' l li a t i c'1 le Vel e ttf+ ji a p rP j'? tt'r"li ned 9 4l ue ,
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We have considered the capabilities of the proposed radwaste systems to meet the

anticipated de-anL of the plant due to nomal operation and to anticipated opera-
tional occurrences and have conclu ed that tM liquid, gaseous, and solid wisted

system capacities and design flexibilities are adequate to meet the anticf pated needs
of the plant.

Based on our evaluation, the proposed liquid radwade system will be capable of rain-
taining releases of radioactive materials in liquid effluents from the Phipps Bend
nuclear plant such that the total body doses to an individual in an unrestricted area
will be less than 3 millirems per year or any organ dose less than 10 nillirens per
year from either reactor, in accordance with Section II. A of Appendix I to 10 CFR
Part 50. We conclude that the liquid radwaste treatrent system will reduce liquid
radioactive effluents to as low as is reasonably achievable levels in accordance with
10 CFR Part 50.34a, and Appendix ! to 10 CFR Fart 50, ano therefore is acceptable.

Based on the staff's evaluation, the proposed giseous radw3ste systems will be capa-
ble of maintaining releases of radioactive materials in gaseous ef fluents such that

the annual air dose due to gama and beta radiation will be less than 10 millirem per
unit and 20 millicad per unit respectively at or beyond the site boundary in accord-

ance with Section II.B of Appendix I to 10 CFR Part 50.

Based on our evaluation, the proposed gaseous radwa>te systems will be capable of
raintaining releases of radioicdine and radioactive naterial in particulate forn such

that the dose to any organ of an individual will be less than 15 millirems per year
from either reactor in accordance with Section II.C of Appendix I to 10 CFR Part 50.

We have considered the potential effectiveness of augmenting the proposed liquid and
gaseous radwaste treatment systems using items of' reasonably dencnstrated technology
in accordance with the requirements of Section II.D of Appendix I to 10 CFR Part 50.

A detailed discussion of the cost-benefit analysis is contained in Section 3.5 of our
Final Environmental Statement, dated February 1977. We have determined that additional
augmentat'on will not effect reductions in the cumulative population dose reasonably
expected iithin a 50 mile radius of the reactor at a cost of less than $1,000 per
total body man-ren or $1,000 per man-thyroid-rem.

The above findings are in conformance with Sections II. A. II.B. II.C and II.D of
Appendix I and, therefore, we conclude that the liquid and gaseous radwaste treatment
systems are capable of reducing releases of radioactive materials in liquid and
gaseous effluents to "as low as is reasonably achievable" levels in conformance with
10 CFR Part 50.34a and which meet the requirements of Appendix I to 10 CFR Part 50.

We have considered the potential ccnsequences resulting fron reactor operation with
a fission product rate release consistent with a noble gas release rate to the
reactor coolant of 100 microcuries per thermal megawatt-second af ter 30 minutes decay
and determined that under these conditions, the concentrations of radioactive mate-

rials in 1: quid and gaseous effluents in unrestricted areas will be a small fraction
of the limits specified in 10 CFR Part 20.

, . ,
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We have reviewed the applicant's qJality assurance provisions for the redwaste
systems, the quality group classifications used for system components, the sei9,ic
classification app'ied to the design of the gaseous waste processing systen, and the
seismic classification applied to the design of structures housing tne radwaste
systems. The design of the radnaste systems and structures housing these systems
r.eet the acceptance criteria as set forth in Branch Technical Position ETSB 11-1.

Le have reviewed the provisions incorporated in the applicant's design to control the
release of radioactive materials in liquids due to inadvertent tank overflows and to
prevent uncontrolled releases dae to hydrogen explosions in giseous systems and
conclude the t'ea"'res proposed by the applicant are consistent with our acceptance
cri'eria as cet forth in Branch Technical Position ETSB 11-1.

Our review of the radiolcgical process and ef fluent ronitoring systen veri fied th1t
(1) the provisicns prcposed for ra pling and monitoring all normal and potenti31
ef fluent discharqe paths are in conformance with General [:esign Criterion 64, (2) the
automatic termir.ation of ef fluent releases and tr'e control over releases of radio-
active material in effluents are in confornance with General Design Criterion 60 and
Fequlatory Guide 1.21, " Measuring, Evalu1 ting, and Reporting Padioactivity in Solid
Wastes and Peleases of Padioactise Materials in Liquid and Gaseous Effluents from

Light-W3ter-Cooled 'oClear Power Plants" (Pevisico I), (3) the sa pling and monitoring
of plant waste process streams for process control are in conformance with General
Design Criterion 63, (4) the samplir,c and analytical programs are in conformance with
the guidelines in Peq;1atory Guide 1 21, and (5) for monitorinq process and effluent
streans o ring postu.ated accidents. The review included piping and instrur'ent
dia';ra-s and proc Ms flnw diagrams for the liquid, caseous, and solid radwaste
s vsters and ventilation systems, and the location of r nitoring points relative to
efflu nt release points. We conclude that the applicant's radiological process ande

ef fluent ronitorin1 systers are acceptable.

Based on the foregoing evalu3 tion, we conclude that the proposed radwiste treatnent
and effluent nonitoring syster, are acceptabie. The basis for acceptance his teen
confor-mce of the applicant's Jesigns, design criteria, ard design bases for the
r3d&1ste treatment and renitorinq systen to the applicable regulations and regulatory
guides referenced above, as well as to staf f technical positions and industry standards.

o 13y
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12.0 PADIAT|CN PROTECTICN

12.1 I_n_t rod uc t_i on

Tre Phipps Ps nd Preliminary 51fety Analysis Poport provides information on the
rethods for radiation protection ir the balance-of-plant, including the facility
design and layout, equiprent design, and a description of the heilth physics program

An estir; ate of occuational radiation exposure to plant personnel is included.

5hielding will be provided to reduc. radiation levels. Ventilation will be arranged
to control the flow of potentially contaminated 3ir. Radiation ronitoring will be

erployed to reasure levels of radiation in potentially occupied areas and to reasure
airborne ra dioac ti v i t / throughout the plant. A description of the health physics
program to Le provided for plant personnel and visitors during re3ctor operation,

aintenance, refueling, radwaste b3ndling description and analysis of the radiation
protection pro ; ram is included in the Phipps Penj Prelirinary 53tely Analysis Peport
and in responses to our requests for adiitional information.

Ite criterion used to deterrine acceptability of the program is th3t doses to person-

nel will to raintained within the estiblished limits of 10 CrR Part 20, " Standards

for ;rotection Against Radiation, and that the design and program features are
ccnsistent with the guidelirms of Fer;ulatory C;ide 8.8, "Information Pelevant to

Paintaining Occupaticnil Pa d13 tion Exposures as low as is Reasonably Achiewable

(% clear Po e r Peactors). In Section 12.1 of the Phipps Pond Prelir|inary Safety
Tnaljsis Feport, the applicant covits to -aintain occuptional radiation exposures

as low as is reasonably achievable and subscrites to the philosophf set forth in

egalatory Guides 0.u and 8.10, " Operating Philosophy tcr "aintaining Occupationalu

r adiation Exposure, as low as Is Peasonably Achievable (Pevision 1), in the design

and operation of all facilities utilizing radioactive aterials or radiation sources

De the Lisis of our review, we have concluded tt3t tFe applicant's radiation pro-

ection program ,ill provide reasor.3ble assurance that doses to personnel will be
less tnin the limits established by 10 CFR Part 20 and rair;taired as low as is

reasonably achievable, consistent with the guideline; of Prgulatory Guije 8. .

Iterefore, tr e Phipps ! end radiation protec tion program is acceptable.

12.2 Snielding

$hielding will t'e designed as outlined in Section 12 of Appendi< A to this report.
In r er> ting the cbjectives, the applicant has the benefit of prior eeperience with
design and operation of Frowns Ferry L' nits No. I and No. 2 (Docket Nas. 50-259 and
50-260), and design of Sequoyah Units No. 1 and No. 2 ( Dc c b e t '. ' 50-327 an d EO-328)

and Watts Mr Units No.1 and No. 2 (Dock et Ms. 50-390 ard 50-391
12-1

' -
m_ v



The applicant has provided for f iv e radiat ion zones, identical with those designittd
in GESSAR, as a tnisis for classifyinq occupancy and access restr ictions in various
areas within the balance-of-plant. On this ba sis, raxi .um desi,jn dose rates are
established for each zone and " sed as input for shiel fin ; of t he res;cctiv" .m,< in

=a ;le, dosign radiationthe turbine buildiq and the central service facilit/. f i

levels in operating areas where persennel are e m ctel to tm working for a 40-hour
w"ek will be less than one milliren ;"r tnur.

Pa jtation protectinn concepts directed to bee; inq personnel exposures telow regula-

t ory l imi ts ha ve been use.i t hroughn ;t in the D aign ef the balance-of-plant. Snield-
ing desi<;n and radiation ioning w"re ;enerall y :ised on operating conditions. To

individu 5ll y labyrinthed, shieldedthe extent practicable, ra p r 1oart will te in

cubicles. Pipes and ducts will b.. reated tt, r;h high-zoned, low access areas when

practicable, shielding will t e provided f or pipe trenches and renetrations.

Designers p3rticipated in instections, dose a;mings, and discussions with Browns
ferry persennel. They used these experiente< in verifying and rodifying design
criteria and calculatienal techniq;es Radiation zone caps will be used to identify

areas with high radiaticn potential and thus assure that adequate shielding is rain-
tained. Final design dra, vin 1, w i l l t'e r e v i e we d b y perscrnel f amiliar both with the

system desie an j ra diation protection.

Changes or j?viations in field run pip nq whicn nar contain radioactive raterials
rust be reviewef t.y Tennessee ! alley Authority engineerinq designers with expertise

in radiation protec tion prior to apLroval and ir olm entation of t he change. Pro-

cedares will t e forrulate to a ss are that deviations f rom paragraph 17.1. .1 o f t he

rdSSM Standard Eately Analysis Perurt will te adeq;3tely reviened by Gene,11 Electric
Co"pany personn"1 ;;tliflej in radia tion protoct ion.

Tre estimate 1 of annual ran-rem e4 0sare are ba sed on conserva tivel; o, e ed ralia-

tion snartM , des 1';n shieldin j, and calculated averaw dose rates, using ranpowr

levels similar to c2rrent staf fing of the ap;.l ic et's Broans F erry ';utlear plant.

Occupancy tie, e are h ised cn ty;+ of opera tion or work assur ed to t,e perfon ed i y

,ach individJal, C rking 2000 hears ter yeir. Tho 1;.plicant 's est 1N te o f 2 34 r an-

re s averale n r.nu il occupa t ion il radiaticn ev,, ;ure ; < ; nit is somewh3t lower than

rm ent e> perience a t 0;:erating boiling water reictors at Nine Mile foint, Verront

YaO(e, an.] Ojster [resk. The a;plicant attribater this to improved thielding

practices and raintenance proced;res and the Tennessee Valley Authority'> design
; h ilosoph y. The a;.plicant points out that there is littl" data available to estrap-

olate totJI OCC W dt1cnal do W af ter long periods of C;'eration and states that total

j nes mir;ht t hen rea c h 4 nn t o 560 ra n- re" s per year t er unit dJe to bJildap of ra tio-

Etive taterial in piping and corpom nts. The t'a ses for t he a ppl icant ' r esposure

estimates are reasonable, and consistent with the atteptance criteria in our Standird

asiew Plan.
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On the basis of the applicant's design criteria, shield models and operating philos-
ophy, we conclude that adequate consideration has been given in the Phipps Bend
Preliminary Safety Aaalysis Report to the shielding and layout of facilities and
components to beep exposures to operating personnel within the applicable limits of
10 CFR Part 20 .nj, to reduce unnecessary exposure during normal operation of the
f acility, including the censiderations stated in Regulatory Guides 8.8 and 8.10

12.3 Airborne Radioactivity Monitoring

The turbine tiuilding radioactivity nonitoring systen will te designed to monitor
continuously, and to indicate and record levels of radioactive particulates, radio-
iodire, and radioactive gases in the building exhaust. Two self-contained portable
ronitoring units will be provided in the turbine building for local sampling of
pai ticulate and iodine concentrations, normally at the front standard of the igh
pressure turbine and at the steem jet air ejector. Visible and audible alarus will
te provided locally for high radiation levels and powor failure; high radiation
levels and monitor ralfunctions will be alarmed in the control room. We conclude
that th.s ronitoring system is consistent with the provisions of Regulatory Guide 8.8
and is acceptable.

12.4 Health Fhysics Pro 1 ram

The health physics program objectives are to provide reasonable assurance that the

exposure limits of 10 CFR Part 20 are not exceeded, to ensure that occupational
radiation exposures are raintained as low as is reasonably achievable, and to further
reduce aavoidable exposures. The plant bealth physicist will be the onsite super-
visor of the radiological hygiene branch. He will be responsible for the direction
of the health physics program, which covers all plant operations involving potential
radiation hazarde He will provide advice and assistarce to he plant superintendent
and keep hin inf orr ed at all time' on radiation hazards and conditions.

The radiological hygier? branch responsibilities will include: (1) routine and
s;mcial radiological surv'ys to monitor all relevant plant areas for levels of radia-
tion, contariination, and airborne radioactive materials; (2) the development of plant
radiological procedures and training; (3) provision of personnel dosimetry and whole
body counting as required to deternine personnel exposure; (4) naintenance and
calibration of instrura:ntation required to nonitor radiological conditions; (5)
retention of records to deronstrate compliance with regulations and for evaluation of
program performance and trends; and (6) review of proposed new or modified plant
ope ra tion s

The health physics facilities will include an of fice in the of fice building and a
laboratory and an office in the central service facility, as well as lockers, change
rooms, laundry storage, and personnel decontamination rooms. The laboratory will be
furnished with necessary hoods and storage space; it will be located at the boundary
between the clean and potentially contaninated areas to control access and occupancy
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of the controlled area. Instruments and dccontamination supplies will be kept in the
We conclude that these facilities are suf ficient to naintain occupationallaboratory.

e casures as 10.* as is reasonably achievable and are consistent with the provisions

of Regulatory Guide 8.3.

Protective cleining and equiprent to te provided will include: coveralls, laboratory
coats, gloves, head covers, foot covers, plastic suits, and respiratory protection,
including half-face and full-face r; asks with filters, f ull-face masks with constant

We concludeair flow supplies, and sel f-contained pressure-denand breathing apparatus.
that the a;plicant will be able to -aintain occupational radiation exposures as low
as is reason 1bly achievable with this eg;ipment.

Monthly film badge service will be provideJ for personnel entering the plant. For
The dose datapersennel subject to neatron exposure, neutron film will be provided.

will t;e processed by the Ternessee Valley Authority cor puter, racorded and tabulated
accordin1 to: individal's identification, monitoring period, dose in rems, and

'tive dose to date for thn current renth, current quarter, current year, andcm..
entire exposure history.

A rcbile whole body counter will be available at the plant periodically, and for
zdditional visits on short notice as necessary. The frequency of checks on an
individual will depend upon the libelihood of ra jicactive contamination of the

individual's work environu nt.

Eased on the inforr:atien provided in the applicaticn, and the respcnses to our
requests for additional information, we conclude that the applicant irtends to imple-
rent a ra jiation protec tion program that meets the objectives of Regulatory Guide 8.8
and r.aintain occupational e gosures "as lcw as is reascnably achievable" as rewred

by 10 CFR Fart 20.
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13. U .''CT CF Dij gTION

13.1 Orpnizativ 11 < t rar + m o y alicant

The Tennesu '/all"/ ,attorit/ has ulti9 te responsibility for the desiqq, construc-

tion, .311ty as .rkce F 1 operation of the Phipps Cend plant. The General Elec tric

Co. ; w , aill t' raitriible for the nuclear steam su; ply systens and tLe design of

tr e st m i trd ,; clear i sl m j. The Tennessee Valle/ AJthorit / Will te responsible for

it+ d ii v o f tla t,113 r ce-o f-pl ant includinq t he turt ine t<uild ing. The Tennessee

iallr/ .tt^rits' Of'ise of Encint ering Design an d Construction has respcnsibilit y
*r in ,1 < < < / , _ _ t i r:n a c t i v i t i e s The Tennessee Valley Authori+y's Of fice ntfor

pea r r3s rt pensibilit/ for tre operation and r.aint(nmce of the plant. Duality

as ,rr re a: ( cts o f t he project are <iscussed in Section 17.0 of this re; art.

ta'icn orq3ni21 tion wi'l consist of approxirtately 195 persons under thr!*: ; a 2

firt ti-- af the icer P ant Superintendont and the Assistant Power Plant Super-

int, rt R e;'o rt i n 1 t; the Assistant Plant Superintendent will t.e: a Power Plant

ult ,, orvi< cr with a sta ff of apnroximately 23 perscns responsible for plant
;i rio r" r u ' r eactor enginterirn, Chenistry control and instrur'ent raintenance; a

ut Peerations Supervisor, with a staf f of arproxirately 48 persons respon-'er

u it ir + :: r : int operations, a Po<.er Plant Maintenance Supervisor, with a staf f of

ly 53 person. reJonsible for rechanical and electrical raintena. ce; a; rust >e

rilth Iny;jcist, with a staf f of approximately eleven persons, responsible for plant

rriltn "/ sics activities; an Er.gineering Unit with approxirately five enqineers and

affitiv il surportirq aroups s;ch as adninistrative services, public 53fety officers

and rt rekee;ers. A % clear Flant f|Jality Assurance Staff Supervisor, with a staf f

of ar pr o s u ately eicht persons, reports direc tly to the icwer Plant Superintendent.
Thit is a custor a y ',pe of organizational arrangerent for a two unit operatier

th sr e site, The shif t crew for tne operation of cne unit will consist of ses

r licensed operators."ns includinq cne senior licensed crerator and fea

arplicant has stated that the ,inimu qualification re uirerents for plant

r el will, at least, coet those descrited in Pequlatorf Guide 1.8, "Persornel
Selec tion and Training.

Tectnical support for the plant staff will be provided primarily by the Tennessee
talley Authority's Division of Power Production.

We conclude that the applicrit has established ac acctptable crganization to ir~ le-
rent its resmnsibilities for the design and ion of the Phipps Bend plant
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dnd thdt the proposed plant organization, the proposed quali fications of personnel,
and the proposed plan for offsite technical support are accentabh.

i3.2 Trainin t roy amP

Responsibility fnr administration and supervision of the overall training program

rests wi;h the Assistant Power Plant Superintendent, fee is responsible fcr ensuring

that initial onsite training, retraining, replacement training and general employee

training is maintained on an educational level that is adequate fcr safe and efficient

operation of the plant.

The training pronram for the initial plant staff will be arranged and implerented te

meet the needs of each man, depending upon is background, previous training and job
assignment. All forral training for the plant staff should be ccepleted well in

advance of fuel loading to allow the plant staff sufficient time to aid in the prep-

aration of operating and startup procedures and checkout systems.

Personnel to be used to man the Phipps Bend plan' will be trained and experienced
personnel and will be drun from the lennessee Valley Authority's nuclear plants at

Bromis Ferry, Sequoyah, Watts Bar, Bellefonte and Hartsville Nuclear Plants. Since

tnere is a possibility that personnel may be transferred to Phipps Bend from both

boiling water reactor and pressurized water reactor plants, training schedules have
been established basrd on experience and will be further refined in the Final Safety

Analysis Peport. Training for persons to be licensed will include: plant system,

reactor technology, simulator training at the Tennessee Valley Authority's training
center and onsite work study programs. Specialist training for plant engineers,
technicians and maintenance personnel will be individually tailored to meet the
experience and backqround of the individuals selected. Browns Ferry Nuclear Plant
will be utilized for aecial training. ctation perscnnel will receive training in

radiation control and sa f ay, the emergency plan and the plant security plan.

The inforrution subnitted relative to these subjects is acceptable for the construction
permit stage of review, for the preoperational test program, for operator licensing
and for fuel loading.

13.3 Erregency Plannina

We have reviewed the applicant's preliminary plans for coping with emergencies, as
detailed in the Phipps Bend Preliminary Safety Analysis Peport, Section 13.3, and
Amendments 4, E, 7, 9,10,12, and 13 to the Prelimime y Afety Evaluation Peport.
The emergencies listed included fire, personnel injury, tor ladoes and high winds, and
incidents that could result in the release of significant amounts cf radioactivity.

The normal shif t operating crew will provide the nucleus nf the plant's emergency
organization. The shift engineer will be responsible for declaring an emergency and
acting as erergency director until relieved by the plant superintendent. During a
nu. lear er.ergency at the plant site, a central emergency control center located in
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Chattanooga will be staffed with personnel to provide assistance to the site as
necessary and provide a point of contact with various Tennessee Valley Authority
divisions and offices and with offsite organizations. The applicant has identified
the notification respor.sibilities within the organization to ensure prompt and
effective comunications in the event of an emergency.

Initial contacts and arrangenents have been made with the following agencies:
Tennessee State Department of Public Health, Tennessee State Department of Civil De-
fense, Tennessee State Department of Agriculture, Tennessee State Department of
Public Safety, Tennessee State Department of Conservation, Energy Research and

Development Administration's S nannah Riser Operations Office, Energy Research and
Development Administr'' ion's Oak R. ,e Operations Of fice, and Oak Ridge Associated
Universities Hospital. Additional participants in the Phipps Bend Radiological
Emergency Plan wili incluae

(1) Sherif f's vepartmenc of Hawkins County Tennessee
(2) rivil Defence Coordinators of Hawkins County Tennessee
(3) Local Police Departrent
(4) local Fice De m tment
(5) Local Ambu'.ance Service
(6) Holston Valley Connunity Hospital
(7) Environrent61 Frotection Agency, Region IV, Atlanta, Georgia
(8) Eastern Environmental Radiation Facility, Montgomery, Alabama

The Tennessee State Departrent of Public Health has the primary responsibility for
plannino for radiological emergency response in the environs of the plant. This
agency will coordinate assistance from other State agencies as required, inform them
of actions to be taken under their respective statutory authority, and assist them in
developing emergency procedares.

The applicant has performed analyses to confirm the practicability of taking protec-
tive measures, including evacuation, within and beyond the site boundary during the
expected lifetime of the plant. These protective measures will be based on pre-
viously determined dose rates, population distributions, meteorological conditions,
and plant conditions that could result in conditions at the site boundary requiring
action. The neasures will include preplanned evacuation routes, reassembly points,
traffic control, and ablic announcements.

The emergency plans include a description of the medical facilities at the plant and
the arrangements made with other fucilities to provide additional support. Plant
medical facilities will include a treatment area consisting of an energency room,

treatment room, bedroom, physiotherapy room, and waiting room.

A full-time nurse will be on duty during the day shift. A complete stock of medical
supplier anu first aid equinent will be available. One ambulance will be maintained

at the site. Arrangerents will be made with a lccal private ambulance service to
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prcside energency service to the plant and affected areas in the event that more than
one ambulance is required.

Each person having unescorted access to the plant will receive training in emergency
procedures. Specific training will be conducted for individuals assigned to the
plant emergency organization. This will include first aid training, radiological
hygiene training, decontamination training, and training in the emergency procedures.
Tennessee Valley Authority will assist in providing training in decontamination and
treatnent of contaminated patients to the staff of the local hospital and the connercial

ambulance service.

The plant will be designed and will incorporate features to assure the capability of
plant evacuation and of re-entry to mitigate the consequences of an accident, including
radiation energency alarms, comnonications system, and evacuation routes. The plant
control room will be designed for continuous occunancy during and following the rest
severe postulated accidents as analyzed in Section 15 of the Phipps Bend Preliminary

Safety Analysis Report.

We have reviewed tne acplicant's prelininary plans for coping with energencies. We
conclude that they reet the requirersent of 10 CFR Part 50, Appendix E. Part II, are
cor.,istent with facility design features, analyses of ' postulated accidents, and
characteristics of the proposed site location, and provide reasonable assurance that
appropriate protective measures can te taken within and beyond the site boundary in

the event of a scrious accident.

13.0 Peview and Audit

The applicant has descrited his plans for review and audit of plant operations in
Section 16.6 of the Phipos Bend Prelitinary Safety Analysis Report and connitted to a
review and audit program generally in accordance with American National Standards
Institute N18.7, Administrative Controls for N; clear Power Plants." We conclude
that these plans are acceptable for the construction pen 7it review /'

13.5 P rocedure s

Actions concerning structures, systems or com;'onents of the Fhipps Bend plant that
are safety related will be conducted according to approve 1 written procedures. In
2 -ardance with Requietory Guide 1.33, " Quality Assurance Program Requirerents

eration), the plant proced;res will be divided into the following categories:

(1) Administrative ProcedJres
(2) Operations Proced;res

(3) Maintenance Frocedares
(4) Surveillance PrccedJre5
(5) Ab no rv:al ProcedJres
(6) E ergency Procedures
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(7) Refueling Procedures

(8) Tech ' cal Procedures
(9) Radiological Procedures

The information submitted on these subjects is acceptable for the construction permit
phase of review.

13.6 Industrial Security

On February 24, 1977 the Comission published new reauirements for the' physical pro-
tection of nuclear power plants against acts of sabotage (10 CFR 73.55). This new
rule does not require applicants for construction permits to demonstrate compliance at
this stage but does require such at the operating license stage. As a result of our
review of the applicant's preliminary plans for physical security, the staff concludes
that a satisfactory planning base has been described by the applicant upon which a
complete security program can be developed to demonstrate compliance with the new
regulations at the appropriate time. We will continue to work with and provide
guidance to the applicant to assure this end.
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14.0 INITIAL TESTS AND OPEpATION

We have completed our review of the information provided by the Tennessee Valley
Authority on the initial test program for the Phipps Bend plant. The review included:

(1) Evaluation of the scope of the applicant's test progran including the responsi-
bilities and qualifications of participning organizations, the general testing
objectives, the divisions between n ajor phases of the test program, the adminis-
trative controls governing the test program, and the extent to which the test
program would verify the fur.ctional adequacy of the facility.

(2) Evaluation of the testing proposed for unique or first-of-a-kind design features
for the facility.

(3) Eval .ation of the apnlicant's plans relative to utilization of Regulatory Guide
1.6a, "Prooperational and Initial Startup Test Programs for Water Cooled Power
Reactors,' and other regulatory guides applicable to testing in the formation of
its test program.

(4) Evaluation of the applicant's plans for review and utilization, where applicable,
of operatirn experiences from other reactors in the developr.ent of its test
program.

(5) Evaluation of the applicant's test program schedale to establish that suf ficient
time for testing s planned and that the schedule is compatible with the schedules
for the hiring and training of plant personnel .

(6) Evaluation of the applicant's plans to utilize plant operating and energency
T recedJres to the extent pract able during preoperational testing.

(7) Evaluation of the applicant's plans to aurent tre station staf f, as necessary,
dJring the test program.

On the basis of this review we have concluded that the Tennessee Valley Authority his
r.ade acceptable prelimir.ary plans for the staf fing, develorent and condacting of the
initial test program.
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15.0 ACCIDENT ANALYSIS

15.1 Intro 1 action

Our evaluation of the capability of GESSAR to withstand abnormal operational tran-
sient and postulated accidents is presented in Sectico 15.0 of Appendices A, C and

'erefore, the discussion below is limited to assessing theD to this report. i

radiological conseauences of accidents postulated as design basis accidents for the
Phipps Eend plant.

15.2 R+1ioloqical Consequenr.es of Design Basis Accidents

The radiological consea;ences resulting from the design basis loss-o -coolant, fuel
handling, and control rod drop accidents nave been evaluated in orde' to demarstrate
the effectiveness of the GE5SAR engineered safety features for the Inipps Eend site.
Car acceptance criteria are that the doses f ran the design basis accidents, as
evaluated by us, must be within the e/posure g;idelines of 10 CFR Pirt 100. As
indicated in Gequlatory Guide 1.3, "Assu Dtions Used for Evaluating the r tentialo

PaJiological Consecuentes of a Loss-of-Coolant Accident for Eoiling Water Reactors,
the e posure g;idelines considered aEprcpriate at tre construction pennit stage are

150 r' to tte thyroid and 20 rem to the whole body.

On the basis of oJr e*DerienCe With the eValu3tio,s of thr. steam line break accident

f or ooiling water reactor plants of similar design, we have concluded that the con-
se uences of this accident can te controlled by limiting the pennissible radio-
activity tencentratiers in the reactor coolant so that potential of fsite doses will
to snall. ks nill include lirits in the tecFnical specifications on the toolant

activity corcentrations such that .ne potential two-hour dCses at the "ini"Jr exclu-
sion distance, as calculated ty us, will be ap;ropriately 3rall f raction< of the

Juidelire values of 10 CFR Part 100.

15.c.) Luss-of-Coolant Accident

in evaluatini the design basis loss-of-coolant accident fcr the proposed Phipps Bend
site, the contain,ert ~0 del used to calculate the GESSAR less-of-coolant 'ccident
asses w3s " edified to account f or (1) the dif ference in the primary contairrent
d e s i r;n leak rate for ihipn'.- Eend (0.5 percent rer day) versus the leik rate used in
the GESSAR analysis (0.3 percent per day) and (2) the decision by the General
Electric Conany to replace the original r.ain steam line isolaticn valve Teakage
centrol sy, tem with a new positive sejling syste~ which is designed to Erevent the

leak 19e of fission products throagh the closed riin stea isnlation val ves.

I
15-1



The primary containment was assumed to leak at the design leak rate of 0.5 percent
by volume per day thro;ghout the course of the accident. The rajority of this
leakage (92 percent) w1s assumed to go to the shield building annulus and the
remaining leakage (eight percent) to the auxiliary and fuel building areas of the
secoadary containrent. The leakage which goes to the shield building annulus was
assumed to go directly without mixing to the intake of the shield building annulus
recirculation and exhaust system. A fraction of the leakage which e. tered the
shield building annulus recirculation and ettaust systen was assumed to be eihausted
to the a trosphere through the standby gas trea trent system with the rc*ndinder of
the leakage which entered the shield building annulus recirculation and exhaust
systen recirculated to the shield building annulus where credit was given for
mixing in 50 percent of the annalus f ree volume. The split of the leakage between
the exhaust and recirculation fractions was assumed to be in the sa e proportion as
the flow rates in the exhaust and recirculation paths of the shield building

annulus recirculation and exhaust system.

Ihe eicht Cercent of the primary contain-ent leakage which goes to the auxiliary
and fuel building areas of the secondary contain ent, with the exception of the
first 60 seconds, was assumed to be transported directly to the standby gas treat-
rent sfsten with no credit for noldup or mixing. For-the first 6J seconds following
the accident, the rei ary containment leak 3ge to the auxiliary and f uel bJildings
was a ssumed to be relea sed untrea ted to the a t osphere as the prcssure in these

3re35 is not su"iciently reg 3tise to insure filtration through the standby gas

tre3trent system

The Tennessee Valley A;thority has co-r'tted to incorpora:e design provisions to

eliminate containment b.fpass leaka,e and to provice a positive sealing systen f or
the main stea-- line isolation val.os. The rain steam positise leakage control
syste nill be desi red so trat the inward pressure on the isolation valves will

alway s e =ceed tne cutward pres sare falluwinq an accident thereby precluding the

e3kage c' fission croj; cts througn tFe val ses. Our evalsation of the design b3 sis
'nr tre main s tea- isolation v31se positise seal s sstP9 is presented in Sections

. 2. 3 and 3.3.1 ef a.c;endix C to this report.

'he 4:ses resaltinq 'ro- the design basis less-c'-coolant accident are given in
Tlble 15.1 ar.d the crincipal assu otions used in the anil f sis are listed in Table

IE.2. E3sel on our e,aluation of tre pcstula ted loss-cf-c clar.t accident and the

cenriitment of the Terressee Valley autnority to eliminate containment by;3ss and ain

+ 3m line leakage, ne find tnat tne postalated loss-of-ccclant accident doses for> .

+- Chipps E-erd plant are well within the esposure q;idelices of ?egalatorj Gaide !.3

fcc the evalatticn of a plant a t the constructicn per-it stage. As outlined in

Se_ tion 6.2.3 of tnis report, we will i ncorpora te tre res ;l ts of 0 ;r rev iew o f the

Se r al El ec tric Earp-3 n.s topical recort on the contai' rent by;3ss ar,d main stea- liro
'asitive sealing ssste s into 0;r evalu3 tion of the radiolc,ical conseq ences of the

Ic s-of _rolant accident j ring the Rhi;os r end ccerating licenst review.
- -

-
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TAf!LE 15.2

ASSUMPTICNS USED TO CALCULATE LOSS-CF-COOLANT

ACCIDENT DOSES FROM CCNTAINMENT LEA M GE

Power level 3753 reg 3 watts thernal

Operating Tire 3 years

Containrent Leak Rate 0.5 percent ter c3

Bypass fracticn 0 percent

Core Fraction Available fer Leakage

f ror: Containr'ent:

Iodires 25 ;erten*

Noble G3ses 100 percent

Stanjty G3s Treat: ent S ste-f

Filter Efficien:y For All 10 dines 9^ percent

Pri 3rj Ccntairrent '.al re 1. 8 x 10' cubic feet
Snielc ruilding Ar' ul as .ci re 5.C4 * 10 c 2ic feet

ra;ius .clu"e 53 percentMixir; Fractic, in *

Snield ;;ilding Peci culaticn Sjste-
Flv., Rates, caric fcet ;.'r -inste

Tre Poried E.naist P~:irt;13tico

_20 sezrds ". J

,_C seconds - E ".Osr5 320 4t?O

Z-- ncu s 110 v 4:r

ts ^; ,grcare - ' '

e* L e .3 ?3tn1s' r i - 3rj ' $3ir >
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15.2.2 Fuel Handling Accident

The fuel handling accident was evaluated by employing an analytical model identical
to that used during the GESSAR review in conjunction with the Phipps Bend atmospheric
di f'usion factors. The calculated doses, shown in Table 15.1, are well within the

exposure guidelines of 10 CFR Part 100. The principal assumptions used in the analysis
of the fuel bandling accident are shown in Table 15.3.

15.2.3 Control Rod Drop Accitent

The radiological consequences of the _ontrol rod drop accident were evaluated for the
proposed Fhipps Bend site. The model used in the analysis was updated to include the
revisions which have been made to the control rod drop accident model since the

GESSAR review. These revisions concern the amount of activity assumed to be available

for release to the environment and the condenser leak rate. As these revisions tend
to of fset each other, the total impact on the doses is not significant. The control

rod drop accident doses, shown ir able 15.1, are well within the exposure guidelinest

of 10 CFR Part 100. The assumptions enployed in the evaluation of the control rod
drop accident are shown in Table 15.4.

15.3 Postulated Radioactivity peleases Due to Liquid Tank Failures Outside Containment

The consequences of corponent failures which could result in contaminated liquid

releases to the environs were evaluated for cocponents containing liquid radioactive
raterials located cutside ccntainment. The sccpe of the review included the calcula-

tion of radionuclide inventories in station corponents at design basis fission

product levels, the mitigating effects of the plan ~t design, and the effect of site
geology and hydrology.

Based on our e.'alu3 tion, a rupture of the high conductivity waste tank will result in
the highest radionuclide concentrations in the nearest unrestricted surface or potable
water supply. This tank will have a volure of 18,000 gallons. In our evaluation, we
assumed a tank failure to occur with the tank 80 percer; full and with a liquid

activity of approxirately 3.4 microcuries per cubic centimeter (consistent with an
ef fgas rate of 100 micro _uries per therral megawatt-second af ter 30 minutes delay).
We assumed the radio 3ct.;a liquid to enter the ground water and migrate towards the
Hol stcn River. As stated ii Section 2.4.4 of this report, there are no ground water

users between the site and the river. The estimated travel time is 40 days and dilution
of the released water by the ground water and surface water is approximately 36,000

to one.

Considering radicactive decay over the 40 day transit time and a dilution factor of
36,000 to one, a postulated rupture of the high conductivity waste tank would result
in concentrations at the nearest postu!ated recipient which are a small fraction of

the limits of 10 CFR Part 20 for unrestricted areas.
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TAPLE 15.3

ASSUMPTIONS USED TO CALCULATE CONSEQUENCES

OF FUEL HANDLIN'i ACCIDENT

Power Level 3758 negawatts therr:al

Shutdown Time 24 hours

Total Number of Fuel Pods in the Core d6,ll6

%rber of f uel Pods Involved in Accident 98

Power Peaking Factor of Damaged Rods 1.5

Inventory Released From Da aged Rods
(Iodines and Noble Gases) 10 percent

Pool Decontamination Factors
Iodines 100
'.obles Gases 1

Iodine Fractiora Feleased from Pool
Elicental 75 percent
Organic 25 percer+

Fil ter E f ficiencies
E W ental 99 percent

Organic 99 parcent

Felative Contentra tion Value
0-2 hmes 1.8 x 10 seconds per cubic reter
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T A B L.E.15. 4- --

ASSUMPTIONS USED TO CALCULATE CC%EQUENCES

OF CONTROL ROD CROP BCCIDENT

Pow >r Lesel 3758 c'eGawatts thennal
Total Nurber of Fuel Pods in Core 46,116

Nar-ter of fuel Rods involved in Accident 770

Power Peaking Factor of Da'" aged Pods 1.5

Fraction of Fission f rodJCL Inventory
Released to Coolant
Noble Gases 100 percent
Iodines 50 percent

Indine Fractico Peleased to Condenser 10 percent
Iodine action Plated Out in Condenser 90 percent
C ondens er Leak Rate 1.0 percent per day

Relative Concentration Values (seconds per cubic meter)

0-2 hears a t 760 r:eters 1.8 x iO'
0-3 hours :t 4330 reters 1.2 x 10-

-;
0-24 hoars at 4830 reter s 8.0 x 10 ~
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Based on the foregoing evaluation, we conclude that the postulated failure would not

result in radionuclide concertration in excess of 10 CFR Part 20 limits at the nearest
potable or surface water supply. Therefore, we will not require the applicant to
incorporate additional provisions in the desip to mitigate the effects of component
failures involvir.g contaninated liquids.

15.4 Anticipated Transients Without Scram

Our evaluation of anticipated transients without scram for GESSAR is presented in
Section 15.4 in Appendix A and Appendix C to this report. The applicant by letter
dated August 23,1976 (J. E. Gilleland of the Tennessee talley Authority to Ben C.
Rusche of the Nuclear Regulatory Connission) committed to adopt the GESSAR resolution.

15.5 Conclusions

On the basis of our evaluation, we conclude that the Phipps Bend luss-of-coolant
accident doses meet the exposure guidelines of Regulatory Guide 1.3. In addition,

the do:es for the fuel handling accident and the control rod drop accident are well
below the exposure guidelines of 10 CFR Part 100. We have also concluded that
radioactivity released due to costulated liquid tank failures outside of the cent in-
r:ent would not result in radionuclide concentrations in excess of 10 CFR Part 20
limits at the nearest potable or surfac ? uater supply.

15-3
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16.0 TECH: llc AL SPEC IF IC ATION3

Ine technical specifications in an operating license define certain features,
characteristics, and conditions governing operation of a f acility that cannot be
chan':ed without prior approval of the Co"rlission, Final technical specifications

11 be deve'oped and evaluated at the operating license stage. However, in
dCCorjanCe With Section 50.34 of 10 CFR Part 50, an aoplication for a construction

pennit is required ; include creliminary technical specifications. The regulations
reTJire an identificatiCn and justification for the selection of those variables,
conditions or other items which are determined as a result of the preliminary safety

analysis and evaluation to be probable subjects at technical specifications for the
f acility, with special attenticn ylven for those items whicn may significantly
influence the '.nal design.

We have reviewed the proposed technical s;ecifications presented in Section 16.0 of
the i'hipps Benj preliminary SMety Analysis Report with the objective of identifying
those items that would require special attention at the construction permit stage,

to preclude the necessity for any significant change in design to support the final
technical specifications. The proposed technical specifications are similar to those
being developed cr in use for plants of a similar design to the Phipps Bend N clear
Flant- We have not identified any items which reqaire special attention at this
stage of our review.

On this basis we have concluded that the proposed technical specifications are

a cc e p ta bl e.
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17.0 QUALITY ASSURANCE

17.1 General

The description 0f the quality assurance program for the Phipps Bend plant is contained
in Section 17 of the Phipps Bend Preliminary Safety Analysis Repert. Section 17
describes the quality assurance program of the applicant, the Tennessee Valley
Authority; the supplier of the nucI-ar steam surply system, and the overall designer
of the nuclear island the General Electric Company; and the designer of the nuclear
island buildings the C. F. Braun and Company.

The Tennessee Valley Authority's Division of Engineering Design is the principal
designer, architect engineer, and contractor for the balance-of-plant. The Tennessee
Valley Authority's Divisien of Construction is the contractor responsible for con-
structing the entire facility in accor uance with design specifications furnished by
the Division of Engineering Design for the balance-of-plant and for the General
Electric Company for the nuclear isiand. The C. F. Braun and Company, as a sub-

contractor of the General Electric Company, will provide the architect-engineering
design of the nuclear island buildings which will include the reactor building, the
f uel building, the auxiliary building, the radwaste building, the control building
ord the diesel generator building.

The applicant has contracted with the General Electric Company to supply the nuclear
steam supply systems and design the nuclear island. The General Electric Company
will be responsible for establishing and implementing a satisfactory quality assur-
ance program for its scope of work. The Tcanessee Valley Authority will te responsi-
ble for the total PhipDs Cend plant's quality assurance program and will be organized
to control and verify the quality assurance programs of ccntrutors furnishing safety
related equiprent.

Our eva uation of the description of the Phipos Eend plant's quality assurance
program is based on a review of this infnrratici and detailed discussions with the

applicant to deternire the qualification and capability of the applicant and its
principal contractor, tLe General Electric Corp:ny, and the General Electric Company's
principal subcontracter, the C. F. Braun and Company, to cwply with the requirements
of Appendix B to 10 CFR Fart 50, applicable reculatory cuides, and industry standards.

17.2 Ternessee Vallev Authority

17.2.1 Or;anizgticn

The Tennessee Valley Authority's corporate oraanization is shown in ":gure 17.1. The

Board of Directors establishes cereral ;olicies and programs, reviews and appraises
progress and rosults, and approves projects and programs. Reperting to the Board of

17-1
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Di'ectors is the General Manager who is the principal Tennessee Valley Authority
administrative officer. Reporting to the General Manager are the three major

organizational elements of the Tennessee Valley Authority involved in the Phipps Eend
Nuclear Plant; these are (1) Office of Power, (2) Division of Purchasing, and (3)
Office of Engineering Design and Construction. The Office of Power has overall
responsibility for coordinating the safety analyses and licensing arrangements, and
for providing an overview of the quality assurance progran. The Division of
Purchasing is responsible for administering all procurements in accordance with the
technical and quality assurance requirements of the Office of Engineering Design and
Cons truc tion. The Office of Engineering Design and Construction is responsible for
all design and construction activities.

The Office of Engineering Design and Construction organization is shown in Figure
17.2. The Office of Engineering Design and Construction is divided into two ~'ior
divisions: the Division of Engineering Design and the Division of Constructica. The
Manager of the Office of Engineering Design and Construction has overall responsi-
bility for quality assurance during design and construction. He his delegated the
^uality assurance responsibilities as follows: (1) quality assurance in design and
procurement to the Director of Engineering Design, (2) quality assurance in construc-
tion to the Director of Construction, and (3) determination that the overall quality

assurance prearan for the Office of En;'nec tag Design and Construction meets the
applicable rWuirements to the Quality Assurance Manager.

The Division of Engineering Design has the Quality Assurance Staf f and an Inspection
and Testing Branch. The Division of Engineering Design Quality Assurance Staff is
managed by a chief who is resconsible to the Division of Engineering Design for
reviewinq and coordinating t"e quality assurance program within the departnent and
fcr its interface with others. The Division of Engineering Design staff is responsi-

ble for: (1) internal audits, (2) upplier audits, (3) review and signature of

purchase crders and (4) approval of procedures and surveillance plans of tha Inspec-

tion and Testing Branch. The Inspection and Testing Branch is responsible to the
vivision of Engineering Design for assuring that suppliers fulfill the technical and

quality assurance requirerents specified in the procurenent documents.

The Division of Construction has a Quality Assurance Staf f and a Construction
Engineer's organization to verify that its quality assurance functions have been
correc tly perforned. Tne Division of Construction Quality Assurance Staff is managed
by a chief who is responsible to the Division of Construction for reviewing and
coordinating the quality assurance program within the departrent and for its interface
with others. The Division of Construction Quality Assurance Staf f is responsible
for: (1) internal audits, (2) review and approval of all quality control procedures
issued by the Division of Construction, and (3) review and approval of site procure-
ment documents fo- quality assurance / quality control requirecents. The Construction
Engineer's organization is responsible to the Division of Construction through the

17-3 j yf 9y j,
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Project Manager for performing quality control 3ctivities in accordance with the

Division of Construction Quality Assurance Staf f's approved procedures for work
performed on site by the Tennessee Valley Authority work forces and contractors.

Stop work auttiority has been delegated to inspectors in the Inspection and Testing
Branch and to the Construction Engineer.

The Quality Assurance Manager is chairnan of the Office of Engineering Design and
'.onstruction Quality Assurance Connittee established to obtain better coordination and
agreement amonq quality af fecting groups. Tha Conqittee is Composed of representatives

from these groups. The Quality Assurance Manager is on the same organizational level
as th7se whose work he verifies and he has direct access to the Manager of Office
of Engireering Design and Construction to obtain satisfactory resolution of problems.

Management audits are perf orred under the direction of the Qcality issurance Manager

and are reported to the Manager of Of fice cf Engineer ina Design and Construction.
They consist of periodic audits of the design and procurement phase activities and
rectr ds; anj of construction phase procedJres, activities, and records.

We find that the Ter.nessee Valley Autharity's description for implementing its quality

assurance program (with corporate level ranagement involvement, authority from
m a na ge- en t to erforce quality assurance req;irements, and stop work authority) is
acceptable.

Our evaluation of the Tenneseee Valley Authority's q2ality assurance / quality control
arq)niza tions is tha t they are suf ficiently independent of the organizations whose

work they verify; they have clearly defined responsibilities and authorities; they

have adeau3tely defined the qualification requirenents for their supervisory perscnrel;

they are orgariized 50 tFa t they can identif y quality assurance problems in organizaticos
perforrirg quality related work; they con initiate, recorr enJ, or provide solutions;

and they can verif y implerentation of solutions. We theref ore conclude tha t the

Tennessee Valley Authority's organization complies with Appendix B to 10 CFR Part 50
and is acceptable.

17.c.2 Ouality Ass >rance rroarr

tharter 17 of the ' hipcs Eenj Preliminary Saf ety Analysis Peoart provides a listing
of the quality assurance documents and quality related procedures used to adninister
the quality assurance program with a brief description of the contents of P3ch. A

matriv. cf these procedures cross ref erenced to the related criteria of Appendix B

to 10 Ci* Part E3 is also aisen. All quality assurance policy proced2res are approved
t.y + r e Ma nager o f the Of f ice of Engireering Pesign and Construction, ae Directors of
the Division of Engireering Design and the Division of Construction, and the Quility
assurance "anager. Based on o;r review, we conclude that each criterion of Appendix B

[I '/ ;7 < o
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to 10 CFR Part 50 has been specifically included in written procedures within the
Tennessee Valley Authority's quality assurance program. The structures, systems, and
corrponents that are subject to this program have been identified in the Phipps Bend
Preliminary Safety Analysis Report.

The applicant has comitted to comply with the requirements of the Gray Bock, " Guidance
on Quality Assurance Requirements During Design and Procurement Phase of Nuclear
Power Plants," WASH-1283 (Revision 1) issued May 24, 1974, and the Green Book,

" Guidance on Quality Assurance Pequirerents During the Construction Phase of Nuclear
Power Plants,' WASH-1309 issued May 10, 1974, or has described alternatives accept-

able to us. The Gray and Green Books provide guidance on quality assurance require-

rents dJring the design, procurerent, and construction phases of nuclear power plants.
We find, with the connitrent and our review nf the description of the quality assurance
policies and procedures, that the Tennessee Valley Authority's quality assurance
program is acceptable.

The Tennessee Valley Authority has established a program for the indoctrinction and
training of its quality assurance / quality control personrel and technical personnel
in quality related activities. This includes training as to the purpose, scope, and
implementation of quality related manuals, procodures, and instructions and both
training and qualification in the principles and techniques of activities being
performe1.

tiasic design criteria are developed by responsible Thermal Power Engineering Eranches
in the Division of Engineering Design; these design criteria fom the basis for
translating such requirerents into detailed designs which are developed by the
Thernal Power Engineering Eesign Projects (See figure 17.2). All design documents

are reviewed in accord 3nCe With written procedures which require that the docu ent te

reviewed by qualified engineers other than those preparing the criginal dotu ent.
All designs are reviewed and analyzed in accordance with applicable codes, stancards,
and regulatory requirements. We find the Tennessee Valley Authority's description of
its design control satisfactory.

To provide control of purchased safety related structures, systems and components,
each prospective supplier's quality assurance program must be reviewed and approved

by the Division of Engineering Design Quality Assurance Staff. The Divisioc. of
Engineering Design Quality Assurance Staff reviews purchase requisitions to assure
that quality assurance requirements are adequately scecified. The Inspection and
Testing Erancn is responsible for perfoming inspecticns or surveillance at suppliers'
plants in accordance with procedu es and surveillance plans approved by the Divisicnr

of Engineering Design Quality Assurance Staff. Audits and feedt ack of nonconforrance
data are used by the Division of Engineering Design Quality Assurance Staff to
reasure supplier performance. We find the Tennessee Valley Authority's description
of its cantrol of purchased raterial, equip'ent and services satisfactory.

f17-6 .a



The applicant has established program requirements for the Tennessee Valley Authority and
its contractors which assure there will be a documented system of records attesting
to quality.

A co~prehensive syste"' of planned and documented audits is described by the Tennessee
Valley Authority i6. the Pnipps Bend Preliminary Safety Analysis Report. The aJdit
program includes management audits, the Division of Engineering Design and the
Division of Construction internal audits, and supplier and contractor audits. The
Tennessee Valley Authority aujits include evaluation of work areas, activities,
processes and i tens.

%dits are preforred in accordance with written procedures or checklists by appro-
priately trained personnel having no direct respcnsibilities in the 3rea audited.
A;dit results are dccumented and reported to a;pecpriate levels of management for
corrective action. Responses to the Tennessee Valley Authority's audit find;ngs are
verified for impler enta tion and ef fectiveness during follcwJp aujits. We find the
Tennessee Valley Authority's description of the audit activities for Fhitps Eend
plant acceptable.

Eased on our re/iew of the description of the Tennessee Valley 'uthority's q)3lity
assurance program contained in Chapter 17 of the Fhipps Eend Preliminary Safety
Aniljsis Peport, we find trat there are adequate and well defined procedures, a
cc T itrent CJr Qu3litf assurarCC qJid3rCe, assurance of an indepenjent inspection

projr3m, an adequa te personnel training program, a documented system of records
a ttesting to qsa lity, an aucit syster' to inform ranagement of the ef'ectiveness of
the 7 alit / a ssurance Erngra- , and satisf actory rran3gement a ssessment nf the s tatus

and adela3cy of tre q;ality ass;rarce progra,.

. > conclude thit t* e ' ?nnessee i tlle/ 4thorit / s ulitj assurance proger tcr tre'

ihipus Bend plant inciu jes an acceptible v31itj assurance organiza tion with a % w te
p]licies, proo d ees, and instr;ctions to irrle ent a ,rogra that will satisfy tr

re wice-ents o' - njix E to 10 CF- D3rt F;.

17.3 r, w e a l Electric k rinj

Tro Geroral Ele:tric ran/ is c(sponsible for previjing the naclear etea,sv ,)lj

s, te f or the Pnip; :end plant Figure 17.1 shows tre crg3nization of the 3;ilin,

M ter Peactor h ra ti r. of the "ere 31 Electric Ir > can/ noich t ro sides nuclear plant

ser si> d cauip- The Ec i! ing date: Yactcc vg rat on ^r c;tc s a der a ' epa tj'

Diwision i neal "ina y of the ucle3r E r+ rg , C i v i s i o n . ~N orting to t9is tp;t,

?i+1sion ueneral "a na m a re Dona r t ont Genoca l 'Onlaers arj the a r.a g e r , ro j,ct an jv
t

.ality 4ssar 3 nce 0; tera tion.'

Eacn Bailir Water %a c to r Frera tions ' ; a r t.mn t an d the frod> * and ; alit ssur3ru:>

Operation coatain an orgmin tion Srecifically resconsible f or q;3lity asserarce

>5ure inMenjece cons ,s tent ni thohicr re;'or s a t a a ne ont level J ficient to( =

Criterion 1 of renfix Bt 10 r r; Part 50.s
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Quality management in each Boiling Water Reactor Operations Department and the

Product and Quality Assurance Operation is free of prime responsibility for schedule
or cost, has the authority to stop work pending resolution of quality related matters,
and has the freedom to: (1) identify quality rclated problems; (2) initiate, recomend,
or provide solutions tu quility related problems; (3) verify implementation of
solutions, and (4) prevent further processing, shipment, installation, or utilization
of nonconforming itens until proper dispositioning ha ; occurred. We find tnat the
General Electric Company has adequately defined the responsibilities of the organiza-
tions performing quality assurance activities and that they are acceptable.

The Deputy Division General Manager of the Boiling Water Reactor Operations has

established a Quality Council which includes the managers of the major q;ality
assurance organizations in the division. The Manager, Product and Quality Assurance
Operatien is Chairman of the Quality Council . The Quality Council, which meets
urterly, permits development of solutions to comon quality related problems and
provides a separate line of comunications to top Boiling Water Reactor Operations
management. In addition, the Manager, Product and Quality Assurance Operation audits
the Boiling Water Reactor Operations engineering, manufacturing, procurement, and
construction organizations to assess the scope, implementation, and effectiveness of
the quality a;surance program.

The quality assurance program applies to the safety related systems and components
within the General Electric Company's scope of work. The quality assurance program
is conpatible with the quality assurance guidance provided by us in the Gray and
Green Books.

Though the basic scope of the quality assurance systen used by the various Boiling
Water Peactor Operations organizations is the same, each functional organization has
its awa systen cf guides, procedures, instructions, and nanuals that prescribes the
rechoJ: for accomplishing its portion of the quality assurance progran. Division
instructions, prepared by the Froduct and Quality Assurance Operation and issued by
authority of the General Nnager of the Nuclear Energy Division, establish procedures
and practices where a standardized, uniform approacn is necessary for control.

A matrix which relates the procedures of the various manuals to the applicable
qulity assurance criteria of Appendix B to 10 CFR 50 is given in the Phipps Bend
Preliminary Safety Analysis Report. Based on our review of this matrix, we conclude
that each criterion has been specifically covered in written procedures within the

General Electric Company's quality assurance program.

The Quality Assurance progran includes provisions for the control of design informa-
tion. Design inputs are reviewed, and analyses are accorrplished in accordance with
applicable codes, standards, and regulatory requirements. Knowledgeable groups
within the General Electric Company, including quality assurance personnel, inde-
pendently review drawings and equipment specifications prior to issuance.

17-9
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To provide control Gf purchased items and services, the General Electric Company
evaluates the quality assurance programs of each prospective supplier of safety
related items. Quality assurance engineers review purchase requisitions, purchase
orders, and subsequent change notices. The General Electric Company reviews and
retains supplier documentation which demonstrates acceptable quality, audits, and
feedback of supplier perfonnance.

The General Electric Company executes a comprehensive audit prol am which provides the

Boiling Water Reactor Operations management with information on the effectiveness of
the quality assurance prograr.. The General Electric Company audits activities affect-

ing quality at the General Electric Company and at supplier facilities. Audit areas
include all quality related procedurus and 7perations. Trained personnel not having
direct responsibilities in the area teing audited conduct the qJality assurance audits
in accordance with defined procedJres and checklists.

In our revies, we have evaluated the General Electric Company's quality assurance
program for compliance with our regulations and applicable regulatory guides and
industry "tandards. Cased on this revi2w, we ccnclude that the General Electric
Corpany quality assurance program includes an acceptable organization and contains the
necessary quality assurance provisions, requirenents, and controls for compliance with
Appendix B to 10 CFR Part 50 an1 applicable guides and standards and is acceptable for
the nuclear steam supply systems for the Phipps Cend plant.

17.4 C. F. Braun and CoEpany

The C. F. Braun and Company organization responsible for design acti vi ties i s shown in

figure 17.4. Tre as31ity assurance organization is directed b/ the Vice President of
Project Manage ent who coordinates all the C. F. Craun and Corgany quality assurance /
quality control activities, and directs these activities with respect to engineering.

Fir;;re 17.5 sho.,s the C. F. Er3an and Compan/ project organiza tion. The Project
Manager has the overall responsibility for planning anu "anaging the project. The
project gaality assur.nce cryanizaticn is headed by a Prnject Quality Assurance
En;ireer, who is reuxosible to the Quality Assurance Manager for coordin1 ting all
project quality assarance activities, and is thE quality assurance representative on

the Project M3na :er' > sta f f he is al so responsible fer assuring that quali ty

3ssurance activities are integrated into project planning.

'ht O nli*y ?>surance Manager has the responsibility, auttority, and crgcnizational
fre % to establiso e ;ality assucance standards and preced;res He assures that the

C. F. Craur and Co: an. qulity assurance progra, is cro; orly established and that the

qu31i t s assurance prccedares a re i ple ented.

r!,al ity as s 4rance perscnnel hase the authorit/ aM organizational freedon to identify
;ality rel a t rd t r21 eo , to in i t' a tt , reccor.er.d cr pen side solutions; and to control
further ; roce: sin 1, deli vrf, nr installation of a noncer :ing itm until proper'
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disposition of the nonconfomance has been approvad. We conclude that the C. F.
Braun and Company's organization provides sufficient direction and control of the
quality assurance organization and have sufficient authority and organizational
f reedom to perform their functions effectively and without reservation.

Major quality assurance activities for the C. F. Braun and Company design of the
nuclear island which are carried out by its quality assurance organization are: (1)
review of design documents and (2) audits.

The quality assurance program applies to all safety related structures, systems, and
components within the C. F. Braun and Company scope of work. C. F. Braun and Comoany

has comitted to comply with the Commission guidance on quality assurance provided in
the Gray Book during tha design of the nuclear island.

The quality assurance program for engineering includes review of applicabh engi-
neering in;tructions, procedures, specifications, and drawings to assure the quality
requireants are clearly, accurately, and adequately stated. The program requires
that design work be verified or revieaed by individuals within the ergineering organiza-
tion not responsible for originating the design and that a determination is made that
the engineering specifications, procedures, instructions, and drawings conply with
regulatory requirements and design bases.

The quality assurance program blso provides for a comprehensive system of detailed
audits to be performed by the C. F. Braun and Company quality assurance organization.
The audits encompass the review and evaluation of all quality related activities
associated with the quality assurance program and involve procedures, work areas,
activities, and records. The program requ..es that the audits be culducted in accord-
ance with preestablished procedures by qualified personnel not having direct responsi-
bilities in the area being audited. The results ar documented and distributed to the

appropriate levels of management.

In our review, we have evaluated the C. F. Braun and Company's quality assurance
program for compliance with our regulations and applicable Regulatory Guides and
industry standards. Based on this review, we conclude that its organizational arrange-
ment and its quality assurance progran description comply with Appendix B to 10 7
Part 50 and applicable guides and standards and are acceptable for the design of the
reactor island.

17.5 Irplementation of Quality Assurance h ogram

The Office of Inspection and Enforcement has conducted inspections to examine the

implementation of Phipps Bend plant's quality assurance program. Based on its
inspections and assessment, the Office of Inspection and Enforcement concludes that

the implementation of the Phipps Bend Preliminary Safety Analysis Report commitments

in the Phipps Bend plant's auality assurance program is consistent with the status of
the nuclear project.

17-13
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17.6 Conclusion

In our review, we have evaluated the quality assurance program of the Tennessee Valley
Authority, the General Electric Company, and the C. f. Braun and Company for the Phipps
Bend Nuclear Plant to determine cortpliance with our regulations, applicable regulatory

guides and industry standards. Based on this review, we conclude that the Tennessee
Valley Authority and its principal contractor and subcontractor have described
acceptable organizations, and that their quality assurance programs conply with
Appendix B to 10 CFR Part 50, applicable regulatory guides and industry standards, and
are acceptable for the design, procurement, and construction of the Phipps Bend
plant.

17-14
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18.0 RUllEW CY TFE AC/ISOR( CC"'iITTEE ON REACTOR SAFErJjARDS

The Phipps Ber.; applicati':n fcr a two unit facility is being reviewed by the Advisory
Comittee on Reactor Safqnrds (Eo rittee). We intend to issue a supplement to
this S a f ety f <aloition i.sgar t after the Comittee's report to the Co riission, relative
to it:- review,is availaule. The supplenent will apper.d a ccpy of the Comittee's

report ar will adFess coments made by the Comittee, and will also describe steps

taken by tre staf f to resclve any issues raised as a result of the Comittee's

review.

717 / .
'
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19.0 COM'40N DEFENSE AND SECURITY

The applicant states that the activities to te conducted will be within the
jurisdiction of the Lnited States and that all of the directors and prircipal officers
of the applicant are citizens of the United States.

Ihe applicant is nct aned, deainated, or controlled by an alien, a foreign
corporation, or a fereign government. The i4ctivities to be coriducted do not involve
any restricte j data, but the applicant has agreed to safegaard any such data which
night becce,e involved in accordance with the requirements of 10 CFR Part 50. The

applicant will rely upon obtaining fuel as it is needed f rom sources of supply
aV3flable for c tVilian purposes, so that no diersion of special nuclear nate-ial
from military purposes is involved. For these reasons and in the absence of any
infor sticn to the ccntrary, we have found that the activities to be perforned will
not ' inimical to the comen defense and security.

19-1 _,
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20.0 FINANCIAL QUAL!FICATIONS

The Comission's regulations which relate to the data and infomation required to
establish financial qualifications for an applicant for a facility construction

pemit are Section 50.33(f) of 10 CFR Part 50 and Appendix C to 10 CFR Part 50. To

assure that we have the latest infomation to make a detemination of the financial
qualifications of an applicant, it is our current practice to rev ew this infomationi

during the later stages of our review of an app?' cation. We are continuing our
review of the financial qualifications of the applicant ar.d will report the results

of our evaluation in a supplenent to this report.

- r
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21.0 CONCLUSIONS

Based on our analysis of the proposed design of the Fhipps Bend plant,
consistinq of two units designated Units No. I and M. 2, and upon favorable
resolution of the outstanding r:3tters set forth in Section 1.9 of this report and

discussed in appropriate secticns of this report, te will l>e able to conclude that,

in accordance with the provisicns of paragraph 50.35(a) of 1C CFR part 50:

(1) The 3;plic3nt h5s destril'ed the proposed design of the facility includirg, but
no t lir;i ted to, ;te principal architectural anJ engineering criteria for the

dosign, and has identified the major features or corTonents incorporated

therein for the protection of the health and safety of the public;

(2) Euch further technical or cesign infornaticn as ray be required to cceplete the
safety analysis and which can re3scnably be lef t for liter consideration will be

u plied in tFe Fhipps Eend Final !afety Analysis Report;

(3) Safety Te 3tures or ccrperents which re pire research and dc .elocrent have teen
* ascribed ty the applicant and the 3;plicant h3s idcntified, and there will be

ccnducted, a research and dewelcp ient progran reasonably designed to resolve
any safety %ettiens associated with such features or ccaponents;

(?) Cn the basis of the foregoing, there is reasonable assurance that (3) such safety
qucstici,s will t+ sitisfactorily resolved at or befcre the latest date stated

in the a;plicaticn for ccmleticn of construction of the proposed facility and

(b) taking into ccnsideration the site criteria contained in 10 CFR part 100,
the prcpcsed f 3cility can te constructed and cperated at the proposed location

without undae risk to the to31th and safety of the public;

(5) IFe applicant is tecrnically c;ailified to design and ccnstruct the proposed

facility;

'6' The applicant hs reascnat>ly estimated the costs and is financially qualified

to design and cccstruct the preposed facility; and,

(7) D e issaance of gernits for the construction of the facility will not be inirical

to the co"rcn defense and security or to the health and safety of the public.

,)
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ABBREVIATIONS

a-c Alternating current

ACI Anerican Concrete Institute
ACRS Advisory Corr:ittee on Reactor Safeguards

ADS Automatic Depressurization System

AEC United States Atomic Ener gy Comnission

ANS American Nuclear Society

ANSI American f4ationa' Standards Institute
ASCE Arerican Society of Civil Engineers

ASME American Society of Mechanical Engineers

ASTM American Society for Te> ting and Materials

Btu /hr Critish thermal units per hour

BWR Boiling Water Reactor

cal /gm Calories per , ram

cfs Cubic feet per second

chi Cr itical Heat flux
Ci/yr Carles per year

CP Construc tion Permi t

DBA Design Basis Ac'.ident

d-c Direct current

DG Diesel Generator
aT Di f ferential Temperature

DOT Department of Transportation

kW kilowatt
kW/ft kilowatt per foot

kW/l kilowatt per liter

lb ?ound

lb/hr Founds per hour

LHGR Linear Heat Generation Rate
LOCA Loss-of-Coolant Accident

LPCI Low Pressure Coolant Injection

LPCS Low Pressure Core Spray

LPZ Low Population Zone

m Meter

m Square meters

MM Modified Mercalli (earthquake intensity)
MCHfR h nimum Critical Heat flux Ratio
MCPR Minimum Critical Power Ratio

mhos/cm Reciprocal ohms per centimeter

mph Miles per hour

mrem Millirem

mrem /yr Millirem per year
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ABBREVIATIONS (Cant'd)

MSL "ean Sea Level datum

MSLIV Main Steam Line Isolation Valve
MWe Megawatts electrical
MWt Megawatts therral

ECCS cmerger ,; Core Cooling System

ESF Engineered Safety Feature

F Degrees Fahrenheit

FPS Fire Protection System

FSAR Final Safety Analysis Report
ft Feet

GDC AEC General Design Criteria

GE General Electric Company

gpn Gallons pe ;i nu te

Gd 0 Gadolinium veide23
HEPA High Efficiency Particulate Air

hr Hour

HPCS High Pressure Core Spray

ID Inside Diameter

IEEE Institute of Electrical and Electronics Engineers
in inch

kV Kilovolt

k Effective multiplication factor
eff

NDT Nil Ductility Transition

NFPA National Fire Protection Association
NOAA National Oceanic and Atmospheric Administration

NPSH Net Positive Suction Head
NSSS Nuclear Steam Supply System

OBE Operating Basis Earthquake

OD Outsi<e Jiameter
PCA Primary Coolant Activity
PDA Preliminary Design Appro751

PMF Probable Maximm <lood
PMH Probable Maximum hurricane

PMS Probable Maximum Surge

PMP Probable Maximum Precipitation

PSAR Preliminary Safety Analysis Report

psi Pounds per square inch

psid Pounds per square inch differential

psig Pounds per square inch gauge (above atmoshperic)

QA Quality Assurance

QC Quality Control

RBCCWS Reactor Building Closed Cooling Water System

RCPB Reactor Coolant Pressure Boundary

Rem Rcentgen equivalent man

RHR Residual Heat kemoval
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ABBREVIATIONS (Cont'd)

rpm Revolutions per minute
RPCS Rod Pattern Control Systen
PWCS Reactor Water Cleanup System
scfm Standard Cubic Feet per Minute
SER Safety Evaluation Report

3
sec/m Seconds per cubic meter
SGTS Standby Gas Treatment System
SSE Safe Shutdown Earthquake
SWS Service Water System
TLD Therral Luminescent Dosimeter
UO Uranium Dioxide2

Ci/sec Microcuries per second
X/Q Relative Concentration

:
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Appendix A

1.0 l 'iT P ODU C T I O.N AND G E N E R A L C E S.C R I P. T_I ON O F T h_E _F L_A_ _N_T- - . - - _ -

l.1 I n t_rody c t i o n

The initial AEC (ncw the Lclear Pegulatory Comission or ',RC) policy stater ent on
standardization ct nucleir pewer plants was issued on April 23, 1972. i prosis d

the impetu. for both industry and the ',RC to initiate active planning .o their

res;:ec tive areas in crder to realize the b refits of stand 3rdizaticn wnile raintaining

prot -*ico for the health and sa*c,y cf the public and for the environ ent. In a
,dsequent statement issued cn " arch 5, 1373, the ',0C arnounced its intent to imple ent

st mdirdization policy for nuclear pewer plants. The standardization policy presentsa

three prccedure options for standardization applications. Option 1 is a " reference

s/stm t ucept that involves the review of an entire faciiity mesign or major fracticrs

of a facility design outside of t r> cantent of a license application. The standard

desi';n would be referenced in susequent license applications. Option 2 is a % plicate

plant" cencept in which a limited nu-ber of d plicate plants are to be constructed

within a li~ited ti"e spTn. Option 3 is a " License to "anufacture' ccrcept in which a

numLer of identical plants suld be waf actured at one location and r oved to a aif-

ferent locaticn f or caration.

m ; ril 33, l'73, Geural Electric Cor pany (GE or applicant) filed the reneral El(ctric

btan brd Safety Analysis Pecort (CESSIR) for the nuclear islard scope in response tu
s tion 1 of tre Ca"r issia 's policy state ent. On July 30, 1973, the GESSAR application

wis d M eteJ. I:ocket N, 5 9 50-M 7). The infor.ation in GESSAE has teen su;plererted

b, I ent ents 1 t hro;1h 39. GEESAR and * r.d: ents the reto are aviilable for [mblic
ins;ectian at tne % clear Regulatory Comission's Fublic :ccurent Poon, 1717 H Street,

N . W . , Wa s h i rq tt n , D.C.

The review of GL5 EAR is teing carried out by the staf f rursuant ta A;perdi < 0 t 2 10 CFR

F1rt 50, Licensing of f roLctica and Utilizaticn Facilities, using a si-iltr pro-

." b ra l sequroce to tha t ucN ror custo 't resiews. The initial ;nases, tnat is,r.

<tli-intry review, ;;estion roands, etc., are analogo;s to the norn11 ccnstracticn

-i t sta ;es of review; hcaever, the ccnclusion of the review will not result in the

:r -nt ing of a ccnstruction pernit. Inste3d, a Prolir,inary D sign ; proval (FL;) will

_ med by the Peg;latory staf f following sat,sfactcry cocpletion of the staf f and
reviews Guidince regardirq the staf f review, ch3nge procedares, suppler o ntary

t/ E v 31u ltion Pesorts (SEPs), post-f CA review, Final Design Appro,al (FEA), dura-+

a e the FCA/FDA, and F0n/FLA changes is provided in aASH-l Mi, "Frogra'"atic4

:of ~atinn for the Licensing of Standardized Nuclear Poaer Plants" issue 1 un
A Jst 20, 1974 and in the let er to the applicant grantins the FDA. GESSA9 contains
s a f ety informa tion f or a f a'R-6/ Mark III nJclear power plant, including the nuclear
steam sJpply system (NSSS), the engirieered safoty feature systers, the contain ent and
a ailiary buildings, the centrol room, raJioactive waste system and related systems
and structures This corplex is referred to as the nuclear island. See Figare 1.1

fcr the scope of the nuclear island.
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The scope of our review for GESSAR is nore extensive than that for other EWR-6

plants under review during the same period that GESSAR has been under review. In

dddition to the GESSAR-238 nuclear island discussed in this SER, we are currently

reviewing a GESSAR-23B NSSS and a GESSAR-251 NSSS. The rated core thernal power of the

plant is 3579 MWt (1220 FWe net). The ECCS design basis power is 3758 PWt (105 of
rated power). Because it is not related to any par * cular site, GESSAR contains site

envelope parareters to which its design is applicable These site envelope parameters

have been choosen to permit utilization of the standar j design in much of the United

States,

hat included in the GESSAR nuclear island scope are ti e turbine-generator and auxil-
iaries, the turbine building, portions of the nain s seam systen (beyond the main steari
shutoff valves located in the auxiliary building), the main condenser, the circulating

water systen and intake structure, condensate storage facilities. of f site electrical

power, and the ultimate heat sink , raw and potable water systems, parts of the service

and instrument air systers outside the nuclear islanj, the auxiliary steam system anJ,

of course, the site.

Since GESSAR coes not cover the entire facility, it is necessary to specifically and
extensively describe the safety-related interfaces between the nuclear island and its

ra t i n'J portion of the plant and site. The interface information should address the

pertinent safety-related design requirements including the dirensional, structural and

operating environrental inputs to transient and accident analysis, and the testing and
performance requirements necessary to assure the cor patibility of the nuclear island
to its mating portion of the plant.

For GESSAR, the interfaces were reviewed between the nuclear island and the site (rete-
orology, hydrology and seismology) in Sections 2 and 15 of this SER, and between the
nuclear island and the rating balance of plant (COP) described in Section 1.10 of
GESSAR. A discussion of GESSAR interface; is presented in Section 1.10.2 of this
SER, except for the instru entation and control area interfaces review which we

have not completed (ste Sec tion /.8).

General Electric also requested the staff to review the interfaces between the GESSAR-

233 nuclear steam supply system (NSSS) and the E0P in their letter dated November 21,
1974. This review is currently being conducted on a separate docket (Docket
No. STN 30-550) and a separate safety evaluation report will be prepared for this
review.

Specific responsibilities of the General Electric Company are delir.eated in GESSAR.
These respcnsibilities include such things as special studies (such as the soil-
structure interaction studies rentioned in Section 3.7.3 of this SER), qualification
testing of equipment and design of piping and equipment within the nuclear island.
An example of shared responsibility is in Section 5.2.2 which discusses the surveil-

lance program related to the operation of safety / relief valves where GE and utility
dppliCdnts Wii1 de requir. a to report on tne performance of those valves.

1-2

CESSAR , -

' ' $l(f



An applicant ref erencing GESSAR is required to adopt all designs, tests, operating
limitations, and inspections identified throujhout GESSAR. This reans that any
comitrients made by GE in GES3AR will be automatically included in the utility's PSAR
that references GESSAR.

Inis Safety Evaluation Peport (SER, surriarizes the results of the technical evaluation
of GESSAR as perf orred by the Comission's Regulatory staf f and deline)tes the scope
of the technical catters considered in evaluating the radiological safety aspects of
the proposed facility necessary to provide the standard design a Preliminary Cetign
Authorization (PDA) which will r:ake it an acceptable " reference systen" under Option
I of our " Standardization Policy.

This SER is a composite of the original SER issued in 'iovenber 1974 arf three supple-
rents dated December 1974, February 1975, and March 4, 1975 and replaces these pre-
viously issued reports.

In the course of the saf ety review of the material subr,itted, we held a neber of
r"eetings with representatives of the General Electric Corrpany and their consul tants
to discuss the plant design and performance under postulated accident conditions.

During our review, we requested the applicant to provide 3dditional information that
we needed for oJr evaluation. This additional information was provided in amenerents
to the application. As a result of our review, a nu-ter of charges were made in the
facility design. These changes are described in the applicant's arent ents. Section
1.7 provides a listing of sone of the principal design changes which were made.
Section 1.8 provides a su rary of the developr:ent and verification test pro;ra s
planned to sa port the design described in GESSAR and a srrary of the principal
post-FDA review arels that have been identified in this SER. A chronology of tr e

principal actions relating to tne processing of the application is attached as
Aptendix A to this Safety Evaluttion Peport (SER). A ccpj of the report of the
AJvisory Comittee on Peactor Safeguards ( ACRS) is attached as Appendii F to this
SER, and we have addressed their corr >ents in Section 18 of this SER.

In applying Regulatory Guides in our review of GESSAR, we have taken the folicwing
po>itions to perrlit CE to freeze their design. First, we have established March I,

1974 as the cutoff date for GE to demonstrate compliance with published regJlatory
guidance such as Re'platory GJides published through 1.7';. Seconj, fcr itens of

important safety significance discussed in Re platory GJides issued a#tf r that date,
implementation for GESSAR plants will be in acccrdance with the irpl rentation gJid-
ance in the guide.

The review and ev31uation rf the proposed design of the facility reported herein is

only the first stage of a continuing review by the Nuclear Fegulatory Commission's

staf f of the design, construction, and opera ting feitures of the GESSAR facility.
Utilities may referente GESSAR and match it with BOP designs which include the

turbine building and site, in their construction per t applications. Construction

7 i L.,
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activities will be accorplished by utilitj applic mts under the surveillar.ce of the
Co mission's staff. We intend to revuw the finil design of GESSAR when i t becor es
aviilable to determine thit the Corrission's saf ety recuirerents have been satisfied
prior to providing a final Design Auth rization (fCA). Then a utility would agiin be
able to reference GESSAR in its c; rat in license appi n ation. After an operating
license is issuod, the facility uy then be operated only in accord 3nce with the terms
of the operating lic ense anj the Corrission's regulations under the cont irued sur veil-
lance of the Cirr!i s sion 's s ta f f.

1.2 Genyril Plant Description
The nucleir steam sucaly system (Z 55) for GE5SAR utilizes the BWR-f; class of boiling

water reattor. Each MSS will hive 20 jet yps srplied by te recirculating witer

r.ain steanlin"s, and two feedaater lires. Fuel rods for the resctor willlines, fou r

contain slightly enrithed urania -diceide (UO ) in sintered ceramic pellets. Sor'e of
j

the fuel r',ds will hie tero"ic fuel iellets that contain gadolinium-oeide (Gd 0 ) in23
a riitur e wi th the ur 3 nim -dioxid. The gadaliniun will serve as a " burnable poiscn '
desired for power pattern and reactivity control. The fuel pellets will be enclosed
in Zircaloy-2 tladJing tubes whicn will be (v3cutted, b3ckfilled with heliu~, and
seil ? ' by wellin; lircaloy erd plugs in eich end. A fuel charnel will enclose a

' arro (cne feel rod position will contain a witerbunale of W f o i! rods in an d <

filled ro t ) . Witer finwing throu jh the cor e will serve as both a neutron " aderatcr
e j as a coolant. W,er ent of witer and a two phase water-steam nix ture thre;;h the

tore will be accorplished by the driving force from the 20 jet p rps (10 p r recircula-
' ten line) and two recirculation purps anJ f rc ' convective forces. Steim f rir tu
bailing process in the reactor core will be de oistarized and dried, then vented
through the foJr "ain sterlints to the turbir,e-ger erator system (which is outside the
GESSAR sccpe) wnere its er crgy will be converted into electricity. The ccrdenser and
ccndenser cooling system ,$re not a part of the GESSA? s .n; e.

An off- p3 treitrent syste- censisting o' a reco"biner, condenser, rois ture sep3ra tor,
and deep-led Charcoal filters will provide for retentiCn of n5ble g sses for dPCay to
atteptable cona ntratien levels prior to release from tM plant's vent.

The reictor coolant pressure boundary will include the reactor vessel, tFe two recircula-
tien lir.ea, main ste111ines, feedwiter lines, and branth lines to their outer ost

isolation +sivei

Enclosing the reattur syster will be a reinferced concrete cylindrical structure
(called the drywell") Enclosing this "drywell" structure is the steel contaircent
structure. The crywell's function is to force most of the ste m , released in a postu-
lated accidentil pressure bound 3ry treik, through the s;ppression pool located at the
t'ottom of the contain~ent, thus, condensing the steam (vapor suppression) and liniting
the pressure buildup telow the containrent's F.aximum design pressure of 15 psig.
Piping restr3ints h3Se been iesigned and will be installed within the centair. rent to
li it the move ent of piping during its postulated post-rupture rovement (pipe
whip) 50 that safety-related cor porents are appropriately protected. A hydrogen
control systen is included which will limit th? concentration of hydrogen evolved

1-;

*'GESSAR



i
1

l

|

\

| |
,

!

I

I

!

p _ _ _ - _

y Offgas Systen

Rddeste Puilding |
~

Auxiliary Cuiloing__ l
__

_

k, g-Control Builoingi I '"'dCl0F bJlldiN9Diesel-Generator Mi .

f| Building __ s ,

*' Diesel-Generato-

| "{r , ',-
,

Eu 11 ding !
.. ,

-

s i-Fuel Building7 '

/
|

-
-

!

_____. -

fiuclear Islarid
figure 1-1

|
- - _ _ _ _ _ --. --.-_. _._. ______3

1-5
~7 1 g- fGESSAR



during a postulated loss-of-coolant accident, which ov'.r a relatively short tire
teriod could build up to unacceptable levels in the drywell, t>y rixin; it with the air

in the larger certainc ent volur e. Long terr hydrogen buildup will be CLntrolled by
crywn-hydro:;en rectrbiners loca ted wi thin the auxiliary building. Isolation of the

pri-ary cont ain ent will eccur auto:.atic ally whenever there exists a potential for the
release of radioactisity due to ligh activity leve s in containrent, rer instance,

the primary containrent and the nuclear stea supply Jsten will t'e isolated and shut
off, respectively, for the unusual ccrditinns of low water level in the reactor vessel,
riqh radiation level in the min steamline, Nin steanline high finw cr Icw pressure,

drywell high pressure, and other crnditions des _ribed in rdSSAR.

Tre reactor protectinn syste- (PPS) will provide the reans so protect against condi-
tiens that may cause fuel failures er a breathing of the raclear systen process barrier,
tNereby limiting uncentrolled releases of radioactivity ti unrestricted areas within
10 UR Part 100 revire"ents. The ;PS will initiate a reactor scrar following an

gross failure of fuelabnnr al crerational transient or pressure pulse, or follcwing i

or of the nuclear syster process barrier. The RPS ill L.e a reliable system designed

to m et the standards specified in IEEE-279, " Criteria for Protection Systems for

'.2; lear Power Cener3tinj S tations.

f.cmil reactivity control or rapid scran (shutdown) cf the reactor will be achieved by

the bottom-entry cruciforn-shaped ccntrol rods (neutrca absorbers) that will be moved

vertically in the saces between fuel asserbly channels by a hydraulic drive rechanis*,

w3ter is the hydraJliC fluid. For rapid insertion, nitrogen under pressure in an

acc rulator provides the driving force. Each control rod will be independent of

tho other rods and hive its own hydraulic control systen. A standby liq;id control

systen will also be available for use in injecting a t,oren solution into the reactor

for erergency, Icng-term reactivity control.

En;1neerei s3fety features will provide the capability to contain fission products

ase.und to be rele) sed during a hypothesized design-basis accident to restrict radio-

activity releases to acceptable levels, provide for beat removel for energency core
cooling, and con % nse steam within the containmert. Cetails on these engineered
safety features are presented elsed ere in this Safety Esaluation.

This containment will house the reactor and its pressure suppression type primary

containment systen. The auxiliary building will house the engineered safety features

and their auxiliaries and Division 1 and 2 switchgear.

Operation of the standby gas treatrent system (SGTS) will produce a negative internal
pressure, af ter building isolation, such that the atmospheres within the building
enclosing the containment and wit.nin the auxiliary building will be filtered and

discharged to the environment via the SGIS.

Other safety-related structures in the nuclear island such as the fuel building, the
control building, the radwaste building, and the diesel generator buildings are also
described in this SER.
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1.3 Sh rrd Systers4

GESSAR is a design for a single unit. Shared systens have not been discussed or
reviewed for GESSAR. Structures, systems and components within the nucleac island
that are irportant to safety will not be shared. Sone GOP iters that are related to
safety systems may be shared. Inclu@d in this area are such things as offsite power
and the ultimate heat sink. The detailed designs and interface requirenents for the
shared systens will be reviewed in the context of a utility's application for a con-
struction permit.

1.4 C_opparisnn with Similar facilities

Many features of GESSAR are new GE designs, however, r.any aspects of the plant are
similar to those we have evaluated and previously approved for other nuclear power
piants. To the extent feasible and appropriate, we h3ve r.ade use of our previous
evaluations during our review of those features that are similar to GESSAR. The
results of our review of GESSAR, as listed in this SER will be somewhat different
than previous SLR's. The GE5SAR SER will be different in that it is intended to stand
on its own with a minimu use of references to previous designs and reviews. To them

extent possible, we have presented, in th's SER, our technical bases for each safety
conclusion reached.

To assist in better understanding the relationship of the GESSAR (EWR-6/ Mark !!!)
design to other BWR designs, a comparative listing of principal parameters and features
for GESSAR, Grand Gulf, Ferry and LaSalle is presented in Table .-l of this SER. Our
5LR's for these other applications are available for public inspection in the PDR at
1717 H Street, N.W., Washington, D.C. 20545.

1.5 Identification of A7ents and Contractors
As stated previously, General Electric Corpany is responsible for the " nuclear island"
scope of supply. Future utility applicants referencing GESSAR will retain their own
architect-engineers, constructors, turbine-generatcr vendor, and consultants as needed.
for each f uture application, we will review the technical qualifications of the
applicant, along with his contractors, to nanage, design, construct and cperate a
specific r2 actor plant prior to the issuance of a CP.

1.6 Surrury of Principal Peview Matters
Our technical review and evaluation of the GESSAR information submitted by the appli-
cant included and excluded the principal matters discussed below.

We evaluated the site design envelope parameters including the wind loadings,a.

design bases tornado, design bases flood evaluation, the design bases earthquake,
the snow loading, and maximum precipitation. Items in our site evaluation that

are not within the GESSAR scope and that will be covered in future applications
for plants referencing GESSAR are the exclusion area determination and control,
the population distribution, use of adjacent lands and waters, the effects of

the presence of nearby rrilitary facilities, ef fects of industrial or
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TASLC 1-1

P_rincipal Parameters and Desion Features
of GLSSAR, Per_ry, Grana Gulf and LaSaTler

_ _ _ _ _ _ _ _ _ _ _ _ _

_LaS llePa rge t er_ of_F ea t u re, G_E 5_5 A R. Pery Grand _ Gulf A

Rated Power Lesel (MWt) 3579 3579 3833 3323

Desfgn Power (MWt)
(ECCS design bases) 3758 3758 4025 3489

Net Electrical Output (MWe) 1220 1220 1290 10F6

No. Fuel Assemblies 737 73? 734 764

Fuel Rod Array 8xa*(63 rods) 8x8*(63 rods) 8x8*(63 rods) 7x7(49 rods)
No. of Control Rods 177 177 193 185

* Fuel assembly contains I water rod.

Maximum Design Linear Power (kw/ft) 13.4 13.4 13.4 18.5
Reactor Vessel, ID (in.) 238 233 251 251

Vessel Height, inside (ft. in.) 10-10 70-10 73-0 72-11

Vessel Wall Thickness (in.) 5.7 5.7 6.14 6.14

Clad Thickness (in.) 1/8 1/3 1/8 1/8

No. Recirculation Loops 2 2 2 2

Recirc. Punp Flow Rate (gpm) 35,400 35,400 4 4,9M, 47,250
No. Je t Pumps 20 20 24 24

No. Steam Lines 4 4 4 4

Steam Line !C (in.) 26 26 28 26

6
Core Flew (lb/hr) x 10 105 105 113.5 103.5

6
Steam Flow (Ib/hr) x 10 15.396 15.396 16.488 14.95

ECCS

No. LPCS pumps 1 1 1 1

Flow (gpm) at 122 psid 6000 6000 7000 6350
No. HPCS Purrps 1 1 1 1

Flow (gpm) at 1130 psid 1465 1465 1550 1550
No. RHR Pumps (LPCI node) 3 3 3 3

Flow Rate at 30 psid per pump 7100 7100 7450 7450
No. ADS Systems 1 1 1 1

Containment Design

Type Mark III tiark III Mark III Mark II
Drywell Concrete Concrete Concrete Concrete

Cylinder Cylinder Cylinder Cone Section
Design Pressure (psig) 30 30 7 45

Containment freestanding freestanding reinforced N/A
steel steel concrete
cylinder cylinder

Design Pressure (psig) 15 15 15 N/A

,
-,
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transportation accidents close to the plant, the consequences of an aircraf t
crash, the eviluttion of the reteorological reasurements program, the effects of
toxic cherical or qaseous releases on plant operation, and the effects of explosions
near the facility.

Our site evaluation was performed to determine whether the proposed desian could
reet the fo rission's siting criteria (10 CFR Part 100) at typical sites that
have received approv3l in the past.

b. We evaluated tFe design and expected performance of the nuclear island's struc-

tures, syste"s, and corponents ircortant to safety to deternine whether they are
in aaord with tro Conr ission's Gereral Desian Criteria (GGC), the Connission's
Cuality Assurance Criteria, and other applicable cuides, codes cnd standards, and
s' ether any departures fron criteria, codes and standards have been identified

u d justified.

c. We eolluated the ennected response of the facility to various anticipated oper-
atira transients and to a broad scectrun of postuiated accidents and deternined

: tat the potential consequences of a few highly unlikely postulated accidents
(design basis accidents) wculd exceed those of all other accidents considered.
wo pe r f o rnea conservative analyses ci these design basis accidents and deternined
t& it the calculated potential of fsite doses that night result in the very un-

likeli event of their occurrence would be well within the Connission's quidelines

fcr site acceptability, as given in 10 CFR Part 100, for typical sites.

We did not evaluate the plans for the conduct of plant operation, the oroaniza-'

tional structure, the technical qualifications of the operating and technical

support personnel, or the reasures taken in the unlikely event of an accident

that right affect the gereral public. These itens are outside GE's scope of

supply in GESSAR and will be addressed in future specific utility applications

roferencing GESSAR. This is consistent <ith the requirements of Appendix 0 to

10 CFR Part 50.

+ Wo evaluated the design of the systens provided for control of the radiological

effluents from the plant and deternined that these systers, in conjunction with

an acceptable E0p design, reasonable neteorology and site boundaries, will be

ible to control the release of rad;oactive wastes within the limits of the

Connission's regulations in 10 CFR Part 20 and that the plant will be operated in

such a ranner as to reduce radioactive releases to levels that a-e as low as
practicable in accordance with the Connission's regulations in 10 CFR Part 50.

f. We did not evaluate the financial qualifications of any utility applicant to

deternine whether its financial position is adequate to design and construct the

facility, since this is a matter for -eview in individual CP applications This

,s also consistent with the requirenents of Appendix 0 to 10 CFR Part 50.

]'
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The GE55AR application contained r;ew and significantly mdif f ed f eatures that are
dif f erent than previous EWR-6/ Mark Ill containment designs that have b yen evaluated
by the staff. These items are noted below,

a. GE has proposed new desigrs in five instrument and control areas. These changes
are a new Control rod position detection system; a new rethod of increasing the
negative reactivity during a scram to cope with changes to scram-reactivity
darin] core life; the use of ganged control rods; a revised red p ttern control

system; and finally, a solid state, 2-out-of-4 protection systen. This is dis-

cussed in Section 7 of this SER.

b. Based on further boiling transition tests, GE has developed . new figure of
nerit for expressing the BWR thermal margin. The result is a new GL Therral
Analysis Basis (CETAB), which is discussed in Section B.4 Of this SER.

c. We m rbed with GE in obtaining resolution to some previoasly outstanding pro-

blems including post-LOCA H2 gereration and control, a main steam line sealing
system suppression pool bypass and testing, drywell structural and leakage
testing, qality classification of main steam r dwaste and auxiliary systems
and interface definition and quantification.

1.7 Flcility_ Modifications as a Result of Regulatory Staff Review
1.7.1 Facili ty Modi fica tions Nde by_GE

As a consequence of our review, a number of changs were made to the GLSSAR design.
These modifications are discussed in greater detail in appropriate sections of this
.po. t Esamples of changes which were made are as follows. References to sections

of this SER where further discussion is provided are in parentheses.

(1) An increase in the wind loading, snew and ice loadings and elevation of ground
water with respect to the foundation mat will permit the plant to be used on nore
sites (3.3.1, 3.3.3, 2.4.3).

(2) The seismic instrumentation program has been aug ented (3.7.4).
(3) A main steam line leakage control system has been added (9.3.1).
(4) The RCIC system has been upgraced to an engineered safety feature (5.4.4).
(5) The operability of active components will be verified by testing (3.9.2.4).
(6) Design measures have b':en taken to protect against the dynamic effects associated

with pipe breaks (3.6)

(7) A finite eierent method will be used to analyze various soil conditions to eval-
udte soil structure interections (3.7.3).

(8) Fuel building has been upgr6ded to w'thstand tornado missiles (9.1.21
(9) Methods 7oi Seismic Analysis comply with requirements of Regulatory Guides 1.60'

and 1.61 (3.7.1).
(10) Main Steam Line and Feedwater Piping Reclassifica: ion (3.7.2).

(11) Mark III containment cnonges to accomodate pool .well testing results (6.2.1.9).
(12) Increased drywell design p Nssure margin (6.2)
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til) Test 2 to ve ify that controls on stainless steel are adequate to prevent sensiti-
lation (6.21

(14) GE agreed t3 preoperitional vibration tests on Class 1 and 2 piping systems
(3.9.1.1).

(lf Peduced c(ntainment leakage design criteria.

1.7.2 facility _Modifi.ations Pequired bv the Staff
During our review, GE did not agree with several staff requir r<nts. As a re' ult,

these requirements will becoce conditions of the FDA. Further discussion is provided
in the section of the %5R listed in the carentheset

(1) GE nust use acceptable tornado missile velocities (3.5.).
(2) We will require GE to adopt the staff's criteria for establishing dynamic

loads on structures located in and above the suppression pool (6.2.1.9).
(3) If GE wishes to purge the containnent continuously, they must meet the require-

ments concerning filtration and purge line size (6.2.4).
(4) GE nust provide measures to preclude operation of any individual MSIV-LCS if

the associated int.oard MSIV in the steam line connected to the LCS is not
f ully closed (9.3.1) . In addition, the setpcint for the flow elenent timer in the
inboard LCS rust be set at 11.5 cf h (15.3.1).

1.8 F9_quirements for Future Technical Infomation
1.8.1 Developnent of EWR Technolor)y

ibe applicant has identified in GESSAR Section 1.5 and we have listed in Table 1-2 of

this SER, the research and development programs applicable to the GESSAR plant.
ihese programs are dined at verifying the nuclear steam supply sy'; ten and containment
designs and confirming the de.ign margins. The objectives, schedules for completion,
and current results are suTarized throughout this SER.

General Electric Corpany has recently infomed us that as a result of the nornal
design process, certain nodifications are expected to be made in the BW9-6 8s8 fuel
design. These changes are being made to improve the performance of the fuel during
norm l operations. An added effect is that the average power uensity would be reduced.
These changes will be reviewed on a post-PDA basis. The present schedule calls for
GE to submit a topical report discussing tre design charges in Ocotober 1975. This
is to be followed by a lead test assembly program scheduled to start in January 1976.
The staff expects to complete their review and publish a SER on the new fuel in
Novecber 1976. In the event the proposed changes are not acceptable, the present
fuel design described in Section 4 of GESSAR and our SER would be acceptable. We
consider this acceptable for the issuance of a PDA for GE.

We conclude that the applicant has identified and will perfom the research and

development necessary for the design and safe operation of the plant on a timely
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TAELE l-2

DEVELOPMENT AND VERIFICATION TEST PROGRAMS AND MAJOR POST-PDA EVALUATION EFFORT

PROGRAM PURPOSE STATUS DESCRIEED IN
_____._.__._ _ _ _ _

I. Fuel Surveillance To verify performance of select 8 x 8 Ongoing SER Sectinn 4.2.1
Program fuel assernblies Response to Question 4.40

_ _ _ _ _ _ _ _ _ _ _ _ _ _

II. Critical Heat Flux Develop more accurate heat flux correlation Complete SER Section 4.4
Testing SER Appendix E - GETAB

NED0-10958
__

_
_

III. Instrumentation for Develop a system which utilizes sensors exterior Under SER Section 5.2.1.4Vibration and to RPV to provide continual monitoring for impact Development GESSAR Section 1.5Loote Parts and vibration of loose parts during operation
Detection

__

c3
IV. Safety Relief Valve Verify reliability of new valve design Ongoing SER Section 5.2.2m -

$h Surveillance Program
N

V. Verification of Pres- To develop data necessary to substantiate analytical Ongoing SER Section 6.2.1.6
sure Suppression model describing performance of Mark III contain- GESSAR Section 1.5
Deln ment designi

VI. Suppression Pool To investigate pool swell phenomenon and its ngoing SER Section 6.2.1.9o

Dynamics impact on Mark III design Table 6.2-2

VII. Core Spray To verify that core spray headers will provide Results due late '75 SER Section 6.3.1
Distribution adequate cooling water to all assemblies GESSAR Section 1.5

____.

VIII. Study of Effects of To demonstrate that inadvertent AD5 actuat'an has Ongoing SER Section 7.3.2.2
~-

Relief Valve Blow- acceptable safety consequences GESSAR Question 7.26down During Various
N Operating States

_
__ _ _ _ _ _ _ _ _ _ _ _ _ _ _.

__

1 4
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TABLE l-3

PCST PDA ITEMS

ITEM DISCUSSED IN SCHEDULE STATUS

SER IN SECTIn4
_ _ _ __ __ _ _ - _ _ - _ _ - _ _ _ _ _ _ _ - . - _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _

1) Leakage characteristics of primary coolant pump 3.2.1 Staff questions to be istued in early 1976.
CE response prior to FDA

seals.

2) Description of combined effects of SSE and 3.9.1.4 Tc,ical response due Mid-1976

Steam line breah-

3) a. List of specific equipment to !+ seismically 3.10 Under staf f review; estimated for cor pletion
mid-1976.

qualified.

b. The qualification procedures to be used.

4) a. List of specific eq.ipment to be environmentally 3.11 Under staff review; estimated for completien

mid-1976.
qualified,

h, b. The qualification procedures to be used.
US e

C 5) Preliminary design of drywell penetrations. 3.11.1 Under staff review; estimated for corpletion

h"$
'

by mid-1976.

6) Procedures and methods to be used to qualify the shield 3.l'.1 Complete staff review mid-1976.

building, containment and drywell penetrativos.

7) Implementation methoGs of Separation Criteria for 3.12 Staff review complete mid-1976.

Safety Related Electrical Equipment.
-J

8) Detailed Inf ormation on: 4.3.7 The follcwing Topical Reports have been or
will be submitted

- a. Lattice Physics Methods
b. BWR Simulation Code (a) Draft 8/6/75
c. Verification of Corc Calculation Methods (b) Draft 12/10/75

(c) Drafts 7/22/75 and 7/1/75 Final 1/30/76

cc) 9) Confirming data from large scale Mark IIItest 6.2.1.6 Licuid blowdown, small break, elevated

for short term containment response. temperature, and multivent tests and
verification of Pressure Suppressicn design -ps '3
submitted by Nov. 1977.

10) Assumptiens used to size containment vacuum breakers. 6.2.1.5 Fesporse by Febcary 1976.

11) Environmental design criteria for isolation valves and 6.2.4 Pesponse by mid-1976.

Other safety-related equipment in drywell and containment.



TABLE l-3 (Contd.)

FOST PDA ITEM _S.

ITEM DI5CU$$fD~lN-~~~~ WETLT[ STATUS
SER IN SECTION

12) Address Question 6.125 (manual operation action 6.3.1 Response by October 1976.on ECCS following a LOCA).

13) Proprietary version of 8x8 Z Spray Cooling Test. 6.3.1 Topical Report due Dec. 1575.r

14) New Modified Instrumentation anc Control Systems 7.0
Preliminary Design Review for: Currently under staff review; estimated for
a. Reactor Trip System completion by Spring 1976.
b. Engineered Safety Features Actuation Systems
c. Safe Shutdown Systen
d. Safety Related Display Ins trumen ta tion

All other instrumentation required for safety.e.
f. Control System-Reactor Manual Control System,

Recirculation Flow Control Gaseous and Liqu.o
c3 Radwaste Controls, Feedwater Flow Control, and

0] _.
interaction between safety and non-safety controlr1

' systems.N;
15) Scope of Onsite Electrical System for GESSAR. 8.0 Response by early 1976.
16) Review of HPCS-(onsite electrical system). 8.0 Questions from staff review of Tepical

NEDO-lC805 to issued late 1975. GE
response prior > FDA review.

17) Fast Scram 5, ' tem and Chapter 15 Transients. 4.2.3 and GE information on cri teria, preliminary15.2 design, confirmatory test program, and
transient evaluation by late 4975.

18) Preliminary Design of System to Control Bypass Section 6.2.3 Que April 1976.Containment Leakage.

19) Anticipated Transient Withcut Scram ( ATWS) 15.4 Resolution prior to FDA review.

~

~:
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schedule, and that, in the event that results of any of this work are nct successful,

appropriate restrictions on operation can be imposed or proven alternate designs
Can be utilized to protect health and safety of the public.

1.8.2 Post-PDA Review

As discussed in WASH-1311, part of the evaluation of new or unusual design features
may result in our review continuing into the post-PDA phase. Table 1-3 lists areas
scheduled for continued staf f review af ter the PDA issuance, but prior to GE's
sutnittal of the GESSAR design for an FDA review, together with a schedule estinate
f or the submittal of post-PDA information or completion of staf f review. The major

iten of this type in GESSAR is the instrumerf ation and control (I&C) areas. We are

cur "otly reviewing this area, and as stated in Chapter 7 of this SER, we will report

tb results of our review in a supplerent to this SLR and present our evaluation to

the ACRS for thier consideration. We have concluded in this SER that the proposed

I&C system designs are within the state-of-the-art and the conceptcal designs, design
bases and criteria given in GESSAR for these areas are acceptable to issue a PDA.

l.9 Technical Qualifications
The General Electric Comp 3ny is *.he applicant for a PDA for GESSAR. General Electric
is responsible for the design of the nuclear island. They have subcontracted to the

C. F. Braun and Company to proside engineering services related te the design of the

nuclear island structures. Construction and operation responsibilities belong to the

utility referencing GESSAR.

General Electric Co pany tas been engaged in the design, development, construction and
cperation of boiling water, test and research reactors for 20 years. They have also

g3ined experience by condu; ting nuclear research and develop-ent programs for the
utility industry and government. At present, GE has about 20 reactors licensed to

operate throughout the world and has many reactor years of successful operating
experience behird it.

C. F. Braun & Co., have been performing engineering and construction sicvices through-
out the world since 1909. They have provided these services to the chemical, mining
and utility industries and in recent years have designed major facilties for the AEC.

We have reviewel the qJ3lifications of the General Electric Company and its subcontrac-

tor (C. F. Braun F. Co. ) and have concluded that they are technically qualified tn design
the GESSAR facilities, and to provide the equipment within their scope of supply.

1.10 Conformance_of__GES_SAR_to l_0 C.FR SO A pendix_0

1.10.1 General

Cn January 17,1975, about 18 ronths af ter docketing GESSAR for review, the NRC pub-
lished in the Federal Pegister (40FP2974) amendments to 10 CFR 50 related to the
standardiZa tico of nuclear reactors. Appendix 0 to 10 CFR 50 is related to the

Reference Systen" concept which applies to GESSAR. This appendix sets out the
procedures for filing, staff review and refereal to the ACRS of reference designs
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we have reviewed GESSAR against the information requirements specified in Appendix 0.

In general, the information required for a reference system is the same as that needed
for a custom plant review. Most of the requirements of 10 CFR 50.24 need to be met
for the reference design. Other information related to the special circumstances
associated with a standard design is also needed. ihis includes interface infortation
(discussed in Section 1.10.2 of this SER), site envelope parameters (see Sections 2
and 15 of this SER), quality assurance of the applicant (Section 17 of the SER) and
qualifications of the applicant (Section 1.9).

Appendix 0 also requires a discussion of the features that affect plans for copinq
with emergencies in the facility. Teatures such as the post-accidont monitorina
instrumentation including inplant activity monitors (Sections 7.6, 11.5.1 and 12.2)
have been included in the standard desian application.

All of the above items have been reviewed and our evsluations are presented elsewhere

in this SER.

1.10.2 Interfaces
Interface inforr.ation was provided in GESSAR between the nuclear island and the site
which included retem o gy (Section 2.3 of GESSAP), hydroloq/ (Section 2.a of GESSAR)
and seismololy (Section 2.5 of GESSAR); and between the nuclear island and the mating
balarce of plant (BOP described in Section 1.10 of GESSAR. GE has identified all

systers and components which interface with the BOP, and for each such system and
co conent has established the fundamental requirements tha t rust be satisfied by the

nating portion of the BOP. Section 2 of this SER contains the site related inter-
faces. In Table 1.10.1 of GESRAR, GE identific the functional interface and, to the

extent possible, the quantitative parameters (such as temperature, pressure and flow)
which rust be met in order to meet the nuclear island safety-related requirerents

provided at the interface between the nuclear island and about 14 BOP systec2

In some cases, not all of the numerical values are avm slable at this tire since the

final design of nuclear island equipment and systems is not yet available. This is
particularly the case for instrumentation interfaces with the E00 discussed in Section
7.8 of this SER. The detailed quantitative infornation is not available at this tire

and is not needed for the PDA, since identification of the interfaces as well as the

criteria and bases for the interfaces are all that is needed for the PDA.

As we continue our review of interfaces during the evaluation of the rating BOP desians,
rew and outstanding interface parameters will be addressed. It is the responsibility
of the utility-applicant to satisfactorily resolve these interfaces for their application.
At the FDA stage, we will review the interface details and complete the interface
evaluation of GESSAR.

We conclude that the nuclear island interface infornation provided in GESSAR is accept-

able fc- the PDA.
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2 J; , I.T_E C.H| M_C T E R I S T _I_C S
_ - - - .

2.1 g raphs a n d Co .; ;rgny_
These will be reviewed for each application referencing GESSAR.

.J 21rbv Industrial, Tr3nsportatien and Military facilities
These will be reviewed for each application referencing GESSAR.

: 1
' *

1c 7_g

, tails on the 't ccreric diffusion characteristics of a proposed nuclear power

plant site are reqJired in order that a determination nav be rade that postulated

accidental as << ell as routine operatior.al releases of radioactive materials are

well witnin NPC quidelines. TFe reteorcloJ cal characteristics of a proposed sitei

a rt deterninsd by staf f evaluation of meteorological data collected at the site in

accordance with reg;1atory Guide 1.23, "Cnsite "eteorological Progra-s. This cro-
cedsre will L+ follo<.ed in review of any application for a site which will cont 3in

tFe CESSAP standard plant. The discussion which follows ralates to the " envelop 0' of

site eteorologic31 conditions proposed by the applicant for the stand 3rd plant wh1Ch

provides ari indic) tion, in adsance of the oramination a particular site, of the*

tv e o' site ior which the stand 3rd plant is proposed is suitable.c

1.1 - linnal Cli t * ll qs

T' e er.eral t_lectric 5tardard Plant is je;igr ad for an en sircr-ontal terreratuee

u " P: cf fro -al F to +115' F ( ~0 ~C to +26'C), which is adeqwite for over 90
arcent of the centiguous Un. ;ed States. The design basis wind velccity of 130 mph

at a heignt of 32 feet atoee grade with 3 recurrence interval of 100 years would be
4 de'ua te 'or grea ter than 90 of tne sites althcagh se~e east and gulf coast sitos
a/ be exclud>J >ince tho winds associated with the Probable Maxi- - Hurric3ne could

ox ceed 130 an. Tho design L3 sis maxi am tornadic wind velocity of 360 och and
muimum pressure dra > of 3.0 psi is adeq nte for all areas of the United States. The

sign basis snea and ice load of 50 noands/sq#1re foot is adequate for many areas'

n 1 t h i n the cor,t i ; .1;; L'nited /ates, although such loads md> be owcceded in se.eral
regions, espt:ially in ;^r e r.nrther n portions of the ceantry. Further discussion of
t he snew load l i-i ta ticn is prosided in Section 3.3. 3 nf tre SEp. Sites for which the
atre'e te eratures aro outside the range presented abo ve, for which the design basisr

<.1rd of 131 ph oay be exceeded, or for which the design basis snow and ice load m y
ri inide pite will te evaluated on a case-by-c3se basis.

, .
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2.3.2 Local Meteorolony
The design basis at: ospheric dispersicn conditions s,;ecified for GESSAR are equivleat

to those presented in Pegulatory Guide 1.3, " Assumptions Used for Evalua ting the
Potential Radiological Consecuences of a Loss of Coolant Accident fcr Soilir nater

Peactcrs Larger e>clusion and low population zone distances can co"pensa te for

sites with less favorable "eteorolcgy. Case-by-case analysis will be dor.e for

proposed nuclear plant sites within the United 5*.ates. A reteorolor;ical data colin-

tion program, confornir.g to the provisions of Regulatory Guide 1.23, "Onsite Metecro-
logical Programs, can verify that atmospheric dispersion characteristics of the site

are within the design envelope of the plant.

2.3.3 Cnsite Metrorological Wasurements Pro 7ren
The 1pplicant nas stated that the dispersion conditions at the site will be verified.

Since the onsite reteorological reasurements program is aisred to be site scecific,

GE does not include a description of an ensite Peteorological easurements pro'; ram.
This is the responsibility of the utility applicant and will be reviewed ^n a cast-

. ty-case basis.

m.3.4 Gr.rt-Tem Hccidentj Dif fusion Estima tes
The procedures used by the applicant (as presented in Pegula tory Guide 1.3) to deter-
ine accident dif fusion estimates are generally acceptable although the assu~ption of

ar elevated release fron building vents if wird speeds are less than 7 aph is not
acceptable to the staf f. Of those sites previously evaluated by the staf f, only 30 -
had higher X/Q values />cre restrictive dispersion conditions) than the value of 1.0

-3x 10 sec/n used in the calculations fcr the 0-2 hour period in Section 15.0.

2.3.5 Lcog-Tern (Routinel Diffusion Estimates
The applicant does not provide any meteorological assurptions or proceures to be
used in evaluating the lcng-ter"' atmospheric dispersicn char 3cteristics of a site.

Dif fusion estimates for routine releases fron plant buildings and vents are to be
tased on reteorolcgical data collected onsite. An evaluation of annual average
atrospheric dispersion values for routine releases will hive to be m de on a case-by-
tase basis at each site using reteorological data collected onsite in an acceptable
manner (see Regulatory Guide 1.23), over at least an annual cycle.

2.3.6 Conclusions

Justifica tion a*. sites where any of the reteorological para ~eters fall outsida the

envelope listed in Section 2.3 of GESSM will have to be presented by the specific
utility applicants. In addition, the final detemination of the acceptability of any
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proposed si te, wi th respec t to r.ett orologica l condi tion' as tney affect ? art 109

guideline dose calculations, will te baud upon evalua:ien of riotearological con titioni

applicable in that site in tombination with the applicable e,.clusion area 391 low

population zone distances.

?.4 Hydrology

2.4.1 Floois
lhe applicant proposed that graJe levels for all safet/-related facilities be located

at least one foot above the design t,ases flood level, including an allcwance for coin-

cident wind generated wives, and has referenced Pegulatory Guide 1.59, " Design iases

Floods for %cle1r Pawer Plants, fcr criter;a. no co'1clude that thes basei are

acceptable criteria.

Protection of >afety-related structures against locall/ heavy precipitation has been

identified as roof drains with 4 inches per hour capacity ind overflow c.ipability to

limit standing water to 9.5 inches ($ bout 49 pounds per square foot). Specific site

drainage will be reviewed with individual applications to assure that ponding abo.e
plant grade adjacent to safety-related buildings has been precluded-

2.4./ Sa fety-Pelated Witer Supp11- Ul tima te PN t Sink
This is a subject that is the responsibility of and will be discussed by the specific
utility applicant. Interf ace requirer ents that need to be r:et by the ultimate hea t
sink are discussed in Sections 1.10 arf 9.2.1 and Table 9.2.3 of GESSAR.

2.4.3 Groandwator

The GESSAR design envelope includes provisions for groandwater lovels up to within
2 f eet of plant grade in the design r f the f acility.

2.4.4 C o n_c l_us i nns

The proposed flcoJ and ground ater criteria are accept $ble to the staf f.

Geo_lojj_anl sois~ololyc.

The goolow, seismology and foundation engineerirg investigaticos repaired by
"ppendix A to 10 CFR Part 100 and the Standard f or-at ind Content of Sifety Analysis
Peports for Nuclear Power Plaris, Pevision 2 will be reviewed by the staf f for eich
in lividual site f or which an application is made. The staf f believes that the
proposed seismic design of 0.3g will h.' adequate 'or 73' of the nation east of the

Rocky Mountains. The limiting condit' an associa ted wi th 0.39 is the potential for
f oundation liquefaction. This can be overcome b. corpiction or other means. lhis

condition as well as the potential for subsidence will the to be evaluated on a caso-
by-case basis.

_, ,,i
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3.0 DFSIGN Dr S TRUCTWES, SYSTEMS, A'.D COMPONENTS

3.1 Confor,'ance with MC Ge..eral Design Criteria
General Electric Company presented in Section 3 of GESSAR, their evaluation of the
design bases fqr GESSAR, with respect to the NRC's General Cesign Criteria (GDC) as
contained in Appendix A to 10 CFR Part 50. Based on our evaluation of the pre-

liminary design and of the proposed de:ign criteria, we conclude that subject to
the applicant's adoption of the additional requirerents made by us, as discussed in

this report, they are in conformance with the GDC.

3.2 Classification of Strt.ctures, Systen and Corponents
3.2.1 Sois,ic Classification

Except for those items identified below, s tructures, system md components imortant
to safety that are required to withstand the ef fects of a Safe Srstoown Earthquake
and remain functional have teen properly classified a; seismic Cateqcry I items.
Rese plant feltures are those necessary to assure (1) the integrity of the reactor
coolant pressure boundary, (2) the capability to shut down the reactor and raintain
it in a safe shutdown condition, or (3) the capability to prevent or nitigate the
consequences of accidents which could resalt in potential of fsite exposures cor-
parable to the T;idelir.e exposures of 10 CFR Part l' 0.

All other struc tures, system and components that r:ay be reqJired for opera tion of
the f acilitj are Jesigned to other than seis^iic Category I requirerents. Included
in this classification are those portions of Category I systems which are not
required to perfor- a safety function. Structures, syste-s an1 co n onents important
to safety that are designed to withstand the effects of a Safe Shutdown Earthquake
and re ain functional have been identified in an acceptable manner in Table 3.2-1
of GESSAR.

GE classified tho discharge piping from the relief valve to the anchor point as
seismic Categary I and the remainder of the piping f rom the anchor point to the
suppressinn pool as non-seiric Cateinrf I. Ine staff did not originally agree with
this non-seisnic Category I classification since GE had not shown that failure of the
discharge piping would nnt drage or degrade other safety-related eqaipment.

In Ar end'ent 20 (Section 5.2.2.2.3 of GESSAR), GE noted that the loads for which this
porticn of piping were to te designed resulted in frequent su morts anchored to the
drywell wall. F3ilures of this piping tetaecn supports would not adversely af fect
the func tioninq of ary saf ety-related equiprent. We aave reviewed this information
ard agree with GE that this section of piping may be excluded fro"1 m ating the seismic
Ca tegory I requirerents per Pa rt C.2 of Regulatory Guide 1.29.

3-1 '

GESSAR



M proposed a Quality Grcup D and non-seismic classification 'or those lines of the

corporent cooling wMer syste-n that are used to provide cooling to tho recirculatien

pu*p motors. The staf f was concerned that the loss of cooling water from these non-
seisnic lines could result in a notor seizure that could result in exceedinq reactor

theval liri ts . Analyses of reactor recirculation pu~p notor benavior following

corplete loss of cocling water were provided to the staff. The GE analyses indicate
that if the initial cooling water loss alarm and the subsequent bearing temm rature
alarn (about 6 rinutes later) are both ignored, the bearings will continue to operate
another 6 to 10 minutes before nelting. The response further states that such relting
will not cause motor seizure and assuning the worst possib'e steel to steel friction,
the notor will trip on overload caused by the added friction. Under these conditions,
there would be only a slightly rcre rapid flow coastdown than that following a normal

pump trip and will not result in unaccentable fuel damage. Review of these results
indicate that the consequerces of the coolinq water failure are acceptable. Ve

therefore ennclude that the proposed Quality Group D and non-seismic classification of
those lines of the cornonent cooling water system that are used to provide coolinq to
the r ecirculation pump motors is acceptable.

The staf f plans to further review with the appli 't, during the post-PDA review, the

leakar;e characteristics of prinary coolant through the purp seals as a result of
assumed seal water or cooling water failure to assure that the resulting leak ace can
be nade up through plant cooling systems As this study progresses, further inforration

ray t e required and certain system changes could be indicated. We conclude that the
potential nature of the systen changes involved pernit this study and evaluation to be
completed as a post-PDA review iten

GL classified the offgas systen for GESSAP as non-seismic Category I. The staff did

not agree with this non-seisnic classification, and this was idontified as an area of

concern by the Advisory Conrittee on Reactor Safeauards ( ACRS) reauiring resolution
acceptable to the ,RC staf f prior to issuance of a PDA. It is the staf f's position

that tha charcoal decay tank supports should be designed to an in+errediate level of
seisric design and be capable of neeting CBE requirements as shown by a sinplified
seismic analysis. With this done, the resultant relatively low probability of failure
of +hese tanks allcws us to judgo the radiological consequerces of their failure
r;ainst 10 CFR Part 100 exposJre qJidelines instead of the 10 CFR Part 20 limits or
the limits used in Fequlatory Guide 1.29.

The applicant has new proposed to design the offgas systen delay tank supports to the
soismic design criteria listed in Branch Iechnical Positien ETSB 11-1 which is included
as Appendix B to this SER. 'he conservatively calculated doses resul tinq from the

postulated failure of the delay tark supports are snall f ractions (typical values
range between 0.5 ren and 10 rem dependinq on the site) of the 10 CFR Fart 100 quide-

lico e e sures. On this basis, we corclude + mat tnis deviation fro Fegulatory Gui+
1 . ~' ) is acceptable.
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The basis for acceptance in the staff's raview has been conformance of the applicant's

designs, design criteria and design bases for structures, systems and components
important to safety with the Corrission's regulations as set forth in General Design
Criterion 2, and to Regulatory Guide 1.29, " Seismic Desig.. Classification," technical
staff positions (such as Appendix B to this SER), and industry standards such as the

ASME code.

The staf f concludes that structures, systems and conponents important to safety that
are designed in acCordance with seismic Category I requirenents provide reason-
able assurance that the plant will perform in a nanner providing adequate safequards
of the health and safety of the public.

3.2.2 Sys tem quali ty Group Classification
Except for those itens identified below, fluid system pressure-retaining components
inportant to safety will be designed, fabricated, erected and tested to quality
standards corrensurate with the irrportance of the safety function to be perforced.

The app'.icant nas applied the classification systen identified in Regulatory Guide
1.26, " Quality Group Classifications and Standards" to those fluid containing
cor:ponents which are part of the reactor ccolant pressure boundary and other fluid
systems import 1nt to safety where reliance is placed on these systems: (l) to
prevent or nitigate the consequences of accidents and nalfunctions originating
wi thin the reactor coolant pressure boundary, (2) to permit shutdown of the reactor
a c e' maintenance in the safe shutdown condition, and (3) to contain radioactive
mater!al. These fluid systens have been classified in an acceptable ranner in

Tables 3.2-1 and 3.2-3, Figures 3.2-1 and 3.2-2 of GESSAR and on systen Piping and
Instrrentation Diagrams.

The applicant has classified the discharge piping fron the relief valve to the

first seismic anchor point as Quality Group C and the renainder of the piping from

the anchor point to the suppression pool as Quality Group D. The staff did not

igree that G'uality Group D was an acceptable classification for the major portion
of this piping since failure of the discharge piping nay damage or degrade other

safety-related equi;nent. We required the piping from the downstream side of the

relief valves to the suppression nool be classified Quality Group C unless GE could

ju stify tha t there are no unacceptable saf ety consequences i esulting f rom f ailure
of the Cuality Group D pcrtion of the piping. As discussed in Section 3.2.1 of

tris report, GE has justified their classifications to our satisfactica in A~end-

rent 20 and their design is acceptable.

The applicant has classified the Liquid Radsaste and Offgas systens as Quality Group
D augmented in accordance with Branch Technical Position ET% 11-1, " Design Guidance
fo- Radioactive Waste "anage e t Systems Installed in Light-Water-Cooled N; clear
rower Reactor plants,' w ich is actKhed as Appendi> B to this 5LR.F

GE n3s stated tha t corporr>nts o f the "'3 in s ter ind ", fwa ter s ystens inortant to

t= :1fety of tb plant wil' be designed, faviccted, erected and tested in

'ccordlocc with !be qualit" ud e i s tir design re uironnots Mcrit;ed in the letter
1*3
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of April 19, 1974, f rom J. M. Pendrie of the NRC to J. A. Hinds of General Electric.
A copy of this letter is enclosed as Appendix C. These requirenents are acceptable

as an alternate to the guidelines currently specified in Pegulatory Guide 1.26
(March 27, 1972) and 1.29 (August 1973).

The b3 sis for acceptance in the staf f's review has been conformance of the applicant's
design, design criteria. and design bases for pressure-retaining components such as
pressure vessels, heat exchangers, stcrage tanks, pumps, piping and valves in fluid
systems important to safety with the Connission's Pequlations as set forth in General
Design Criterion I, the requirements of the Codes specified in Section 50.55a of 10
CFR Part 50, and to Regulatory Guides 1.26, technical staf f positions, and industry
s ta nda rd s

GESSAR's pressure-retaining corponents of the reactor coolant pressure boundary are
being designed to the Codes in effect now. CP applicants who reference GESSAR will

need to meet the provisions of 10 CFR 50.55a which are in effect at the tire of

docketin,. We will be periodically updating GESSAR to include code revisions and
new Pequlatory Guides as stated in Section 1.2 of this SER.

The staf f concludes that fluid systen pressure-retaining cm ponents irportant to
safety that are designed, fabricated, erected and tested to quality standards in

conformance with these requirements provide reasonable assurance that the 'lant will

perforn in a nanner providinq adequate safeguards to the health and safat ' of the
public.

1.3 Environmental Loadin3s_
3.3.1 Wind Loadings _

All the Nuclear Island Category I structures listed in Table 3.2-1 of GESSAR will be
designed to withstand the effects of the design wind, and all Category I systems and
components located within will thereby be protected fron its effects. Cateqory I
syster:s and comparents located outside the structures and thus exposed to the wind,
will be designed to withstand its effects.

The design wind specified for GESSAR has a velocity of 130 mph at an elevation of 10
feet above grade based on a recurrence interval of 100 years. In applications where
the plant is locatcd in an area where a higner wind velocity is expected, the plant
Category I structures, systems and components will be reevaluated.

The procedures that will be used to transform the wind velocity into pressure
loadings on structures, systens or components, and the associated distribution of
wind pressures and draq coefficients will be in accordance with the Arerican Society
of Civil Engineers Paper No. 3269, " Wind Forces on Structures." This paper has been
widely used and recognized and has been accepted for use by the Pegulatory staff.
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The design wind loads will be combined with other applicable loads as will t.e discussed

in Section 3.8 of this report.

3.3.7 Torr Ho toading
All the Uclear Isl;.nd Category I structures listed in Table 3.2.1 of GESSM will

be desigr(d to withstand the e+fects of the Design Cosis Tnrnada, and all Category
I systems and comp;nents lonated within will thereby be protected frcm its effett,

Category I systems and components located outside the structures and thus exposed

to the tornado, will te designed to withstanJ ;ts effects.

The Design easis Tornado specified for the plant is selec+ed to "eet the worst tornado

corditions listed in Pegulatory Guide 1.76 in that it has a tangential winJ velocity
f 70 r ph. Ine press';re drop associated witnof N J rpn end a translational velocity o

t u tornado is 3 psi in 2 secords. Furthermore, an apprcpriate spectrum of tcrnado-

generated nissiles is als postulated as will te discussed in Section 3.5 of this

report.

The precedurcs that will be used to transform the tornada wind velocity into pressure

loadings will be in accordance with ASCE Paper No. 3269 except that the pressure will
be applied uniforrly over t"e f ull height of the projected area of the structure and

no g;st factors will t;e 3pplied. The ch=nges result in a more conservative analysis
than the ASCE paper, ategory 7 structures will be designed for the pressure dropr

associated with the Design Easis Tornado which will be treated as a load that varies
with time. The torn 3da nissile ef fects will be detemired using procedures discussed

in Section 3.5 of this report. The total ef fc:t of the Cesign Basis Tornado on

Category I structures, systees and corponents will be deterrined using an appropri?te
corbin1 tion of the ef fects cf wind load, pressure load ard missile load.

Tornado-generated loads will be cortined with other applicable loads as will be
discussed in Section 3.C of this report.

It is un interface requirenent that all the Nuclear Island Catepry I structures will

be interf aced with non-Category I structures in a ranner such that the failure of a
non-Category I structure due to tornado ef fects will not compromise the integrity of a
Category I structure. The safety functions and structural integrity of Category I
eqaipment and structures will thereby be assured.

3.3.3 snow Loading
As discussed in Section 2.3.1, the design basis snow and ice load of 50 pounds / square
foot is acequate for rany areas within the contiguous United States, although such
1 cads ray be exceeded in several regions, especially in som northern portions of the
country. In these regions, some of the other loads (wind and seismic) are typically
lower. Therefora, the total loads on the structure, even with the higher snow and ice
loads, will be less than the total loads for other regions. In other words, even
where the snow and ice loads are greater than 50 pounds /sqaare foot, that may not be
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the liniting design loading for the structures. Sites for which tne design besis snow
and ice load cay oe inadequate will be evaluated on a case-by-tase basis. 5"ow .ind

ice loadings will be conbined with other applicable loads as discussed in Section 1.8.1
of this SER.

3.3.4 Conclusions
We conclude that the procedures that will be utilized to determine the loadings on
seismic Category I structures induced by the design wind, the Design Casis Tornado
dnd snow loading sp6 Citied for the piant are acceptable since these procedures provide
a conservative basis for engineering design to assure that the structures will with-
s tan d suc h environtient il f orces.

The use of tnese procedures presides reasonable assuranca that, in the event of a
design wind, a [esign Basis Tornado or snow, the structural integrity of the plant
seis"1c Category I structures will not be impaired. Soismic Category I systems and
co ponents located within these structures are thereby adequately protected and will
be e pected to perform their intended safety functions if reeded. Conformance with
these procedures is an acceptable , ' sis for satistjing in part the requirements of
General Design Criterion 2.

3.4 Witer Level (Flood) Design
3.4.1 Flood protection

The design basis flood elevaticn for GESSAR is 3cprovirately one foot below the plant
finished grade elevation including allowance fur coincident waves and resultant runup.
We will serify this flood ;rotection on a case-b -case basis.f

Wi+. this as a design basis for the stand 3rd plant, we conclude that the flood pro-

*ectico for seis ic Categorj ! structures, systems and co~ponents for those plants

ttat reference CESSAR will Le adequate.

3.4.: 'osion Frecedures

With the proposed plant grade cne fcot above the elevatien of the de_ ign basis flood,
Category I structures, systems and components will be protected from the hydrodynanic
prenomena associated with the flood. The hydrostatic ef fect of the flood, however,

aill Le consid., red in the design at a'l Cu*eg;ry I structures exposed to the water

ead. All seismic Category I structures wi.' be designed t? rccain statle when sub-r

;etted to either oserturning roments or ugiift 'orces of the f Nnd ne have reviewed
tne proposed loading co-binations discussed in Sec. ion 3.3.4 of SEL'AR ind conclude

that the proposed design procedures to be u;ej for C[S,.*Q are arrept3b'e,

.4.1 D;nc_lgi pnj
_

i

ne conclude that the prosedures trat will Le utilized to determine the i 1 dings on
reis"ir Category I struttures inde ed by the design flocd level specified fur the

vient are acceptable sirce these procedares prcwi& a conscrvative basis for

i(
[ I

'
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engineering design to assure that the structures will withstand such environFental
f o rc e s . Conforcance with these design procedures is an acceptable basis for satisfy-
ing in part the requirerents of General Design Criterion 2.

3.5 Missile Protection Criteria
Structures, shields and barriers that will be designed to withstand the effects of
the various postulated missiles, are listed in Section 3.3.1 of GESSAR. The missiles
that can potentially impact each structure, shield or barrier are identified in

Section 3.5.2.

3.5.1 Internal Missiles
Missile protection will be provided to ensure the safe shutdown capability of the
GFSSAR plant. The seismic Category I structures, equipment and nuclear safety
rela ted syster s will be protected f ron postulated missiles ger.erated by internal
rotating or pressurized eq;ipment through basic plant arrangement such that, if
equionent failure should occur, e resulting missile will not cause the failure of

the seis.'ic Category I structures or nuclear safety related equipment. physical
barriers will be provided, when r quired, to isolate the missile source or to shield

essential components. Redundant engineered (safety) equipment will be protected
such that one n ssile cannot cirJltaneously damage both trains

Eased on the resiew of the n ssile protection criteria qiven in GESSAR coction 3.5,i

conclude that interrally cenprated missile protecticn for the GESSAR plant iswo

acceptable.

:.5.2 Turbire-loneratnr Missiles

Wa did not include turbire nissiles in our review since the crientation of tho
turbire with respect to safety-related features of the site, which is ,9pnrtant in

> sing the effects of sucn nissiles, is not within tre GE5c/R scope. The effects=

f t,rbire missiles will be evaluated on a case-by-case basis.

3.5.i Tornadtlissile_s
ne have reviewed the information in GESSAR Sections 1.F.3, 3.5. ., and 3. .5 cen-
cerninq torn 3do missiles, their inoact velocities and trajectories, and the tornado

-issilo protection provided for tr.e GESSAR plant. The original velocities proposed

by GE f or the various tornado nissiles were unacceptable to "' staff. In Amendrent

?r to GfSSAR, GE cemenstrated to our satisfaction that adema * penetr3 tion re-

sistance was provided for GESSAR structures against rissi!c' ~1*h volecities listec

in Cola-n P, Table II, below and in Table 3.5.1 of GESSAP , wever, the staff still

eloc ties (Table 3.5.4 of GEssAR) usod as desige bases forfirms tne Gr nissile i

structural stabilite and Spallinc evaluations unacceptable, as they are nocen-

servatively low and are not adequately surcorted by data. Eased on a rur oy nf

t e r m:10 generated nis siles f ror presicus applicat iors , the sta'f es tam i w nulo

=rc for such 'issile velocities noted in Column A, Tabic :: Wr wi al P ro' <

a condition of tre e' thit ~J 11oot, 3s t'eir dosion hisis,*;ther * he ' ' ' voler 1 + ;

- .-
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TABLE I

Missile * Dinensions Woight

A - Wood plank 4" x 12" x 12' 200 lb

B - Steal pipe 1" , 10' long, 7R lb
schedule 40

3' long 8 lbC - Steel rod 1" x

D - Steel pipe 6" , 15' lona, 285 lb
schedule 40

E - Steel pipe 12" 4 , 15' long 743 lb
schedule 40

F - Utility pile 13.5" x 35' long 1490 lb

G - Automobile 20 ft frontal 4000 lb
area

* These missiles are to be considered as strikina on both horizontal and vertical
surfaces. Missiles A, B, C, D, and E are to be considered at all altitudes and
missiles F and G at altitudes less than 30 feet above all grade levels withia 1/2
mile of the facility structures. Any sites with elevations hiqher than plant nrace
within 1/2 rile will have to be examined on a case basis with respect to desiqn
against rissiles F and G.

TABLE II

ColuqA
CColu:n,A Colorn B

2
NPC' GE Peretration TV

uorizontal
Missile _ Velocity Val _oL ty Velocity ___i

A 423 fps 423 368

8 211 211 268

C 31 7 275 259

0 211 211 230

E 211 ?ll 205

F 211 211 241

G 100 74 100

These missiles are to be capable of striking in all directions.

';E has corritted to usinq these velocities as the design basis for
penetration only. They have rot comitted to their use as a basis
for r tructural stability and S palling esaluations. For theso cor-
ditions, GE proposed much lower iroact selocities.
TVA vertical velocities are equal to 80s of their horizontal velocities
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from Column A, Table II, below or the no tur blin7 horizantal velocities f rom TVA

Topical Report TVA-TR74-1 (Co' urn C, Table II, below) which the staff has revieaed and

f ound acceptable f or licensing use. We will rake the 4se of acceptable velocities a

condition of o.r PDA.

The analysis of structures, shields and barriers to determine the effects of missile

impa:t will be accomplished in two steps.

In the fire,t s tep, the potential da " age that could t.e done by the nissile in the

irrediate vicinity of impact on cor. crete targets wiil be determined by the use of the

Modified Petry f oorula. Farthermore, secondary missiles, that could potentially be
generated by spalling of the target, will ha prevented by fixing the target thickness
well above that deten1 ired by penetration, in the Case of steel targets, formulas
developed by the 5tanford Research Institute for ertimation of ponetration of nissile;
will be used.

In the second step of the analysis, the overall structural response of the target when

irp3cted by a missile will be deternined using established nethods of impactive
analysis where the monentum cf the missile is transferred to the target to determine
the energy that has to be absorus ! by the target.

The load of the missile impact, whether the missile is environcentally generated or

accidentally generdted witnin the plant, will te co-bined w tn other applicable loadsi

as will be discussed in Section 3.8 of this report.

We conclude that the procedures th3t will be utilized to determine the effects and
loadings on reismic Category I structures and nissile barriers induced by desiga basis
nissiles selected for the plant are acceptaole since these procedures provide a conser-
vative basis for enjineering design to assure tnat the structures or barriers are
ddequately protected against the ef fects of nissile i pacts.

The use of these procedares provides reasonable assurance that, in the event of design
basis missiles striking seismic Category I structures or other nissile barriers, the
structural integrity of the structures and barriers will not be impaired or degraded to
an extent that will result in a loss of required protection. Seismic Category I
systems and components protected by these structures 9ee, therefore, adequately pro-
tected against the effects of missiles. Conformance with these procedures and the use
of appropriate missile velocities is an acceptable basis for satisfying the require-
rents of NRC General Design Criteria 2 and 4.

3.6 Protec. ion Against Dynamic Effects Associated with the Po_stulated

Rupture of Pipin3
With respect to systems located inside containment, the criteria to be employed for
determination ef the systems which are evaluated, the localicns and types of piping
breaks which are postulated and the protection measures against pipe whip to be pro-
vided will be consistent with the provisions of Regulatory Guide 1.46, " Protection

Acainst Pipe Whip Inside Containment."
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SE has infnrmed us that the design of the fast scran system ro nires the use of '-1/?'
piping in the. inlet scram piping in lieu of 1" piping. Wo ha se analyzed the ef fects
of postulated breaks in this piping ar.d cenclude that measures need not be t3 ken to
protect against the ef fects of pipe whip sir.ce:

a) The hydraulic control units (HCU'-) and piping to the control rod drives are
located in ccntaimnent away fr ,n other safety related equipment; therefore
should a line f ail, it woul , not 3f fect any safety related equipment but only
intact on other HCU lines. As discussed in Regulatory Guide 1.46, a whipping
pipe will only rupture an impacted pipe of smaller nominal pipe size and lighter
wall thickness.

b) The total amoJnt of onergy contained in the 1-1/4" piping between the normally

closed scram insert valve on the HCU module and the ball-check valve in the
control cod housin g is small, in the event of a rupture of this line, the
ball-check valve will close to prevent reactor vessel flow out Of the break.

c) Even if a number of the HCU lines ruptured, the scram function would not be
impaired since reactor vessel pressure would scram the control rods.

The methods of analysis described in GESSAR will adequately account for the dynamic
loadings on systems, structures and components that are associated with pipe rupture
assumptions and will provide adequate assurance that tne Containment structure, unaf-

fected system components, and those systems important to safety which are in close
proximity to the systens in which postulated pipe failures are assumed to occur, will

be protected.

The dynamic analyses described in GESSAR for determination of restraint loading
resulting from postulated pipe ruptures will yield conservative results for the large

clearance, large deforrution restraints described in GESSAR (i.e. , a gap size of
approximately six inches) when used with the thrust forces calculated in accordance

with the relationship given in Section 3.6 of GESSAR. Design limits proposed by GE
in Section 3.6.3.1.5.1 of GESSAR for use in the design of the pipe whip restraints
will result in deformation limits as conservative as ours for all methods and all
naterial enployed. The methods used for formulating the hydrodynamic forcing fur. -
tions induced by pipe rupture and the dynamic analysis for the pipe whip motion pro-
vide an acceptable basis for restraint design. The criteria used for the identifica-
tion, design, and analysis of piping systems where postulated breaks may occur consti-
tute an acceptable design basis in meeting the applicable requirements of the General
Design Criteria 1, 2, 4, 14, 15, 31, a nd 32.

The provisions for protection against the d, .amic ef fects associated with pipe ruptures
and the resulting discharging coolant provide adequate assurance that, ;n the event of
the combined loadings imposed by an earthquake of the ragnitude specified for the Safe
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Shutdown Eartn , The and a concurrent single pipe break at one of. the design basis
break locations, the following conditions and safety functions will be acconnodated
and assured:

(1) the magnitude of a design basis loss-o'-coolant accident cannot be aggravated
by potential multiple failures of piping,

(2) the reactor emergency core cooling systems can be expected to perfonn their
intended function assuming a single failure.

The applicant has described in GESSAR Section 3.6.l.4 the criteria which will be

used in the analysis for high and noderate energy line breaks outside containment.
During the course of piping design fcr these high energy systems, consideration
will be given to physical separation of pipes from safety-related equipment and
instru"'entation, as the primary protec tion against the ef fe:ts of a postulated pipe

break and single failure criteria.

In mplementing these criteria, the applicant will designate design bcsis break loca-
tions throughout all high energy piping systems. These postulated braak locations
will be chosen on the basis of highest relative stress, or significant changes in

flexibility of the oiping. The protection provided against the dynamic effects of

postulated pipe breaks and discharging fluids in Diping systems containing high energy
fluids and located outside the containment is adeauate to prevent damage to structures,
systems and compcnents to the extent considered necessary to assure the maintenanca of
their structural integrity. Such protection provides reasonable assurance that the

safe shutdown of the reactor can be accomplished and acintained.

In addition, for those piping systems not considered as high energy systems, GE will
postulate leakage cracks in accordance with the above referenced section of GESSAR to

assure that essential equipment and components are protected from fluid spraying,
flooding and conseq;ent environmental conditions developed. The criteria used for the
identification, design and analysis of high and moderate energy fluid lines outside
containment where postulated breaks and cracks may occur constitutes an acceptabie

design basis for satisfying the applicable requirerents of N?C General Design Crite-
rion

3.7 Seismic Design

3.7.1 Sei tic Input _
ibe input seismic design response spectra (CBE and SSE) and the damping values
applied in the design of seismic Category I structures, systems and components conply
with the pr .isions of SRC Regulatory Guides 1.60, " Design Response Spectra for
Nuclear Power Plant and 1.61, " Damping Values for Seismic Design of Nuclear Power
Plants ,' respestively.

G? 3,ap
'' ; O
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The synthetic tir'e history used for seismic design of Category I plant structures,
systems and corponents is adjusted in amplitude and frequency to obtain response
spectra that enselope the GESSAR design response spectra defined by Pequlatory Guide

1.60, nornalized to 0. N f or the 55E.

Conformance with provisions of NRC Regulatory Guides 1.60 and 1.61 provides reason-
able assurance that for, an earthquake whose intensity is 0.15g for CEE and 0.301
for SSE, the resulting accelerations and displacerents in posed on Category I struc-
tures, syste"s and components are adequately defined to assure a conservative oasis
f or the dosign of such structures, systems and cowonents to . ithstand the cansequnt
seistlic loadings Lo gliance with the provisions of these Guicos constitutes an
acceptable tasis f or satisfying the requirements of ',RC General Desion Critoricn 2.

3.7.2 %'ismic Sys ten Anal y si s

3. 7. 3 Se' mic Subsy_st_e7 N Jy_ sis
Fodal rest rmse poc t rum and t ioe history t et hods f or r'ul ti-degree-of-f reedo:" syste" >
form the bases for tM analy3es of all major Category I structures, system and

co poi,ents Governing response para w ters are combiaed by the square root of the *,
of the sqsares of each modal respu'>> to abtain the "odal uxina when the rodil re-
sponse spectrun r.ethod is used. The ac,olute sun of the nadal responses are used fcr

closely-spaced w dal frequencies Ire square rooi of the un of the c.uires rJ the
raxioun co-jirectional re punses are used in accounting for the thrs . com,orEnts i
the earthquake notion. Floor response spectra inputs used for desion and test ver i fi-
catim1 of struc tJres, sy5tems and Cc Ponents are generated f rom the tire history

' fnamic anllyses of ver tical seismic-s) stens are r ploye1 tor all str uc tur e ,r ethod. u

systems and co70nents where analyse, show significort structural a'plificati ns in
the vertical direction. The syste and subsyste' 3 r,a l y se t are ptrform d ban d on

elastic tv.e;ry. The finite ele ent approach is used to evaluate the ' 7il-s tr v bre

interact 1cn effect f or deeply e"tedded Ca te pry I strx tures Deeply ec'eddod ras

been defined by '7 as bein ; the case where the er bedr ent is grea ter than 15 of the
uller horizontal di: ensioni of the toandaticn ~a t 57il spring and other equivaler,t

cethods are used to determine the soil-structsre interact 1Gr eff' cts ai cases other
than dee.,l / e""odje1 Ca tegory I structures v n-linear str ess-strain and druing

relationship, fnr soil are inc trporated in tre finite eie ent cnal3:15 cf soil-

structuro interacti n.

The applicant gef er"rd eighteen caps of soil-struct ar e ifterx ti w Stujips using

finite ele ent e t out for ;erorating ti > GES50 seis ic de >ign r nvelo; < 5?se casos
constitute a para tric study to veriff their 9 ,igr e selo + The cres cover a
soil depth r an le of 75 f t. to 300 f t. , a she3r nave selocit / r4r.y of 500 foi to 3500

f ps, a Poisson's ratio ranle of 0. 30 to 0.33, a groundaater lexel at the elevation of

the foundation w * fr< 17 c tses, a t ; level ? feet below gr ie for the Mth case, a"d

a const3rt e-bed'errt depth of 40 ft., 3nd in two directia-s 70 y pt rt
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For each of the cases mentioned above, the sequence of analytical operations involved
was, (a) deconvolution analys's to obtain motien at base of soil profile, (b) cre
dimensional finite element analysis to verify free field rotion and to establish

maximun element size, (c) establishnent of a f ull finite element resh to represent
the soil surrounding and underlying rajor Catesc"y I structures, (d) establishaent of
an appropriate model of the structure and conbination with the finite element resh to

obtain the required soil-structure representation, and (el evaluation of appropriate
response spectra and seismic design envelope spectra.

The applicant proposes six conditions to be satisfied by all plants referencing GESSAR.
Satisfying these six conditions ensures the seismic adc^.uac > of the nuclear power
plant referencin-) GESsAR. The six conditions are i allc e s:

1. The maxirun around acceleration at zero period of the site design respor.se
spectra is less than or equal to 0.3g SSE, 0.151 DBE.

2. The site design response spectra are less than or equ31 to those giser in
Regulatory Guide 1.60 normlized to the maximun ground accelerations given
in 1. atove.

3. There ie no potential for liquefaction at the plant site due to the som or Of.E.

4 Tb . is no potential for fault displacement near cr underreath the plar
uundation.

5. The e-ber ent Jepth of the reactor building is between 34 to 40 fee * (+ 0.5
feet excav3 tion tolerance) f or soil sites - For sites with snear wave velocities
greater than 3500 fps, there is no limitatico on embednent depth.

6. Tne average she3r a3ve velocity for the top 3L feet of soil is greater than
500 fps.

We fird these si< conditions to te acceptab!e.

We cnnclufe that +Ee seismic an11ysis ethods and pr' ced;res proposed by the acclicant
cros19 an 3cceptable basis for syste wd subs /ste seis'ic resign.i

3.7.4 "ic Instru entation Procra'
'

5 Lillo * inn of t* e specified seislic instrunenta tion in the reactnr ccntair"cnt

Lt' *er and at other Category I structures, systers and cooperente discussed in
:t: ;n 3.7.4 ccnstitutes an acceptable progra to record data on seis ic

tion 3s well as data cn the frequency and a~plitrt relationship of the,-

_srcnse of cajcr structures and syste a A pro pt rea60ut of pertinent d3ta

3t crol room can be expected to yield sufficient infornation to guide the
a ti"ely basis frr the purpose of evaluating tha seismic respcnse in the+op .n

|f _
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event of an earthquak e. Data obtained from such instailt e sels'it i ns t r un e n t a t i cr-
will be sufficient to determine that the seism c analysis assumpticas and th" nalyt-

ital rodel used for the design of the plaK are adequate and th.it allewabic stresses
ar not exceeded under conditions where Continuity of operation is inteided, prt-

visicn of (;ch seisnic instrumentation corplies oith Regulatory G.ide 1,lE

w conclu' t the seisrnt instrumentation program proposed by tne applicant is
acceptable.

3.c Lesian of Seisr ic Cateoory I Structures
3. .1 f o n c r_e_t_e__l_o_n_t_a i_nr _en_t_

This secticn is not opplicable to the GE55M application.

3. m 5tw i Cortaincent

I% reactor coclant systen will be housed within a free-standing steel cylindrical
snell topped aith e hemi-ellipsoidal dme arf fixed at its octtor into a cor..' te

at covered with a liner plate. The steel containrent wiil M enclosed t,y a

r eir,f orced ccncrete shield t>uil ding The containment wii! e ploy the Nark !!I

pressure supprassion systen which will be utilized to limit the post-LUCI contain-
rent pressure and terperatare transier,ts

De steel contairent incluaing all its peratratiens will be designed, 3nalyzed,
fa'ricated, ccnstr zted, inspected and tested ir. strict hcordance with tne rules ofa

zbsection NE of the ESME boiler arf fressure Vessel Code Section Ill, Divisicn 1. ,,

a g ented by qJidtory G2ide i.57, lesign Li-its nna Leading Combinatians for * ta
Priary Peactor Conta19 tent Systet Com ener ts ," wi th the single exceptit , to the
ke;ulatory G ade noted below.

Tu contain ent will tse designed fcr al', tne various load combinatior.s that are cor.-

sidered credible, including appropriate conbinations of accident and seismic lcads.
In additiu. the containment has the capability to withstand a post-LOCA flooded

enrdition tc apprcxi ately 7'-0" above the tcp of the reactor core and in conjun' tior
with an Optrating Rasis Earthquake. Su'n a flooding condition may be required to
recover the fuel in the reactor after a LOCA.

Regalatory Guide 1.57 states that norral design limits should t,e used anenever tha
contairmnt is subjected to the concurrent loadings tht result fron flooding of
containrient for accidert reccvery and the vit,ratory : otion of 50 percent of the SSE.
General Electric's design dees not reet this criterir.n since the containment is not
designed to reet normal li nits f or this loading cortination but rather they reet a

liru t that is between the energency and f aulted lir its. We have deterrined that this
deviation from Regulatory Guide 1.57 is acceptable. Our casis for this determination
is that this loading combination will resul t in stresses that are well below the yield
condition of the containrent matcrial (less than about EC1 of yield', and therefore thc

containment would raintain its integrity witr adegaate mirgir, in the unlikely H ent
that an ChE should oc cr daring post-accident recovery.
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The ra ter ials that will be used in the construction of the contain ent will reet th"
respirrcer,ts of Article NE-2000 of Subsection NE of the ASME Section III Code The
botto region of the cortainrent th3t will be submerged in the suppression pool will
not be coated except f or a narrcw band at the water line. At the staff's request. GE
odified GESSAR to include an inservice inspection pro 7 ram to detect any corrc sion of

steel shell, particularly pitting, and execute appropriate correctivetht
measures.

As jiscussed in Section 1.' of this SER, any utility applicant referencing GESSAR
grees to per form all tests and inspections stipJlited therein as a part of their

Fin?

Aftu the cor pletion of construction and prior to operation the containrent will be
'

subj+ " ted to a structaral proof test at 1.15 times the design pr?ssure in accordance
- with A9'i fectico III, Subsection T.E-6321. We conclude that the criteria that will be
-

used in tne an31ysis, design ar.d constrection of the steel containment structure to
account ior the loadings and conditions that are anticipated to be experienced by theJ

structure daring its sersice lifetime are in confor ance with established criteria,j_..
.
'

and wi th cedes , standaras and specificaticns listed in CES$aR Chapter 3 that are
2
-

accia table to tne Pe rala tary s ta f f .
1
2

The ;s" rf theso criteria as defined by appi' cable ccdes, starc. rds, and spe cifications,
the 10 31; and iurfing combina t ions, the resign and an3 lysis , ccedures; the structurali

acceptance cri teria; tFe s'aterials, qu11ity control and special construction tech-
niques, and the testing and irservice surveillance require ^ents, provide reasonable
'ssurance that, in the event of earthc,uakes and sarious postulated acciderts occurrinq,

wi+hin and catside the containrent, the contairnent structure will withstand the
t re ci t ieJ condi ticos wi t! cut "clirr>nt of its structural integrity ir safety function.
A Cate pry I concrete /1 eld builiin) will pr atect the ccntain ent from the effects of
wi c anj t arridoes ar.1 various rostulated accidents occurrtr) outside the shield

. buildir). Conformance with trese criteria ccnstitutes an acceptable basis for satisfy-
ing in p vt the requirements of enera! Design Criteria 2, 4, 16 and 50.

Se ve ral p cmor ena have been idercified in our reviews of the Mark III containment that
co d f re ed t in dynamic loadinj of structures located in or above the suppressinn pool
as a result of a LOCA or relief valve operation. These phenorena, and the design
provisirn to prevent dama72 resulting from the phenomena, are discussed in more detail
in Ser tion 6.2.1.9 of this SER.

1 .3 Centainment interior S t rv u res
The 'ajor cont 31n~cnt interior s tructures include the drynell, the reictor F 2destal
and shield w311, the ref eling pool and op" rating floor, an1 various other inter-

-

u
-

: ediate ficors. The codys applicable to these interior structures are listed in
Secticn 3.8.a of SLSSAn,

=

The cr,well will te a reinforced concr ete cylicdrical structure with a flat roof
-

that is stiffened by two deep girders forming the refueling pool. It will corpletely

-

f -. ! ' ')-
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enclose the reactor vessel and the recir ,11 tion system. Its primary function is to
divert the steam released during a !OCA to the suppression pool. Because of this
important function on which the proper f unctioning of the pressure suppression syster-
depends, the Pegulatury statt has req >eited that the drywell be treated to a certain
extent as a containment structure. Acccrdingly, the design and analysis procedures
and the loads anu load corbination will be similar to what is normlly used and
accepted for concrete containc.ents

The lower portion of the drywell wall, which f or~ the suppression pool war, with
the horizontal vents emplaced in it, is to Se constructed in a f airly novel form
The large number of 2-foot dia eter vent p ;.es passim 4 th ough this section of the
will rak es the normal reinf crced ccncrete c onstruction n ethod impractical . Instead,

this portion of the pressure-ret 3ining wall is proposed as an unreinforced cnmposite
sec tion, with external steol plates carrying part of the circumferential and icng!

tudinal stresse<

We are requirin ; that the drywell t e subjected to a pre %yerationa' leak test and a
tructural oroaf test usinq air at cr have tna design cressure to verify the

capability of the coc pleted '.essel to uithstand the raxi*un design pressure.
Details of the drywoli led test ire prov;ded in Sec tion 6.2.1 af this SEP.

A descrip t w of tre , re-oper! tic"al structsral proof test for the de/well is giver in
GE5SM Section 3,u.3.7 Strain and deflection reasare: ents will te taken during tn >

>tructural procf testing of the prot n y;e* de,well and ;ccpareM with the pretest
;redictions The data fro- thi, test aill provide a reasure of tha ra co,i r' a viil able

to sustain the ther"al ar1 seismic loads

Gusrd pi;ms will be prosi ad for ', ~ain ster lines ar1 other high press;re 1: nee

listed in Tabie 3.1 : and Fi guro 6.2 lE of GE55a whic* traver:+ the boundarios

' o tween tt t i r ', i d ) of thc drp ell and the 0;tside cf 'f + shielc 5;ildin]. In ite

e /ent o a ruf ,re of a hi gh enerq < line between the shield building ard the *je l l ,f

the hi p re- .re flaid fro tre line would !e retained uithin the yard pico >

o h i u s t c; into t' dejsril instrad of ltM ir; into and outentiall/ cver; rr s ,1z n

tht r_ a r, t 11 rr e n t . Tre pro;rsej 5 jn the v3 rd p1;w is dm rentef 1r 9:' ,
a

rtr.er dis n ed i' + ti.6.l.1 and illus*r ited in Fils e 1 H-?5 ef GEVAP a: d o,

.1 of tnis ' F N se ,,a ra pi; t oill also te des , ;r-e d , ,rstru te1, ,n< st<'

" ctico V >f tu A '' Wc t i cn !!' " Joir v:c arda nc e
-

v

It e other interior strxture, :ll also be @ signej 'or 3 ? pro;.ri a te 1031 inat' Ors,

liste! in %s tico 7. ' . 3.1. 3 o f GE ? AR a nd 3 re 3n ett3hle to tro Reg 31ator', ,taff_

*A ,rotatyp> irpell is define, as are thit incor;cra res a n+w or nasal ksiy fcaturo,
in part or in f;11, th it has not yet been tcrfirred b a tost y a crototype dr pel t
with a;Trr prilt ir,tru entation, Fne evan;3le, dryneIl s w plants of the sg e size,
t e m t r u l,cated, u kiwi by lifferent Arcnitect rrgineers , will be com idered
separate prstatjpe @ ; i t;n s

. ,

, , "M t iltm
rf . '-
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These loa js include appropriate conbination at norr.al operating loads , sei s oic
loads, the loss-of-coolant accident (and other accidents involving hi)h energy
pipe ruptures) includirg tergerature, pressure, jet impingerent, pipe whip, pipe
rupture reaction forces and pool dynarics effacts (Section 6.2.1.9) is discussed in
5ectior 3.H.3.1.3 of SLSSAR.

We conclude tnat the criteria that will be used in the design, enalysis and
construction of the contain'ent internal structures, to account for anticipated
loadings and postulated conditicns that may be impoted upon the struttu es dJring
their service lifetir e, c re in conforrance with established criteria, codes, standards
anJ specifications th3t are acceptable to the Pegalatory staff.

The use of these criteria as defined by applicable codes, standards and specificatiens;
the loads ind loading cn"binaticns, the design md analysis procedures; the structural
3cceptance criteria, the r.aterials, gaality control Jnd speCial ConstructiCn techniques;
and tne testir.g and inservice surveillance requirerents, pro.ide reascnable assurance
th't, in the event of earthquakes and varicas postulated accidents occurring within
t"e ct *.airrient, the interior structures will withstand the specified design conditions
with0ut ir pair" ent of eitner structural Integrity or the perfarnance of req; ired
safetj functior, Confcerance with these criteria, cohs, specifications, and standards
constitutes an acceptable basis fcr satisfyinj in part the reauirerents of General
[t >ign Criteria 2 and 4

3.G.4 Other Catelorj I Struc tures
Cat % cry ' structures other than contcin ent and its intf.rnal structures that are

inc'uced in the bclear Islard will te built from structural steel and concrete.
The structur31 corpcnents consist of slabs, oalls, bea s and colu ns. The desic;n

r ethods for concrete will follow those specified in the ACI-318 Code, and for steel

will follow the AISC specifications with appropriate rodifications requested by the
staf f (as described in At tachrent 11 to Section 3 of our 'over ter 1,1973 reauest
f or additional infor'ation to GE) and incorpcrated by GE in Section 3.0 of GESSAR
to 3ccount for loa 1ing conditiens ;.eculiar to nucl(.ar pov.er plants.

We conclude that the criteria that will t>e used in the analysis, desig1 and
ccnstruction of all the NJclear Island Category I structures to account for antici-

pated loadings and L u>talated ccnditiuns that may be irposed up00 ev.b structure
during its service lifeti e, are in confo mance w th established criteria, codes,i

standards, and specific 3tions tt 3t are accept 3ble to the RejJlatcry staff.

The use of the criteria as defined by applicable codes, sta"dards and specificaticns;

the loads and loading corbinations; the design and analysis procedares, the
structural acceptance criteria; the raterials, quality control and special

construction techniques; and the testing and inservice surveillance requirerents,

provide reasonable assurance that, in the event of winds, floods, tornadoes,
earthquakes and various postulat2d accidents occurring within the structures, thc

structures will withstand the specified design conditions without irpairreat of
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'vr ne =. t e .aral intejrltj 3- t h, er' * wo air. :m', ..o r t 'r
' '

s

[1 nt ai tt t9m !te !a, c c :es , t_ ' i1 'a r _ <'i' '<' '
.

,

3n au ertails c; gr .atisfyin n in ir t t't ie ,i> rec > jr.-al :n'
,

ir'1terla 2 anj

.i I ac htions

_re** at. it r/ i i t,_ :na , e . iTi tco ttat u n of t he er: ein ert sill te a - r

e rr. i c tb eff-Lt; of t% . a. i c a s r o"1. i n 3 t ns rf loads eq ected 2 ring **' ^

11fe of 'h+- pla"t ,w ar.;iys;s . n. 4 1c 'LSSA-' in ticn t.' > sill tav in*,

nn' < ndi ; "ent wyr, urd soil prec ort f>, a plate en c. el'stic fc Oain'
,

Tre ntainw n! f r .s ' Lic ,s i l i to ca s i a ed a n 1 const te1 in :t t nrJ vue a; h r se .

rale, of prma ! nCi/|" h r de for Concrete Ver 01s lnd C:'n t a ir er t althor,

cert 31r edificati:'s re ', n s t e j by tne staff. % uldaticos c' o t m' r ato r, I s'r,tturfss

lik:ais<, ar- reintercod antrete ats. Such fauij3ticre wil! t desi 7ed in ac tr & u

ai*n" ACI-11: Ccde Trese concrete f our:dations will be Jesicred to res' .aric ''

( 1 b i r. i t i c r,, ef dead _iJs, live loac,, e m ircrrental 4ds, acludiry . r ti s , t c c -
!,os,.~CE, u d SSL, and luids generated by , s t a l s t ,- l ru,*urce of hijo cr?rl gi: c

w :. n n c l u ! at '"t ,ite ria jm crit J Erction 3. of GESSM , thit wili .' ,

4 r iear 131 a nd f ite.,araljsis, n and ci>nstractice of allej in 'r *
4

i,q"'+ti m.i U icto ri for anticipited la' in,, ird ' talateJ ca t ' ' + t6 at y, . 3

,ed % cn e . "'s ar iat i:n j a r : r. . ts straice 'itetoe are in c on f o r- 's-

, ,

nitn os'itli9 eJ trito ;t, intastry tt star,da- M , "d g e t i +~ i c i t i c r s t h 1 t 'rt*
,

a n ,- t L.le tr *** ,Je ; d i t ri stat *_

It, use of t' se criteria a, jefin"d Dj applicable ccjes, stan1 arcs and

Jr"ifu atici the load; e 1 lo uing Or t'i n 3 ti r ns , tn design Ed ana ysis Dro-l
,

s.' a e s , t n e structural acce ptance criteria, t r. materials, o,11ity contro! an1r

s,ori.il ce str ctiGn tecrni ques, anJ tne testing and inservice surweillanc e recaire-

" ents , provi je reasonab!= usu ncc thtt, in the event o' winds, tornal!es, earth-

p d es and sariot.s postulated events Ca tejory I foundations will witnstmJ the

sp ci fied cesign cor dition; without ir Daime ri of structural intejrity anj stabilit)

cr the per f on unce of the rewired safety + unctions Ccn'orr.ance a i th tnes e

ci teria , codt: s , ecifications, and standards constitates an acteptable basis icer

s atisfyin'; in L c rt the revice ents of Gereral Cesign Criteria 2 and 4

3.9 Perhinical Syster s ud (c.rpnente
.9.1 bnrie Systen M ilysis and Testirg

J.9.1.1 Pipin1 Vibrat 4n Op rational Test Progr e
vibration tests will be corductoc on the win sten line -ind trvcr er.p e r a t i rru l n i p i re

recirculation s ys t er, In responto to our contern, GE nas corcitted to erforte

::recperational vibration tc s on all AS''E Class 1 and _ pipi.3 With this require

ent ret, the oreoperational vibration test program which will be conducted bring

s tart;p ard initial operating conditions nn all datety-related ASME Class i and 2

systtes, restraints, cu pcrents ind supports is an acceptable progran for issaante of
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the f'DA. The tests will provide idditional .eri fic 1 tion + h it *w pir 'n ; arJ pip'nq
restraints of the system nave becn designed to withstana vibrational Anaric effs +;
due to vTlve closun s, pump * rips, and oth 'r operating odr> as mciated with the
do;ign opera t ional transients lhe f orn al ,'euiled description nf tm plunod tests
aill be incluied in the FSR ih> plannod t>sts will oe,elop loads sirilar ta those
esperienced during reac tor opera tion. Ce"'pliance with this test program c mstitutes
ar. acceptable basis for verifyir ; the existence of adeqJate design r'argins a5 ,tc1fied
in NPC Gener'l Design Cr i terion ',, and is suitable for the PDA licensinq ,t n >

3.3.1.2 Seismic Qualification of Mechinical Ectaip~ent
proper f unc tioning o' sa fety rela ted c.echanical egoir ent is essential to issure
the capability nf such equipment to perform protective cctions in the e ent of a
safe thatdown EarthquH e (SSE). The dynaaic testing and analysis procedures,
& >cribed in Sec tion 3.9.1.2 o f GESSAR will t,e ir;,1c- ted to confirri that

all Ca tegory I r echanical equipnent will functian during and af ter on earthquake
of magnitude up to anj incivJin1 the SSE, and 141t all equipment support s tr Lc ture s
ce amu 3 tely desigred to withstand seis "ic disturbances 7 2 acceptable.

Subjecting tre eTaip"ent anJ its supports to tFece dynamic f esting and analysis
procedares confi r s the existence of ajeqJite design safety ma gins su:n that in tFe
event of an e trtnwke a t the site, tne Ea tegory I rechanical equipment, as identif te t
in GESSU, will continue to function durin] and itter a seismic <ven*, ara the :o"bire4
foiding i~po;/d on the equipw nt and its supports will rot o<ceed applicable cefe
allowable design stress and strain limits. Lim ting tFe stresses of the supports
urder euch 1 .ading combinations provides an 1ccept3b;e basis fnr the design 1ssociated
with seismic events, as well as operatior31 vibrator / loading conditions withnut gross
loss of structural i n t e'; r i t y .

Irple"entation of these dyna'!ic testing and analysis proced;res mnstitutes an

acceptable basis f or satisfyin] the applicable reoairer+nts Cf the '.cnerai Desian
Criteria and s acceptable for the PCA stage.

3.9.1.3 pergera t ional fibration Assurance Pronra"' for Re3ctor Internals

With regard to flew-inoced vitration testing of reactor internals , the applicant
:as stated in GES7R tn3t the first FM/E plant of each s ze will be considered a
irctotype design and will be instr rented ind objected to b:tn cold W hot two-
Jase flow testirq to annonstratt that 'Icw-irAuced vibrations similar to those
e lJcted durinq noer3 tion will not ause dr aje. N M /E plants :u'rtotly

schedu!ed for prototype testin) are R1ser r'end { size 213), "erri (size 233) ud
Cr ino GJl f ( si ze 251) . M rcific prediction; and acceptance criteria will be
sw ;1ied at the operatinc 11 cense review (FEAR' stage of each of the cited plan +>

Tre pregera tional v1hr atw 3ssu ance rec]rr as planned fcr t"e reac tor ir+?rnilsr

Urs les an acceptable basis for verifyinj tne desi n adecao Of these internils7

unw a v 1,iiina c w i+ rns * bat "i- m arable to trae enerienceJ a,rirq*

w er.= tion. 'o , binatiu c: * '' r e. ti, ynalt;i; ir d at-test le s;< t i on,

'n 7_ , ,
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provide adequate assurance that the reactor internals may be expected, during their
service lifetime, to withstand the flow-induced vibrations of reactor operations
without lots of structural integrity. The continued integrity of the reactor internals
in service is essential to assure the retention of all reactor fuel assemblies in
their place as well as to pennit unimpaired operation of the control rod assemblies to
permit safe reactor operation and shutdown.

The conduct of the preoperational vibration tests constitutes an acceptable basis
for demonstrating design adequacy of the reactor internals in partially fulfilling

the requirenents of NRC General Design Criteria 1 and 4 and in conforming with the
provisions of Regulatory Guice 1.20, " Vibration Measurements on Peactor Internals.

3.0 1.4 Analysis Methods for LOCA Loadings
To confirm the structural design adequacy of the reactor internals, including the
control rod assemblies, the applicant has described the dynamic analysis of the
reactor internals, together with the unbroken piping loops, wPich will be performed
under the combined effects of the postulated occurrence of a loss-of-coolant
accident and a safe shutdown earthquake as well as an SSE and a steam line break.

The dynamic systen analysis which will be performed, provides an acceptable basis for
confirming the structural design adequacy of the reactor internals and the unbroken
oiping loops to withstand the combined dynamic effects of the pnstulated occurrence cf
a recirculation lire break plus an SSE and an SSE plus a steam line break. The
analysis will provide adequate assurance that the combined streeses aH itrains in the
components of the reactor coolant systems and reacter internals, for these faulted
conditions, will not exceed the allowable design stress and strain limits of ASME
Section III, Appendix F (faulted limits) ft,r the materials of construction, and that
the resulting deflections n- displacements of any structural element of the reactor
internals will not distort the reactor internals geometry to the extent tnat core
cooling ray be impaired. The assurance of structural integrity of the reacter

internals under a recirculi. tion line break or a steam line rupture concurrent with the

most adverse loading event (SSE) provides added confidence that the design may be

expectfd to withstand a spectrum of lesser pipe breaks and seismic loading events.
Compliance with the dynanic system analysis and acceptance criteria listed above,
co stitutes an acceptable basis for satisfying the requirements of NPC General Designn

Criteria 2 and 4.

3.9.2 ASME Code Class 2 and 3 Coroonents
All safety-related AS"E Code Class 2 and 3 systems, components and equipment will
be designed to sustain normal loads, anticipated transients, the Operating Basis
Earthquake and the Safe Shutdown Earthquake within design limits which are
consis 2nt with those outlined in NRC Regulatory Guide 1.48, "Desian Limits and
Loading Conditiors." The specified design basis loading combinations, as applied to
the desiga of the safety-related ASME Code Class 2 and 3 pressure-retaining com-
conents in systems clr.ssified as Category I, provide reasonable assurance that in the

,
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ever,t an earthq;ake sh0Jld occur di ''4 site Cr oth: r Aset, esorr;ercj Ur fJalted

Olsnt transients shtuld occur ',ri r g nurr.al pl an t cpe ra t ion , the resul t ing c or bir+ 1
s tresses ir posed co tht s y s t e" ro"p etnts are eg octei to renain within the allow-

able design stress anj strain limits f or the raterials of cot.;truction. Lin iting

the stresses onder ' c.h loding to-L1 rat ions prosides a conservative tasis f or the

desijn of the syst ' "[onent, to withstand the itst adverse co"binaticns of

loading events withea* ;ms less uf structural integrity. The applicant's design

loid cortin it ions mtas Liate) stress ar.J defon ation limits st ecified for all
AW Co* Li n , , and 3 cm p:rer ts constitute en acceptable basis for design in

satisfyir.) M General [esign Criteria 1, 2 and 4 and are cnnsistent with recent

Pr pi ttury staf f n sition,

T t,e triteria ned in &,el: piq the design and n.ounting of A5ML Llass 2 and 3

safety anf relief .al a s provides adequate assurance that, under discharging con-

ditit , th re'oltinj stresses will be within the allowable design stress and

strain limits of A #i Section Ill for the raterials of (onstruction as discussed

in St(tico 3. 9. 2. 5 ')f G ES SAR. Liritinj the stresses under the loading corbinaticns

assm 1'ted with the actuation of thest pressure relief devices provides a conserva-

tive ' a s i s f or the desi';n o f the systen componen* to withstand these loads without

1: 3s of structural integrity and impairnent af tt erpressure protection function.

Ttc c r 1 aria used for the desia and inst'.llation of AT Class ? and 3 over-
relief devices canstitute an acceptable desi;n ba:i re 'ing thewe ,ae n

s plicaL L re=virerents of MC Ger tral Design Criteria 1, 2, 4, 14, and 15 and are

ernsittt i t with the provisitns of Pegulatory Guide 1.67, "Installaticn of Overpressure

, o t e. <n resices.

L<- , ont Operability Aswrance progra-1<

TN plicant has provided in GESSAR Section 3.9.4 a program to assure the opera-
et! t of active components ch is acceptable to the staff. Active componentsf

are deiined as those purps required to f unction and valves required to open or
: lose duriaq or following the specified olant condition. The applicants Cpera-
t i'ity Assurance Frogram will include the testing of all active purps and valves prior

installation, qualification after installation, and periodic testing during

t' eir plant service life to verity adequacy of perfornance.

: onduct of the applicant's proposed operability assurance program will provide''-

a: equate assurance of capability of active purps cnd valves in seismic Category I
systems including those which ray be classified as ASME Code Class 1, 2 ?nd 3, to
withstand postulated seismic loads in cortbiration with other significant loads
without IJss of structural integrity, and to perform the " active" function (i .e. ,
purp operation, valve clcsure or cpar.ing) when a safe plant shatdown is to be
effected, or the cc'1 sequences of an accident are to be nitigated. The specified
crmponent operability assurance procedures constitute an acceptable basis for
i ph nting the requirerents of General Design Criteria 1, 2 and 4 as related to
operability of ASME Code Class 1, 2 and 3 active purps and valves.
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e r r. e c ow;1ge j th-t t ne t w m ' en t by L to :t: pij w.'n tw 2 'it ic '. sir set

tcrth in'te t :f- n e i ci c . "Eiectric31 and %charital D;ui; r r nt ' e i s oi c '' .a l i f i c a t i' '

Erngra mited Lete't e- 5, :973, is v > ceptatile b e,is for the FDA. !*, i, teu

twt the re<'ed of the quili'ication retheds ar.) roced;res ami t'.. sci ; t tre 'eisr

:;u i l i f i c a t ' L'ograr .an t'e co,Tleteu durinq our rosiew J th> nrel'siner, de s i r,o s"

for t r e im trumtaticr syst ? . whic h '. ill also te condn ted as e p,st-PM ite is

discusseJ in S"cticn '.1 ;f this MR. We will re;;rt the results of o.c e< 3 4 u ti;n of

these t.,o ito Wn our m t-FM reeiew is cceplete,>

.11 E_n v i rnnr:enta . Du i en o f Mec h a n :c_il ,,nd E l ec t r i t s 1 f o uigyn t.

Ger.eral Gesiqn Criterico 4 (GCC-4) requires, in part, that structures, systws,

arj corpcrents i port 3nt to sa f ety t'e designed to acc4 ri>da te the effects of and to

t e cor.patible with the envirornental conditiors assDciattd with riornal operation,

ru i n tena rce , te s t i r ;, arj postulated accid (nts, including lass-of-coolant accidents.
As par t nf r e rosiew ter the p M , we reviewed the caterial presented in GESSAP to

deter irm a ether the requirements of GDC 4 with respect to the environmental design

of s af e ty-rela ted nechanical and elec trical equis ien t will be c'et. The specific

areas cavered by the staf f review are:

1) h e criteria for environm ntal qualificaticn of safety-relateu equiprent,

T) The metrods and procedurer to be used to i~plement the criteria by tests
or by a cc%ination of test ( and aralyses, and

3) The stoce of the envircnrental qualification progra , i.e., the specific

equi rent to be environrentally ou31ified.

response to our requests for additional information, GE st3ted that a progran
i underway to qua:ify all Class IE equipment to the requirements of IEEE Std

2 3-1974, "IEEE Standard for 0;alifying Class IE Equipment for Nuclear Pnwer Gener-
dtinq Stations In k er. Pent ';o. '4 to GESEAR, GE ba s stated that it will develop

en i ns t ra ne n t a t i on and control agina pro 7 rani as a method of implmenting the aging
r m irrments of IEEE 5td 323-1974 and that such a program to obtain a qualified lif e
of 40 jcars r.ay require participation by utility-users GE has also stateJ that it
will te" ply with the requirements of IEEE Std ^82-1972, " Trial-Use Guide for Tyce
Test of Class ! Electric Valve Operators :or ?.uclear Power Generating Stations,' as
rodifie l Regula tor y Guice 1.73. With respect to compliarce wi th the requirerrents of

IEEE Std 334-1971, " Trial-Use Guide tnr Typc Tests of Continuous Duty C' ass I Motors
~

Installed Inside the Contain'"ent of fiuclear Power Generating Stations, as modified
by h ulatory Guide 1.40, GE5SAR does not use any contiruous duty Class I motors
inside the containment.

We nave not corpleted our review of the nethods and procedures to be used to
implerent the environrental qualification criteria nor of the scope of the

enviror.nental qualification program. During a meeting with GE on October 29, 1974,
1t was agreed that GE would submit for staff review: 1) a list of the specific

eq;ipment that will be envirnn"entally qualified, and 2) the quali fication procedures
to be used in imple vnting the environmental qualification criteria. These two
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aspects of the review will be CondJcted ds post-IDA items requiring resolution p,r_ior
to the final design approval reviaw. Sone of the rtthods that r.ay te used to cor ply
with the requirements of IEEE Std 323-1974 involve design changes such as installing
additional equipment. Resolution of the r.ethods to Le used to implerent IEEE Std 323-
1974 must occur before the design is established.

We have concluded tha t the corr itments by GE to comply with the requirements of IEEE
Std 323-1974 and IEEE Std 382-1972 as modified by Fequlatrey G;ide 1.73 are an acceptable

basis for the PDA.

3.11.1 Elactric Penetrations in the Shield Buildinh ontainment and Drywell WallsC

We have revieweJ the infornatiun presented fa Sections 3.8.6.2 and 7.1.2.4 of GESSAR

rertaining to the electric penetrations for the shield building, containrent and
drywell. The prelininary design for the drywell penetrations will be subnitted and
reviewed as a post-PDA i tem.

GE has stated in Section 7.1.2.4 of GESSAR that they will meet the requirements of
IEEE Std 317-1972, " Standard for Electrical Penetration Assemblies in Containmenc
Structures for NJclear fueled Power Generating Stations.

We have concluded that the review of the preliminary design for the drywell
penetrations and tne procedures and rethods to be ur_d to qualify the shield
building, containment, and drywell penetrations can be conducted during the post-PDA
review phase. We will report the results of this review in a supplement to the SER.

3.12 Separation Criteria for Safety-[ elated Mechanical and Electrical Equipnent_
We have reviewed the proposed design criteria for the separation of redundant safety

eauipment as set forth in Section 3.12 of G:SSAR. We have concluded that these
criteria meet the requirements of General sign Criteria 3,17 and 21 pertaining

to physical independence of Class IE circuits and the regulatory position of

Pegulatory Guide 1.75 and are acceptable.

We will review tre impler'entation of these criteria after receipt of a preliminary

design for the instronentation systems. Particular ?mphasis will be placed on the

review of the design of the isolation devices used where signals are transmitted
between redundant divisions of equipment. We will report the results of our review

of the implerentatisn r.ethods in a supplement to the SER. We have concluded that

these criteria are acceptable for the PDA. Our resiew c' the implerentation rethods

will te conducted as a post DDA item in conjunction with our review of the preliminary

design of the instru entation systems.

3-24
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4.0 REACTOP

4.1 General

The nuclear stea* supply syste- includes a General Electric Co ;ary (CE) boil nl
water reactor (EWR) which generates steam for direct use in the Ste3~-driven turbine

The desi;n of the 4ceral Electric Standard Safety 4ralysis Reportr<;e ne ra tor . t

(CESSAR) reactor is similar to the Grand Gulf Nuclear Station Units 1 ard 2 and to
the Perry Nuclear Power Plart, Units 1 and 2 that have been reviewed by the Re ?-
clatory staf f at the construction pernit stage.

The fuel and heat source consists of slightly enriched uranium dioxide pellets con-
tained in sealed zircaniu,allof tutes about one-half inch in dia eter. These fuel
rods, which are ownr twelve f eet long, are assembled into fuel assemblies each
consisting of 63 fuel rods plus cre spacer-capture water rod in an 8 x 9 array
within a square np3n-ended 21rconium channel box. Seven hundred and thirty-two of

these fuel asse-blies forn a roughly cylindrical core.

The core is supported in a dorec cylindrical shroud inside the reactor vessel. Ster-
separators ard drjers are reunted on th' shroud 00 e, Teo externai, rotor-driven,

cor. stint speed recircul3 tin] punps inject high velocity a3ter into 20 iet pu"ps which
are located in the annulus betaeen the shroud and the reactor ve <el. The nigh

velocity water frce the jet rozzles entrains and inparts energy to adjitional water
Fron the annular region. The corbined flow enters the botton of the reactor core and
boils as it passes upward through the fuel asse"blias

The steam is separa ted f rom the steam-wa ter mixture which emerges from the ccre by

the steam separators and dryers. The ste39 flows to the turbine-gcnerator t h ro u';h

four 26-inch dialeter rain steam lines. The heated ccedensate returns to the reactor
through two 24-irch feeJaater lines and is injected into the annulu3 between the

shroud and the vessel.

Control of the fission reaction within the core is achieved by the rose ent of
neutron absorbing cruciform-shaped control rods, and by variation Of the tiow rate
through the core, thereby changing the steam fraction and nederator density. Indi-

vidual hydraulic driSes permit the control rods to be axially inserted to any degree
desired or to be inserted fully and swif tly upon receipt of a trip signal (scram).
Core flow rate is varied by the flew control valves in the recirculation lines.

4.2 Mechanical Design

4.2.1 Fuel Mechanical Cesign
The core of the GESSAR reacter will contain 46,116 fuel reds ranufactured by encasing

uranium dioxide fuel pellets, of approximately 941 theoretical density, within
Zircaloy-2 cladding. The fuel pellets are chamfered and urdished and have tre shape of
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of a right circular cylinier with a teight to duneter ratio of nearly one Several

f uel red and f uel asse-bly design pira,eters are listad in Table 4 '-1 of this SER.

Local h driding of the cladding 'D surfaces has accurred in several operating reactorsi

and caused clad f ailures and higher than desired of f gas 3ctivity. Water vapor present
in the rojs after aanuf_ Nre was assumed to be the cause. The fuel rod nanufacturin)
process has since been modified, ar.d a hydrogen-getter has been added in the rod as a

" cans of assuring that r:oisture is not present or will not cause internal hydriding of
the clad. The getter material consists of zirconium alloy chips, loosely pacmed in a
stainless steel tube and placed in the plean area of the f uel roc. The hydrogen-7etter
is located in a relatively low terrperature enviren 'ent, due to its position in the
core. so that it will not react with or redace the integrity of the cladding during
normal, abnormal, or accidet conditions.

The staf f requires that the applicant as;use that densification of uraniu, dicxide

f uel pellets will eccur during irradiation. ite mc theds used by GE tn calculate the
ef f ects of fuel Eellet densificatien have been submitted by GE in Topica Reportl

NE M-10735. The methods in this t cport h e been reviewed anJ accepteJ Lj the s taff,
an1 ar e applicable to the GEMRP design.

Ifl asse"Lij design conctrns are directed to ointenan:e of basic assertly 'try.

f or adewte coo! ant pasw;e and preservation cf cladding integrity to contair, i

fission products within tFe fuel rod.

In Section 4.2.1.1.5 of GE5 2R, GE describes the '.cadings and design limits of tre
'uel assenbly and claJdin]. They discussed the engineering design limits in ter'c of
stress, strairr, deflection, fati pe life and t.reep ruptJre. In addition, analytical

r ethods to be used to dercnstrate design ad% =cy are described. Such raterial
properties as cladding yield and ultir te stresses, and other thermal properties are
given. We reviewed thnse design i n es in retail and found that they provide an
acceptalde dcscription of dosign b3ses for tre P x R fuel as W hly. Detail: of our
evaluition o f tM L x9 fuel design 3r e inc iudec ir Acrendi> D of this report Aich
1cals witr the ' x relcads Tre only diferenca between the F2R ' 8 x P fuel andr

the reload 1 x 5 fuel is that the total act:u fuel terjth is 4 in. groater in tte
M -6 fuel and t"e fission gas plenum lengtS is 0.75 in. creater for the C J-6 r,ds
These changes are nat significant enougt to ci am;e our ge cr al conclusicrs rmr ding

. s fuel gi m in A;,endix 0, sirce: (1) th( desi;n licits foi both R 9 designs-

a rt tot came, (2) Me service life and t eak lir4 ar " eat qere ation rate are tre sav,
and (?) the sa"o aralyticil r'ethodol3gy applie; and De accident consegurfces arr-
unchaTjcd for both designs

GE ha> condJcted a test Of tre 8 x ; design sfacer grid and spacer-e tor rod lockir.q
a r ra n rent. In adj!! ion, they now ti er- i n vagrcss a fuel surveillance program on
creselected 9 x P reloid fusl asse'tlies d;ri w refu ling ratales. A ralculation of

claddinj strain for the L > E 'uol Lawd on an ervirical fu nula together with gross
diameter measurer e ct of irrid19 ted burst t" ts was s'Jbnitte' oy GE as Topical Repnet

b? "
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table 4./.1

Fuel Asser bly Data

Overall length, in. 1/6
N yni nal ac t i ve f uel ler'q th, in. 148

fuel roj pitcn, i 1. 0.640
Space t etaeen f uel rodt , .n. 0.147

f r.aorel wall thickness, in. C.i20
ruel bundle rieit transfer are), ft IN.3

Fool PcJ Ita

';tside Jic.cter. in. G.l?3
" I .i dJ i r ; thic6M ss, in. 0.03:

r'ellet outside a12 o tt e, in. r; . J I 6

iission gas ;;i rum lenntn, in, 12.00

Feilet i rersicr. density, /uc i'..+'

ih I1'
o
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NEDO-105CS, May 1972. We will req Jire an adequate update of that report once GE
obtains additional information f rom the previo 2 sly rentioned progra:ns. We will also
require that the results of the fuel surveillance prearam, and an adequate stress
report for each co panent of the 8 x 8 fuel asserbly, together with safety r,argir.s and
upuated information oa cladding strain, be fully documented in the applicant's FSAP.

Frior to our final approval of the 8 x 8 fuel assembly design, at the FDA stage of
our review process, we will need to review the following inforration:

(1) Pressure and te-perature capabilities listed on pay?s 4.2-1 and 4.2-9 of GESSAR
should be given in terms of specific values or curves as a function of tir'e.

(2) The analysis rethod that will he used to predict tre combined effects of the
LOCA and seismic events on the fuel asser:bly shot be submitted. Specific

stress, strain and deflecticr criteria should he given for this load combination.
(3) The analytical rethods of crcep buckling should be submitted and should include

the creep ruptare or creep-fttigue-rupture interaction curve.
(4) The design limit for instability suc . as instantanecus static or dynanic buck-

ling and creep buckling shou'd be given.
(5) An analysis rethod f or predicting the deforr:ation of the channel box should L:e

submitted-
(6) A stress limit should be givon for the peak stress which deals with stress

concentra tions and transient non-lir eat' therral stresses.
(7) A justification fcr setting 1 0.C60 ince fuel rod deflection linit should be

given.

Althog h the design of the unfueled spacer-capture rods is new, it is based on
e.perience with si-ilar designs. Fuel asserblies with eccentrically located .nacer-

capture rods have been successfully operat(d in the Hrbuldt Bay reactor. Gener '

Electric has accurulated extensi se f uel opera ting expericnces with fuel whose range of

design parareters envelotes the E x 8 fuel. Based on his experierco, the above
iter s are expected to be similar to the crevicJs dMign cnd ,ill be within nceptable
limits

i.e conclude that the rechanical desir,n criteria of the fuel are acceptcle for 1 PDA.

.c.2 Reac tivi ty Con trol Sys tro
Peactor pnwer can be cartrolled or regulated by:

(1) "ovement of the control rods,

(2) inserting liquid poison (bcron) into the core via the Stan c y Liquid Control
Systen, or

(3) variation of the reacter ccolant recircalation system finw rate.

In addition, a burnable poison, in the for"' of Cadolinium Oxide (Gd 0 )' i' dd j6d'23
during the fuel manufacturing process, into certain of the high enrich ent 'ssrblies.
The addition of this burnable gadolinium poison has the tendency to leveli'e .h e

44
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reactivity of the hi:;h enric&ent rods throughout their residence tir.e in the core

in addition, ' rore uniforn power distribution is achieved in the reactor core.

The use of pdolinium, which has a high absorption cross section for reutrons, resJlts
in a decrease la the neutron flux, and hence the generated power, in the area adjacent

to the UG -Gd 0 rods In this r:anner, the neutron flux of these high enrich >ent ro n
2 23

can be lowered at the be girnin] of fuel life, when the rods would have tre highest

reactivity. With increasing residence times in the core, tne quantity of gadoliniu~

in the UO -Gd Q rods is gradually depleted while, at the sr e tir.e. the quantit / of
g 23

active uranium in these UO -Gd 0 r is so ng 3 ss m ction.
2 23

Thus, the re3ctivity of gadoliniun bearina fuel rods will not vary with increasing
b urr up as r'uch as nan-aadolini r bearing rods. The therr:al conductivit t of such
rods is slightly loner than that of UO rods However, the rods are expected to

2

cper ite a t relatively lower power than a UO, rod. A different end plug design is

used to distinguish the' f ran other f uel rods

G3dolinia-urania f uel rods have been used by General Electric since 1965 and a sub-
stantial nrter of these rods have soccessf ully achieved high burnups. F1' lure

statistics for gadolinia-urania rod > shoa a slignt decrease in failure rate for the
burr 3ble poison rods comred with normal Po rods Frelicirary post-irradiation

p

ee rir.3 tions have shown no e vidence of unusual rod beha sier. Fission gas releases

were found to be typical of UO , nd no significant variations in Gd 0 c ncentration
2 23

were discovered. Recent easure"ents of therr il conductivity and linear ther al

e, pans icn show r.o de ;rada tior, of CO values for the small additions of qadolinia
2

used. General ~lectric will provide a detailed description of the perforrarce

eqerience and shysic31 property re3surements for q)dolinia-urania rods in a topical
report prior to the FDA review of GESSAR. Prior to that time, the favorable
e nerience and existirq properties data, coupled aith the fact that ga nlinia roi,
are never operated at greater than 85 of the r.axinun U0 linear heat ra tings, provide

2

assurance th e theso fuel rods will be acceptable for nse in GESSAR

ontrol rods (177 in ru-ber) are used to bring the reactor through the full rarje of

pwe r (f rom shutdNn to full power operation), to chapo the reactor power distribu-
* ion, and to corronsate fo, chanjes in reactivity resulting from fuel brunup. Each
_ontrol rod drim aas separate centrol and rapid insertion (scran) devices. The
dri ve, h we a cv ron s ;pply pr p (and one parallel spare p;np) as the hydraulic
pressure source for mornal operation and a conru discharge volure for scra a
veration. In Anend-ent 26 to GESSAR, CE cer:itted to r odifying the scra system in

order to achieve faster control rods insertion rates These chan;es are discussed in

Section 4.2.3 of this SER.

A control-rod-ejection accident, to be distinguished from the rod drop accident, is
precluded by a ccntrol rod housirg support structure located below the reactor pres-
sure vessel, similar to that installed en the other large General Electric reactors.
This structure limits the distance that a ruptured control rod drive housing could be

displaced, so that any resulting nuclear transient would not be suf ficient to cause,;
fuel rod failure.

-
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Pertor power can also be controlled through changes in the prir:ary coolant recircula-

tion flow rate. This systen, first introduced on the lirrer plant, was evaluated by

the st)f f dJring the livr er review f or a construction permit and was f ound satisf ac tory.

The 5todby Lirpid Control System (T>) is available to pu"p sodium pentaborate into
the reacter vessel. This system is desianed to bring the re3ctor to a cold shutdown

condition f rom tre f ull power steady-state operating condition at any time in core

life, indepenJent of the control rod system capabilities. The injection rate of the

syste" is adequa te to cor pensate for the ef fects of xenon decay. The SLCS is further
discussed in Section 4.3.3 of this SER.

On the tasis of our review of the control rod, flow control and standby liquid

control syste s design, an1 the supporting evidence accuolated from operation of
sir.ilar systen s in other General Electric reactors, we conclude that these systems
will "eet the funttional performance requirements, as dcscritied in GESSAR Sections
4.2 and 4.3, and are acceptable. The details of the proposed design of ae row Rod

Pittern Control Syste", which will allow use of ganged rod notion, have not yet been

ubmitted by GE for PeJulatory staff review. e will review the design details of this

sy;te post-PDA and report on the review in a su;>pler ent to this SER.

4.2.3 Fast scram

TN rapid closare of the turbire stop valves when the reactor is full power ne;r

the er.d of cycle has the rotential f or causing a significant reatsor coolant pressure

ba mf arj (RCPB) pres;ure transient. The source of this problem is that as the

reactor nears tN. end of cycle the control rods approach a fully renoved position below

th core while the neutron flux and hence the power flux is skewed toward the top of

the reactor. Thorefore, wFen a scram oscurs, the control rods must travel a greater

distance t,efore they will have a significant ef fect on terminating the transient. To

cop 2 with this probien in GESSAR, GE originally proposed a prompt relief trip (PRT)
systen. The PRT systen utilizes sensors connected to the turbine stop valves to trip

the reactcr and o;en the relief valves once the turbine stop valves begin to close.

The adfitional stea, voids created by the opening of thc elief valves adds negative

r eactivity to the rNctor resulting in a nore rapid reactsr shutdown and lowering the

;;re ssure ped of the transient.

ae had not completed or review of the PRT system when, in /endment 26, GE corritted

to substitute a " fast scram" system for the PR! The "f ast scram" consists of
codifications to the present control rod drivc (CPD) hydraulic systen. These changes
will enable 757 roi insertion to occur in about 1-1/2 seconds as corrared to about
2.78 seconds with unmodified rod drives. These system r;odifications (enlarging the
rPD insert lines to 1.25" as compared to 1.0" and increasing the accumulator pressure
to 1800 psi as compared to 1500 psi) will eliminate the need for PRT since the
" fast scram" system will be able to insert negative reactivity at a r"uch higher rate

than the unmodified scran systen and at a ra te comparable to the combiaed nega tive

reactivity insertion rates of the unmodified scram system and the PRT system.
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Although the design details of these modifications have not been provided to the NRC
staff, GE stated at the 179th ACPS neeting on March 7, 1975 that results have been
obtained at GE's San Jose test facility that indicate that GE can achieve the scram
tire design goals stated above.

On page 256 of the transcript of that neeting, GE states that "The design will
include a rather ambitioJs test program." The NRC staff finds this ccceptable, but
requires that GE provide, on the GESSAR docket, a detailed description of (and a
corrltrent to) the planned test program.

While the staff believes that the proposed design changes are not a significant
departure from the present design, we will complete our review of GE's transient
evaluation to be submitted as part of the post-PDA ef fort (as listed in Section 1.P
of this SER).

4.3 luclea. ;esign.
The GESSAR EWR/6 reactor core is corprised of fuel lattice cells (four fuel asser,blies
and one cruciform shaped control rod) as shown in GESSAR Figures 4.1-1 and 4.2-3.
The control rods contain 76 stainless steel tubes (19 in each wing) filled with
vibration corpacted boron carbide powder. Water, which serves as both moderator and
coolant, occupies til space not taken by fuel, control rods or structural material.
All of the water gaps between fuel assemblies are of the same size. Some of the
water gaps, which do not include a control rod, are provided with quide tubes for

both fixed and moveable noutron flux detectors. Guide tubes are located in the
space near the corners of tao adjacent fuel asser'blies.

There are a nu"ter of notewcrthy features of the fuel lattice cell which are aprlicable
to the first fuel cycle. These are: (1) the fuel rods are of four different

uraniun-235 enrichrents, (2) the average enrichment of the uranium-235 1sotope in a
tue; bundle is 2.07: by weight, and (3) a number of fuel rods will incorporate
axially distributed qadolina.

Wc have reviewed and evaluated General Electric's design bases for the GESSAR

reactor. The design bases consist of both safety design bases and power aereration
design bases. The general requirenents of the safety design bases are (1) that
a ftitient negative reactivity feedba-k be provided to prevent fuel da ace as a
rC ' of abnorral operational transients. (2) that nuclear characteristics as

reqJired tie e>hibited to assure that the reactor his no irterer.t tendency toward
divergent or limit cycle operation, and (3) that the excess reactivity of the core
be limitel sufficiently to assure that the reactivity control systers are capable of
re ing the reactor subtritical with the highest worth control rod fully withdrawn.
Tte ceneral requirements of the power aeneration design bases are (1) that sufficient
reactivity be provided to reach the desired bu nup for full power operation, W

that continuous, stable regulation of core excess reactivity be allowed, and (3)
that sufficient reg 3tive reactivity feedback be provided to facilitate norral

raneusering and control.
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In addition to the general safety and power generation bases, the GESSAR reactor is
desieo f to reet a rumber of specific CE design bases These are listet telow-

1. The power reac tivity coef ficient r:ust always t'e req 3tive.

2. The r:rderator i oid roactivity c_ Tficient rust be r1egitive.

3. The Dopp hr rt3ctivity coefficient rust be neg3tive.
4 Control rod operating pattern; and withdrawal se.;uences r ust Le spm ified so

thit control o j worths are suf ficiently low to present danage to the reactor
systen in the evcnt of a rod drop.

5. Tho c.a e i r.am contr<1 rot withdrawal speed rust rot be greater than 3.f; in/ set.

6. Control rod withdriwal increcer.ts r et t;e limited so that a roj rove"ent of ono
increcent does nct result in a reactor period which canr.ot he controlled by the

operator.

7. The pw.er generation rate rust be controlled to that the linear heat generation
rate of 13.4 6 4/f t is not exceeded and so that "CM is not less than the m erat-
inq 11rit for tre plant.

S. The control re: syster mst be capabic of shutting down the reat*er (V -1.0)
cff

a t any t ir e wi th the hi(; hest wceth rod stuck out.

9. Sufficient burrable poison rJst be included in the ruclear dosign to ecsure thit

the shuttwo red renents can he et throutout the c:re life.i

10 Th bad up shutd wn syster <"ust b< c1pable of -ikirq the reactor sutcriticil at

a te ; era ture of 20 C. It rast be capa',le of insertin t at lent 00 n r a tura l

toron *.+seen rini~ua rate of 6 m ',in ar j a ma x i mu u rate of 25 r p- in.
a

ri on ou rmien, we cooclude th't the reclear design bases for the ';FWR r eac ter>u

are acceptele, sirce the are in coefar v ce with C0b 10, 11, 12, 25, and 27.

4.3.1 h or ?istrih; tion

Do reactor paaer distrib, tion is a ft.ncticn of both *e nusloar design and tn/ rejctcr

m erating stato Ctn',traints ar2 placed on the poe r distribution which procl M >

o<cecJin] fual desi;n safety li":i ts ei tter bring r or"al );er3 tion er ducira transients
Tar p ' peak in ; factors foi the GESSTR reactor are giwon in 'ablo 4.3.1

study of power distributions in boiling water reittces is qiven in Tppondii ! afA

GE55AR. Append 1< aa iniicates that the GE design w trods aro capible of ade ;a tely

representing opera ting reactor states. The design r.ethods are conpared with reasured
data f or both grms arij local power distributions. IN effect on cower distributicr:
of rod patterns, fuel burnup, flow variations, void distritrutico, xennn, hot ard cold
re3ctcr cnnditions, and load f ollowing are discussed. The errors and urcertainties

associatrd with the an31rtical -ethods are also discussed and have teen accounted for
in the evaluation of f uel pr rfcenance with the process corQJter.

The discussions cr. power distributien in GESSAR Section 4.3 and in Appendix 4A are

acceptable for a PDA.

C
o s
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' AE L E 4. 3.1

' UCL E A- C AT A 55'"U31

. - - . _ _ _ _ ~ - - . _ _ _ _ _ _ _ _ _ . - _ _ _ , _ _ _ . . _ . _

rJsc-
_

resign [r iking f actor

vax n n Fuel Ea ile to #,,er.rie Fuel ondit 1.00
-r

Axial re n-to-f,erage 1.40

local Leak-to-M errje 1.13

T o tal fem -to-n.< ra ;e " ??_

Water-to-fuel Jalu"e Fatlo 2 !3
Uranium r,eicht per P;rotle (ib) 415

Maxi um Core Deactivity, All Fods in ( <g f ) ^ VS-

Ma(irum Core Peactivity, Strengest Po i Dat (kgff) D.93

Feactivity of M;,able Control Mds, Cold (!K) 0.17
C .! n ;J of Deattivitf Coe f f i c i er.ts

c
Fuol Doppler Coef ficient (!F/k/ F) -1.2 to -1.1 x 10 '

M-derator Ve' ' Coef ficicrt ( f.N / k / .ald) -i.0 to -1.6 4 l 'l '

. - - - - - - . - - . - - - . . _ . . - - _ . _ _ . - - _ - _ _ _ _ - - _ - - . ~ . _ - - . -.. .. -- .
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GE is currently addressing staff concerns related to statistical analysis of reactor
dita in establishing and accounting for uncertainties in GE Topical Peport NEDD-20340.
We conclu 9 that tFe resolution of our ccn er ns reqirding GESSAR Append's 4A can be

dCCocplished as part of our review of that topical report post-PDA.

GESSAR incorporates "onitoring syster s which will permit the operating conditions of
the "eactor core to te monitored periodically to ensure compliance with design safety

limits.

The in-core neutron ronitoring system is composed of the Source Pange Monitoring
(SFM) subsyste", tre In termeJiate Ra nge Mani toring (IR.*1) subs y s ten, the Local Power

Rango Mani toring (LIPM) st bsys tem, the Average Power Range Monitorirg ( APRM) sub-

sy: tem, ard the Traversing In-core Probe (TIP) subsysten. The SRM rar.ge var ies frn1
the source ran le to about 10^ ' of full power. The IRM's cover from 10~ to 20 of

full power. The LPRM range varies froc1 a few percent to 150 of full power. The
APRM's provide a continuous indication of average reactor power fra, a few perceat to
150 of rated reactor power. The AIP.M subsystem is based on a subset of the LPRM

detectors. The TIP subsystem is used to calibrate the LPRMs and to prosife detailed
axial flux distributions

conclu1e that the information presented toncerning the ronitoring of powerne

distributions is acceptable.

4.3.2 R e a c t i v i ty_ Cc a' f i c i e n t s

A discussion cn the reactivity coefficients of the GESSAR reactor is presented in

CESSAR Section 4.3.2.3. The most important reactivity coefficients which determine

the stability and dynamic behavior of the GESSAR reactor are ti.e Doppler reactivity
coefficient, the roderator void reactivity coefficient, and the m derator temperature

reactivity coefficient. The power reacti .ty coefficient, which is associated with

stability to power oscillations due to xenon and other causes, is a function primarily

of the Doppler anu moderator void reactivity coef ficients

The Doppler reactivity coefficient is a reactivity change associated with the Doppler

broadening of absorption resonances of a material and is caused by changes in tem-
perat e. The Doppler reactivity coef ficient is negative for the GESSAR reactor. The
absolute magnitude of the ;oef ficient increases with both in- Tasing moderator

terperature and increasing void fraction because the resentme escape probability is

inversely proportional to the water to fuel ratio. The Doppler reactivity toeffi-

cient also becanes more negative as a function of fuel burnup due to the buildup of

plutonium isotopes. Values of the Doppler reactivity coefficient are given in Table

4.3.1 'f this repor; In various transient analyses, the Coppler reactivity co-

ef ficient is taken to be -0.126:/F and is rultiplied by a desion conservatism f actor

of 0.9.
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The GESSAR reactor has a large negative moderator void coef ficient of reac tivity arid

a moderator temperature Coef ficient of reactivity which is nuch smaller ir m qnli we.
These coef ficients are obtained fron partial derivatives of the infinite cultiplication
f actor and neutron leakage as a function of coritrol fractien* with respect to the
variables of te perature or void content with the reactor near critical. Of the two,
the roderator temperature coef ficient is less significant and plays a role only near
the inlet region of a hnt operatin; reactor where the void content is smallest. This
cref ficient may become sli,;htly positive near the end of the fuel cycle. The strong
moderator void ccet ficient of reactivity, on the other hand, gives the GESSAR reactor a
nu-ter of irrportant characteristics such as (1) the capability of using coolant flow
control for load following, (2) inherent abilit) to self-flatten the radial power dis-
trib,ution, and (3) s tability to xenon induced spatial power oscaillations. Values of
tne void reactivity coef ficient are given in Table 4.3.1 of this report. In vario<
transient calyses, the nederator void coefficient is taken to be -ll .Su' av/v and
multiplied by a design conservatism factor ranging in value from 0.9 to 1.25.

We have reviewed this information and conclude that the discussion in GESSAR of the
reactivity coef ficients is acceptable. We find that the important prompt (Dcppler) and
void reactivity coef ficients are negative throughout the fuel cycle. Le further con-
.Nde that the ausolute magnitudes of these coefficients are suf ficiently large to
enst. e the stability of the GESSAR reactor during power operation.

4.3.3 Ccntrol 'equirrents and Control

We havr reviewed and evaluated the infoniation presented for the GESSAR Section 4.3.2.5
cn to trol requirements and control. Due to the excess reactivity in the initial core,
the GESSAR reactor is capable of energy extraction of 12,000 to 19,000 PWd/T averaged
over the initial core loading, depending on the initial uranium enrichnent. The excess
reactivity is reoded to corpensate for reactivity losses due to mderator heating and
boiling, fuel te perature increases, equilibrium and peak xenon, samarium poisoning,
fuel depletion, ar.d other low cross section fission prodJct poisons.

The control rods provide a nurter of important operating functions. They are a means
(1) rapidly decreasing the core reactivity during a reaci.or trip by being drivenfor

into the core, (2) bringing the reactor into the power operating range from either cold
cr hot shutdown conditions by planr,ed rod withdrawal, (3) compensating for fuel depletion
by planned rod withdr. '1, and (4) shaping the power distribution by selective movement.
The control rnds are ca able of shutting down the reac. (K 1.0) throug.aut ther

eff
entire first fuel cycle for the nost limiting condition, that is, for the reactor at
20"C and for the highest worth control rod s''ck out. The uncertainty associated with
the calculation of the shutdown nargin was estimated by GE to be about 0.005 2K.

*The control fractSn is defined as the ratio of the length of control rods inserted into
the reactor to the t1tal inserted length of all of the control rods.

'1 ;
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Control rod withdrawal sequences are selected prior to opera tion in- order to optimize
cor e perf orrance and to achieve low individual rod worths. The maxirun controlled
rate of reactivity addition during startup is 0.0011 :I/sec. This salue is based on the
withdrawal of an in-sequence rod assuming a total rod worth of 0.0100 X, a peak in-

cremental rod worth of 0.00033 zJ/in, and a naximum rod speed of 3.6 in/sec. Peactivity
addition rates are ccnsiderably reduced at hot operating conditior.s from those under
startup conditions due to the ef fects of void fornation and redistribution as a rod is
withjrawn.

The cor* si of the reactor is not only dependent upon the rovetent of control rods but
also upon changes which occtr in various systen parameters BecauSe the pressure

changes caused by a turbine throttle operation bring about reactor power changes in a
direction opposite to changes in reactor pressure, the reactor is oper3ted as a constant
pressure device. The plant output is increased or decreased by changing the reactor
circulating water flow and/or moving the control reds. As indicated previously, reactor
startap from cold or hot conditions is accomplished by withdrawing control roJs and
kee;ing the recirculating water flow at a fixed value. The reactivity differences
between the hot standby condition (5? power, 301 flow), as defined by CE, and the cold
critical condition are 0.36911 and 0.041 >J for beginning and end of cycle, respectively.
These reactivity dif ferences include the ef fects of tenperature, void fraction, and
xenon changes. By adjusting the racirculating water flow, the reactor power can be
varied over approximately 35T of the power range. The po,wr change produced by varying
the recirculating water flow is nearly uniforn and is based on curves developed during
the reactor startup phase which correlate reactor power and flow fo* various control rod
patterns. Control rod changes may also be made in the power range in conjunction with
changes in the recirculating water flow; however, load following is usually accomplished
by varying recirculating water flow. Spatial power disturbanccs, such as those caused
by xenon redistribution, present no special contrcl problem to the GESSAR reactor. The
large negativ; ver coefficiert provides strong inherent damping of such disturbances
or oscillat' ..s.

The GESSAR BWR/6 incorporates a standby liquid control systen to satisfy the require-

ments of GDC 26. This system is capable of injecting a natural boron solution at the

rate of 6 to 25 ppn/nin and can bring the system coolant to a concentration of at least

600 ppm. Based on the reactivity worth of the boron, this liquid control system,

independently of any control rod action, is capable of shutting down the reactor to 20"C
from full power throughout the fuel cycle.

We conclude that the discussion in GESSAR of the control requirements and control is

acceptable. We find that there is sufficiera shutdown margin throughout the fuel C, ele.
We conclude that spatial power disturbances will be strongly damped by the large negative
power coef ficient and that power changes by control rod novenent and/or changes in
recirculating water flow can be made in an acceptable manner with respect to effects on
the power distribution. We further conclude that adequate control of the excess

reactivity cxists thrvughout the fuel cycle. Finally, wa conclude that a second shut
down control system requirement is met by tae standby liquid control system.
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1.3.1 Contr nl Raj Pattorm an1 seactivit y Wortns

The postulated contrcl rod drop accident discussed in 4ction 15.3.2 of this M P ass os

ttJt a botto'. eritry control rod has t M n fully inserted and tecomes st x k in this

psition, unk r.un to the reactor cperator le drive is then assm ed to b< o'o .n -

coupl.d and f ully wi thdrann. The rod subse pently falls fron the ccre insertin) an

arrunt of reactivity corresponding to its reactivity wortn.

To procluje drage f rom such an event, the GiSW LWR-6 reactor is equiped with a Hd

Pattern Cont rol Sjs te- (?PCS). n; ring the ".tartua poner range, the EFCS restritts
operator ro.er.ent of control rods to a preselected proyr of rod patterns. Using these

preplanned rod patterns restrict, the increrental worth cf any control rod to approxi-

nately 0.01 A or t eloa. With this restriction on the r:aximr increcental control rod

worth, tbc fuel design safety lirit (a ;eak fuel enthalpy limit oi 250 cal /gn) will not

be a cceded even if the rod drop velocity were to reach its "awirun value of 2.79 ft/sec.

The PICS controls the withdreall of individu31 control rods until the reactor reaches
the state of 50 rod densit/ (rods withdraan by E0'). From 50 rod density to 25 poner,

tho PFCS controls the mye"ent of individual control rod gangs (or gro ns), in this

peer ran ;e the functien of the PPCS is the sare as before - to limit the worth of

in jivid;al control rods (or gangs in this case) to preclude undesirable ef fects resulting
from a control rod drop accident.

Tre ??CS is not required above 25 - pc.er since the rods are then withdrawn to such an

extent that the postulated drop of any one rcJ or rod gang wo;ld not add enough reactivity

to tM core to result in fuel damige from a reactor excursi;n. The RPCS is further dis-

cussed in Sec tion 7.7.1 of this SER.

In the startup range the r atirum in-seq;ence and out-of-seq;er.ce control rod worths are

co7ated by mean of f ull care, three group, two-dimensional XY dif fusion calculations.

Homogenized crose sections are used for each fuel bundle. These cross sections are
generated by using the GE standard lattice design rethcds for the controlled or uncon-

trolled fuel bundle. The ef fects of the axially distributed gadolinia are included in

the XY dif fusica calculations by using average cross sections and axial bucklings obtained
f rom one-dir:ensional, three group, axial dif fusion calculation.

In the power range, the control ' od calculations are af fected by the forrution nf steam

voids in the moderator. The maximum control rod worth is calculated by neans of three-
dimensional XYZ dif fusion theory for a control rod fully inserted or fully withdrawn for

a constant void distribution. The ini tial void distributicn is obtained f rom a three-
dimensional coupled nuclear-thernal hydraulic calculation with the maximum worth out-of-
sequence control rod fully inserted.

kie corclude that the information presented on control rod patterns and rea"ivity worths

is acceptable. Alt'n ugh the control rod patterns and withdrawal schemes are quite

corplex, we find that the Rod Pattern Control System and the nuclear instrumentation can
limit the worth of a control rod and the power peaking factor. Finally, we conclude
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that the restrictions on tFe rod patterns will lirit the contro! rod worth to approxi-

mately 0.01 t K and that no dropped rod would produce a peak enthalpy of 280 cal /g even
if the rod were dropped at 2.79 f t/sec.

4.3.5 Criticality nf Fuel Assenblies in Storage
We have reviewed anj evaluated the inforrution presented for the GESSAR EWR-6 on the

criticality of fuel assemblies. The criticality analyses are performed assuming a

higher-than-nortral average fuel enrichment and also assuming that there are no control
rods or gadolinia. For the dry condition, the multiplication factor, K is <0.50. In

eff
the fuel handling facilities two fuel bundles give K 0.74, f ur bundles give

eff
K 0.90. Sixteen to twenty fuel bundles represent a critical array. During fuel
eff

handling and storale, procedural controls will be established to preclude the possibility
of personnel arranging four fuel bundles in a s:1uare array outside the confine of the
fuel racks. See Section 9.1 of this report for further discussion of fuel criticality.

We conclude that the discussion of criticality of fuel assemblies as presented in

GESSAR is acceptable. We find that the procedural controls outlined are suf ficient to

prevent K f ron exceeding 0.90 under normal conditions of fuel handling and storage
eff

and 0.95 for abnormal conditions.

4.3.6 Vessel Irradiation
We have reviewed and evaluated the information presented for the GESSAR BWR-6 cn vessel

irradiation. A one-dimensional, discrete ordinates transport code is used to calculate

the neutron fluence at the pressure vessel assunirg continuous reactor condition at
ra ted power for 40 years. A radial power distribution representative of conditions

throughout the life of the plant was >> sed. Axial p%er distributions were calculated.

The calculated fluence at the pressure vessel for neutrons of energies above one MeV is
la ?

about 2.4 x 10 neutrons /cv

Bned on our review of the methods employed, we conclude that the neutron fluence at the
pressure vessel M ll has been conservatively estimated.

4.3.7 Analy.tical h taods
We have reviewed and evaluated the information presented for the GESSAR BWC-6 on the

analytical methods The basic calculational procedures used by GE for generating
neutron cross se:tions are part of its so-called Lattice Physics Model. In this model

the many-group fast and resenance energy cross sections are computed by a CAM-type of

program. The fast energies are treated by multigroup integral collision probabilities
to account for geometrical effects in fast fission. Pesonance energy cross sections are
Calcul3ted by using the intermediate resonance approximation with energy-and-position-
dependent Dancoff fr tors included. The thermal cross sections are computed by a
THERM 05-type of prcgram This prograni accounts for the spatially varying thernal
spectrum throughout a fuel bundle. These calculations are performed for an extensive
combinacion of parameters including *uel enrichment and distribution, fuel and moderator
temperatures, burnup, voids, void history, the presence or absence of adjacent control
rods, and gadolinia concentration and distribution in the fuel rods. As part c.f the
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Lattice Physics Model, three-group, two-dimensional XY dif fusion calculativns for one or
four fuel bundles are perf orned. In this way, local fuel rod powers can be calculated,

as well as sinl e-bundle or four-bundle (with or without a control rod present) averagel

cross sectiens.

The single or four-bundle averaged neutron cross sections which are obtained from the
lattice Physics Model are used in either two- or three-dimensional dif fusion calculations.

Two-dir.ensional, XY calculations are usually performed in three-groups at a given axial
location to cutain gross power distributions, reactivities, and average three-group

neutron cross sections for us, in one-dimensional axial alculations The three-
dimensional di f f usion c alcula tions ise 1.5 energy groups and can couple neutron and
thernal hydraulic phenonena. These three-dirensional calculations are perforned using
24 axial reaes and 1 radial node per fuel bundle resulting in about 14,000 to 20,000

spatial nodes; however, at the dasign stage geometrical synr.etry is used to reduce the
size of the calculation. This three-din ensional calculatica provides the best simulation

of t"e GESSAR BWR-6 and yields gross three-dimensionai , ter distributions, void dis-
tributions, control rod positions, reactivities, eigte 'ses, and also average cross

sections for use in the or.e-dinensional axial calculations.

The one-dimensional axial calcuistions are space-time dif fusion calculations which are

coupled to a single channel thermal-hydraulic codel. This axial calculation is used to

generate the scram reactivity f unction for various core operatin) states. This ene-

dinensional space-tine code has been compared by GE with results obtained usinq the

industry standard code, WIGLE.

The Doppler, moderator void, and moderator temperature teactivity coefficients are

genciated in a rudinentary manner from data obtained from the la ttice physics Model .
The effective delayed neutron fractinn and the prompt rode neutron lifetire are

computed using the one-dinensional space-time code. The power coefficient is cbtained
by appropriately Combining the Void, Doppler and moderator tenTerature reactivity

icoeffic ents.

IF! behavior of the GESSAR BWR-5 to any induced power oscillations is discussed ;n GE

Topical Report APED-5652. The effect of spatially varying renen cnncentrations on tFe
stability of the GESSAR BWR-6 is specifically discussed in GE Topical Re^ ort APED-
5640. These studies show that the GESSAR EWR-6 is stable to any xenon-ir sced power

oscillations because of the darping ef fect of the large, negative, spatially varying

void coefficient.

Section 4.3 of GESSAR does riot provide any comparisons of calculations of K with
eff

cold conditions and with and without equilibriun xenon andreasured data for hot , 2

samariun present. Comparison with experimental data of calculated control rod worths
in the colJ condition, shutdown nargins for various conditions, the en,ctivity worths
of the distributed qadolinia, and reactivity coefficients for various conditions is

sinilarly lacking.
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W- cm.clude that the di' c us sion of tr e anil /tical methods in r,p r 5 AR indic a te' tha' tt ey
are state-of-the-art. Howen e, the anal ytic al methods need to Le ', ore fully doscribed

ar ] ds v entej in te m of t he eq u a ti o r'. , na e. ical tedniques, an j retnnt of 'ulutico.m

D e neut mn cras section d3ta base need; to be fully describeJ anj M cu~erted. F ur the r-

rnre, the analytical r othoJs need r o e ef;mrirental varification ard . n ntation ovr'

is wide ran ;e nf Loiling w3ter reactor para eters and o;'eratir l st iH as possible and.

,;st include a discussion and evaluation of the uncertainties involve j.

In GESSAR Amendment 23, GE proposed to the staf f a schedule f or tne sut,ittal of topical

re; orts adjressing lattice physics rethods, the IMR simulation code, the verificatien of

lattice physics rethod; anj the verif ?ation of the core calculation rethoda M conclude
thit resolution of our concerns related ta the core physics analytical ethat can Le

accomplishej as a cart of our review of these topical repurts. Theref ere, we consider

the information contained in GESSAR Section 4.3 and the GE comit ents to provide

additional information in this rea by submitting topic 31 reports acceptable for the PM

stay

final resulution of this iten can te post;.onej until af ter PDA issuince.

4. 3.3 %;r a ry _n f f < a l u i t i on o f '. .c l ea r De s ign

Our review his established that suf ficient inf orr:ation has been presented in GESSAP to

torclude that the nuclear Jesign and operational boundaries are understcod and that the

reacter can be exp< c ted to r eet required limitatior.s over the a;'propriate range of

operation, in particular, we conclude that sufficient information has been presented on

such reactor characteristics as power distributions, reactivity coef ficients, and control

for use in ste31f state limits and in the transient and accident analyses described in
E na;:ter 15.

4.4 Thernal and Hydr nlic Desian
The core thernal and hydraulic design Lases are formulated to limit the local power
density and coolant flow within the core to values such that the fuel damage limits are
not exceeded during normal operation or operation 31 tr)nsients. One damage limit is the
critical heat flun. Previously the critical heat flus limits were determined by the
Herch-Levy correlation. Now, the Regulatory staf f has approved for licensiN a new GE
proposed critical teat flux correlation called CEXL (General Electric Critical Quality
3-00iling Length). The occurrence of boiling transiticn is predicted with greater
accuracy by use of the GEXL correlation than by that of the Pench-levy critical heat flu <
correlation. The GLXL correlation was fornulated on the Lasis of best fit of data rather
than a lower limit line to the then existing rod bundle critical heat flux data of the

HenCh-levy Correlation. Tne GEXL correlation is based on ruch nore extensive data and

a wicer range of axial heat flux profiles than the Hench-Levy correlation.

The Replatory staf f has also approved for license a new GE proposed thermal design rPthod
used in meeting the design objective of preventing fuel cladding damace due to over-

heating. This rethod is called GETAB (General Electric Thernal Analysis Basis). The
results of our review on GETE are given in Appendix E of the GLSSAR SER.
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T h. rJ T M r.e tFo j u ses tt i u r. c ertainties of tre react ,e opera tir,j v a r i a t. i t , a , j ta mr.

cur rela tion to.jetb( r witt tt> Post limiting reactur power Jistrib;tlan to a terr it e

t4 trctT al lir i t. The .nertainties associa ted with the parr e ters af f ec ting sajj
state tundle power are t elted statistically in orjer to satisfy the criterion t*5t,
t ring a core wice tr arsi 2n t, 9 ). i cf the rods in the cure are oct espected to
experiente toilir] transi.icn. Tle ther'al li-it for tr+ 8x a fuel used in tf e t s-

critical6 desi r;:, is stated in ten 3 of the critical pcwer ratio (CF P), where tre

poner ratio chosed for tn reactar safety dosign and caeration is defined as tt .t

ratia of the ritical turdle puwer to the cperatinj bundle poaer. (T rar.s i ti on t.cil i r ,

lejins a t the critical f aner. ) This CFR terc is core representative of t"e available
t hermal c 3rgin tha.. c ra presicoslj vsed ChFP. The GES5D reactor tror"al rargin is

stated in term of the t-inioum value cf the critical p aer ratio, fTF a ccrre m r. ding
to the ost limitin) fuel asse bly in the care.

The fuel cladding integrit/ ha fetj Linit NPR established tij the GETAG r ethod f or the

6ES % reactor is 1 C7 This Safet/ Lirit MCPR has teen dotermined to reet the
triterion that core than 97.9 of the rods waald not t,e egeuted to experience
t;oilinj transition.

The 0; ora tirq Limit "CPR is 1.21 which is tFe limiting condition for steady state
power cpera tien a t ra ted pvner and flow. The Operating Lin.it "CPR is based on t!e
rost severe anticipated abnorral operating transient yielding ranimum decrease in
MCFR. The GESSAR accident analysis shcas trat the lo3d rejection witMat bypass

transient results in the maximum reduction of the "CfR. The MCPR is 0.14 Addition

of this MCFR to the Safety Limit "CFR of 1.07 gives the -inicum Operating Limit

MCFR cf 1.21.

In cenjunction to the limiting conditions of cperation by use of the MCPR therr al
nargin, the naxice linear neat generation rate (LHGR) of the fuel should not t;e
e. p> cted to exceed 13.4 h/f t during namal power operation. For a shart-term transi-
enu operation the Lr,GR is expected to rise to 1;.b kw/ft. Cen ter line r eiting begins
at 21 to 22 kw/ft.

The scope of our then:al-hydraulic design review included the design criteria and
thermal-hydraulic perforrance. The applicant's therml-hydraulic analyses were
perforn'ed using analytical rethods and correlations that have been previously reviewed
by the staff and found acceptable. Differences between the proposed core design (and
criteria) and those designs and criteria that have been previously reviewed and found
acceptable by the staff were reviewed. We found that all such differences were
satisfactorily justified by the anplicant.

The staff concludes that the OETAB therral design rethods and the thermal-hydraulic

design of the core will confom to the Cornission's regulations and to applicable
Regulatory Guides and are considered acceptable for the PDA.

''
4-17

GESSAR



In Sectico 4.4.3.5 of GE55AR, GE presents typical values of stability and hydrodjrd-Tic
perforr.ance and references calculaticns that predate is;troduc tion of the EWR-6 design.
We will re pire GE to upd3te the stability dnalysis prior to the submitt.11 of the
first bWR-6 fSAR.
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5.0 RE ACT_0_R_ C00t ANT SY STE M

5.1 Surr.ary Dosc ription
The principal components of the reactor coolant syster are the reactor pressure vessel,
the reactor recirculation system, the main steam and feedwater lines, and the pressure

relief system. These items to m the major components of the reactor coolant pressure
bourdiry (PCFB). The pressure boundary also contains portions of the Reactor Core
isni a t inn Conl i ng Sys tem, the Residual hoat Renoval System and the Reactor Water Cleanup

Systen. Portions of these system! as well as other piping that evtend f rom the
reactor vessel out to the second outermost isolation valse are cons'dered wiu,in the

reactor coolant pressure boundary.

5.2 I_nturity_of Peictor Coolant Pressure Foundary
5.2.1 Oosijn of Re8ctor Cnolant Pressure Roundary_ Components

_

The design loading combinations specified ,or ASME Code Class 1 RCPB components have
been appropriately categorized with respec t to the plant conditions i 'entified as

Norma l , Upse t, En ergency or Faul ted. The design limits proposed by the applicant for

these plant conditions are consistent with the criteria recorrended in Regulatcry

Guide 1.48, " Design Limits and Loading Cor.binations for Seismic Category I Fluid
Systems and Co-conents. Use of the criteria recorrended in Regulatory Guide 1.48

for the design of the RCFB corpononts will provide reasonable assurance that, in the

event an earthquake should occur at the site, or other system upset, emercency or

faulted conditions should develop, the resulting corbined stresses imposed on the

system components will not exceed the allowable design stresses and strain limits for
the materials of construction. Limiting the stresses and strains under such loading

corbin1tions provides a basis for the design of the systen components for the rost
adverse 1;adings postulated to occur during the service lifetir.e without loss of the
sys tem's s truc tural integrity. The design load ccrbinations and associated stress ard
deformation limits specificd for AihE Code Class I components constitute an acceptable

basis for design in satisfying the relateu cquirements of General Design Criteria 1, 2

aoj 4

5.2.1.1 f e:pliance with 10 CFR Part 50, Soction 50.55a
Co parents of the reactor coolant pressure boundary, as defined in 10 CFR Part 50,

Section 50.55a, have been properly identified and classified as ASMC Section III, Code

Class 1 corponents. These components within the reactor coolant pressure boundary will
be constructed in accordance with the requirerents of the applicable codes and addenda

as specified by 10 CFR Part 50, Section 50.55a, Codes and Standards, and discussed

previously in Section 3.2.2 of this SER.

The staff concludes that construction of the co-ponents of the reactor coolant pressure

boundary, in confor-ance with the Comnission's regulations, provides reasonable assur-

arce that the resulting quality standards are connensurate with the importance of the

safet/ functicn of the reactor coolant pressure boundary and is considered acceptable.
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5.2.1.t Aglicable C- in C i s.
The specified f W Cndo Carr6 whose r equire"ents will 1 e applied in the construc t ion
of pre < s ,re-retainin; AWE Sc tir.n III, Code Clas, 1, co"portnt within the reactor

ceolant pres sure boe-!arj (0;3lity Group Classifica*icq 5), 1re acceptable to tre
staff. ,.' e curslujo thtt corpliance r.ith tre re wire"ents of the,' Cole sases in ( on-

f orr anw wi th the Coviss ic n's reg;1a t ions is expocte i to result in a ca ponent q; tlit/
Im el cn sensarate with the importince of the safety function of the reactor conh nt
pre'sure boandary and is corsidered acceptable.

5.2.1.3 E.n s i.o n_o_f_ & t i v e P 1. 2 _ _ a n i nis y

GE has de> crit'ed, in GE5';M Sction 5 2 the design i. aire ents which apply 'o Etim

purps and valves in th+ GE S M dosign. We have revie od th;, inforn'tinn and find it

r 9 tat:le. Sec+. ion 3.9.4 of CESS b also pru ide, 3 ;:rogra, which will ce med to

sure the operibility of all acti .e co ,enents Our conclusions regarding this*

pro ; ram art q1wn i n '~ e c t i nn 3. 9. 3 o f this SER.

5.?.l.4 tmso Parts M,nitnr

&casionilly, ,i scelleeous i te" . e t as ruts, tolts, an1 ntter e nill iter < have

beco - l ow part withir reactcr roulant svite' > In addition to c3; sing o[orational

ircun.rnience, mb lc ' gets can 3 P: utter c. , onts .vithin the sy>te" or be an'

irlicatter of ;r. j an <oir nr si ratia. For try p3st fow ,eirs we have regiirei an/

a, aliconts to inititte a pr0|r3 tr ta :articip +e in an n ,li n-; f r r gra~ , t ho obioc-,

tiu of wnict <.) t b. do e n +. o f a f unc t it ra l , loo,e parts r oni tnrin ; nste'
,

wi tnin a reas - Bl" ; eri: J Lt ti~' Gtnt 11 Electric rc- ; anv h r. stated tha t tr e> Lis

ini tia ted a ler ,- t e rr ; r c, r3 - for +* p -a ce of dov ales ert of a vit iation roritorir ,
r

s f s 'er ' for lif t water re1ct o The ob y tive of thn pr ;r. is tto de.el o;:r e lt n' a

systen reqJiri* sensnes < cnly tre utsida sur' ace f the reactor ,r 3 s a r( <eisel to

trc,14 ccntinvil ranitari ter t6> irp.!ct and vir .*' ,Of Ionse parts Sain; r51ctor

; c ra tion. i.e h 3,e ccncla 91 that this is accop+'ble fcr +his stage of the CEM

reVied.

Prot <ctie32.2 ov7 pre ,aro'

'ho pre' w e relief sfst present, o.ergres rization of tte reactor c(olant rc r/a rfe

urfor t'e nost se w re npor1tional trarmitnts li'its to re ntor t r e are d; ring'
i

norm l plant ' sol a ti en a r: f l o ci rojectie as to preson+ owning J tha springr
i o

11fety al e , Itc v al ves of the , r suro reiit f s nte- also cro part ?f the Aato ,$ tic

~ pressurization Sjste"', which is a subs /;te" of t'o e'er,ercy core c:aling syste-

I scribed in Sectict r, . 3

T*e pressure relier syste consists o 19 dual purpuse s3fety/ relief valves. All arer

cunted on the ai stc2 lire, within the primary containcont dr,well between t**

reactcr vessel and the isn'.ation valves All disch irge thr3rr pipin; direc tly to the

sopr( sien pool. The walves are all sprinj-loaded with thc set pressures in the ran :o

frc 1105 to 1205 psil. At the set pressure of the hiqhest set Salve, the valves tive

a cc~bined capacity ea al to 112 ' of rated stem flos. The valves are also actu Feq at

5-2
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relih , set ,.costures within t u rarv + of 110; to 1105 psig Treso val ms motain

auxiliary Enue atic actuat-r; ar d can t e operated eitb r t,y au t o" .i ti c c r re' ote 'anu11
ccntrols at any pressure 3 rove ctn ,noric. for c,erpres;ure r-lie', a pr.: sar+. s wi t c h

on each salve initiates the ert ,'atir actuator at the relievirl set prossurm fiqqt of

the vaives cari t e preo"a tica ll y a c t ua ted t;y a s i r,n-il f rc ' tLe Istc atic N pres r il i-

tion S vs trn (AD5). All of t"o *atety relief valves are eg;ir; ed with safety gak4

Encu'atic accu ";lator ar d a cM x k .'lve in the , aly lirie 50 that tFe valv ( an t.

actu3ted even if the pr-enitic supply fails

IFe 1Dilit./ of the pressure relief sjstem to rre vent awrpres sur iz 1 tion of tne rea ir

c oni in t pres ; ;re tw nda ry is evalui sed assum1r.1 thit: (1) the plant is c;erc tiri a+
u ,ign toniittons (105 of ra ted s toa , f low and 3 re.ictor vessel 10-> crc >i;re or

1M 5 psig), (2) the rost s%ere rmorational transi,nt occars (closure of tre -ain ite t

l i n( isolltion valvo;), (3) d e direct stry s i ca l fro" tpe valse posi ti' cSitc M

f35 test indirect scrr 1gnil (hi ;n neutron tls,1,f ails and scrr is ef fected Lv +r- >

ar3 (;) it 3 c st crr ,alse i; i n a;+ra t i e.

Tr> "othat th a t w" rei, ire to uset to " terni r e tatal (11 7 upacits is &scrited

teT~

f- s ent,er s y s t en ; r. ure ira re: Ses to the relief pressure et ,oint of a ar''; nf

.11 u h wiri tre v e se! point, half of t&t .alve are a; ,c1*n 0;cra tt in

, ered b / the , ruritic actuater. Tne relieving capicity ofthe cellef d
i ,

these val u ;;ej in th4 ara hsis will te the capacity of tho alves at tN l o,, c r
rel iov i r. ; r e< > ;re. 're cap uity at this pressure will be det-r:'ined in accord-

3rce nitt. t"e ; r:ceAre ' ecified ir 'a 720 nf J'i Eection III. This will

. era je tested r a;acity irherent in the c a9; ificalls ircludo fM E of 2

certificati"n ;rotejare,

f t) f r, r salves c?rstjered to cer3te in the relief 'oj , the osorpr(;su > protection
ir11pis will t ne irta K ' At th" tHe "clav 90 t% r+ s m itir7 sy? pre: ure

<'itr'd .vith tN resM nse cFaracteristic> 6f t*e .r. re< singincrt 'e 4 <

s,ste r j tr e ,alu as s b l .< . TFe relief ra te will * e considered to incn Mr- ir
a stra1#t line rel-itionsnip proporticrMI to the s/ste- pre ><ure +Fe tran;ient>

pry; rec ses, / 'il *no sj tv raches 103 cf t9 ; rig (et res nre for i par-

titul3c gro, of ,11"es at that pressure ini at hi w r press;res, tFe valves
.v i l l t:e a s s ; r ' to relie.o at their D E staTptd cac3 city.

-i etn the ste- ;:r et sur e increa ses to tne Valve apri*] set pre sure of a , coup of-

.alves, those v31ves rot already considered open are assu~ed to t=egin npeniq ar d
to reacn full c;en a t 10 3 of the valse sprin] set pressare. A t 10 3 of the

_

s; rinJ set paint pressure and hi ? er, all these v31 cs are assumed to relieu =*

their ASPE s tr , ed cap 3 cit,

Ttt red vessel pressure resulting fror an analjsis perf ormed essentially as described
dbc.e is r, ore than 50 psig within the ASVE allewable pressure of 1375 psiq, and is

therefc,re accoptable. Tre descri,ticn, loaic, and design criteria for tre overpressure
protection control and instru'entaticn system (ItC) reedpd t satisff_tho requiremrts

I )>
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of the ALMi code, Section ! ! ! , Pa ragra ph *iB 7f, U) is currently under review a rsi the
statf avaluation will be reported in a supple ent to our SER, as part of our Chapter 7

review. N e ver, as stated in Section 7.1 of this n port, we conclude that this part

o f t h r: IAC s/ ster is accept 3ble bised on our evaluation of the criteria an1 conceptual

design.

A <..all fraction of tre pressure relief valves at some BW4 ple ts hn e inadvertently

ope md daring cert.iin tran;ients Ar. evalua tion of these inadvertent op:nings indi-

cater that the potential exists for the same mthanism to p event these valves from
opening when required- Even thoJgh these failures have not resulted in overpretsuri-
zation or con promised the integrity of the reactor containment system, they do repre-

sent a deviation from the anticipated performance of an essential safety system (over-
t ros5Jre relief syster) that has saf ety implications such as excessive vessel couldown
rate, increased prot 3bility of fuel coolant loss and potential f or a c won rechanism
t msing failure to open. Changes in design, e q u i pro n t , inspection and testing can be
"a @ to i' prove the safety and safety / relief valves' performance on GESSAR plants. GE
v as propmed a no. valvo design. They stated that the safety / relief s il ves to Le used
on GESSAR plants will t>e . balanced tjpe, spring loaded saf ety viles provided .vith
an a n iliary power actuated device which allow; opening of the valvo even e en pressure

is les thin the s ifety-set pressure of the valve. Gf further stater that v319e
proble"> cn operiting F A 's were .asacciated principally with nultiple stage pilot'

o; erated safety / relief valves These newer, power operated safety vilves employ

significantly fewer moving pirts wetted bv ihe steam, and are theref ore considered an

improvennt of the previously used valves

Design details a d drawings of the valves have been provided to the Pegulatory staff.

In a flition, appropriate benc h" test data has been providtd that verifies i" proved

pe r f o rrla nc e . GE has a greed to work with the staf f and their utility custca rrs to

r aintain a sur,eillarce program once the new valves become operational on an/ EWR. Tre

purpose of the program is to accumulate information in a convenient forrat and in

suf ficient detail to aliw iJentificaticn of generic problems and be able in adjition

to determin.: such things as ex.actly what the troblem is, what caused it, possibly how

to alleviate it, and what the effects rn the plant are. Inforratio' that is to be

reported will include all abnorralities ran<;ing f ran minor wear observed during ncreal
inspection (even if repairs were made) to complete failures of the valve including

f ailure to open or close and inadvertent operation. Details of the problem, the valve

type and operating conditivns, f ailure moces and reasons and remedial actinn should all

be reported. Details of the surveillance program will te provide during the FDAd

review. Utility-applicants referencing GE5SAR will be required to participate in this

proyam as was previously discussed in Section 1.1 of this SER.

We conclude that the pressure relief system, in conjunction with the reactor protection

system, will provide adequate protection against overpresstrization of the primary

coolant boundary and unnecessary operation of the valve. The instrurentation and a . -

trols for the overpressure protection systen will be reviewed along with the I&C systen
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rentiered in Chapter 7 of this report and the staf f will re;, ort en tre resiew in a
supplement to this SLR.

5.2.3 fracture To y h.ne<>
5.2.3.1 Cyl i a n c e_ w i _t _h _C c d o Ff3uirfment_s

W,. have reviewed the mitorials selection, toughn ,2 requ i rer:e n t s , o j entent of rater 1-
als testing propo wd by Generil Electric to proside a;surance tnat tr e ferritic ateri-
.ils used for pres;ure retaininj cm;cnents of the r eac tor coolant S i n tiry will ha <e
ade in to t ou ;hres s under t es t, rarral opera tion, and trarsien t con ji tions Tre tor-

ritit mitorials will reet tre tor;hress re pirer'ent, of t*e AWE Niler .i n d P r + < s m
ietiel Code, ',ec t i on Ill.

The fracture to;;hrest test , ano proced Jres re ;; ired by Section Ill of tN A'M cme
for the rHctor vessel and other f er ri t i c c o", aren t s ;a o s i de reisonible assur3nt o that
ajeq;cte sifety nargins a liinit the ;ossibilit y of r coductile beh jvlor or rapidl

f

;.rt agatirq f rac ture can be es taDlishe1 f or f rossure ret.iining t o surent of tho r"-

ictor coolant precsure bo'nd3ry.

E . ? . 3. ? fie r a t i r"; l _i m i t a t i n r. s

,. e hwe review"d tM operating 11oitations th3t will be i-;osed on tr e pla..t arf in-
l W d in the Tech 1;ecs, and conclude that the reic tor will Lo opera te i 1 r. i minner

e

that will "inini!" the tossibility of rapidly propigating failuro, in av or d ir.c e w i t t
peniix G, 10 CfR 50.-

Ip ,e of A ppe n.ii n G as a 3;ije i n es tad' ishin ; saf e cpera'ing 1 ; .i ta tions , usin ;
results of tte fracturo t m ;h n" > > tests perf orvd in acccedarce with t he ''oje in j ' L C
ro,;laticos, will En urc ajca;1te safety argiv durirq eratin1, testing, u inton irc o ,c

a nd pos tulated acc icien t con 11 t ions (n"pliarce with these Coje pro v i s ions and '.?C
re',;1ations, ccnstitute an *'ceptable basis fcr 53tisf in7 tto re pire,onts of Ge< oral/

Lo , i g r. rriteri,r 31, Append 1r A uf !O LfR Part 50

5 2.3.. -oactor.keisel_Ma<orial__% rwoillarge r gra,r

n toutress prc:orties of tho re3c tor vossel beltline iterial will bo oni*u o1o

in rw;* c u t its sersice life 4ith a mat" rial w rseillance program that will en ply wit'
t'e App.md i x H, 10 CFR 50, and is consistent with prolrr s tha t r ive been fwnd accW-
able for other EWR plints T h r. program will r eet the rebi rf ren ts of M!M E -l RS-7 3.

nThe predicted neutron fluence for this re3ctor vessel is only 3.3 < 10' rvt. Ibe
progra'i is acceptable with respect to tr e nr!.er of c apsules , nw f,er and tg5 of reci-
' ens and reten tion of a rchive r.a terial .

The surveillance program constitutes an acceptable basis fcr r onitorin7 r3fiation
intced chinges in tme f ractJre tOJ70ess of the rPaCtGr Ve5ael iaterial, and will
satisfy the requtrenents of Coneral Design triterion 31, s pendix A of 10 CTR Part 50.
As statcd previously in Section 1.1, utility applicants ref erer,cing GESEAR will be re-

quired to n:eet comite-ent, rude in GEMAR related to tests and inspectione
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5.2.4 r.on_er a l Ma.tyr i a l_ Cors_i_dgra t i.or s

Tho raterials used for construction -* tho reactor coolant pressure boundiry (PCrB)
mi found to be in conformance with thehave teen identified by specific;t' r

req; ire v nts of Section I!! at the '' M Code,

lhe RCFB raterials of constructic i th3t will be exposed to the reactor coolant have

teen identifird and all of tFo sterials are compatible with the expected environ-

cent as proven by extensive tM t ing an d ati s factory per formance. Gereral cerrosion
en all ruterialt e xcep t ca rt<' ani low alloy steel will be noqligible. For those

raterials, conservative (nrrosion allowances have been provided for all e gosed
surfacos of carbon and low alloj steel in accordance with requirements of the AS"E
Code, 4cticn III. Furtbor Erctection against corrosion problers will te provided
by control of the che-ical envircrw nt and composition of the reactor coolant. The
t F e rr a l insulation used in thoso areas is compatibio with tFe raterials of (nnstruction
wd is in conforranco with tr e rec m rrr dations ef Pog ;la tory Guide 1.16, 'bn-

re ti.llic Ti err al Insul ation for stenitic Stainloss Steel.

5.2.5 Austenitic Jtainl_es i _teolS

Controls upon tFe weldina of corpononts constructed of austenitic stainless steel
will be esercised to ,inirize sensitiz3 tion and ts prevent the occurrence of ricro-

fissares. The applicant ras acreed to de orstrate the adequacy of current weldirq
controls by cord;cting tests to deter-ire the ferrite content of production welds
ani to evaluat" tre degree of sensitization in welded type 30% and 316 stairless
steel.

Cleaning and cleanlinoss ccntrol are in 3ccordance with the reco-rendations of
FF platory G;ide 1.37, "Cuility Assurarce Poquirerents for Cleaning of fluid Systere
and Assoc ia te1 Ce"r ort nts of Water-Con!ed Mclea, Power Plants" and ANSI Standard
M5.2.1-lq73, ' Cleining of Flui1 Systems and Associated Covonents for Nuclear Power
Plants.'

N terial selection, fibrication practices, cleaning procedures and protection

procej;res in acccrdance with theso reco rendations provide reasonable assurarce
trat the austenitic stainless steel in the reictor coolant pressure boundary will be

troo from hot crachirg (microfissurirq) and in a retallurgical condition which
rininizr- the sJsCentibility 10 stress Corrosion Crackirg dJrirq service.

In latt 19/S, mall cracks in the reactor coolant pressure boundary (PCPB) were
cbseivel at sevoral oporating FWR's The causes of the cracks were reviewod an i
milu3tM t y the staff and eur conclusicns are given in the staff report, "Investiga-

tien and Evaluaticn of Cracking in A;stenitic Stainless 3 teel Pipinq in Poilinq
Witer Feactor N an;s, '.UPEG 75/057. December 1975.

5.2.6 Inservice Insp ctico i rc a ram

To ensure tr at ro deleterious defects develcp during service, selected welds and held

c. _ (,
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teat-3ffccted zones will te inspected ;eriodically.
The design of the reactor coolaat system inccr; crates provisicns for access for
inservice inspecticns in actor dance with Section XI of the A5YE Eoiler and

Pressure Code. Vethods will be developed to facilitate the rerote ins ection of

those areas of the reactar vessel not readily accessible to inspection perso vel .
The conduct of periodic inspections and hydrostatic testinq of Pressure retain-
inq conponents in the reactor coolant pressure boundary in acc;rdancn with the
requi erents of ASME Secticn XI Code provides reasonable assurance t*at eviderce

af structural degradation or loss of leaktight integrity occurrin; ' cing service
<ill t;e detected ir, time to permit corrective action before the safet< functions
af a component is compecmised. The inservice inspection prograr for Class 2 and
3 components will fully satisfy the provisions of Pegulatorv Guide 1.51, "Inser, ice
inspection of ASYE Code Class 2 and 3 Suclear Ponor Plant Cortonents Co pliance

with the inservice inspections required by ASVE Section XI Code constitutes an
acceptable basis for satisfying the requirerents of General Design Criterion 3?,
Aapendix A of 10 CFP Part 50.

5 Z.7 P:FB Leakaja Detectinn System
Ceolant leak age within the crirary containment r.ay te an indicaticn of a s all
through-ac 1 flaw in the reactor coolant pressu e boundary. The leakage detoction
system proposed far leakage to the containment will include diverse leak detection

cethnds, will have suf ficient sensitivity to reisure small leaks, nill identity
the le3kage snurce to +he ettent practical, and will be provided with suitable

ccntrol roar ala rrs and readouts The major co ponents of the system are the
containment atmosphere particLlate, iodire, and radio;as ronitors, the drywell
floor drain su p syster, and the drywell cooler drain system Irdirect indication

of grcss leakaae will t'e obtained frcr tha contain-ent pressure and ternerature
irjicators. Tre leakage detecticn syste- preposed to detect leak age fro-
:orponents and piping of the r eactor coolarn pressure tcundary are in accordance
with Pequlatory Guide 1.45, Peictor Coolant Pressure Eaundary Leakace Detection

Syste s" and provid2 reasonable assurance that any structural degradation result-
ing in leakage during service w;11 ce detected in tirc to permit corrective

actions Corpliance with +he recorrenditions of Pegulatory Guide 1.45 cons ti tutes
In acceptable basis for satisfying tFe em.irerents of General Design Critorion
31, Appendix 4 of 1C CFR Part 50.

. 2.3 ,2ctor a ssel e d 9 rterans 2

The design, stress an31ysis, f abrication, inspection, and qu31ity assurance
requirecents of GESSAP reactor vessels will conforr to tne rules of the A5"E

Sciler and oressure Vessel Code, Section III, and all acclicable Code Cases

The stringent fracture to;ghness require-en+s of the AS"7 Code, Section III,
will Le met. Also, operating lir.itations on tercerature and oressure will be

established for this plant in accordance with Ap;erdix G, "Protecticr. Aqairst
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tn-Dactile failure, of tre A W Pailer and Pressure Vese.el Code, Section III,

and A;M erdi v 9, 10 CFR E0

We conclude tha t GE 5c AR rear t cr vessels.

(1) Will be designod, analyzed and fabricated to the hian standards of quality
r+ quired by the MME Coiler and Pressure Vessel Code and pertinent Code

Case listed above.
(2) Will be rade fron materials of controlled and demonstrated high auality.
(1) Will be inspected and tested to provide substantial assurance that the

secsels will rot fail t ecause of material or fabrication deficiencies
/4) Will be operated under conditions and procedJres and with protective

devices that provide assurance that the reactor vessel design rnnditions
will not be e ceeded durinq norral reactor operation or durira rost upsets

:n operation, and that the vessel will not fail under the conditions of any
of the po',tulated accidents.

(5) Will be subjected to : enitorinq and periodic inspec tion to demonstrate

that the high initial quality of the reactor vessel has not deteriorated

sinnificantly under the service conditions.

5.3 Thornal Hydraulic s vs ten Desion

.3.1 halytical Methods and nata
The analytical r ethods , therrodynamic data and hydrod<namics data used ate
sinilar to those used in the Grand Gulf, LaSalle, Pailly and Zinrier desiras a-

3re acceptable to the staff. These are also presented in Section 4.4

5.3.2 in3d Follo_ win 1 Characteristics
The lead followirq characteristics of the reactor coolant system provide the

capability for one of the principal mode of EWR operation. The design of the

EWR includee the ability to follow load demands over a reasonable range without
requiring operator action. The power can be controlleo over ataroximately a 35'
p- or range by flow control. Pecause of the negative void coef ficient, load

wing is accomplished by varying the reactor recirculation flow. To increase
wer, the recircul 9 tion flow rate is increased thus sweepinq voids frcn the

noJerator and increasing enre reactivity. As reactor power increases, nore

steam is forr:ed and the reactor stabilizes at a new power level with the transient

excess reactivity balanced by the new void forration. Conversely, when less
power is required the recirculation flow rate is reduced. The resultant formation

of more voids in the roderator automatically decreases the reactor power to that

correr. sura te wi th the now reci rculation rate.

The effects of transient events such as loss of fuil or partial coolant flow,

load changes, coolant purp speed changes, and startup of an inactive loop are
discussed in Section 15.1 of GESSAR and our evaluation is discussed in 3ection
15.2 of this SER.
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S.4 Cngponent and Subsystm Dns_ inn
5.4.1 Reactor Pecirculation Sys_t_ein

The reactor recirculation system consists of two loops external to the reactor vessel,
within the drywell, that provide automatic load following capability over the range of
65 to 100 per cent of ra ted power. The loops provide the piping for the driving flow of
water to the 20 reactor vessel jet pumps. Each loop contains one high capacity (con-
stant speed) notor-driven pump, a flow control valve, two rotor operated qate valves
(for pump maintenance), and a bypass around the discharge gate and flow control valves.
In each loop. subcooled water leaves the vessel in a 22-inch suction line and enters

the suction of the recirculation pu p (which is below the vessel water level).

The water is discharged at a head of 865 feet (at a flow rate of ?S.400 gpm). The flow
control velve varies the flow rate over a 35 ' power range nonnally f ron 65 to 100 per-
cent power The water from the recirculation pumps flows to 20 (10 per loop) jet purps
which are located in the reactor ve;sel and accelerates a portion of the flow in the

annulus. Water not accelerated by the jet pumps returns to the recirculation pu~'s
through the suction lines. There are various system interlocks on the flow ror. trol

<alves and bypass valves that provide assurance that adequate pump NPSH will be avail-
able and protect the pump f rom bear ng or cavitation damage.

During their review of GESSAR, the ALRS listed the potential for missiles resulting
f ron recirculation purp notor overspeed as a generic concern requirirg resolution
satisf actory to the '4RC staf f. A decoupling device will be installed in the sha't

between the pump and the motor such that in the event of a LOCA, the "turbining" of tha
pump could not result in destructive motor ov 'rspeed that ir, turn could generate
missiles which could cause the inss of any engineered safety feature. The sta'i has
reviewed the infonnation contained in GESSAR on the reactor recirculation systen and
finds it acceptable.

S.4.2 Main Steam Line Finw Restrictors

Each 5 tean line is provided with a ventur i-type flow restrictor within the drywell
(between the reactor vessel and the first nain stean line isolation valve). The
restrictors limit flow to 200 percent of the rated flow should a main steam line break

accur outside the primary containrent. The purpose of the restrictor is to limit the

coolant blowdown loss prior to isolation valve closure to reduce the probabilities and

consequences of fuel f ailure in additicn to redJcing the fcrces on the reactor internal
s*ructure during blowdown. The restrictors will be designed and fabricated in accordance
with the ASME Code, Section III and are acceptable.

S.4.3 Main Steam Line Isolation Valves (MSLIV)
Papid ar. ting isolation valves are located on each steam line on ea' side of the
primary containment. On various signals from the plant protection ystem these valves

close and isolate the reactor coolant from other portions of the plant. At the same

time isol.ition occurs, the sa e signals from the plant protection system are sent to

various backup and emergency systcms so that they auto-atically function as descriLed

in Section 6.3.

5-9 fj 5I
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The closure time for the MSLIV's is established in GESSAR based on the Chapter 15
analyses of two events The vaive closurt time is adjustible and is set to close no

quicker taan 3 seconds and no slower than 5.5 seconds The three second closure tire
is based on the consequences of the closure of a main steam line isolation valve as

discussed in Section 15.1.4 of GESSAR. The three second ii-it prevents overpressuriza-
tion of the eactor coola t pressure boundary. The 5.5 second limit 13 b3 sed on the
steam line break accident outside of containment. The analysis of a sudden, complete
steam line break outside the drywell shows the fuel clad is protected if the valve
closes in 5.5 seconds or less. We have reviewed the analyses by GE used to establish
these values and conclude that they are acceptable and we will make them a part of the
technical specifications for the facility. GE has committed to providing a main steam
line isolation valve sealing system to control the release of fission products via
valve leakage following a LOCA. Our evaluatico of this systen is given in Section 9.3.1
of this SER.

5.4.4 Reactor Core Isolation Coolant SystedRCICJ
The RCIC system is a backup, high pressure source of reactor coolant that will operate
independently of the normal plant a-c power supply. Its operational purpose is to
provide an a!!ernate source of reactor coolant to the vessel and to provide suf ficient
coolant to renove residual heat following a reactor shutdown and loss of feedwater flow
without requir ing depressurization of the reactor. The RCIC consists of a pump driven
by a steam turbine taking steam from one of the main steam lines upstream of the isola-
tion valve and adjacent to the reactor. Tne purp takes suction from either the con-
densate tank or the suppression pool and discharges it to the reactor vessel through a
head spray nozzle. The system is designed to Class I standards and is capable of being
tested while the reactor is in operation. It has also been classified as an Engineered
Safety feature since it functions as an ECC system durino certain postulated events
f uch as the control rod drop accident, where it serves as the primary backup system to
the HPCS.

The Re3ctor Core Isolation Cooling (RCIC) system includes the piping, valves, pump,
turbine, instrumentation, and controls used to maintain water inventory in the reactor
vessel whenever it is isolated from the main feedwater system. The HPCS provides a
redundant backup for this function. The scope of review of the RCIC system for the
GESSAR plant includes piping and instrumentation diagrams, equipment layout drawings.
and functional specifications for essential components.

The drawings, component descriptions, design criteria, and supporting analysis have
been reviewed and hase been found to conform to Comnission Regulations as set forth in
the General Design Criteria. The PCIC system has been found to conform to Pegulatory
Guide 1.29 " Seismic Design Classification." The RCIC system and HFCS system jointly
confonn to General Design Criteria 2, 4, and ~'. The two systems have been found
cap 3ble at transferring core decay heat following a feeduater isolation and reactor
shutdown, from the reactor to the suppression pool, so that the core Minimum Critical

Power Pat;o does not decrease below 1.07 and the pressure within the reactor coolant

pressure boundary does not exceed 110: of design pre:'ure. This capability has been

found to be available even with a loss of offsite power and with a single active
5-10
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failure. The staff concludes that toe design of the Peactor Core Isolation Conling
System conforns to the Commission's r qulaticns and to applicable Pegulatory Guicos and
is considered accept 3ble.

5.4.5 Residual Heat Pern al 5vste"
The Residual Heat Pecovil (PHP) syston is designed for two principal normal rodes of
operation besides the safety-related nodes for normal usage, the RHR systrm functinns

to remove reactar 3: cay and residual heat during either a normal shutdnwn or followirg
isolation of the reacter. In one safety-related mode of operation, tha RHR systen (as
LFCI) restorer and r.aintains coolant inventory in the reactor vessel af ter a loss-of-
coolant accident. In the other safety-related node of operation, the RHR Systen provides
heat remo,al r ap ability in the conta inment during the post-LOCA period. These safety-
relate 1 njes of creration are ferther discussed in Sections 6.2 ani 6.3 of this rep (rt.

The sfst" consists cf two heat exchangers, three main systen pumps, ard associated

val ves , pipin l, centrol s and ins trumenta tion. All functional components are desigred
to satisty seis"ic Category I design requirerents The rain system pumps are sized on

tre -i, of flow required during the LPCI rode of operation which is the rode requiring
tF- ma<imon floa rate. The heat exchangers are sized on the basis of their heat

"O,11 d;ty fr. lowing a LCCA.

Tu; le , each consisting of one heat exchanger and cre RhR pump and auxiliary equip-
nent, are physically separated fren each other in the reactor buildinq. A third loop,
als; cc sisting cf a pump and associated piping, can punp suppression pool water directly
:r.to tb i eactor, if necessary.

During reactor isolation, the ?P' systen can be operated in the condensing node to
conden>e reactor steam, hence, the ,'' system operates in conjunction with the reactor
core isolation cooling systen (PCICS). With the reactor isolated, reactor steam normally
is d:rected to i nd condensed in the suppression pool via the relief valves and tae
PCIC tcrbine exhiust piping. However, the suppre_sion pool tenperature under these
cnndition; is lim.ted to 125'F in order that the water tercerature rise due to a

tulated su5seque1t design basis loss-of-coolant accident would not cause the pool;;

porature to exceei 170~F during the reactor blowdown. The condensing rode of PHR-

aeration relieves the bJrden on the suppression cool by transferring a portion of the
.'ean generated by decaj heat to the PHR service water. The condensate is either

ed to the suppression pcal or returned to the re3ctor vessel through the suction of
tre stea,-turbine driven RCIC pump. .aortly after shutdown, both heat exchangers are
used to handle essentially all of +he decay heat, Af ter about 1-1/2 hours, the capacity
of one heat exchanger is adequ3te and the other may be transferred to the suppression

pool cooling mode which utilizes the RHR Feat exchangeis to cool the suppression pnol
witer by transferring heat to the PHR service water. This rode can be used in con-
junction with the condensing mode or to provide long tern suppression pool cooling
'ollowing a loss-of-coolant accident blowdown.
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The shutdown cooling mode and a reactor vessel head spray node are operated during

normal shutdoon and cooldown. Peactor w&ter is diverted from one of the recirculation
loops, through the PHR pur ps and RHR heat exchangers (shell side) where heat is trans-
ferred to the RHR service water (tube side), then the cooler reactor water is returned

to the reactor vessel via a feedwater lire. Part of the cooled reactor water flow is

diverted to a reactor head spray nozzle where it maintains saturated conditions in the

vessel head volumo by condensing the steam generated by the hot vessel walls and inter-
nals

The system is protected against overpressurizatim. by relief valves and can be auto-

matically isolated to protect the core f ron low water level in case of a break in the

cle3nuo s> ster It is also automatically isolated when the Standby Liquid Centrol

S v s tet is actuated.

The scope of our review of the RHR System for the GESSAR plant included piping and

instrumentation diagrams, equipnent layout drawings, failure code and ef fects inalysis,
and perforrance specifications for essential components Our review has ir.cluded the
dppliCant's proposed design Criteria and design bases for the RHR and his analysis of
the doequacy of those criteria and bases and how well the design conforrs to these
criteria and bases.

Based oa our review, we concluded that the design of the RHR system is not single
f ailure proof in the shutdown cooling r. ode, and, therefore, did not conform to General
Design Criterion 34. This was identified by the ACRS as an area of concern requiring
resolution acceptable to the '.RC staf f prior to the issuance of a PDA. An exa ple of
a single failure that could render the RHR systen inoperable is a failure-to-open of
the isolation valves in the FHR line leading from its associated recirculation loop.

GE proposed alternate methods to achieve this shutdown and satisfying the intent of
GDC 34 These heat removal paths were from the nain steam lines through the RHR heat
exchanger to the suppression pool and through the safety relief valves to the suppres-
sion Inol. The staf f originally found these alternate paths unacceptable since one was
prone to the same f ailure mode as the RHR and the other did not utilize safety grade
e q u i pr e.i t .

GE has stated that the design will be revised to 1) eliminate single f ailures which
would af fect both the RHR and the alternate piths and 2) upgraJe equipment in the RHP
and the alternate path to safety grade. We will review these changes when submitted.
The staf f concludes that the RHR system coupled with these alternate methods, if
inrt'e to single failures and incorporating safety grade equipment, is acceptable.

Cu- basis for acceptance is that the GESSAR reactor will conform to

GDC's 19 and 34 in that the plant will have seismic Category I systems capable of
bringing the plant to cold shutdown within approximately 24 hours, taking c. edit only

for those actions that can be perforied from the control room and assuming a single
active failure i.. the systems

,J9 ,
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5.4.6 BWR Reactor Water Cleanup Sys tens
5.4.6.1 System Description _

The reactor water cleanup system (FWPJ) is used to riaintain the chemcal purity of the
reactor coolant. The portions of the reactor water cleanuL system up to and including
the outernost isolation valve are part of the reactor toolant pressure boundary. The
applicant's design objectives for the system are to: (1) prevent e>cessive loss of
re3ctor coolant; (2) prevent the release of radioactive rnaterial from the reactor; (3)
remove solid and dissolved impurities from the coolant; and (4) discharge excoss water
during pov r transients In addition, the system is designed to minimize tenperature
gradients, to conserve reactor heat, and for maintainability during reactor operation.

The PWCU systen flow rate is 154,000 lb/hr. The PWCU systen will consist of two 50;
capacity pumpt, regenerative and non-regenerative heat exchangers, and two 50. capacity
filter-dimineralizers. The demineralized water nay be sent to the reactor through the
shell side of the regenerative heat exchangor, to the main condenser hotwell, or to the
liquid radwaste systen.

The PWCU systen is isolated from the reactor by two r"otor-driven isolation valves that
close automatically in the event of RCFB leakage as discussed in 9 etion 6.2.1.8 of
this SER. The outerrost drywell isolation valve will also close automatically in the
eveat liquid poison is injected into the reactor by the Standby Liquid Control System
or if the outlet terperature at the non-regererative heat exchanger erceeds a pre-
determined level. Reverse flow is prevented t;y check valves in the return line to the
fee M ter system and dawnstream of the RCWU systen purps. Strair.ers in the outlet fron

the filter-d mineralizers prevent resins from entering the reactor in the event of
failure of a resin support. In the event of low flow or loss of flow in the syster,
flcw is raintained in each filter-demineralizer by its own holding pur'p. Sample points
are provided in the inlet to and outlet froc. each filter-demineralizer to determine

demineralizer DF.

The reactor water cleanup systen, will Le used to aid in naintaining the reactor water
purity and to reduce the reactor water inventory as required by plant operaticns The

scope of our review of the reactor water cleanup system included the system's capt-
bility to reet the anticipated needs of the plant, the capability of the instrumi .a-

tion and process controls to ensure operation within limits defined in Regulatory
Guide 1.56 and the seismic design and quality group classification rela ive to Pequla-
tory Guides 1.26 and 1.27. Our review has included single line diagrams and schematic
di1 grams along with descriptive inforvation concerning the systen design and operation
and design requirements (industry codes) listed in Section 5.5.8.4 of GESSAR.

The basis for acceptance in our review has been conforrance of the applicant's designs

and design criteria to the Cort,ission's Pegulations and to applicable Requiatory Guides

referenced above as well as industry standards.

Eased on the foregoing evaluation, we conclude that the proposed reictor wattr cleanup

sy s tet. is acceptable and capable of perfoming its safety functions as listed in Sec-

t'on 5.5.8.1 of GESSAR.
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6.0 F Z._ I_'.f E P_E D S_.A F i' T Y F f A_T.UR E S-- --

6.1 Genera!

The purpose of the v3rinus eny19eered safety features (ESF) is to provide a corplete
and cnnsistent reans of assuring that the public will be protected fror excessive

exposure to ridicactive c.aterials, should a r ajor accident occur in the plant. :n

this sectinn of our report, we fiscuss the reactor ccntainrent syster, tne energency

cooling systers, ard the provisicos for maintaining the habitab*lity of tr.e control
room af ter postula ted accidents. Discussions of other engineered safety features are
provided else.here in tnis repcrt, as related to the particular systems they directly

serve. As will be seen, certain of these ESF systers hne fur.ctions for nornal plant
operations as well as their safety-related functions.

Systems and corponents designP.ed as engineered safety features are designed t3 be
cm.ible of perferring their f unction of assuring saf e shutdown of the reactor under

tN adverse conditions of the v3rious postulated design basis accidents described in

Sect.ico 15 of this reps t. Traj are designed to seiseic Category I standards and they
st function even with 3 complete loss of offsite p% er. Co ponents and syste s are

provided with suf ficient redaniincy so that a sin 1 e failure of any corpcr.ent er1

s/ ster, will r.ot resul t in the loss of the plant's :apability to acnieve and raintain

safe shJtdown of the reactor. The instrument 3 tion syste s and e ergency poweri

systers are desicned to the s r e seismic, redundancy, and quality requirerents as the
systems they serve. Trese ins trarentation and cnsite pcwer systers are described in
iecticns 7 and ,, respectively, of this report

6.c C o n t a i n1.t_ _Sy_s t em s

The containrent systen for GESSA? in-lades a reactor ccrtainrent structure, contain-
r ent hea t renoval systers, a containment isolation systen, a cor.bJstible lls CCntrol

,jste and a seccndary cont 3inrent systen (gas control bcundary) which includes the
f uel building, a;<iliary building, a shield bailding surrounding tre prieary contain-
rent and its recirculation system as well as the standby g3s tre3trent Syster lhe

design of the containrent systen for GESSAR is similar to the design of the system for
tne previously reviewed Grand G 21f Naclear Staticn which will be the first nuclear
station to utilize the Mark Ili containment design.

The safety issues raised in the course of our review of the proposed containment
systems, are basically the s p as those issues raised during our re.1ew of Grand Gulf
and other Mark III designs reviewed to date. During the review of Grand Gulf, the
taasic analytical approach an1 tne design margins for the Mark. I'I tontainment were-

established. Tre scope of tne large and small scale Mark III test programs was alse

datornined and results to date evaluated. The staff has available in the CONTEYPT
computer code, the capability for calculating the pressure-terperature response of a
Mark III containrent. The results of our independent calculations were used to confirm
the applicant's analysis. Car review is discussed below.

6-1
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6.2.1 Containment Funcational Design
The containrent functional design refers to tha perferr,ance capability of the reactor

containment structure following postulated loss-of-coolant accidents. For GESSAR, a
Mark III type containment maintains a fission prcuuct boundary in tFe event of a

loss-of-coolant accident. Fiqure 6.2.1 shows the principal features of the Mark 111

contain cent concept. This design utilizes the ef fect of water pressure suppression

and consists of separate drywell and containrent volures connected throuah a surpression
pool by horizontal vents. This design is similar to that erployed for other plants

with Mark III containments such as the Grand Gulf and Clinton facilities. A comparison

of the GESSAR design parareters with the Clinton fccility is presented in Table 6.2-1
of this SER. Our review in this area included the temperature and pressure responses
of the drywell and containment to a spectrum nf loss-of-coolant accidents; suppression

pool dynanic ef fects during a loss-of-coolant *rcident or following the actuation of
one or more reactor coolant systen pressure relief valves; the consequences of a

loss-of-coolant accident occurring within the containment but outside the drywell;

the capability of the containment to withstand the ef fects of stean bypass of the

suppression pool; and the external pressure capability of the drywell and containrent

and the systers provided to limit external pressures. The review has considered

General Electric's proposed design bases and design criteria for the containment and
the analyses and test data in support of the adequacy of the criteria and bases.

The containment system is divided into two v'ajor rubvolumos, a drywell enclosing the
reactor system, and the primary containment surrounding the drywell and containing
the suppression pool. The containment and the drywell volumes are connected, through
the suppression pool by an array of horizontal vents in the drywell wall. The suppres.
sion pool serves as a heat sink in the unlikely event of a loss-of-coolant accident.

The primary containment is a free-stardinq steel structure cc nsistinq of a vertical
cylinder, domed top, and a flat base. The net free volune of the primary cr.. ainment

6 3is 1.168 x 10 ft and the desian pressure is 15 psig. To satisfy its design basis
as a fission product leakage barrier, the primary containment is designed for a
leakage rate of 0.3: of the volume per day at 15 psig. This is a recent desian
change from the originally proposed leakage rate of 1.01 per day.

An additional structure called the shield building, surrounds the primary containrw!;:t.
Its purpose, in conjunction with the fuel building and part of thc auxiliary building,
is to provide a secondary containrent volume in which fission product leakage from
the primary containernt following a postulated loss-of-coolant accident can be dil ted
and held up prior to release to the environmcnt. Our evaluation of the shield building
design is included in Section 6.2.3 of this report.

Located within the pricary containnent is a substructure, called the drywell, which
encloses the reactor and reactor coolant system. The drywell is an unlined concrete

3structure, enclosiag a net fr e volume of about 274,500 ft and designed for a
differential pressure of 30 psid. The purpose of the drywell is to channel stean re-

leased during an unlikely loss-of-coolant accident through the ven* matrix syster to the
]

,

6-2

GESSAdl



N

'

|
\,6/ . SHof LD

W GUILDING

b

$ - CONT AINME NT

}'
e UPPE R SCOL

' HEACT3R

Q/\[j=

r' N ~

/f'l/
.s, . (3 ,/ .

,

,' -

.

[ pE C OM'" * * e<

' E441E LD W ALL* eg
e :

p

FUIL
'
-7 " ll

k, /'

p - p
T R ANSF E u Q , / /

Y,/x
,

e- WElR WALL

/

/
cj- g HeRizoNrAtv a rsg ,-

s j /_

c
- p

_ ,

'7 *T W'[a'rs ^, ?) o it,^t. - d
-

'

_f
,

..1- -r :O;' .'.'a,
Cd J ?|? s

-
'

E tG ; |a, yr.
.x vusssscs J _ . _

- M|4XiNb ;-- - .
. - .

.

F i'T RE 6. 2- ! r.1AR K 111 CCNTAINMENT
(Contamment and Shield Builthng;

D 0

oo

dJUML}i
~

'g~n" i

a
6-3 ,i6

/ .g
GESSAR



TABLE 6.2-1

CovPARISDN Oc BWR CONTAI!NENT DESIONS

D M ELL MARK I MAR 11 MA M III " ARK III
(Brown's Ferry) (Zimmerl ITlsSAM [Clinton)

typ_ of constructicn steel shell steel-lir.ed reinforced reinforcod concrete reinforced concrete
concrete

3 3 7 3air volume 150,000 ft 181,000 ft 274,530 ft' 241,;00 ft

des ign pressure 56 psig 45 psig 30 psid 30 psid

leak rate 0.5 / day 0.5'/ day .N A NA

a
]m W E TW E ll..
Cn a
2 type of constructicn steel shell steel-lir.ed reinforced steel shell steel-lined reinforced
~

concrete (containrent) ccncrete

air volum 119,000 ft 103,000 f,3 ),jgg x 7g ft 1,057,50] ft3 6 3 3

3 3 3pool volume 35,000 ft 106,000 ft 163,700 ft 131,550 ft3
(.cng terd (long term)

design pressur. E6 psig 46 psig 15 psig 15 psig

lean rate 0.5 / day 0.5" asy 0.3 / day 0.S'/ day at 9 psig

thermal powcr 3?33 MWt 2436 Wt 3753 MWt 3039 MWt
, e o

break area 4.8 ft" 2 ??3 3_94 ft' 3.23 ft"

0 , o
vent area 30 ' f t' 274 ft2 4A0 ft' 410 ft"

-

-r treak area / vent area .017 .003 .008 .008%

i

%



suppression pool for condensation. While not a fission product barrier, the drywell
must prevent gross bypass leakage to perr'it adequate performance of the pressure
suppression feature.

For the " ark III Jesign, the containment co:"pletely surrounds the drywell, and high
energy lines penetrating the drywell nust pass through the containnent volume, necause
the pressure suppression concept relies upon a controlled channeling of steam th oup
the suppression system, the release of large amounts of h:gn energy fluid in the con-
tainment must be prevented. Therefore, these lines are designed to low stress levels
and high quality standards to preclude rupture inside the containnent but outside the
drywall. As an additional margin, the applicant has provided guard pipes on certain
high energy lines between the drywell and containment to channei the flow fro a break
in the pipe back to the dfywell where it will be condensed by the pool. The guard
pipes will te designed to the operating pressure of the enclosed process pipe. Our
evaluation of otner potential bypass sources and containnert bypass capability is
discussed in Section 6.2.1.8 of this report.

Tre saporession pool is a 360-degree annular pool located in the botton of the con-
t3innent and retained tetween the containment wall and the drywell weir wall. The weir

will is a 360-degree, reinforced concrete wa'l located inside the drywell and 30 inches
from the drywell wall. An additional volune c- suppression pool water is stored in the

t.pper centain ent puol, located on top of the drywell, during normal operation. This
water is added to the suppression puol following a LOCA by the suppression pool makeup

3sys ter discussed in Sec' 'cn 6.2.1.4. During nora l operation, about 129,550 ft gf
3

water is ccr tained in the s;;pression pool and about 34,150 f t of rakeup s ter is

stored in the u; er pool. The suppression pool serves as a heat sirk for Dostulated
transients and accidents and as the source cf cooling water for the e"ergency core

couling sys te'"s In the case of transients that result in a loss of the r,ain heat

sink, energy would be transferred to the pool by tre discharge piping fron the reactor
pressure safety / relief valses. In the event of a loss-of-coolant accident within the
drywell, tne horizontal vent systen in the dryaell wall would provide the energy t,ansfer
path.

Located in the vertical secticn of the defwell a ll and t,elow the suppression ecol
a ter level are 12: rorizontal vent toles of 27.5" diameter and arranged in 40 cir-

crf erential colun s of three vents. In the event of a less-of-coolart accident, the

pro sare will rise in the dryaell due to the release of reactcr coolant, and force trc
level of water dan in the wir ar.nulus. '..'hm tha water level has been decressed to
W level of ttc first row of vents, the differential pressure will caJse air, stea,,

ard entrained water to flow from the devwell into the suppression pooi. The stoa will
te condensed in the fool and the air driver fo the drywell will be congressed in tFe
primary contair ent. TM net effect could rtsalt in apcroximately a 4 psi rise in

a eraqe containment pressure. Peak drywell differential pressure is calculated by the
ap;licant to M 21.3 psi .
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Figure 6.2.2 illus raies the drywell and containment pressure res,anse as a function of

time following a design basis loss-of-coolant accident. As also shown in Figure 6.2-2
the short-tern containment response is shown in terms of two regions; one representing
the volune Letween the s"opression pool and the Hydraulic Control Units (HCU) floors,
and the other rep:Jaenting the remainder of the containment volume. Although this
response does not appear to significantly af fect peak drywell dif ferential pressure, it

does resul t in pressere loads en some containrent internal structures. These consider-

ations are discussed more fully in Section 6.2.1.9.

Following the initial phase of the acc'uent, containment and drywell pressure will
continue to rise due to the input of core decay and sensible heat to the suppression

poul. Ihe long-term pressure rise will be limited to 9.8 psig by operation o' the

redundant containrent heat removal system Therefore, in the pressure response

analysis of this type of cantainment two limiting conditions must be considered; the

short term drywell dif ferential pressure and the long-tern containment shell pressure.
Our evaluation of the applicant's analytical methods for each of these time periods

(i.e. , both long and short tern) is discussed in Sections 6.2.l.2 and 6.2.1.3 of this

report. The General Electric Company has also completed sr.all-scale tests and is per-

forninq full-scale t3sts to suppo' the Mark III short-tern analytical nodel. Our

review of these test prograr s is discussed below.

Eoth the Jrywell and containment are divided into a nurber of subcompartments by
internal structures. Our evaluation of the subcompartment designs is discussed in
Section 6.2.l.7 of this report.

6.2.1.1 Review of OWR Containment Technology

Two basic pressure suppression designs nave preceded the Mark III containtr:nt, i.e.,

the Park I, er "lightbulb-torus" and the Mark II, or "over-under" A comparison of

design narrteters for the three containment types is provided in Table 6.2-1. The

wetwell and drywell of Mark I and II were connected by a ve1t system which entered the
suppression pool vertically and was at a constant submergenc - For both designs, the
design basis loss-of-coolant accident f or containment response was a recirculation line

break. In both Mark , and 11 containments, the peak drywell nressure occurred at about

10 seconds following the accident, which was ofter vent clearing, and during the vent
, low Ldrt of the trarsie7t. Wetwell peak pressures occurred in about 10-20 seconds due

primarily to the compressioa 'f drywell air in the wetwell.

Mark II containments also experienced a short-term drywell deck differential pressure
which could occur either at the time of vent clearing or later in the vent flow tran-

sient. Generally those plants with relatively large vent areas had vent clearing

controlled peak deck differential pressures. In the long term both the drywell dad

wetwell reached a secondary peak pressure due to continued decay heat generation;
however, this transient was less severe than the short tern and therefore was not

controlling for establishing containnent design pressures
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for containment analysis, "The General Electric rressure Sup;;res sion Contain"ent
Analytical Model" as described in NEDO-10320 ard its s splerer t was used. Thi' rodel

consists of five separa te sutmodels, blrwNwn, drywell, wetwoll, vent clcaring md vent

flow. Based on a resiew of ' analytical rmthols ec ployed in the rWel, terrelation

with H r boldt and Eodeqi Cay te;t resulte, and y in wi th CCNTE' PT-r', resal ts , the

staf f 'us pre /ie Jsly conclujed that the GE n odel w is conser vat i ve and therefore
acceptable ter contain;ent analysis.

The "3rk III type containeent proposed fur GtS5M is dif ferent from the " ark I arJ II
types of containments in three basic wr,2 first, tt 3 E r-6 type r( ac tor syster pro-

posed for GU,SAR Us relatively 2:. aller retircula tion lines than those on reactors of
earlier design hasing n arly the sare design Lower levels. The relstive size of th
ma in s tea:i lines a re a p;! rov i itely the sa' + on both des Nos On carlier desi7 s using

variable speed retirculation pu"ps, pt stulated losc-of-scolant accidents as cciateJ

with the severance of the rccircul3 tion line resulted in hiper peak drp, ell pre?'.ures
than postulated LO A associated with a rain ster line breik. Howe *r, since "o

size of the recirculaticn lir.e has r ow been red /.ed, LOCAs associa tN with toth a

rrc i rc ul a t i on lint t.r ea k and a ster, line break resul t in ne irly equi n ien t [mak

drywell pressures. Increfore, both of these postulated pipe break s rust !e torsidered

in deterrining the U i-LLCE f or 'da rk Ill containrent pressure respr.nse.

<< conj, thu vert syster connecting the drynell .ind containt ent utilizes a c1r uS er-

ertial ir r sn ;e' ent v ho,12cn t a l vents at three dif ferent elevations which Ic iJs tr In

a1J1ticnal f;nctianil je;sen h e on vent clearing pher vni than the '3rk I and Il ty;P

of the relatisely larm sent areas prreided, the EM d rywd lin adj1 tion, b+ 1; <

differrntial press e is ve<* c!viring contalled, i.e., tne hif est differential
p re c ' ve n rois 'te drjwell ctcurs durirm s ent cle irin7 This places erpnasis on the

i,ii its of vent s|ejring i,' redxe th( 1", %t of vent 'los as r eticns on drywell

rts.Jrt

kie l, the VSlu of t! ( a ntair ent is abcJt fi',' ti<r that of tt" dr, ell, tb

co pre sic a of dry eli lir intc tto cont 1ir ent durin' vert fl h res ;l t s in only

riw in ',erm > ccnt31L"ent cros art This n all effe;t 1r ils. all a t- ; t tour L: is

a Ic q-tern tent:1r t ot , iret wre e ith , s ra * ;1:ifically r el itM to tne si2'

of the re;ctor ccol!r t bre)L cr tre short-tt re pr 3ar c rus4nse.

is prt ;ased a ww Tralytic)1 el tn e, te
'

, a r t salt nf tN a l, , Y b,

el entitle 1 The "2e erai :le: t rit " arf 111 Ire / ur""ir; !!I derim. This r
.

' . ,

' fr ; r e s < i n , Cantain.~ert Systc ,T 11ytical " del' ud is h rited in ~_ ;:i t al r e- c r t'
;

%: LO-205 3 3 ,<.h 1 th tu staff ras revit<e> u.j f and act .ie.

t.2.1.2 L F o r t.- Te rr kressure_r ,sanse

Ai Ji st usse j tbove, 'uth the r ain stea : line tocak and ri r.i rc ul a t ion li' treaL rr ai t

in nearly ei;31 p03t dr well cre;>uresf

F/
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for the costulated tuble-tnded rupture of 3 26 main stea> line the applitant has

as, "ed a blowouan ;anfile v. n i c h is separated into an initial cr.e-second periDJ Cf

s*r: cnly t;lonjuun follGned by 'm -phase, liquid water dr.1 ste n blow b n Jae t

liquid level snell in the rex +or essel . Jurin; stea blowhn, the ass 3r.d er er.;r

ir;ut ra t+ s to the car tain~ ent were c ikulated assu nre tritical flcw cf an ideil as.

Im t.e- rase t:lsaccwn rate wts t;as;J on the frictionless " ady critical ficw jel and

the avera g densit/ of fluid inventcry within the ren.+n, vessel. The staff has ;'re-

vious'v reviewed anJ +cund acceptible tnese aise pticos fc' deternining blewdr e rates

it e t' e a t which the lirsid le.el in the reacter vessel swells to the elev3ticn of tre
stean T i ru ra m les follcwini * r e t reik deterrires the ti". a t whith the o coel c h 3nc_ es

.

trv- ' e r to twc-; rase blt , u Ass eptions. i'e M drjwell aifferenJ 31 ;res,are can

Le s'51tive to the level rise ti:e sin a two-phase blcw h n yields a greater rote of

ste3 a1diticn to the 'rywell than ste r only blowd ',.a a n j al so introdf es lig,'+ water

irto the vent flew. Euth of tnesa effects increase drywell pressures

In & GESSM tentainc ' ' ' analysis CE has assi. ej 3 level rise t me n' ne sesond Ed'

t' ) s t cn this assu uticn r1s calculatej 'hst tre re3i depei l differential presssre-

wcald te 21. psid ( r i g ;rt E.c 2, M has also presided stajies of lesel ri:,e ti e as

tunction of <;cr.itini ctnditices which i r.d i c a te tnat the ast rapid level ris> n ;lda

t e s te ; t O H seccnd a s ;v:i m; 3 hot st M by scrdition,

foll:-win t r.e K talatej desijr ta'.is less-cf-ccalant accid m t, the d ejvcel l p re'. ;;r+

will r1st and Kceler''< tne atter it the sent 3nnal a 3b % t C. R s*'t 'A ' ' >*

first rea of Serts will Le cle3 red of w3ter and 3 'atJre'# dir, stel", 'il ;!cr nill
-

cel-flcw int the c. :,ressico U cl. The water in tre u nt an ,ius will continue ta i

erate ' w aard rt iltirg in learint of tho sea t rca c+ se"'c at 'bcu t 1.17 s t ' is

in1 the 'hird rrw it out 1. " eeconds Tr,e ; e9 1rywell aif ferenti31 ;n ,s tre ccurst

it 1. 1 seconds F iin ste3~ line bre3e) vd is a result r sufficient vent arel teing

vert' ta rev e rs, tn > prt w et transivt in the dep cll, ua* ta this m norer on the
;e9 pressure is prm '-irantly tcotrolled by tFe jynanics of :nt cleuirg an ; n l ',

ent flcw 35su ptiCn5itrttill, ;nflu ed ty' v

*% a t 31 / sis af tr vent cle rim; *tansient, neral "Irctri. utej the . e t cit trin'

21 jascrited in t** 'he General Electrim vark II, Press 2re ;,res s ico E n ta l' m'r

^ ster n ilyt ica i 31, N E DC - c 0 5 3 .i . In this ncjel the .ent syste- is no blib into
''

si3 central volur.es n ; ret entir] the .ei tical veir annulus md he ital vents.

Censervation of '~ ass and "o"entue is a;;> lied to each centroi Si e to deter,ine fluid

aa elerations and vent r earin7 tir s An ef f ective s er.t ler.g th is used to , i r'u l i t e

the effect< of suppression Dcol it;ertia and tarr.ing Inss ccaf ficients are a;- lie 1 to
acc~ ,n t f ar c r ' acs in : itw s3*^ directico inj area. It > Icss ccef ficients carrently

-

'' ( Pfficients areid thereuseu in tb rio-j 2l a r( de'ived frLR gener3lly accept';j j3td

bein (cnfirced d;rin, tee large-nale "Trk III testirq pec:rr-
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;
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The General Electric vent flow model has also been revised to consider the core complex

Mark III horizontal vent geometry; however, the basic therrodyramic flew assumptions

used for previoJs water-pressure suppression designs remain unchanged. For GESSAR the

vent flow was computed on the basis of parallel p1th flow splits which 3re a function

of the nu"ber of urcovered vents and gecretric loss coef ficients. Thase loss coef-

ficients will also be confirmed experinentally en the large-scale facility.

Based on these anilytical rodels, General Ele;tric has determined that the postulated
rupture of a rain steam line would result in the highest drywell dif ferential pressure

and has calculated this pressure to be 21.8 psid. GE ha: stated in GE55AR that the

drywell will be designed for a pressure of 30 psid which provides a rargin of 37 above

the peak calculated value. Both the Regulatory staf f and our consultants, the Aerojet

Nuclear Corpany, have reviewed the analytical rodel used for the pressure response
calculation. L|e ha v< also performed our own calculations of the drywell rrr ssure
response using the CONTEMPT-LT computer code. Our results confirn GE's analysis.
Based an this confirmation, our review of the applicant's analytical rodel, and our

censultants' reconrer.dations, we conclude that the f rywell desir is adequate.

As shown in Figure 6.2.2 the short tern ccatainrent response is calculated for two

regions, the wetwell, which includes the volume betraen the suppression pool and the

Hydraulic Control Unit (HCU) floor, and the enainder of the containment volure. As

indicated on F'gare 6.2.2, the two solume analysis does not show any significant
effect on pe3k calculated drywell differenti11 pressure. GE has recently rade avail-

able the details of their analytical approach. The staff is presently reviewing
this infonvtico and will rerort on thi" aspect of the analysis in a supplement to
the SER post-PDn In the interim, GE has co'ritted to increasing the available flcw

area at the HCU floor, if required, to maintain an adequate drywell pressure margin.
We consider this corritrent satisfactory for the PDA.

GE has also provided analyses of the drywell pressure resp 60se for a postulated rupture
of the recirculation suction line. GE has calculated that the peak derwell differential
pressure fur this break (19.9 psid) is les than that calculated for the steam line

break.

The short-term blowdown rate is a sersitive parameter for a Mark III containecnt since
the drywell pressure peaks very early in the transient. GE has used appropriate
assu"ptions in the recirculation line blowdown riodel to accurately represent the short-

tern ef f ect by including the mass inventory of the recirculation line. Tne nodel uses

d bre3k area ecual to the cross section are3 of the suction line to account for the
reactor vessel side of the break and an equivalent becak area equal to one half the
suction lire are) that simulates the external recirculation loop contribution. The

ef fective break area for the loop side is derived fron an analysis of the pressure-time

history within the loop folluwing the break and which calculates a rass flux approxi-
itely 50; of the mass flux predicted by the Mo' flow rodel using the initial fluid

conditions within the pipe. Such Peling assntions e"ain a niid tunsideration
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until the initial mass inventory within the external loop is depleted (1 2 seconds).
Subsequent mass flow then becomes limited by the effects of critical flow through the
jet punp nozzles. In suonary, the total blowdown is calculated on the basis of a
single effective volume representing the primary system, mass flux based on the Moody
correlation and a break area profile which equals 1.5 times the suction line area up
to 2.0 seconds and then becores equ31 to the suction line plus jet pu7p nozzle area
subsequent o 2.0 seconds.

We have reviewed GE's recirculation line blowdown model, and have also performed
independent calculations of the rass flux from a recirculation suction line break
using the RELAP-4 computer code. The results of these calculations show total mass
releast rates substantially lower than those calculated by GE. On this basis we
believe that the blowaawn rat <s presented in GESSAR are acceptable for use in the
dnalysis of drywell pressure response to the postulated rupture of a recirculation
suction line. Further, since the peak drywell differential pressure calculated by
GE for this break is less than that for the ruin steam line we conclude that the
latter is the ost limiting pipe rupture for the drywell.

6.2.1.3 Lqng Term Pressure Pesponse

Following the short-tern blowdown phase of the accident, suppression pool te perature
2nd centainrent pressure will increase due to the continued input of decay and sen-
sible heat into the containment. Referring to Figure 6.2.2, at about 100 seconds
after the accident, the dryweli pressure h3s !tabilized to approximately 3 psi above
tne containrent pressure. Inis differential pressure corresponds to the subrergence
of the first row of vents. At some later time the drywell and containment pressurcs
will equalize due to the retarr of air fron the containmert.

During this ti o period the ECCS purps, taking suction from the suppression pool, have
reflooded the reactor pressure vessel up to the level of the main steam line nozzles.
Subsequently ECCS water will overflow out the break and fill the drywell up to the top
of the weir wall, establishing a recirculation ficw path for the ECCS coolant. Also
darinq this time tre Suppression Pool Makeup System has added water to increase the
suppression pool inventory in the Icng term (sae Section 6.2.l.4).

At about 30 minutes following the acc dei , the containment cooling rode of tre
9esidual Heat Rencval (RHR) Systen is activated end suppression pool water is cirru-
lated through the RHR heat e* Changers, establishino an enerov transfer path to the
service water systen and ultimate heat sini

In the long-tern analysis, GE has conservatively accounted for potential pust-accident
energy sources. These include decay heat, sensible heat, ECCS punp heat, and retal
water reaction ecergy. GE has assumed that the only heat sink available in the
containment is the suppression pool and the only rechanisn. for heat rejection is the
RHP heat exchangers.

~? \ f |' 0
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The long-term model also assu"ed that the containment atrosphere is saturated and
equal to the suppression pool tenpera ture at any tir e. Therefore, the containment

pressure is equal to the partial pressure of air and the saturation pressure of water

corresponding to the p]ol te perature.

B3 sed on the above assu"ptions GE has calculated thE peak containnent pressure to

occur about 3 hours af ter a LOEA and to be 9.8 psig. Peak containmont pressure
occurs when the PHP system heat removal rate matches the cnntainnent he?t generation

rate. The design pressure of the containr:ent is 15 psig which allows a 53 argin
above the peak calculated value. On the basis of our review of the applicant's
analysis and the pressure cargin, we conclude that the containment design pressure
for this plant is adequate.

6.2.1.4 Suppression Pool Makeup _ Systm (SPMSj.

Included as part of the centainment design is a SrMS. The Suppression Pool Mareup
System provides water from the upper containment pool to the suppression pool follow-
ing a loss-of-coolant accident. This increase in long-term suppression pool inventory
provides additional pool heat capacitance, a minimum long-tern drywell vent coserage
of two feet, and accounts for any post-accident entraprent of water in the dr>well
and reactor vessel .

The origin of such a system for the Mark III containr-ent is related to the pool
dynamic forces imposed on containment structures following a locs-of-coolant accident.
Test results have indicated that the extent and nagnitude of such forct's are pro-

portional to the submergence of the horizontal vents Therefore, decreasinq the vent

subrergence, by a reduction in suppression pool water volume, results in less st,ere
structural design requirerents on containment internal structures.

This reducticn in vent subnergence his been confirred not to affect the pressure
suppression capability of the pool in the large scale testing of the Mark III by GE.

Two 24" lines connect the upper pool, located on top of the drywell, to the suppression
pool. Each line contains two normally closed valves in series which open on a low-low
suppression pool level signal in coincidence with a LOCA signal permissive. The low-
luw pool level signal will be set at eighteen inches below the low water level of the
suppression pool during normal operation. Following a LOCA, dumping of the upper pool
v:ould start two to three minutes following the beginning of ECCS flow and would require
about five minutes for completion. The makeup system dump lines are sized so that
flow from one line exceeds the maximum ECCS pump flow.

The SPMS dump valves will also be signaled to open by a LOCA signal in series with a
30-ninute tir.er where the timer is started by the LOCA signal. This initiation logic

is independent of suppressio, pool le/el and is directed at ensuring that the combined
upper and lower pool volumes are available for small primary system breaks which do
not lower the suppression pool to the trip level.
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The SPv5 is designed to seismic Category I anJ 02ality Group B in accordance with
Re]Jlatory Cuide 1.23 and 1.26 respectively, and consists of reiandant Jump lines and
valves. Instrumentation and control aspects of the SPE are discussed in Section

7.3,7 of this SER.

f; . 2.1. 5 External Pr essure Dosien

The drjaell strut.ture is de< igned for an external pressure of 21 psid. A drywell

vacuum breaker systen is provided to control suppression pool w3ter level in the weir

annulus ari prevent inadvertent flooding of the drjwell. The systen is rot required
to cper3te to maintain the structural integrity of the dryaell. Two drywell vacuun

relief assemblies are provided, each consisting of a E-irch check valve in series

with an IR-inch automatic v31ve.

The ccntainment vessel is desigr.ec for an external pressure of 0.8 psid. A contain-

rent vacu m relief system, consisting of four, 36-~ lines, is provided to raintain

external pressures within design limits. Each vacuun relief line connects the con-

tainment to snield buildicg annulus and contains one check valve in series with a
rotor opera ted globe valve.

' e have reviewed the drywell design external pressure and find that it is acceptable,

since it represents an uppe- limit on possible external pressures by assuming corplete
depressurization of the drywell to O psia. In addition, we find the drywell vacuum

relief systen to be acceptable since the valve arrangement for the penetrations

retces the potential for c;en lines and, due to the limited vacuum relief 11r' size,

an open line would still te within the bypass capability of the containrent.

We have reviewed the applicart's sizing analysis for the containrrent V8CuJn breakers
and we find th3t certain assu ptions used ray not be sufficiently conservative. We

are currently pursuing additional analytical studies with GE in order to deternire an

appropriate basis for sizing cf the containnent vacuum breakers. This iten is generic
to all plant 3 with Mark III containments utilizing the free standirg steel shell type

of const ruction. Acceptable resolution of this iten can be postponed until the post-

PDA :eriod since the ef fect of the analyses with revised assurptions, if any, on the

size cf the vacuum treakers could easily be incorporated into the design. We will

re?crt resolution of these itens in a supplenent to the Safety Evaluation.

6.2.1.6 Test Progran

The General Electric Com;;any is presently conducting a large scale test progran to

verify the perfomance characteristics of the Mark III containment. Large scale
testing was started in Noverber 1973 following completion of a two-year small scale
test progr i

A total of o7 small scale tests have been perforred by GE since June 1971. The test
ark III containment with a volumetric scale of approximatelyarrangerent simulates a v

100:0 Email scale test data have Leen r eour te l in ' h rk III Confirmatory Test

'
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Program Progress Report, ' NEDM-10848 and " Mark III Analytical Investigations of small
Scale Tests Progress Report,' NEDM-lC976. The intent of these tests was basically
proof of principle of a horizontal vent systen and also a preliminary checkout nf the

vent clearing nodel. Correlations between test data and analytical predications for

sent clearing times indicated reasonable agreement in this scale.

The large scale test program utilizes a facility which represents a segment 01 a Mark
III containnent. The nominal voluretric scale factor of the facility is 1/130 with

the exception of the vcnt system and suppression pool. Vent systen test sections in
tions in the varioJs stages of the test program. The oriainai cnaracter of the

programs was to be a confirmatory exercise to verify the short term analytical model
described in Section 6.2.1.2. The scope of the program included testing beyond design
basis conditions to investigate the margins available in pressure suppression systems.
Additional " phenomena" tests are also planned (i .e. , vent interaction) to confirn that
their effect had been adequately treated in the analytical modeling.

A cerivative of early tests, however, was the observation that containment structures

could be subject to significant suppression pool hydrcdynamic loads during blowdown

(see Section 6.2.1.9). This has resulted in several additional test series whose
objective was to generate design basis loads to be incorporated in the design of the
af fec ted containr:ent st ruc tures.

Eleven large scale test series have been completed to date. Discussions of these and
future test series are provided below. A list of completed test is provided in

Table 6.2-2

1. Series 5701 - 5703

The primary objective of these tests was to verify short term analytical nodels
for horizontal vents Tests were run with one, two, and _ ree vents open

(unplugged) ror three scaled break areas (50~, 100 and 200t of CBAj ard center -
line submergences of two to t'.elve feet. Based an the results of these tests we

conclude that the CE vent clearing subnodel calculates with suf ficient conserva-

tism the Mark III vent clearing response for the applicable range of vent sub-
mergences and drywell pressurization rates.

2 Series 5705 - 5706

Eleven air bicwdown tests were performed using the full scale (27-l/2 inches)
test section with one of the three vents plugged. Impact targets were located
above +he test facility pool. Tests were run with submergances of 6 to 10 feet
and pool surface to target clearances of 4 to 13-l/2 feet. The objectives of the

tests were ta obtain scoping data reprding pool dynanic response and impact
loajs on structures svated above the suppression pool. Air blowdown tests were

required to achieve sir charging rates into the pool which were representative of

an actual plant. We conclude that the test ree,ults crevided an early indication
of the eanye of pool swell and the magnitude of icpact loads on small structures.
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TABLE 6.2-2

LAPGE SCALE TESTS COMPLETED

No. of
Test Series Blowdown Vent Scale Tests P rima ry_0_bj ec t i v e. Docurentation

3/01 Steam Full 21 Vent clearing NEDM-13377

5702 Steam Full 17 Vent Clearing NEDO-20345

5703 Steam Full 3 Vent Clearing NEDO-20533

5705 Air Full 4 Pool Swell NEDO-20550

57C6 Air full 7 Peol Swell NEDE-20732-P

5.-01 Steam 1/3 19 Pool Swel1
g
M cn
p 1, 5502 Steam 1/3 3 Pool Swell NEDM-13107-P

P*A 5E03 Water 1/3 2 Pool Swell

SE04 Steam 1/3 5 Pool Swell

5805 Steam 1/3 51 Impact Loads NEDE-13426P

5806 Air /3 12 Pool Swell Not forn:lly documented

J
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J. Series 5J01 - 5: 04
Twerty-nine tests wert run usin; tre one-third scale vent test section (vent area

scaled) with a one-third rcale suppression pocl (pool area scaled). Tne ficw

res tric tion a t the HCU floor wa s al".o -ndeled. The objectives of these teste

series were to measure froth irpinler:ent loads en the HCU floor and two-phare

pressure drop across the ECU ficor, and so determine pool swell r.ction character-

istics Our review of these test data is carrently in progress.

4 Series 5805

This test series utilized the sare facility arrangement as Series 5301 - 5804 ani

included pipes, I-Leams and gr,ttin; sit;ated above the pool. The objective

of this serit s was to ressure pool impact loads nn representative contain-e nt

s t ru c t u re.s . Our review of these test data is c irrently in prngress

5. Series SE06

Twelve air blowdewns were run in this test series utilizing the same fecility
arrangerent as Series 5d01-5204. The objectives of this series were to determinc

pool notion characteristics for large air nass fracticn vent flnws and to compare

these one-thiri scale results to the previous full scale air tests. The results

of these tests are scheduled to be formally dccu~ented in October 1975.

Inte; ration of the pool dynamics test results into the GESSAR containment design is
discussed in Section 6.2.1.9. AJditional large scale tests are planned as discussed

below:

1. A series of liquid blowdown tests will Le conducted to indicate comparability to
stear blcwjawns.

2. A series of small break tests will be conducted to investigate pool stratification

and vent chugging ef f ects.

3. Tests will be performed with the suppression pool at an initial elevated tem-

perature to determine steam condensation characteristics under such conditions.

4 A multi-vent series will be run enploying a test section of three colur.ns of

three, nine-inch vent (one-ninth scale by area) to consider pcssible vent

interactions.

As discussed in Section 6.2.1.1 and 6.2.1.2 we consider the basic design and performance of
the Mark III centainment systen to be well established based on our review of the analytical
models and the available nirgins incorporated in the design, pool dynamic loads are a

localized phencrenon which nave received additional consideration as discussed in Section

6.2.1.9. We believe that those phenomena being covered in the future Mark III tests nerit

the additional evaluation but they do not represent design governing conditions at this
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time nor, in our j;jc ent, will they escalate into design basis considerations as a

result of treu tests in surr ary, we consider the re" ainirg Kir k III testing to be

confiriaterj in natsre and will require that the tests and our evaluaticn of tre test

results be co pleted prior to issuance of the first c;erating license for a Mark III

plant.

In several recent letters concerning plants with Mark III ccntainr'ents, ir:1 u d i r;g
GESSAR, the Adviscry Cornittee on Reactor Safeguards (ACRS) has conrented cn the

progress of the confirratory test progran- In particular, the ECRS emph3 sized the
irpcrtance of developing analytical rodels based on a first principles approach which
can be used in conjunction with e pirical test results. We are f ollowing this r.atter

with GE on a generic basis and will report Cn their progress in node; development in
future supplements to this report.

6. .l.7 ubco~partrent Pressure Aralyses
Within both the drywell and containment, internal structures fern subcorpartrents or

estricted volures which are subject to differential pressures following postulated

pipe ruptures, in the drywell there are two sJch volumes; the annulus formed by the

reactor vessel ard the biological shield, and the drywell head region which is a

cavity surroanding the reactor pressure vessel head. In the containnent various
corponents such as the valves, heat exchangers, anu filter /demineralizers of the
Pe3ctcr Water Cleanup (RWCU) systen are located in irsividual compartments.

OE has perferr ed analyses of the arose subcompartrents including a nadalized analysis
for the reactor vessel shic!d annulus to determine asyrretric pressure loadings. We
have reviewed GE's modeling tecnniques and assumptions for each subco partrent and
have performed confirmatory analyses 335ed un the results Cf these Corparisons and

the 40; margin applied to the calculated results by CE, we conclude that the design
differential pressures for the GESSAR subcorpartrents are acceptable.

6.2.1.8 Steam Bypass of the Suppression Pool
Possible bypass leakage paths from the drywell to the cuter containment have been
considered in our redew of the Mark III containment. The control of such bypass

paths is important to ensure that the design pressure of the containment is not

exceeded for postulated design basis accidents

Trere are two potential sources of steam bjpass of the suppression pool associated
with the Mark III contain ent used in GEdSAR. First, since the drywell is of rein-

forced concrete construction, thc potential exists for cracking of the drywell struc-

ture under accident loading conditions. ~his can allow direct leakage of blowdown
steam to the containrent volume. Second, parts of the Peactor Water Cleanup (RWCU)
system a.~e located within the primary containment but outside the drywell. This
system has high energy pipe lines, connected to the reactcr prirary system, which do
not have guard pipes. Therefore, postulated ruptures in these lines would result in

blcwdown of reactor coolant directly to the containment atrosphere without benefit of
energy absorption in the suppression pool.
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l
The design of the corbustible gas control syster is such that the potential foro

inadvertent bypass of the su;f ression pool is nininized and there is no intentional

bypassing (i.e., post blowdown) d;e to operation of tho hydrogen control system (see
Section 6.2.5 of this report).

In the c3se of postulated R'aCU ;ysten pipe breaks the applicant has provided design
f eatures to t(Irminate the blewdonn prior to exceeding the design limits of tha con-
tainrent. Two isolation valves in series are provided on both the RaCU sucticn
and return lines wnich will autoratically isolate the RWCU systen from the primary
reactor system. Isolation signals will be generated by two leakage de*ection systems;
one based on RWC'J systen flow comparisons and another based on compartnent tempera-

tures In addition, a flow limiter is provided in the suction line to limit the rate

of blowdown prior to isolation. Based on sensing leaka:;e and isolation, GE has ca!-
CJlated that the contain~'.ent pressure response assuming a RWCu pire ,upture would be
less than 5 psig, which is belcw the containment design pressure of 15 Esig.

>

:

In regard to typass leakage associated with potential tracking of the drywell or other
sources around penetrations, we conclude that the GESSA7 containrent sho:ld Me an

allowable bypass area of approximately one square foot ( A/.E) for the spectron of
reacter ceolant systen breaks. The allowable bypass area is censidered to be that
leakage area tetween the drywell and containrent wnich would result in containment
pressurization to design pressure followir.g a postulatad loss-of-coolant accident. To
nitigate the effects of bypass, a heat renoval systen is neces sa ry. For GE5SAR sui.n a

systen is the containrent spray systen which is an cierating node cf the Resid a'l Heat
. Pe~ oval (RHRl system GE has shown that starting tne :entairrent sprays following a

10-minute delay to satisfy the systen's ECCS function provides a mininun bypass
capability of about 0.93 ft2 (A/ f ) for small primary system breaks. We consider
such capability adequate. GE has also nade a corritrent to automatically actuate the

.

sprays when required. We find this to be acceptable peMing our review of the elet -
trical design details.

In addition, the drywell will be les tested at approximately desip pressure and at
i low pressure price to plant operation, e d low pressure leak tests of the drywe.1
will be perforr'ed periodically during plant lifetime (see Section 6.2.6 of this SER
for a discussion of the leak test progran.)

The acceptance criterico for the tests should be based on the reasured leakage being
less than 10: of the capability of the containrent to accomodate bypass leak 3ge at |
the test pressure. We have establish (. the 101 acceptance criterion based nn er.ji- [
neering hdgerent of the margin that should be allcwed recognizing that (1) the ,truc- M%
tural response characteristics of the drywell under test conditions art les severe

than would be enerienc4 durir.g a desir;n basis - ccident and (2) allowance f 'r pcten- 4
|Wtial detericratic7 0; the leak tight ess of the drywell during tre plants lif et ire

(high pressure test is perfcrred only one time, prior to operatit.) and d; ring the
tire interval beteen periodic low pressure tests. We cor:lude that if the ' w ages
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are not in excess of the indicated limits, there would not appear to exist any
potential bacss paths in excess of the design capability of the Mark III containment
system.

6.2.1.9 Pool Dynamics

Several phenomena have been identified in our review of the Mark III containment that

could result in dynamic loading of structures located in and above the suppression
pool. They are related to (1) pool response t7 the loss-of-coolant accident (LOCA),
and (2) pool response due to relief valve opera *. ion, generally associated with plant
transient conditions. lnese phenonena are described in more detail below.

LOCAPoo1 Dynamics: Following a LOCA i1 the drywell, the drywell atmosphere will be
corpressed due to blowdown mass and energy addition to the volume. Following vent
clearing an air / steam / water mixture will be forced from the drywell through the vent
system and injected into the suppression pool, approximately 7-10 fest below the
surface. The steam component of the flow mixture will condense in the pool, while
the air will be released in the pool as high pressure bubbles. The continued addi-
tion and expansicn of air causes the pool volume to swell resulting in an acceleration
of the surface vertically upward. Due to the effect of buoyancy, air bubbles will
rise faster tht7 the pool water nass and will eventually break through the swollen
surface and relieve the driving force behind the pool. Due to the dynamics of vent
clearing and vent flow and the vertical rotion of the pool water mass, structures
forming the suppression pool boundary, structures located within the pool, and
structures located above the pool could be subject to hydrodynamic loads.

Relief Valve Dynamics: Pressure waves are generated within the suppression pool
when, on first opening, relief valves discharge high pressure air and steam into the
pool water. This phenomenon is referred to as relief valve vent clearing loads which
are imparted to pool retaining structures and structures located within the poo'
These same structures can also be subject to loads which aCConDany extended relief
valve discharge into the pool if the pool water is at an elevated temperature. This
effect is known as steam querching v|brations.

In the November SER we stated that GE, as part of the large-scale Mark III test pro-
gram, had scheduled additional tests and was nodifying the test facility to provide
pcol swell and impact loading data. We stated that we would require that the appli-
cant modify the design of structures lo_.ted above the pocl if the forthcoming experi-
Fental data indicated the necessity for such changes. We indicated that we would
review ard evaluate test data f rom the test program regarding pool dynamic loading
and establish appropriate design margins as part of our ongoing review s' fort for ; .e

Mark III containment. We conclujed that the changes whict .ould occur as a result of
the tests were technically feasible without conpromising safety and that we would
require resolution prior to the FSAR.

Subsequent to issuance of the 3ER and the ACRS letter on the GESSAR, we have evaluated

(as part of the post-CP effort) the design loads used in the Grand Gulf application

6-19

7)b hh)GESSAR



..

for structures located witnin and above the suppression real. These are contained

in the report . sued to the NRC staff by Mpst letter dated Spril 25, 1975. A

concluded that in so e instances the desion leads were inadequately substantiated

by test data ar were based on w%t the VC staf f ccnsidered to he a non-conservative

interpretation of the test data. Wo based this on our review of the snrterly

progress reports issued through April 1975 by GE for the 4arb III Cr n fi rr'a tory

Test Progra . As a result, we have reassessed our conclusions stated in the

GLSSAR SER with respe ct to the schedale for resolution of this aroa. Accordingly,

in order to assure th3t tho results of tho ongoing GE test program in the area of

pool dynamics is procerly #actored into the GFSW vsicn wn required that this

area be resolved prior to initiation of construction of af fectod cornorents ard

structures.

We have sent a lotter to GE dated P tcber 24, l W 5 which orcvides a set of desian

criteria develcDed "y te e WC staf f hich a would fird accepta51e for issuance of

a FDA. GE E n s ubs run tl', acree' 4v letter ' rte I. Stuart of GE to i "co r e of

' 2C dated Mvember ', 19751 to adr+ tre S t if f's cri teria , wi th two e <ceptior's , as,

outlined in the follcwin7 paragrap"s Ine first excection pertains to the djramic

loads generated durira *ne clearin:: nf tro !9+y/ relief valve discharco lines.

CE has rccently preecs M a resised discharco dosim and is scFoduled to submit

addition 31 infcr~aticn in su port of t*-ir de s i r:n in tr e near future The ser"nd

excep* ion s r elated tr ir"act lc31s or pipes at ' leva tions between 17 and 17.5

feet above the p::ressicn pcol. GE is prcrosirq a lo3d of 2n psi in this recion

cc pared to tre pecification of 60 nsi in the staff's iteria (cee Fig;re c. M ).

roth o f t he se + < cep t inos rema in ;n ra ol .e i a t tnis tim and the PDA will be cun-

diticneM accordinqlv.

GE also plan, 's s? ,it al?' nate critoria for -tatf review on a rost-C i'"'

rasis supportef bv additiM al eval 3 tin o f tes t d it a f rom the GE test proarr in
~

tre a rea e' per l r < rr ic s 5irc thu surpressico con 'nign f e 3 t u rr- invo!ve 'i

are principal a e tector, aaj resin" rire safe *, f e *u re s o f " > pl ant ar , c r. ,

ro cranges to tFece desinn critoria -a< '' T?o'.ed in "E'SA: for a referoncine

c l a n t .v i t h o u t * ~"' a ut rcriz a tic n.

GE as pirt of tFe crir 1c,1 architectural and l' reer i rq r ri tori a fr.r t u cm :n

o# SESSM F is co' it te i t1 9e coarse nf ac* an gocifiM 'alca for tre ro mlutinn

of t+ f - Staff's EnJI d,~'~ic ccccerns

1. Will S+rar t arm l oca t * at Elevaticrs Los TF r ' '- l ' ? Fr or AMve t'o
suppre sion Prn1 'ur 3cgr

The applicant has rada t*e followira cc- itv nt:

GF will eit%r (a) locato thec' structures at elev3tions greater than 13-1/2

feet above the ; ::1 curface er (b) desi'; +Pese strr teres in Tr ad pro #ilos

staff ( a t tar he d fi'; m t 'and associated tin tir,tcries crecified by U r -''

GE ray also p ovide tFe ' ?C c ta+ f .vi th ad ji tionil test data (wh'-h ir turn +tl,
available) tc ju stify t&e GE imct load sersus tir rrafiles for ma l !
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structures (e.g., oiping and beams). If the GE profiles cannot be substantiated
to the satisfaction of the NRC staff, GE will design these structures in accord-
ance with opticns (a) er (b) cited abc"e.

The NRC s taf f finds this comitment acceotable based on the folicwing:

(a) We believe that it is technically feasible to locate these structures
at higher elevations where pool ef fects are negligible; and

(n) Sufficient test data hav" teen rade available in SEDO-ll314-03 (pre
lininary), laf or"'ation Report, Mark III Containment Dynamic Loading Ccnd1-
tions, to erable the WC staf f to conclude that the specified load profiles
and associated tire histories for small structures a t their current loca-
tien are acceptable.

2 s nall 5truc tures t ccated a t Eleva ticns Greater inan 19-1/2 feet Atove the
Sgressic n f ool ",rf ace

Tr* applicant ras raje tre folloair corr.it ent3

Dall structures locatej atove 19-1/2 above the peal that could be e>puW cc
froth i^ pin? ernt aill be designed fcr a load of 15 psi and associated time.

historj 1see a ttacred fipres). The NRC staff finJs this ccv it:ent acceptat!r
si te tte u ccified design 1:ad arj a sso. ia te ; tin hi s tury are ad.n aa tely

cor ted by the test da ta in '.EDC-ll 314-> (preli~irary) and it is technicallyw

feasible to jesign sucn structures to the specified criteria.

3 Structural Frct;terances Fec *Ee Orfwell arJ Lentair. rent Walls. -

The applicant ras raje the follcwing co mitrent:

Gr will e< ten these structure, (e.g., the TIP Staticn, airlc :k s, and surps )
into the ,4 pression pccl. T%s structures will te desigre' fcr coircident
loads due to air tutble (Fpal to ;'ea k dejwell pres p for drynell pretu-
t eraries and e ,;31 ta lE ps for J:n ta l'" e' t c ra teter u c c and ; cal drag
(tased on a pool saell s rface velocity of ;) f t/sec!

The NRC staff find, this co-ritr ent acceptable since the design load. are ade-
quately supuorted tf the test data in '.ECC-ll 312-03 (crelininary ) and it is
technically feasible to design such structures to the specified leads

4 E pansive Structuresf

The applicant has r.ade the follcwinj corri tr en t:

E vansive structures (e.g. , the main steam line pipe tunnel and the hCU floor)
will be located at elenticos greater than 19-1/2 feet above the suppression
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p' ace. Expansive structur<' Iccated at elevations between 19-1/2 feet and

3 . above the pool will t,e do sr.ed f or a f roth impinger tnt load of 15 psi
and associated time history (see attached fig res) and a flow pressure differential
of 11 psi. GE r.ay also provide tN NRC staf f with aoJitional information to
justify the pool dynamic load 3rplied to these strJClures to st.r?qrt loCa ti ng
the"1 at elevatiens lower the 19-1/2 feet abcve the suppression Tool surfate.

However, should GE be unatIt to joitify such desir;ns to the MC staf f, GE will
locate these structures at elevations ';reater than 19-l/2 feet above the pool
surface a;d design thes> str, tures for the loajs and associated tino history
cited above.

The ',RC staf f finJs this comitrent acceptable since the specified lcads a"d

associated tice histur, +er egansive structures at elev3ticns greater tnm

19-1.'2 feet at se tFt ; al are a#-;ately suppcrted by the test data in

'm -11314-i (; rel i '-invy | ard it is to.hnically feasible to design such struc-
ture' to +" :i#1e' l' t % t affecting my other aspect cf tts GE55'0., s

-

t s i<;r

svT etric L o d,,

TN s eli:vt 3 + tu fu!!c nir ; te r i tr ent :

sill _,al ate a r tric 1c3ds based an (a) tne relief valve load casesn

se tion j cf CO- l l 314-w ' F rel i-i na ry ) " j (b) the uregal bubbieli *J- r

l^a1 crc *ile s; ec i f i+ 4 ir C ec t i o* .l.3 of JDO-ll314-E (Preli'ir a ry'

. . taf f fi' ds * tis t wit m t cccotable sir- the re cified load ra 3rI t .-

aje vatt i, c servat ar: it is to-hnically f enible ta &sion su;h stra:t- *
,

tr +>, s; ifi d }C3"3

r .,t*ie 5tr, ' , r e _s
_

, g P
'

s
.' r 4 h

uill c l i- ' r >*>stru t;res in rd S 5M :nt3irm r.t desio whi1h are ct

, * rre ; cat ,ar - es unl. 3 , the j -' p of such c'+ torre cm bei r c.1 * > f * 4'

.} s ; i f I f> * - *h? JC sta#f. In ssCh C3 es "E Will provid 'M , - s+af' with

2.' j i t'r al j;stificAt1'' tn ,eri fy the b3ses f':r Ctci#ic3ticn if ? > r. [091

l . 1J5 t l "t? niStDrv K p l i Uj LC those stcyct.,re' 9 0;Id I - U 3 h l f.'

de ' ! h

d.. .s r s t r 3 t e !<3 +ri *,?' 'taff th3t suCh lo3ds d'e ad 23- C a' s er Va ti's t' *se,
4

IIItr. .,rei will !* Eli"' -tri sJC' th3t tM 0 s i '; 5 .C nb7 t I"e t@ s i C '_'t* 4

T N hlf design.or '4' ds t/[if i e d b ./ + r . I

4 ' + = * + fir j tols nit"ent JC.tptJble s;r., t pro [nt 31 t(r' iti,4
t >
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7. Othe- Pool anric loah

The 3pplicant h3s made the following corrit fnt:

For pool dynamic loads not specifically addressed 1r the above criteria SE will

use the typ >, a jnitudes, and cerbinations of loads identified in ',E00-ll314-N

(Prelirinary) as a t' asis for evaluating tne strsctural design of affecttd contairrent
structures.

The NRC staf f finds this comitrent acceptable since the design loads are 4 ' > -

tately conservatise and it is tect -ically t er. s i b i c to design such stra;t. to

the specified lo3ds.

In nary, we hae reviewed the a;plicant's program and have concluded tnat,a

principal architN tural and enjineeriN criteria for the design of affected ce 2rts

and structures have been adequately describeJ.

E3;ed on our review of the pro;osed GESSM design and our review of these Sam areas
or Crand Gulf (currently under ccnstruction), we maintain our conclusien th3t any

os which na y be repairej as a result of our review See techrically feasible with-2

cu' ec ; rising safet). 52;h charaes could irc'use, as arpropriate, relocation,

local strenjthenirq, or protection by incorp ration of structures to preclude direct

ir pir ; ment at flom.

Ir '"dition, tts staff has reviewed the GS corrents c. tr e '> ark III cont airren t
i s on. The AC25 t rents are contained in .ss letter on GESS M These saw

cmrents are also contained in tre ACR$ letters to the Co mission en other CWh-6
applications. Stetifically the ACRS stated that a cre basic understan1in7 ef certain

phen reaa such as vent clearirl, vent irteraction, pool swell, pool stratification,

an1 dy w ic and 's,rretric Icids on the s paressict pool and other containnent struc-

:ures is rewired Ire ACRS further stated that tre R4D program be exp"dited so that
all desi;< related ,3 sues art fully resal wd pr'or to ccroletic. of construction of

aftrctej particms " tN plants referencic; uESCM In resporse to these corrents, the

staff has cy edited its review of these pttncrena and we h3ve actively rursoed thisr

3tter with the 3;clicant to ensure co miiance with the ACR$ recomendations.

Tc ac'jress these ACPL c7T en te , tFe VC staf f c epared a series of < uestions which

wtre tran nitted to tne arplicant in letters d3 ej ''a rc" 15,19 7 5 an d 0 ril 22,1975.

Ir addition, the ACRS in its "!55A' letter, 3s well as ir trase for ntter EWR-6 appli-

cation- recurs +nd-d that th,' indemient radels jeveloped be the '.RC staff and its

corsultarts te used to evalu3te the sensitivity of k e, design parameters, 3nd to

elucidate additi m l effects rated ir the e<rerir' ental pr ovams sach as oscillatory

pher rena.

6 29

cess"
7f3 007



The MC staf f is continuirq with i ts de velc; men t of an independmit r edel to w31 3..

th Mark III contairrent and fully ey ects to satisfy this aspect of Ue CP5 recc~-

rcriation witn rusa tt to the GESSAR Man II: tantainr ent .

In sz:'ary, we censider the remaining M3rk Ill testirq and analytical p ecqrrs to t e
confirruatory in natare and will require tnat these cro;ra"s be completej prior t_

issu3nce of an operating license for 3 Mark III plant. We beliese that the concer ns
e cressed by the ACR$ are pertinent and nerit additional evaluation, hcwever, ir cor
judicent, they will not af f ect the design bases for the GE5SAR contain'ent. We w -

clude that the infce ation whicn has been develcped to date relating te 'V d is t -

cerns is sufficient to de enstrate the adequacy of the present Jesign.

6.2.2 Containment Heat Penn 31v

The containment heat recu.al system ir.cludes the piping, valves and rechanical com-

ponents used to rero,e energ y frer the contair ent following a loss-of-coolant accident.
For GESSAR this system is the Residual Heat Pemoval (FR) System which, wher cperating
ir the suppression poo! c ilin ; cr containment spray rede, rereves ener7y f rco the
contair.~ent to limit Icng-ter cont 6inrent post-accident terceratures and pressores.
Our revfew in this are) included process and instrurentation diagr3 s, descriptive
infcrration concernir; >yste- functicning and interaction with essential supporting
syster , General Electric's proposed systen design bases ard criteria, and analyses in
sa nort of the ade b acy / those bases and criteria.

Tre RHR Syste" consists of two heat exhangers and three pu ps. Cne he3! h vger and

one pu o fern an independent loop and each loop is physically separated ard protected
to ninimize the potential for single f ailures irriuding loss of onsite or of fsite
pcwer causing the loss of 'anction of the entire syste" The third pr p is located in

a sep' rate roem and can be connected to either loep. The RHR Systeri is designej tn
Category I seismic criteria and will be routirely tested during plant cceratior to
veri v its availability.

Operating in the containment cooling rode, the RHR pe cs take suction from the su?-
pression pool, pass the flow through the RHR he t exchangers, and direct the cooled
water to the sup;ression pool, the re3ctor vessel, or tre containrent spray he:ders.
The lac ; ions of suction and return lines in the suppression pool f acilitate nixing of
the retur'. water witn 'he total pool inventory before the return water becomes avail-
able to the suction lines. Strainers are provided on '.he suction line ''lets

Analyses cf the mini un hea' renoval capability of the FHR systen have been presented
in GESSAR based on a service water ter perature of 100*F and an overall heat exchanger

daty of 610 Stu/* sec. These analyses indicate adequate heat removal capability to
limit the suppression pool temperature to 173*F and the containrent pressure to 9.8
psig fcllowing a loss-of-coolant accident. We find the values to be within accept-
ab' limits and are appropriate interface values. The service water tenrerature,

' .,
'
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newever, is a site dependent parameter which could be different for each plant refer-
ercing GESSAR. In turn, the detailed design ch3racteristics of the heat exchinger
design, which are based on service w3ter tencerature, are also site dependent. There-

fore, each applicant f or a stard3rd plant must provide the above information and

de:cnstrate that the available heat renoval capacity (heat exchanger duty) for this
plant is at least us great as that specified above.

Gerecal Electric has stated in GESSAR that adequate ,et positive sucticn head is
available at the hiR p#p inlets assuming the containment is at atmc ipheric pressure
and the pc>l is at saturatio' terperature. These asserticos are consistent with the

re uiremenes of ReplG y ouiJe 1.1 and therefore acceptable. provisions are rade ir

t5 containment heat renoval system to permit inservice inspection of system corporents
and functional testirg of active cos onents.

canclu M that tne _cnt31 ment heat removal system c3n be operated in such a ranner,

as to pr0v1Je a-co 3t+ tcol l' ; to the containr ent following a loss-of-ccolant accident

an j ccnf ur , to ;.er eral < siv Criteri3 33, 39, and 40, and is acceptable.

W has evalaated tne ti.tential for debris to clog the ECCS suction lines. Each ECCS

p draws water fron tne s c ression , al throJgh its own suction line and strainer

asse bly. The saction line ends in a tee arranger ent in the pool, with each end of
toe tee capped with a 100 fica CH 3 city strainer. GE has snown that tte potential

for ECCS cr ccetainrent heat re~ oval system degradation due to plugging cf the screens
is rinimal. The reasons fer tnis include: 1) cE has stated that all insulation in the
drywell will be of such type tMt it rinimizes the Ecssib ity of it brcaking away frer
piping and bein a carried trrougr the drpell vent syste- into the suppression pool, 2)
51rce the sucticn inlots are located about nid*3y between the poul surface and pool
totton and sinco the screen s;rface area is large, resultir.) in low approach velocities,
there is little ,<tential for draainq * tris, cher from tre pool botton or surface,e

to the vicinity o' the inlet lin", and 31 %e to the rarshead arrangerent cn each
suction line, a 52' plugling ;f screen surf" area can be tolerated without consequence

to s/ ster ;;er f o rma n c e .

Therefore, their design is acceptable.

$ 2.3 M on Srv Containmert Functional Cesian
Ine secondary contair~ent systm includes the structures and systen used to control
and treat radioactive leakage from the prinary containrfnt in the event of a loss-of-
ccolant accident. For GESSAR the seccr.dary containrent systen consists of the shield
t a i l d i r e; , tne fuel buildina, parts of the auxiliary building, the Shield Building
Arnalus Fecirculation and Exhaust System (SBARES) and the Standby Gas Treatment

Syster (SGT5). Cur review in this area included schematic flow diagrams, descriptive

inf arraticn concerning systen f unctioning and interaction with essential supporting
systems, and Ger.eral Electric's prcposed system design bises and criteria.

h ' )I
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The shield building is a cylindrical, reinforced concrete structure completely enclos-
ing the containment vessel. The Shield hJilding Annalus Recirculation and Ethaust
System maintains the an...ius formed by the shield building and containment at a

negative pressure (approximately -5" w.J.) during normal operation and following a
postulated loss-of-coolant accident. 'n the Chapter !5 accident analyses, the staf f

assumes that following an accident, a variable fraction of the SBARES exhaust is
directed to the Standby Gas Treatment System (SG15) for filtration priur to release to
the atmospnere and the renairder is recirculated to the annulus where it is mixed in

50; of the annulus volune. The exhalst/ recirculation split is a function of the flow

rate in these paths as sh in Tab'e 15.3-1 of this SER.

Tne fuel Building and the ECCS and RWCU rooms in the Auxiliary Building .'ee also part

of the secondary containnent systen. These volumes are maintained at a r ,ativem

pressure (-0.25" w.g.) during oper ation by norral plant ventilation systers Follow-

ing a postulated accident, the ECCS and RWCU rooms will be maintained at a negative
pressure by the Standby Gas Trea rent Systen (SGTS), which filters the exhaust ficw
prior to release to the atrosphere. The Fuel Building will be aligned to tre SliS in

the event that high radiation in the enhaust flow is detected, or upon receipt of a

loss-of-toolant accident signal.

Tre Shield Suilding Annulus Pecirculation and Exhaust System provides active corTonent
redundancy, is designed to seismic Category I criteria, and is locateJ within seismic

Category I structures. Redurdant co-pone"ts are separated and protected.

The Standby Gas Trea tment 5 stem (SGTS) is designed to seismic Category I criteria and
is located within seismic Category I stru .rc3. ite SGTS consists of redundant*

embaust f ar s ar.d filtration trair.s each consisting nf a demister, heat coil, pre-

filter, HEFA filters and cnarcoal filter. Redundant compcrents are separated and

protected.

Following a postulated lass-cf-coolant accident the pressure in the secondary con-
tairment volu*es could ncrease due to inleakage and the starting time required for

the SGTS. Additionally, the annulus cressure and temperature will ircrease due to

hr3t tran-fer trrough and espansion of the primary containr:ent shell . GE has provided
an analysis of tre anr J1us pressure transie it which ccrsid'rs the above phenorena and

nnich indicates that the annuius will be raintained at a nec itive pressure of about -

l' w.g. or less. We find this to be acceptable. GE Fas also provided similar analyses

f cr tre fuel buildirg and ECCS and R'.'CU room volumes. The results indicate that these
volumes will have r established a 0.25 inch w.g. negative pressure 60 seconds 'fter

the LOCA. We will require that the inleakage assumptions and drawdown times be veri-
fied during precre-ational testir.g of each plant referencing GESSAP I" endwnt 27,.

GE deronstrate1 that the com.urrent exh3ust requirerer is f ran the f uel buildir,g (800
scfm), the ECCS ourt ruom> (IN0scfm) and the annulus (1006 scfm) are within the

capacit.< of cne tra:n of tre 'GIS (Sar; scfn). We cccclude tnat the capacity of tre
SGTS is adequate.

6-28 ' f
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Although the rei ary contair ent is completely enclosed by the secondary contair ent,
trero are systems wh'ch penetrate bct% the primary and seccndary contairrent tc;"daries

creating ;mtential paths througn which radioactivity in the primary cor tainr ent could

bypass the leokac; collection and filtration systems of the secondary containn>nt. A

nurter of these lines contain physical barriers or design provisions which can effec-

tively el1Pinate le-nal" such as w3ter seals, closed seismic Category I piping systems,
or vent return lites ta a centrolled r;gion. The criteria by which potential bypass

1 akap raths are deterrined have been set forth in Branch Technical Position CSB 6-3,
"Determin3ticn of Eqpass Leakage Paths in Dual Containment Plants.

* * 's c o' itt ' sin 3 letter from I . Stuart of GE to B. Pusche of NRC dated August 25,

IR) to ;rc 1 ding k s i ': n provisions to elininate bypass leakage. GE will develop a,

des ter positive leak age control systens, upgrade some piping systers to seismic

lai crj !fa tn> porpose of achieving credit for closed loops or water seals, and

'if tr c;e sontainrent water legs and loop seals which perforrt 3 sealing functiony

m tre ;-resentlj contaired in the Mark 'Il design. Where positive leak 3ge control

plo,ed, such syste s will be o signed to neet Branch Technical Position,st- a re <

t., - anJ e niatory Guide 1.96 as applicable.

ae + 1 the at ." co ritments to eliminate bypass leakage acceptible for a PDA. GE

'il ivide details of the design changes being employed and systers analyses by
-;ci l 1970, at uhich time we will perform a detailed review.is,

C- 3ie ot Air Turi- 2 tion and Clean t Qstyrs
twa engineered safety feature air clearup systers proposed for GESSAR. TheyT* r > 1re

are Standby gis Treatrent Systen and the Ccntrol Room Air Cleaning Unit.

Tre st3ff has analyzed the designs of engineered safety feature filtration ,ystems

6- :nated by tne applicant to operate in energency situations with resnect to the

isitions in Regulatory Guide 1.52, " Design, Testing, and Maintenance Criteria fcr

Atmosp*1eric Clainup Syste s Air Filtration and Adsorptien Uni ts of Light-Water-Ceoled
clear Power Plants. We find the applicant's design is in agreerent with tFcse

; ositions and we ha,e used an adsorption ef ficiency of 93 for iodine removal fcr these
4eep bed type ch3rceai syster s in our accident consequence computations (see Section

;5).

i .:ntainment Isolaticn Sy_ stem
Tre contain:'ent isolation systen includes the can'ainment isolation valves and associ-
ated pipir.g and pene itions necessary to isolate the primary containment in the evont
of a loss-of-coolant occident Our review of this system included the nu-ter and

lccation of isolation valves, the valve actuation signals and valve control feature,,

tre positions of the valves under various plant conditiors, the pr otection af forded
isolation valves f rom nissiles and pioe whip, and the env'ronnental design conditions

s; _ifiod in the design of components.

1 i
'

t
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The desi(,n objective of the containcent isolation s; stem is to allcw the ncrral or
*mergency passage of fluids through the contai ient boundary while preserving the
integrity of the containment t:oundary to prevent or lini+ the escape of fissirn
products from a postulated loss-of-coolant accident GE has specified design bases
and design criteria as well as the isolaticn valve arrangerents used for isolation of
primary contaiment penetrations.

Na manual aperation is required fcr irrediate isolation of the containrent. Auto ~atic

trip valves are provided in those lines which rust be isolated innediately following
an accident. Lires that nust re::ain in service following an accident for safety
reasons are provi:Md with at least er.e remote ;Jnual va l Ve. The contain ent isolatic,

systers have been desigred to the ASME Section III, Class 1 or 2, code and have teen
classified as Catejory I seismic design systers GE has also descrited the i r s t rumen t
line renetrations of the pr1 nary containment, anJ n stified that thc design conforms
to the Eesiti 1s of Pegulatory Guide 1.11.

The envirenrental desian criteria specified for isolation valves and other safety-
related equipment Icuted in the drywell are not entirely acceptable. We wi'' revire

trat Gf. qualify these conconents for a drywell negative pressure representative o'
limitimj pos t-L0ta ccndi ticcs. We will repcrt on the resolution of this iter in a
supplement to this SE ' rost-PDA.

1: has procosed that the containaent purge syster be operated continuously during
normal c; eration to limit the buildup of 3ctivity and allow plant personnel unlinited
access fcr surveillance and raintenance. The purge rate would be 4,300 cfn through
42-inch supply and exhaust lires. Fast-acting isolaticn valves are installed on the
";ppl, and exhaust lines to provide rapid contalnnent isolation in the event of a
loss-of-coolart accident.

The Regulatory staff considers that continuous purging of the prinary containrent
through large renetrations is undesirable. This was identified by the ACRS during
their review as an area cf concern requiring resolution acceptable to the NRC staff
prfor to the issuance of a PDA. The staff could find continuous purging to be accept-
able if GE adopts the design criteria set forth in Branch Technical Pcsitio- CSB 6-4,
"Containmwit Purging During Normal Plant Operations.' This require ent has been r,aae
a condition of the F DA.

6.2.5 Corbustible Gas Centrol

The combustible gas control systens incluse the piping, valves corponents, and
~

instrumentation necessary to detect the presence of corbustible gases within the
prinary containment and to control the concentrations of these gases. Our review of
tnese systens included the potential sources of corbustible gases and their yields,
the accumulation of gases within each volume of the containment system, the capability
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to nonitor the concentrations of the gases, and the capability to control and educe
the cert.ustible gas contentrations by suitable c ecns.

Following a loss-af-coolant accident, hydrogen r:3y accurulate within th? c o n t a . nr ._ n t
as a result of rietal-water reaction between the fuel cladding and the reacter toolar.t,

and .is a result of radiolytic decorposition of the post-accident e: erw ncy cool iq
water. T'e applicant has analyzea the production and accumulation of h , d ror;e n from

t he ateve sources usin] the gaidelines of Contairment Syste's Cranch Irchnical rositien
C53 E- , " Control of Conustible Gas Carcentratiens in Contain"rnt follc4in a Loss-

of-C m lant ctident. GL ha s , <or~ od a redor.b n t hydrogen mi x ina s < t e r and re Andant

h.,dri en rec; Siners to limit the hydroleo concentration Within the ccotainnert to

Lelow 4 volu"r .-rc en t . A tad ap, tootrolled purqe syste~ is also crovided in ntard-

ince with the atase positica

Ine drywell 'ixin; e,eter is ca;uble cf purging any hydrogen thit ri ,ht t e releas"d

tro tre reactor , essare vessel into the drvwell thro 2 the horiz?ntal i,ents ir tb

1rn ell wall into tN se,Trts,slon pool ard thence to tm larger containren* volu~e,

+' t re t y diluting th' h, J roo < wncr'tration. This purt -; 1 s accor pl ished tiy ra isin '

!"e crtssare in t"e drywell sa as to force the crywell s tr oschere, incluJing tre

tyirc (n, throu;h the se cression pool into the centain -nt The drywell is
-

; r r ' < u r i z e f t h re i .: h tna, six-17.cn linet, each nf which is connected to a corpresu r.

itrse lines co,tain a cred ,11ve and a tutterfly .31, in series Creration of the

= 1 n J sj s ter c id rot be required for aoout hours follcwing i pcstulated LCCs at
which tire i t wold t e Kan a lll y actuated Dj the operator.

I'+ .'eposed drveell -ixing syster prcsides several desirable features with re ;iect to

+r, rate'.tial ', * s i n-; of '"o s gpression rool by the ster in the drywell. Thc

first of tnese feature is inat the propcsed Larr.;e flew c3th tnrough the su;;pression

pool olinin3tes any intt. ntical t,ypass of the suppressico pool in order to control the

hydrcien tcncenti?tinn in the do well. A Uiticnally, the valving arran ment i n the

lines tha t r + ,etrate the drywell ninimize tre potential fy an inadw rtently < en

line. Finally tne procesed red Ktica in the size of these lines his reduced trt by-

piss area of an inadsertently n;en line to a valu within the bypass cap 3bility of theo

entainnent.

C; ring operaticn of tre mixing syster the t ydrogen contentration in the contair ent

wn;ld v.ntinue to iM rrase due to radiolysis. A thermai recombiner systen is provided

*3 maintain tho long term hydrogen concentration to less than 4 v/o. Recorbiner
oceration is manually initiated by the operator at about 15 days followin<3 a LOCA.

rec ^ niner syster has a design flow rate of 100 scfr.and is located in the ausil-Tr >

iary t;u i l J i n g . It is designed to seis-ic Categorj I criteria and has redundancy in

all acti.e cuponents.
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We conclude that the design of the combustible gas cortrol systens confern to the
applicable regulations, guides and staff positions anu is acceptable. We will recaire
GE to submit results of their prototype test program for the thermal recombiner as

they become available.

6.2.6 Centainn:nt Leakage Testing Program

The GESSAR containnent design includes the provisions and features necessary to
>atisfy the testing require ents of Appendix J,10 CFR Part 50. The de3ign of the

containrent penetrat ons and itolation valves pernit individual, perledic leakage ratei

t ? sting at the pressure specified in Appendix J,10 CFR Part 50. Ircluded in the
proposed progr3n of leakage rate testing ace those penetrations that nave resilient
seals, such ar airlocks, equipment h3tches, and fuel transfer tubes.

The prop, sed containment leakage testing program corplies with the requirerents of
Appendix J, 10 CFR Part 50. Such compliance provides adequate assurance that cor-

contairaent leaktight in:cgrity can be verified throughout the service lif eti~e and
that the leakage rates will b? periodically checked during service, on a timely basis,
to maintain such leakages within the specified limits.

%*aintaining containment leakage rates within such limits provides reasonable 3ssurance
tnit, in the event of any radioactivity release within the ccntainrent, the loss of
the ontain ent atrosphere through leakage paths will rot be in excess of the accept-

aule lin,: " m ified for t.e site, i.e., the doses will be well within 10 CfR Part
100 guidelines. Compliance with the requirements of Apperdix J constitutes an accept-
able basis for satisfying the requirements o. General 'es ign Criteria 52, 53, and 54,

cf Appendix A of 10 CFR Par; 50.

6.3 _E m rgency Core Cooling Systen (ECCS)

6.3.1 System Cescrition
The ECCS subsystens provide energency ccre cooling during thise postulated accidents
where it is assu ed that rechanical failures occur in the primary coolant systen

pir;ing, resulting in the loss of ccolant frc" the v2ssel at rates greater than the

available coolant rakeup capacity using nor al operating equipment. The ECCS sub-

sys+ ms are provided in sufficient number, and with adeq;3te indeperdence, diversity,
reliability, and redundance that, even if any single cr=reat of tne ECCS

fails during a loss-of-coolant accident (LOCA), adequate cooling of the reactor core
will be maintained.

The ECCS consists of two high pressure systers and two low pressure systems The

forrer are the High Pressure Core Spray (HPCS) system and :b + Automatic Cepressari-
tation Systen ( A[S). The latter are the Low Pressure Ccre sray (LPCS) system ard
the Low Pressure Coolant Injectien (LPCI) system, which is o..e mode of the kesid4al

" eat Penoval (RHR) systen. The ECCS systers fcr the GESSAR reactor are .~unctiscally

identical to General Electric 1969 product line f acilities (LaSille, Eailly, Zi rcr).
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U l tte ECCS are initiated by a high dryweil pressure signal or a reactor vessel low
+ ter signal, evrept for the ADS. Initiation of ADS requires coincidence of both nf

ti ese and a third signal, indicating pressure at the discharge of at le3st cne 1 w

ce nsure ECCS pump. The ECCS is designed to provide odequate core cooling and to
li'it the peak 'uel rod cladding terper3ture for the c mplete spectrum of break sizes

an. locations up to and including the design basis loss-of-coolant accident.

The ECCS can operate independently of the offsite electrical power frcn the onsite
diesel generator < battery systens. All evaluations have been rade assuning that
enly onsite elecu ical power is available. In addition, ECCS perforr.ance capability
has been shown to be adeqJ3te assa ing a failure of any single component
within the ECCS. This single failure ciiterion has been applied in addition to and
coincidt.nt witn the assu ei coincident loss Cf offsite power.

The HPCS consists of a single rotor-driven centrifugal purp and associated systen
pipio], valves, controls and instrument 3 tion. The system is designed to operate fren
offsite power or from a secan te diesel generator. Suction is taken from the con-
densate tar ( cr the suppressien pool and piped to a spray sparger over the core (wia
two entry points at the shrouJ). Nozzles spaced around the sparger spray the water
Cver the tcp of the core and into the fuel assemblies. The syster is designed to

function er the entire range of reactor coolant systen pressures and break sizes.

For small treaks the systen will mait.tain reactor water level . For intermediate

break s that da nct depressurize the reactor sessel rapidly, the system will depres-

surize the vessel. For large breaks, rapid depressurizatico occurs and the HPCS cools
the core in the spray cooling code votil suf ficient inventory is accumulated to
terminate tre transient.

T u pump characteristics are selected to satisfy requirements for both high pressure,

low flow rate deliveries fcr s"all breaks and low pressure, high flow rate deliveries

for large breaks When the coollrg systen is activated, the initial flow rate is

esta lished by primary systen ; assure. As reactor pressure decreases, the flow rate
will increase until the required core spray flow rate is achieved when the dif f erential

pressure bet een tre reactor vessel and primary containment reaches 200 psi. The pump

is designed to deliver 6110 gan at 200 psid, 1 65 gpm at 1140 psid and has a shutoff
head of 1370 psid.

Tne ADS reduces the reacter pressure so that flew fron the LPCI and LPCS can enter the

reactor to cool the core and limit the fuel cladding te perature. Tne ADS utilizes
eight of the 19 safety-reliet valves in the nuclear pressure relief systen. Autonatic
coening of these valves requires coincident signals of reactor vessel low water and
high drywell pressure along with a high discharge pressure indication of any LPCI cr
LFCS pump, but only af ter a timer delays operation of the relief valves for two minutes.
If the operator deternines that the initiation signal is false or depressurization is
not required, the timer may be recycled. Th a$ is redundant to the HPCS and is only
required if the HPCS cannot raintain reactor water level following a LOCA. Sinilar to

tne HPCS, the ADS is not required for large breaks.
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The LPCS syster censists of a notor-driven centrifJ]]l rp (that C3n ld {owered b/

?lther normal eftsite power or the tand::y a-c power syst en); 3 s; rav spircer in rho

reactor ,essel; and pining, valves, instrumentatien and controls o ccuey water from
the sup;ression pool to the sp6rger.

The HICS systen operatir; i ri the Ica press re rode serves as a redandant core spray
1000 to the one LPCS loop The LPCS syster protscts the core in th e,ent of a larm

break in the nuclear system and wren the HPCS is unable tt naintain reactor vessel

water level. Sach protection extends to tte s,all break in wnich the ADS - . mas'

operated to lower the reactor vessel pressure to the OLerating ran;e of the dZ Ino

LICS pu~p is desic"ed to delivt 6110 gpr at 12;' psid and Ns a shutof f read of

JS3 psid.

Since the m ber c+ fuel asse"blies and the dia eter of the core has c unaen cen ared
to previous designs, spray distribut ion tests will te ;erforr-ed on a simulatico of the

GESSAR reactor te assure that an adequate a cunt of spray reaches every assembly. GE
st3tec t%u no significant dif ferences are egected from other core ; etries rpre-6

Vously tested for spray distribution. GE will provide the results of thes. tests in

a topical report to be sutrit ted by t he end cf 1975. We will review that report when

it becores available. This cavitr er t is acceptable for the FDA f or GESSAR.

The LPCT system consists of tnree mette-driven centrifu pl pumps (that can Le powered
Lj either nor al offsite awer or the standb , onsite a-c power systen), associated
piping, valves, centrols and instcu~em ation. Each LPCI pump injects water from the
suppression goal tnreu;n a nozzle in the core shroud into the space between chanrel

boxes over the active core. The suppretsion pool suction, vessel injection nozzle anJ
cannecting piping for each pump are separate and independent. Two of the pu 7 s also
'unct en as M systen c ras. These two p eps receive Lcwer f on different a-c power

Luses. One of these buses also supplies cower to the third LPCI p rp, and the second
bus supplies pc er to the LPCS purrp.

The LPCI systen prr ides cooling water following ill LOCAs except those resulting from
small breaks that can be controlled by the PPCS system The LPCI is redundant to the
LPCS systen Each LPCI purp delivers 7100 gm at 26 psid and has a shutoff head of
2^S psid.

As in previous Ea? designs, the GESSAR reactor ' " the capability to use the LPCI
punps to spray water into the containment. Diversion of these pumps after a loss-of-

coolant accident is autonatic wnen required. Ir previcus designs, an interloci
prevented diversion of the LPCI pumps if the vessel water level was below 2/3 the

active core height. In the proposed arrang W ,t for this plant, thic interlock would

not te present but an interlock preventing LPCI p.rp diversion to containment spray
until 10 minutes after a LOCA would be present. In support of this change, that
proposed diversion of LPCI r eps at a specified tine after a LOCA irrespective of

vessel water level, GE has stated that diversion of LPCI pumps ten minutes af ter
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initiation of any loss-of-coolant accident will not significantly affect the perfor-

Nance of the ECC syster . GE presented the results of their analyses that show that
f or various combinations of ECCS and liquid line breaks, the peak clad ter'peratures do

not change for breaks greater than 0.02 ft2 (2 in. dia eter pipe) assuming a single
2ECCS failure. For breaks snaller than 0.02 ft , the HPCS failure is the only are that

results in peak clad temperature differences. For these breaks, the r eak clad tempera-
ture increases about 50-lJ0*F ( to about it J* Or 800*F), as shown on F qure 6.3-39 of

GESSAR.

We nave reviewed tne infomation submitted by GE and have determined that the per-
formance of the ECCS is not significantly affected by the transferral of two LPCI
pur cs from core ccolic; to containr ent spray. We conclude that transferral after 10
minutes is acceptable.

The Regulatery staff a:Jressed a concern (request for additional inforna tion 6.125)
regarding the overall role of ranucl actions required to mitigate the consequences of
a LCC; GE has agreed to rovide this inforration for cur review prior to the time

that a beco~es corr;itted to irreecable final designs.

The following additional outstanding concerns s.,ould be 3ddressed pricr to subnittal
of tre rst EWR/6 FSAR: 1) results of spray distribution tests on the EWR-6 nust be
s r ,1tted to the RegJlatory staff. The results in the topical report (',EDO-10546) are
f or EWR-4 and EWR-5 configurations, with results for BWR-n prorised later, 2) firal
ce;:y of the proprietary version of the 3 4 8P spray cooling test rust be submitted
far staff review. Tre resolution as these it % will be discussed when cur review of
them is complete. hsolution of these items is not n wired prior to issuance of a

FEA.

6.3.2 Perfor-ance Eval,atico

In Section t.3 of ';ESSAR, the wplicant provided an analysis of the ECCS using the

assumptions and calcul3tional tecanicaes described in 10 CFR 50.46 and f;pendix K to

10 CFR 50.

:n Lecerber & , 1973 the '.or ission issued the E ceptance Criteria for Emergency Core
Cooling Systen for Light-Water-Ccoled E clear Power Reactors which is a new rule and
replaces the Interi- Folicy Statement.

In Arendment 35, dated June 27, 1975, the General Electric Company subnitted a LOCA

a alysis applicable to the GE55AR-233 reactor w hich corplied with the requirerents of
paragraph 50.46 end ,;rendix K of 10 CFR Part 50. The analysis was perforned using

General Electric evaluation models as described in NECE-2C566 (Draf t) submitted in
Lgust 1974, and the General Electric Refill /Reflood Calculation (Suppler:ent to the
SAFL Code Description) transmitted to the USAEC by letter, 6. L. Gyorey to V.

S tello, Jr. , da ted Cecember 20, 1974. General Electric has sutilitted an additional
report by letter from G. L. Gyorey to V. Stello, Jr., dated August 25, 1975, that

'
i n1 7
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discusses the way in which the GE Reflood nodel is used in the analysis of BWR's with
in-shroud LPCI injection. The background or the staff review of the General Electric
(GE) ECCS codels is described in the staf f Safety Evaluation Ro port (SER) issued in
connection with the order dated December 27, 1974 for cperating jet pump boiling
na 'r reactors. The bases fc: cceptance of the principal poet'ons of the GE Evalua-

ition Model are set forth in the staf f's Status Report of October 1774 and the Supp ccent

tc tne Status Report of Novetter 1974 which are referenced in the Jecenber 27, 1974 SER.
To ether, the December 27, 1974 SER on operatin; plants, the Status Repo,t and its
Suculervnt described the basis f ar the staf f's acceptance of the ECCS evaluation rodel .
The beneral Electric evaluation nocel, in corbination with the plant specific parameters,

consitutes an acceptable ECCS evaluation in conforr.ance with Appendix A to 10 CFR

Part 50 and applicable to GESSAR-233 BWR/6 type reactors.

Caring the course of evr review, we cuncluded that additior.al break sizes should be
analyzed to substantiate. the break 5;'ec tru"i curve. We also requestej that otter
break locations (i.e., steam line, feedwater line, and core spray) be s tu;14 ed to
sutstintiate that tu l i m t i r.g t rea k locatior. was the recirculatien lire. As part of

the LOCA an3 lysis addit',nal EWR/6 single failure sensitivity an' lyses were perferred
t evalulte toe effects of a single failure tatt could caus> any manua ly-controlled
elt c trically-rLeratmd valve to neve to a position tnat adversely a f fects the ECCS.
Tne an11ysis stoned that these failures are less severe than those considered for
tre ECC5 analysis.

We also investigated the effects of ficading caused by a LOCA. By letter from
a. D Giltert to J. F. Stolz, dated A; gust 11, 1il5, GE subnit ed the results of a

stajv an ECCS valses within tt.e contain ent. The results snow that all ECCS valv?
"ctors wnich rust Le :perable d; ring and 3fter a LOCA aro located outsido the con-

t3in ent an3 will not becc t sutnerged dua to the occurrer ce of a LOIA. Therefcre,

ne i t her t u ve r t- tern req;irement nor the lcng-tern ccoling capability is affected

bv s terjence effects

Tnn results of tr ECCS t ;ondix E calculaticn (tased on the limiting cas of flat

peak cladding te~;wrature of 21E0'F; a peri local oxidation ofIc;11 ;'e-1kiny i n +

< ind a v < ir ccre average hydrogen gereration of .25' for the wor st large t reak

as 1rq a tailure s Me LICI diesel; a ceak claddir; ;erature of 1633 F at a' *

,

break area of 0. 3 f t" ssuning the failure of a LPCS dicsel; ar.d en claddins

* o par a tu re o f 15c C'r et 0.1 ft assu,ing a failure of t*c HFCS

ae hve revewed the enluaticn of ECC5 perfcenarce subitted by the Go eral Electric

; pany for tr.e CESS 4R-233 and cenclude that the esalaatien w.is performed wholly in
anfcr m e with the requirer ents of la CFR 50.46(a) . TFe GESSSR-?3? ECCS perfor ance

3ssures confomance with: (1) the peak clidcing temperatu m linit of 2200*f, (2) the
a r t rm- c lodding oxidation limit of 17 ' of 'Stal cladding thickness before Osidation,

(2) the rawirum hydrogen ser eration core wik lir it of I c f tr:e tota' retal in the

JJirg, | tFe ccr. ro etry r* siniro .r r1F' to s cili'
< ,
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and (5) the long-ter" cooling requirerent of maintaininq acceptable core terperatures
and 'ec 3 y hea t rerutc

An evaluation was not provided for ECCS perromance durina reactor operation with cne

recirculation loop cut of service. Therefore, reactor operation under such conditions
will not be authorized until the necessary analyses have t'een perfore ed, evaluated,
and deter'rined acceptible.

review of EWR/5 and EWR/6 type react:rs, the NRC staff expressedDuring our Appendix -

a concern relating to recirculation valve closure during a LOCA. The results of a

GE sensitivity study to ev3luate the ef fect of a recirct.lation flow control valve
f ast closure coin:id r * witn a design tosis LOCA and the warst postulated ECC5 failure
w3s s m itted by a letter from A. 3. Levine of GE to ', Stello, NRC dated April 25,

1975 The results cf inis ar alys" snaw that the calculateJ peak claddirq terLeritare;
e ver with the worst f3;iur ;> of trr EcCS nd fast closure of the recirculation flcs

control valve re-line below T20" F. On tnis basis, we find the anilysi acceptable.

'- su arj, we contlude t"st the ECCS for GESSAo meets all the criteria nf paragra;;h
.at rd tnt r(m.1ren nts of r enjix F tn 10 CfR So, and is acceptable.

f. . . P tit.etilitj 5*

Tre arolicant p , csm to n e* G-cral asi7 Crittricn No. 19, (Control Pcom) of
ndi< A to in CFP Part 3, Si cercrete shieldirg an! by installing a dual

,

fresh-air inle+ c,s*- c e n t i i n i r.c redu r.d y t si>-irch- V i char o.11 filters. This

res;ctse to a stlff pasition th3t tha initiallyre;rc; ats a e , c t ec "1 j i t i c a t i c r. r

prc sed er. v ger c / ventila t ic sy s tor a3s in3deq ate.

wi >1j c;.1 W to red;ce the ,rssibility of havir.; toth inletsTh j ul i iets a>

en ol to cont n r it ,Jn a t tne s rc tic ' U r# ros t "teoroln _;ic al candi tions or.e

of srmtrinaticn rotulting fro" a postulated 'ctivityof tre it lta will * fre o

,is, The fre let will te d ei t3 s @ ply safficie t ake-up air tu mairtain the'

' tral roo^ a t 3 sitive pressve. - C D n t c or.tro l roon erergency air cleL irq
,

'its each s a l', - ' cfr of Air..

T*a staf f ccrulu: tn3t prc erly L 'si ticr 3 ' iniet' can prcvide the necess3rv delre',

' ass /3rce agains' " e possibil'ty of b3th irl+ ts teir severely contamin P ed The
.

c;;11t ant N s indics ted the fclical m 'ccations:

Ir, t 1: flout lEJ ret frc tr.e SGT5 vent on tre 02tr - o * will of the control

buildira f it ele.a tion +35'-T ).
of the auxiliaryInlot 2: facut 200 ft fer thn SGT5 vent near thn outer odj e

Nildinj (se n'id fro ~ Inlet 1 by abeat 2a0 f eet ard a t eleva tion l?O' U).

Tu se positic are concidered a jeg;1 tc for a sin:le unit f acility. Bas ' en avera;

teorolcgy, thc ze ef crotac*ivo '.lcthirg C ll to n ?cesw / to proter.t a ;'i nst a
beta skin dosr e nicato? t< tween 10 re" ar 75 re for the sir.gle uni t f ac ili t y.d
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For a ruitiple anit plant, we will require that the control room of one unit cust reet

GDC-19 when postulating an accident in the second unit. The dual inlets in ene unit

will not be as effectise in this case if they line up in a straight line nith the sent

releasing th activity. This results in a siruitaneous contanination of both inlets.

Thus, in the cise of ru1tiple unit olants, we must approve the inlet location on a

case-by-case basis.

We c3nclude that, on a generic basis, the Gt SSAR design for control roc" habitability
reets GDC-19 require ents with the possible exception of the dJ31 inlet location on

multiple unit plants. We will review he need for protective clothirig oo .-by-

case basi s.

The tantrol roor design doe not specifically protect against a release of toxic gas

such as chltrine. Th;s, the hazardous raterial concerns as expressed in Regula tory
Guide 1. 78 will be reviewed en a ca se-by-ca se t'a sic Ihe control room isolation

s y s t e<' "a y , therefcre, reed to be nodifief for aty site where gaseous chiorine is
Jsod for trea tr ent of tre circulating water nr w1ere suostantial quantities of other
haz3rdous gases are stared in the vicinity.
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7.0 INSTRiMENTATION AND CONTROLS

7.1 Introduction

GESSAR was submitted pursuant to the Reference System procedural option contained in

the staff's study entitled, "Vethods for Achievin7 Standardization of Nuclear Plants,

iss ed Ma rch 5,19? 3. In discussing the ca.ior advantages in the standardization of

nuclear power plants, the staff stated in the study th3t "Ihe rest important advantage

is the enhancement of reactor safety due to the concentration of staf f ef fort on the
in-depth review of standardized syste s and on the resolution of generic safety-related
issues that arise in the review, as well as in later construction and operation of the

plant. To insure that this potential advantage is re31ized, the staff's review of

the GESSAR instru~entation and ccntrol systems will not be substantially complete
until after the preliminary designs are completed and evaluated by GE's and evaluition
of the designs are submitted for review by the staff.

Major portions of the designs for the instrumentation and control syste-s proposed in

GESSAR are different from those utilized in previously licensed BWR plants. TFese

iters include the use of gar]ed control rods, a revised control rod position indication

and detection system, a retrod of increasing the reactivity insertion rate following a

scr3 , a revised rod pattern centrol system, and a solid state 2-out-of-4 protection

systen. The design criteria and the conceputal designs for the instrumentation and

conte 01 syste s are discussed in GESSAR but the preliminary designs for these systars
h3 ve not yet been sJbritted *;r staff review. Therefore, our review of the instru en-

tation and control syste-s is rat co plete and will continue af ter the FDA is issued.

This section of the staf f's saf ety evaluation report discusses the status of our review

and is based on the infernation provided in GESSAR and on discussions with GE repre-

sentatives Our resiew has concentrated on assessing the adequacy of the ccnceptual

cesign and the prcpssed design criteria and on identifying those areas which will
require additional ef fort af ter the prei minary cesicns are available and submitted to

the staff. In assessir] the adequacy of the proposed design criteria and the con-

ceputil designs, we have based our conclusions on the requ'rements of the Conrission's

Goreral Design Criteria and applicable Regulatory Guides for Power Peactors.

Adfitirral guidelines by the staff regarding the imple ertation of the Reference System
option w1s published in 3 report (WASH-1341) entitled, "Progrannatic Inforcation for
the Licersing of Standardized Suclear Power Plants,' dated August 1974. As discussed
in this report, the staf f anticipated that a f airly heavy review ef fort would be
nocessary during the post PDA phase. In accordance with these procedures, the staff

concludes that the specification of an acceptable set of design criteria is adequate

for the FDA and that the review and approval of the preliminary designs for the

instrunentation and control systems can be conducted as pos t-PCA item. The staff also
concludes that the prn, sed desigr of the new instru entation and control system is
within the State-of " n art and that there is reasonable assurance that the syston ran
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to designeri to rent th' syste" desi ;n criteria. For the "d % review, the cri ;ir 31
scnedule calle] for tha prelimin3ry designs and tte applicant's evaluatien of thase
designs to be suvitted to the staf f in the first quarter of 1975 and the stiff'
10 tailed review was expect?d to be completed in the su"rer o f 19 75. M did rot su ei

all the preliminar/ c'osign information for Chapter 7 in early 1975 Ail of tho

infor".ation u reed to conglete our review has rot toen received as of Julv 1775 as

a result, we do not e q ect to couplete our review of the design until early 1976

receipt of the requirod infor~Jtion. Ine results of thopossibly later de enjir ; t r

re, ew wiil be re p rted in a supplerent to the GESSA? safety evaluaticn re; or t , and

presented to the AC-S f or their consideration.

7.2 _m.c_t o.r _T_r i c S. ,v_s t.
-

i

-

The design of tro rea: tor t r 1 ;: syste; is in a cance .31 design ; hase and ": has nat

,et eselcted s prel, i na ry des i';r fcr the elui" ont to Le used in I r ;. l e ' e r. t i r j thed

pre > ?d concept al esi m. * ra n e r , it i s inc i , that the GESSAR desi a aill stilize
.

,2ip ent and Iclic +' a t a re va s tl / iif ferent f rom all ; revicu M Ns ans.e

The c.nitored sj te v3ri dles fru v.hicn the reictor trip ;vst ir; at signgls v.ill

L ' ';: ;lants*o ' > ri sed a re t h , 'he ,ariat renitzed sn presi: n ., ver,<s,

9 e sonsors will t- evices wita c ? trol roon read;ut indication ra the r than
4

es. The enly exc"ptin to tnis arethe previou;ly uEs ! 21_;1 t a i , r an-i ndi c a t i n i ten m 3

i r ,' ; t s i7 31s :orised fr': val',e Eciit ;n % itch , and the scr r dischar_o wolfe,

ater le al ;to,+
>

GE ris st.!!ej inat all prctecticr, syste >eranrs that ja ret have analc , reidout

indicatrs wil' N +r title ,rirg reactcr aer m ea+icn. In addition, 'E k nd
r

t itr j that fcr 311 - > mr: that -ust reto.>d fro ervice durin; ;ch tr;ts, tee

t i :;n w!11 irc'.!e pm ,'> for w+4: 3 tic indicatice of tM a $,;. rsts in sc c "d r>

alat r 's 1.47 : i staf# * ve a l z eached 1:o: :'nt on tH+ + ,
, 2

, re ri a tc * se< est.gtlisnic tN can ;e ,' instr .r er. ta t i on md ind+
, ,

:Tr, +4 tran . + - r* r afe+j-rela *e: ' W ticn; Tho criteria are5

}| Tro rar, <* _ .: n f > r 1r 'r octatico "all ! o , * * r Jt + i o , c o rM t r e err* *

r in ;' cf +e :^00 <!ri3ule 3ir; rit C

} 7 e accura:, f all +nn safet, tri; .ar' will rr ru cric311 f 11 o;e r tYi + <

3 in the acc c'ent ansl. tit+c urc > tu t < 3 ass 1

,uint, %ld te lcc3ted in tre pnrticq of an in strr o rv, The t ri;: '+
>m

wnich is 3c ar -s t e u d Le located in a rc ;n aitn to r eq; i r.-d ir c a* + o rs, ,

4 All safat, trip c a i n t , .,111 t e r F o c e n to allos fcr r, rarial c c ettod instrv on!

,ste" et lir+ b-i f t sch that the te/nical specifir ?tian li"i t aill ol' >

excee M .
ri Verifica+ i;n of U e aha,e ;ri teri _ ., mil re do - c*cated a; mr+ of th+ .ili-

fic a t ion tes t pr< ; ram re pi red bj IEEE Rt1 323-1970

m n,, , '
/9~L

|\ u _

GESSAR



i.ithough tre rcnit. red systen variables are the same for GESSAR as on previous plants,
tFo significance o the scrams initiated from detection of turbine ste valve clasare

arJ turbine cm trol valve f ast closure has chir:;ed. Freviously, we unaerstcod * hat
these scra s were non-essenti31 or back-up f unc tions and tha t scrams ir.i tiated f roi r

hiver reactar pressure and high neutron flux were adequate to prevent exceedio 4 safeti
limits Ae noa understand that a reactor trip ini tiated directly f ec sensing a

tar $1r triv i; essential in order to assure that establisred safety limits fer v; r".a l

operation and expecte4 transients are nct exceeded.

rated in Section 4.2.3 of this SER, GE has unJer developr'ent a f ast scram syster ton,

' itigte the conscauences of a turbine trip event near the end of the fuel cycle. This

design replaces tre pro'pt relief trip f cr which the staf f did not co"plete its review

f or CESSAR

stated eirlier, t*e pre, sed corceptual design fcr t*e reactor trip system aill+3

utilize In1!c that is different fro ~ all previc;s BJ plant designs as srm in

Fi% re 7-1 of this SE- There will be four identic3l divisional logic channels and

each of tFos faa tr3n els will rcceive irput signals f ron f our sensm s ;er cenitrred

s cie- .ariable Each of the four sensces associated with each mer.itored variable
;rc,id's an i , ;t si,ril to each of tr e four divisional logic ch3nnels through isolatico

devic +> Tu division 11 lc jic c hannels stilize -on-of-P lo;ic for each set of

'als to <erate a trip signal, i.t , when 2-out-of-4 si ;r als for af: ;r ,,t > .

ircat vari cle e cred tre trip set aint, a divisional logic trip c r ut s i ;:n a l;1, r

;rodated. 5+ di siciora l logic outs;t si jn31s are the irput siqnals for tr a,
,

actuat":e lc ;ics .snic" control t"e electric poner tsr tre scra" pilot soleroid valus ,

%e acta 3 tor 1 s;ics Jtilile 'I-CJt-of-2 t3 ken *6 ice" IO]1C 10 initiatp 3 reaCtcr trip

er;ici n * zea' pilct sclern1d 431ve, The c x patal design arran1 wthv j c

, crit ed at ,e illu trat j in Fit;ures 7.2 3 thrc;;> 7.2-3f of SESSAW. ine"

aral < t ra~ 10 , ' _ md b ack-a ccre isiv lo7ic will te 'l-cf -at-J tM en taice' r.

in present nw 4> The r e ti c r a l a r rarcor-nt of tre sol roid-c; crated pilct

stra' v31ves, tu a slonoid-e: grated back au scr3 valves, and tre air-ocerated scrai

ilves will als rom i n the 53 e as in carrent r e plant desicos,

enc e n t m to SE f , tr tcm stual * sign cf t e reactor trip syste- was" r

* ain ctinged tur wE bive no* ;; pletej cur r%iew of thse r ecent dmi an chw Icec

t significant ch3" eir to : t"it the reactor tri, sy s te~ bases a r:1 roer+" a

s alies were reclassified as r 7-Class IE and a fe3 tare v added to trip 0;en *hei

p w;r sapalf bre3kers on a LC D signal. b do rot LWestand the pur;mse of this

feature, the source of the LCCr sigr31, or the -o+ ho d if i~ple erting this f eature

sin? it apsears th3t C; lir] t*e bred er, will 3150 r ault in deererlizing portic-s of

t re neutron r oni torin _, sy ste , th n zicar noiler instn, nt itico s <ste ar d the

prc *ss radiation nnitorin) sjste- <end tnt ',- 24 did rot inclune anj discussion

of tw design chan;e tcr our evalJ3ticn.
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Another design change presented involves the conceptual design for bypassing the
reactor trip from closure of the main steamline isolation valves. Th design was
changed such that this reactor trip signal can be bypassed by the reactor operator
without regard to main steamline pressure. Previously the design propoM was such
that the main steamline pressure signai also ser;ed to automatically remove the bypass
when permissive conditions no longer existed. The design now proposed appears to be in
violation of the requirements of IEEE Std 279-1971 which requires that the design
include positive means to assurc that operating bypasses are removed nhenever permissive
conditions are not ret. We will repert the results of our evaluation of these two

recent design chan;;es in a supple-ent to the GESSAR Safety Evaluation Peport.

In response to our request, GE has described a pulse testing scheme thu will be used
for periodic testing of the reactor trip system as well as other por* ir < of the rew

solid state protection system. Since a preliminary design has not yet been developed,
it is not yet known which carticular components will be included in the pulse testing.

Hcwever, in response to a staf f position, GE stated that the design will include pro-

visions for manual testin] to suppl vent the p'alse testing provisions. We have con-
cluded that the concept of a pulse testing scheme can form part of acceptable design
provisions for periodic testing. When the preliminary design is developed and sub-
mitted for our review, we will perform an independent evaluation of the design to

dssure that the total periodic testing capability provides a r>eans of duplicating,
as closely as practical, the perfornance required to accomplish the safety function,
e.g., a reactor trip. We will also assure that the requirements of IEEE Std 279-1971,
IEEE Std 379-1972, General Design Criteria 21 and 22, and other applicable requirerents
a re re t . The results of that review will be reported in a supplement to the GCSSAR
Safety Evaluation peport.

Since a preliminary design of the reactor trip system has not been subnitted, our
reviaw efforts have been directed principally toward understanding the proposed con-
ceptual design and insuring that she propo>ed design criteria satisfy the Corr. -ion's
regulations. With respect to the criteria listed or referenced in Figur( 7.1-2 of
GESSAR and identified by GE as applicable to the reactor trip system, we have concluded
that the rasigns will be based on the application of current technology and the
criteria form a geneially acceptable basis for proceeding with development of a pre-
liminary design and are acceptable for the PDA subject to the staf f review and approval
of a preliminary design. This aspect of the review will be conducted as a post-PDA
i tem and the results will be reported " a supplement to the GESSAR Safety Evaluation
Report.

7.3 Engireered Sa fety Feature Systems
7.3.1 Introduction

The design of the instru entation and controls for the engineered safety feature
systens, like the protection systems, is in a conceptual design phase. Al thour;h the
functional performance required of the engineered safety feature syste s is funda-

mentally the sa"e as in previous BWR plant designs, the instrumentation ano controls

(i.e., the actuators, logic, and sensors) are not similar to any predous ear designs.

7-5

CESSAR

,f'."E



fiqJre ? -l of GESSAR identifies sor:e of the engineered safety feature systens and'

Table 7.1-1 of GESSAR identifies some of the r:ajor areas of desisa changes.

Since a preliminary design of the instrum(ntation for the engineered safety feature
systm > is not yet available, our review has been directed at evaluating the proposec
design criteria and the corceptual desian described in GESSAR. The status of nur
review of the instru entation and controls for the engirecred safety feature syste" is
discussed in subseqaent sections of this report.

Tho results of car evaluation presented in Section 7.2 of this report with regard to
the use of analog sensors, the criteria for instrurent range and trip point selection,
and the adequacy of tre periodic testing provisions for the solid state protection
system are also applicable to the instrJmentation for the engineered safety feature
systems

Le nav concluded thit, except as discussed in Se:' ion 7.3.6 of this report, the
criteria listed in Figure 7.1-2 of GESSAP and ider. .ed by GE as applicable to the

engineered safet) feature s(stems forn a generally acceptable basis for proceeding with
i develop ent of preliminary designs subject to the detailed staf f review and approval

of the preliminary designs f ollowing the issuance of the FDA. In addition, in resporse

to the staff's position, GE has connitted to designing all essential auxiliary suppo-ting

systems (e.o., essential service water) in 3ccordance with the sa~e criteria used in

designing the engineered safety feature systens they support. We ha,e concluded that
proposed design criteria for the engineered safety feature systems and + heir essential
au4iliary su;;crting systens are acceptable for the PDA, subject to the de+ ailed staf f

resiew and approval of the preliminary designs. The review of the prelininary des 1grs

for these system will be conducted during the post-PCA review. Phase. The results of
that review will be reported in a supplement tu the GESSAR Safety Evaluation Peport.

7.3.2 Srergency Core Cooling Systens
7.3.2.1 Hiqh Pressure Core Sp_ ray Systen

Tne high pressure core spray (HPCS) system is automatically tarted by either low
reactor vessel water 1r. vel or high drywell pressure signals. To preclude the possi-

bility of flooding the main steam lines through the inadvertent actuation nf the HPCS ,

system logic has been added which automatically terminates HPCS flow on high water
level but it will be effective only if no high drywell pressure signal exists. This

change provides diverse initiation signals since f ailure of the reactor vessel water

level signals will not prevent initiation of MPCS in the event of high drywell pressure.
It also incorporates a feature, desired by GE for operational reasons, to terminate

flow when FPCS ray be inadvertently actuated because any inadvertent actuation is

expected to be caused by low ,essel water level rather than high drywell pressure.

The GE design also incorporates an interlock on the pu*p suction valve from the

suppression pocl and on the two valves in series in the test line to the condensate

storage tank (valves P3 F015, M0 F010, and MC F0ll, respectively). GE stated that the
purpose of this interlock is to maintain the quality of the water in the condensate
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storat;e tank. The interlock is effective only for ranual control (at the co@orent

level) of the suppression pool suction valve. The interlock is not effective for

either auto"atic initiation or ranual initiation (at the systen level) cf the "PCS

system. Therefore, f ailure of the interlocks cannot result in loss of tre safety

function. In this nanner, the design incorpor ates a feature which precludes contrina-

tion of the condensate storage tank, a feature which is operationally desirable to GE,

without degrading the reliability of the HPCS safety functions.

We have concluded th3t the proposed design criteria and the conceputal design fc r the
HPCS systen are acceptable for the FDA sabject to the detailed staff review and 1pproval
of the preliminary design. We will repo-t the results of our review of the preliminary

design in a supple"+nt to the GESSAR Saff ty Evaluation Report.

7.3.2.2 Astoratic Pepressurization Svste'i
The design of the auto-atic depressurization system (ADS) is identical in concept to
previous BWR plant designs de have concentrated our review of the conceptual design

on atte:ots to resolve lorq-standing generic issues. At this tire, the design incorpo-

rates no new features to improve testability of the ADS pilot solenoid valves. In

addition, the proposed ccnceptual design does not meet the proposed design criterion
that no single f ailure shall result in inadvertent opening of nore than ore relief

valse. GE has stated that thej 3re ' . currently studying the ef fects of relief valve

blowdown for various operating states.' Based on discussions with GE, we understand

that cre goal of the. studies is to demonstrate that inadverten, actu3 tion ~ the ADS

has acceptable safety conseo;ences and therefore that the design criterion c sed

abose is unnecessary.

For the reasons discussed above and the f a;t that a preli-inary design has not yet t,
subnitted, we have not conpleted our review of the ADS. We discus sed the subject of
testability with GE and the alternatives th3t would be acceptable to the staff pending
co pletion of the GE study of the effects of inadsortent actuation of the safety / relief
s31ves. As a result of these discussions, it was agreed that if the study results
show that tne conse7;ences of inadvertent actuation of the ADS are un3cceptable, tne
design will be revised such that no single failure can result in opening of nore than
ore safety / relief valve. We have concluded that this connitment is acceptable f,r the
PCA and that i f design changes are necessary they can be reviewed as a post-PDA it en.
We will report the resolution of this item in a supplement to the GESSAP Safety
Evaluation Report.

With respect to periodic testing provisions in the ADS design, we have inforred GE that
it is our position that for the GESSAR design, improvements in the testability of the
AD5 are required. We have concluded that the design must inc'.ude provisions for testing
the pilot solenoid valves which control compresseu air to the safety / relief valves but
that the relief valves themselves reed not be tested during reactor operation. In
Anendment No. 24 to GESSAR, GE stated that a study is being made of rethods to improve

testability. We have concluded that identification of this development program is
acceptable for the PCA subject to staff review and approval of the preliminary design
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for the ADS, including the design provisions for tes ag. This aspect of the review

will be conducted is post-PDA item and the results will be reported in a supplement to
the GESSAR Safety Evaluation Report.

7.3.2.3 Lew Presst're Core Syranand Lnw Pressure Coolantlnjection Sys_tems
The conceptual design of tn? instrurentation and controls for the Lew t ressure Core
Spray (LPCS) system and the Low Pressure Coolant Injection (LPCI) rode of operation of
the Residual Heat lenoval (RHR) system are identical to previous EWR plant designs in
their functional arrangement. There are many changes in the conceptual design of the
instrurentation and controls used for other operating modes of the RHR system. These

changes are discussed elsewhere in this report ai d are necessitated by the rajor changes
in containeent design.

The low pressure ECCS are divided as in previous plants with RHR Loop 'A' and LPCS

comprising one division and kE, Loops 'B' and 'C' comprising the second division. Tte

initiation logic is illustiatr1 in Figure 7.3-3 and 7.3-8 of GESSAR. Two low reactor
vessel water level signals or two high drywell pressure signals will initiate opera; ion
of the lcw pressure systens. Separite sensors will be used for each low pressure
division and a third set of sencars will be used for hPCS which is the third ECCS
division.

Since a preliminary design of the hardw3re to be used in implementing the concept is
not yet available, we have concentrated oa assuring that generic items will be resolved
on GESSAR.

The conceptual designs of both the LPCS and LPCI systems include feattres that would
prevent opening the injection valves until "the differential across the valves is

reduced to a differential pressure equal to rated reactor sessel pressure minus dis-

charge pressure of the ELCS loop w't" zero flow into the vessel, (GESSAR Page 7.6-.

B3a). In respon:e to our request, the applicant stated that "This feature redaces the

size and power of tne valve operation (sic) required. The reduction in valve stan and
rechanical drive loads result in a rore reliable valve drive train which is less sus-
centible to wear on repeated opening and closing during surveillance testing. In v ewi

of the proposed conceptual desion, we do not fully understand this respense. The

differential pressure interlock is effective on both the r.anua' signal used for

surveillance testing as well as the automatic initiation signal used in the event of a

LOCA. In addition, administrative procedures in the form of surveillance testing

procedures could be used in lieu of an interlock to insure testing is not routinely

conducted at high pressures. In response to a further quest f or additional inforna-

tion, the applicant stated that " General Electric is, ho.ever, considering deletion of

these (differential pressure) switches and rc olacing them with switches which would not
pernit injection valves to open unless reactor pressure is below system design pressure
as required by the current draft of ANSI N193.' ANSI N193 is a draft standard currently

in preparation by AN5 Working Group No. 55.4. It has neither been approved by that

connittee nor accepted by the staf f as a licensing basis. In any event, a recent
draf t,1st Draf t Pev 1 June 1374, identified several proposed nethods of providing
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isolation of low pressure systens connected to the reactor coolant pressure boundary.
However, no particular method is required over another. In fact the draf t indicates

that its proposed criteria should be used in conjunction with other regairements that

must be considered in implementing the system requirerents.

During a reeting with GE in October 1974, it was agreed that GE would rodify the LPCS
and LPCI designs to provide 'iverse initiation signals that are not dependent on a

non-diverse interlock. In conjunction with the changes that are necessary to accomplish

this, GE will evaluate the new design to assur" that adequate protection against high

pressure is provided for the low pressure port'on of these systems. These connitments

were documented in feendment No. 24 to GESSAR. We have concluded that these connitr.ents
are acceptable for the PDA. We will review the rethocs used to implement these cornit-
ments as post-PDA iters and will report the results of our review in a supplement to

the GESSAR Safety Evaluation Report.

7.3.3 Containment and Reactor Vessel Isola tion _Cnntrol System
The proposed conceptual design for the containment and reactor vessel isolation control
system (CRVICS) is not similar to any previous CWR plant. The rain steam lire isolation
control system will utilize dif ferent equipment and a dif ferent functional arrange 'ent.
FoJr instrur,ent channels will be provided for each r.easured variable. The measured

variables are the same as those used on previous plants. The instrument channels will
te combined using "2-out-of-4" logic in each of four divisions. The four divisions

will be arranged such that two divisions control the outboard isolation valves and the

other two divisions control the inboard valves. Both divisions controlling a set of

valves must trip to initiate closure of the rain steam line isolation valves. The

control arrangenent for the main steam line isolation valves is illustrated in figure

7.3-13 of GESSAR. The addition of a second air-operated valve in parallel with a

similar valve provides two flow paths to vent compressed air from the operating piston

of the main steam line isolation valve. However, the design includes no provisions to

test the two valves independently.

We are currently reviewing the topical report APED-5750, " Design and Performance of
General Electric Eoiling Water Reactor Main Steam Isolatica Valves,' which was designated
as an applicable reference in Arendment No. 24 to GESSAR. During a neeting with GE in
October 1974, the staf f and GE agreed that the review of the new control arrangerent
for the main steam isolation valves would be concucted on the topical report rather

than as part of the GESSAR review. We have concluded that this is acceptable fer the

FDA. We will report the results of our review of the tcpical report APED-5750 and

their applicability to GESSAR in a supplement to the CESSAR Safety Evaluation Report.

Otrer portions of the CRVICS will utilize logic similar to previous designs, i .e., 2-

out-of-2 low vessel water level or high drywell pressure signals. We have concluded
that these conceptual designs are acceptable for tne PDA subject to the detailed staff
review post-PDA and approval of the preliminary designs. This aspect of the review

will be conducted as a post-PDA item and we will report the results of our review in a

supplement to the GESSAR Safety Evaluation Report.
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7.3.4 Essent_ialj prv_icf f te_r l ste]
SE ha > not supplie 1 all of the information requested in Fe;ulatory L ive '.70, " Standard
for at af Safety Tralysis Reports f o r *. x l e 3 r rw r Plants. la preliniury diagrr cf

rtia! service atter (E %) system is rrovided in Figure 9.2-1 nfthe er -E 55G Thefe

r. l im e j rj desi gn at tt e instra entatico anJ controls is not a,ailat:le at this t' or

.w ar, G! his *tated thit the FSW syste,..ill te initiated by the en jireered safety
fe a ture ac tu 1tico c ircui try of the olid state prote;. tion syste" TFe ESW instru'enta-
tion, control arJ sower supplies will te separated ir.to three divisions as are the

ergineered safety f e3 ture s yste" > As stated earlier in this report, GE t.as corritted

to 9 signing all essential auxiliary su;portir.g syster5, such as E5W, in accorcar,ce
with the sr e criteria applied in the design of the supported safety syste-s such as
ECCS.

ae have concludej trat this ccmitrent i:, acceptable for the PDA subject to staf f
review ard a g ro a l of tre preliminarj design. This aspect of the review will t:c

cn"bcted as a post :A Iten and we will report the results of our review in a supple-

ent to the GES W 51fet/ Evaluation Orport.

7.3.5 Fl rr ibili t s f ont rol Syster

The design cropo;ed for the control of carbustible gas concentratico in containrent is
based on mixin] the drjwil and centsinment atnosphere and the u>e of hydrogen reconbina-
tico equiprent when the atrosphere in either the drywell or contain ent apprcaches 4
percent hjdrocen S volume as discussed in >ction 6.2.5 of this SEr<.

Pedandlnt mi tirq siste~s which ;re phy sically ceparated are provided. The applicant
has stated that the instru~entation and controls of the m xing systel are designed to
meet IEEE St d 279-1971 rewire"ents, t,ut has not supplied an analysis to cupport this.
50 design details are previded for the instru"entation )nd control of the recor'i-
ration equipment. However, the applicant ras corritted to provide equiprent which
c,ill neet the rewirenents of IEEE Std 279-1971 and 303-1971.

Both mixing ard reto"bination sub-system are manually initiated as a result of high
hydrogen levels indic?ted by the contain ent atmosphere ronitoring system instrum nta-
tion. The applicant has provided the results of an analysis which shows that the
rixing system will not be required until approximately 3 hours af ter a LOCA and that a
recombiner would not be required until approximately 15 days af ter a LOCA. Man al
actuation of the mixing and recor.bination subsystems is acceptable based on the tirte
avai;able bef ore the operator heeds to take action, and the redundant and alarmed
instrumentation available to monitor the hydrogen concentrations.

lne criteria for instrumentation and control circuit design, fabrication, and testing
satisfy the staf f's requirements for the PDA stage of review and are acceptable.

7.3.6 Standbv Gas Treatrrent System

The stancby gas trectrent system (SGTS) will te autonatically initiated by any one of
the fellowing signals:
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a) LOCA sig-al

b) raxiliary builJirg ECCS pump room hi;h radiation

c) Shield building high radiatian

d) Fuel !:uilding Fign radiation

Contain?ent pressu e certrol exhaust high ra jiatione) r

f) Drywell bleed-of f ; rt ssure line 0;en

Wo have r? viewed the description of the proposed design of the instra Tnt ation and
controls for the SGT5, the si"plified functional control diagt1, provided in Fi ;ure
7.3 ?] and the proposed design criteria identified in Figure 7.1-2. We have concluded

that the proposed design criteria are unacceptable tetause IEEE Std 302-1971 (as
r odifieJ by Megalatory laide 1.32), hegulatory Guide 1.6 and General nesign Criteria 17
an1 lE are not inciojed. These criteria have been identified by CE as applicable to
other engineered safetj feature syste~s and we have concluded that they are e pally
a;plicabie t) the SGTS. We will report the resolution of this ite , and the res;1ts of
our detailed Dost-pDA review of the I reliminary design in a supplement to the GESS A?

Safety Evaluation Report.

7.3.7 Surc ressinn pool "a k eup " s te

The suppression p;ol rab e;a syste"? (SPMS) transfers w'ter from the upper ccntain ent
pool to tne suocression pon1 following a loss-of-coolant accident. The conceptu11
design for the instru entation is illustrated in Figure 7.3-25 of GESSAR. The du pirg
of the ucper pool is initiated 3utor atically by either a LOCA signal in coincidence
with 1-out-of-2 low suppression pool water level signals or by a 30 ~inute timer that
is started by a LOCA signal. These initiation signals are interlocked with the reactor
mode switch such that thesc signals are blocked when the ccde switch is in the refuelin;
position. Tre p;rpose of this interlock is to prcsent du ping the upper pool when fuel
assemblies are being rcved in the upper pool daring ref ueling. The du ping of the
upper pool may alsa be initiated manually.

There will be two independent instrurentation systems designed as described abose. Ore
sjsten controls the two normally closed valves in series in one du p line and the other
system controls the valves in the second d;"P lir.e.

We have reviewed the proposed conceptual design, the proposed design criteria and the
applicant's evaluation of the ef fects of inadvertent du p of the upper pool . We have
concluded that the proposed design is rot susceptible to single failures that could
Cause inadvertent eu pin; and that the proposed eesign criteria and conceptual design
are acceptable for the FDA. We will report the results of the review of the

preliminary design of the suppression pool makeup systr~ in a st pplement to the GESSAR
Safety Evaluation Report af ter issuance of the FDA.

7.3.8 Co n ta i nce_n t__Sp ra v S v s t em

The criteria to be used in designing the instrunentation and controls for autoratic

initiation of containment spray will be identical to criteria used for nther engineerei

safety feature systens as discussed in Section 6.3.1 of this SEP.
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We have concluded that the proposed design criteria co"ritted to by GE are generally

arceptable for proceeding with the developewnt of a design and are acceptable for the
FDA. We will report the results of our detailed post-POA review of the preliminary

design in a supplecent to the GESSAR Safety Evaluation Peport.

7.3.9 Indication of Pjpasses
The applicant has st3ted that provisions will be made for indication of bypassed or

inoperable status conditions of the safety systems of the station. The applicant has

not provided a design for these provisions, but has stated his comitment that they

will conform to the provisions of Regulatory Guide 1,47. We conclude that this cc r'it-
rent is acceptable and that there is reasonable assurance that the applicant can develop
an indication systen that conforms to the provisions of Re';ulatory Guide 1.47.

7.4 Safe Shutdown Systers
7.4.1 Reactor Core Isolation Cnoling Systen

The reactor core isolation cooling (PCIC) systen provides coolant inventory nakeup
during reactor shutdown and is activated in time to preclude conditions that lead to a
need for the ECCS. In addition to being classified as a safe shutdown systen, the ACIC
is also classified as an engineered safety feature because, together with the PPCS, it
provides the protection necessary in the event of a rod drop accident.

The PCIC systen actuatcrs, logic and sensors function differently than previous plants.
The systen is initiated by low reactor vessel water level signals utilizing a "l-out-
of-2 taken twice" logic. GE has stated that the RCIC systen will be designed in accord-
ance with all the criteria and design requirements applicable to an engineered safety
feature as shown in Figure 7.1-2 of GESSAR.

We have concluded that the proposed design criteria for FCIC are acceptable for the PDA
subject to detailed staff review and approval of the preliminary design. This aspect
of the review will be conducted as a post-PDA iten and we will report the results of
our review in a supplement to the GESSAR Safety Evaluation Report.

7.4.2 Standby Liquid Control Systen

GE has stated that the standby liquid control systen (SLCS) is identical to the design
used in the Zimner b clear Plant.

Since a preliminary design is not yet available, we ha e not completed the review
necessary to assure resolution of the generic problems associated with the interlock
whict prevents operation of both purps. The concern is that impr]per implementation of
this interlock could result in a design such that a single failure could disable both
prps. We will report further on this aspect of the design in a supplemnt to the
GESSAR Safety Evaluation Report.

The design of the SLCS 3nd the reactor water cleanup (RWCU) system includes an interlock

desicned to isoh te the RWCU systen when the SLCS is initiated. We have concluded that
this interlock can be disabled by a single failure. In Anendment No. 24 to GESSAR, GE
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stated that a study has been conducted to evaluate the effects of sinultaneous operation

of the SLCS and the RWCU systen. GE stated that the analysis indicates that under such
conditions, the SLCS will continue to accomplish its intended safety function with

substantial margin. On the basis of these statements, we agree with the conclusian

reached by GE that interlock design changes are not needed.

We have reviewed the proposed design criteria (or the SLCS listed in Fiqure 7.1-2 of

GESSAR. We have concluded that these criteria are acceptable for the PDA subject to
staff review and approval of the prem' nary design. This aspect of the review will be

conducted as a post-FDA item and we will recort tne results of our review in a supple-
ment to the GESSAR Safety Evaluation Report.

7.d Safety-Pelated Display Instrum ntation
This section of GESSAR presently does not corpletely satisfy the information specified
in Pegulatory Guide 1.70. In response to our request that GE be requircd to eliminate

obsolete information, GE deleted certain figures in GESSAR and stated that the nain
control board arr)ngerents for BWR-6 would ue submitted in the first quarter of 1975.
During a meeting with GE in October 1974, it was agreed that GE will provide specific
information such as lists of the indications and controls to be provided and the physical

arrangements of control board panels and that we will review this information during
the post-PDA pha(*.

In t.e course of our review we have also reached agreement with GE on the design
critet ia for sore of the safety-related display instrumentation. The two major areas

on which agreement was reached are:

(1) Fost-accident monitoring and safe shutdown display instrumentation will be
qualified for the accident eny .onment,b i. utilize redundant channels with at

least one channel recorded, will be capabie of being energized from onsite
emergency power supplies, and will be designed in accordance with IEEE Std 275
1971. GE also agreed that the indicators and recorders will be uasigned to
function satisfactorily following (but not recessarily during) the safe shutdown
earthqu3ke without any maintenance or repair following the earthquake.

(2) Safety-relatad display instrumentation which is used to indicate the need for
marual action by the reactor onerattr will be designed in accordance with protection
system criteria if the accident analysis takes credit for correct performance of

that manual action.

We hase concluded that these agreements and the infornation pertaining to safety-
related display instrumentation presently sontained in GESSAR are an acceptable basis
for the PDA. We will report the results of our review of the specific information

which will be submitted in 1975 in a supplement to the GESSAR Sa. ty Evaluation Peport.

7.6 All Other Instrumentation Systems PeSuired for SafeQ
7.6.1 General

The systems discussed in this section of this report are:
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a) Re f u e l i r'; interlods

b) Peacter vessel instr.rvntation and controls (excludinq those used fo- safety

syste"s, enlir;eerel safety feitures ind centrol s/ stems which are discusse1

in other secticns of this r+:f ort)
<) Fr occi, ra liation cnitorin 1 sy st" '

d) Area radiation o n i t a r i r") ; y s t e"

e) reictcr witer c l ea n;;; syster

f) LNm 9tettluo system

q) frocess ..ter syster

h) Cc n'a i rmen t a t" <;;here ronitorinj s) sten

i) '.'utron rcoitorir'1 syst"
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7.7 Control 5jstes

7.7.1 Reactor Minu11 Control Syste" (EMCS)
GE prow yd the folloain) description of the furstion of the Pod Pattern Control

System and its provisions for ganged rod withdrawal. This inf orm tior, e proviv 1 in

a letter from John A. tiinds, R3ra ;er, Safety & Licensing, General Electric Comr = < N

John F. Stolz, Direc torate of Licensing, USAEC, da ted recember 28, 1973.

"The pm pnse of the rod pattern control systen is to limit th of any control rod+
,

such that no undesirable ef fects will result from a rod drog icci- ot. The rod pattern
control system will enforce operational procedural controls by applying rod blocks
before any rod motion c 3n produce high worth rod patterns.

A. Systen Description - Definition of Terns

1. The rod pattern control svste (RPCS) is a dual channel system f ina like
co" pone nts i n each channel. The control logic for the PPCS i. _ontained in
a gic device such as the processor portion of a nini co"co - This lelic
device, ras, in perianert storage, the identificatinc of all roj , coups and
logic control information required to prevent high worth rods. TFP logic
device is har kired and is not to be site pro';r3 Table, ' xcept throT;h
controlled en;ineering design chan ;e.

~ There ' a logic desire for each char.nel. The logic for these two dovices is
the sa v and toth cF r els rc eive the sa e data in;uts but f rom dif ferr.nt
so;rces

a) There is a du l rod position prcbe fsr each drive. Tao sets of reed
sa tches art grcsi ed fcr rod position infor ation and providr , tF raue
Jifferent ccnre t 5, irputs to different roj ;ositicn multiple.er
c3 Dim _ts.

b) * ' Jif ferent r d position rultiple ter cabinets are provided, cne for

en crancel. Thcte cabi: ets transmit rod to:ition data to the rod
i cs!t y inforr etic.n cabirets A rod position infor"ation cabir et is
pec /ioe for each charnel. These cabinets decode th e rultiplered datad

and provide roj : osi tion data to .ne FCS logic devices fcr all rois.
Pod positicn is the prinary data input for ?PCS.

c) Otrer inputa to 'he PPCS logic devices incl A reactor power level ^'

of n;ei 3ticn, iG ntification of selected raj, dri." noie req;estet by
im " ration (sic) anj special r' odes of c;eration such as shutdown
1rlin tests.

J) ' e v , cf to~ 3rir.g t"e outputs of *be IPCS logic devices provide ' way<

of sni to rin j the s crfor".arce o f the two chanrels . Eath th w els rust
to ortrable ard uitn identical cutpu's tefore rcd "oti'n is a mitted.
Failej - carison, an j lolic device failure are indicateri in the c n tr;l
r00

o) kPCs at; 2t; are transmitted to the tno activity contro! secticrs of
the Wea:'cr P!rual Control Systen in th e f o rn o f a rc e select and drive
cernissi a interlrck. Tr e two RPCS channels provide i Nuts separately
to the toy sep3r3te actisity controls The'e two in; uts 3re tren treated

as other rcd block interlocks and are further cc ored to the analyzer
porticn ;f reactor "anual control.

f) ?n a ditEn to the existin) full core status displa/, a cnntinunus fi l
core rod ,sition display is provided from one c' the rod ptsition
sys+e cit rets. A r ea display is provided which will show tFo LIRM
saluos tnr all the rods in any PPCS roj group.
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B. System Operation

a) Fron 0; power and with all rods full in to 50 rod density, only rods in
the same sequence can be roved. Once a sequence is selected and rods
moved, startup must proceed in the chosen sequence, either A or B. Up

to 50: rod density a rod may be continuously withdrawn er notched oJt.

b) from 50; rod density to 251 reactor power level, only rods in a defined
group may be noved. The rods in a given group are syrrvtrically dis-
tributed in the core and permanently identified in the RPCS. The position
of the group rods nust remain within 1 notch or a rod block will occur.
All rods in the core will belong to a group which typically numbers f ron
2 to 8 rods. Rods in a group nust therefore be notched out in rotation
until all group rods are again in the sane position.

c) thove 25t power level the PPCS is no longer needed because no high worth
rcd pattern can be established. This is due to the core void fraction
established. The RPCS is therefore switched off. Fron this point up to
1001 powa , the Rod Blcck monitor is in service to limit flux peaking.

d) Coming down in power the above sequence of operati]n occurs but in
reverse order. At 351 reacter power level decreasing, an alan will be
initiated to alert the operator of pending PPCS constraints. At this
point, the operator rust get into proper sequence for shutdown.

C. Allowable System Bypasses

a) Upon f ailure of one charnel of the RPCS the failed channel may be taken
out of service. By procedural control the output of the remaining good
channel would then be input to both 3ctivity controls of reactor manual
control,

b) At ti..s .' -+3r+nn nr ch..+d~ve both channels of RPCS nust be
operable.

c) A means for b) passing failed reed switches will be provided for unique
failures.

d) A means for handling drives which are valved out of service will be
provided.

The purpose of ganged rod withdrawal is to facilitate startup or shutdown between 50'
rod density and 25; power.

A. Description of System and Operation

1. At present each rod has its own binary code identification determined by
identification cards mounted on the transponder card. To incorporate ganged
rod withdrawal, each rod has two identifications- its unique identification
and its group identification.

a) The above group identification contains the sane identical rods as used
in the RPCS group for that rod.

b) Reactor manual control systen is modified to give group rod identifi-
cation co,nands as well as single rod connands. An cperator action is
required to move rods in tne ganged rod withdrawal node.

c) Using the whole core rod position display it is possible to monitor the
motion of all rods in any rod group. The LPRM strings associated with
+he 'ods in the rod group cre displayed on a new separate control room
display.

2. Operation in the ganged rod mode allows continuous withdrawal of an RPCS rod
group above 50Y rod density and below 25t power.

.
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a) The requirement for all rods in a group to be within +1 notch position
is still in effect. A rod block will occur whenever any rod in a rod
group is more than _+l notch nut of step. The out of step rod may be

_

operated in the single notch rode to correct the rcd pattern fault.
Upon correction of the 1 notch block, ganged rod withdrawal ray bc + hen
initiated.

Although GE classifies the reactor ranual control system as a power neneration system
and non-essential to safety, GE has stated that the systen shall meet the following

safety design bases:

(1) The circuitry provided for the manipulation of control rods shall be designed so

that no single failure can negate the ef fectiveness of a reactor scra-

(2) Repair, replace ent or adjustrent of any failed or ralfunctioning component shall
not require that any element needed for reactor stran te bypassed unless a bvpass
is nornally allowed.

(3) The reactor tarual control system instrumentation ar d controls are designed in

accordance with the specific regulation requirements shiwn in Figure 7.1-2 of GE5'AR.
(4) Inhibit control rod motion whenever instrumentation is incapable of rtonitoring

core response to rod movement.

(5) Inhibit centrol rod withdrawal in time to prevent local fuel damage as a result of

erroneous control rod nanipulation.

GE has also docu ented its connitrent to comply with our position that these portions

of the RMCS which provide safety functions r ust be designed in accordance with all
requirements applicable to a crotection systen. W 4 se concluded that the safety
design bases above and this to .litrent are 3cceptable for the FDA. After G2 submits a

preliminery design for the equipment for the FFCS, we will re/iew that design to
assure that the safety design b3ses above have been impler ented in accordantc wi th
protection systen design criteria. We will report the results of our evaluation in a

supplerent to the GESSAR Safetf Evaluation Peport.

7.7.2 Other Control Syste-s

CE has stated th3t the following control systems do rot have a safety design basis:
the Feedwater Control System and the Pressure Fegulator ard Turbine-Genorator Controls.

GE has also stated that the effects of failures in these control systet, have been
an3lyZel and th3t the potential consequences of such failures are acceptable.

Wnen the preliminary design of the safety systems is submitted for review, we will
review the interaction between the:e contrcl syster s and the safety systens to assure
that the requirer ents of IEEE Std 279-1971, Section 4.7 are ret.

Other control systems do have a safety design basis identified by GE. These systems

and their safety design bases are:

(1) Recirculation Flow Ccntrol System - The recirculation flow control system shall

function so that no abnorral operational transient resulting from a malfunction in
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re ult in damaging the fuel or excetaithe retircule. flow control syst .an ng'

nuch 3r s o r' , re.

(E) ~3 ,us Padwar'< Csn rol System - D e safety objective of the gaseous radwaste
is to process and control the release of q)seous radioactive waste to the< s iet )

i+ wirors 50 that the 'otal rJdiation exposure to persons outside the controlled
-a is as low as practi,able inJ daes not exceed applicable regulations

(31 Liquid Rad.vaste Control System - D e safeti objective of the liquid radwaste
systen is to control the releise of liquid and solid radioactive waste ruterial to
the environs and to package these wastes in suitcble containers for offsite
shipr ent and burial.

We have concluded that this inf ereation is acceptabl. for the PDA. After receipt of a
preliminary design for this instrument 3 tion, we will review the design to determine
th3t the 53fety design bases base hocn implemented in conforrance with arpropriate
,afety systen design criteria, includin; IEEE Std 277-1971, Section 4.7, Control and
Protection Syste Interactiun. We will report the results of this post-PDA review in a
sucple ent to the SER (Refr* Sectior, 11 of tne SER for additoral information on

c 2r evaluation of the radw3ste syste"s.)

7.R Instru~ent1 tion Interf aces with Balance of Plant Systems

discussed in Section 1.P.2 of this SEP related to interfaces, all interface ccnditions*

with the re ainder of the plant r usc be clearly identified and specified. With respect

to the instru entatico, c;ntrol and electric ,;mer systens, we have notified GE that we

will need a list of system > or conponents whicn are not within the " nuclear islanl" tut
which are r,ecessary to sus;0rt the conclusion that the ' nuclear island" systen s are
accopt3ble. For each such s ystem, the GE5S AR application r'ust specify the criteria and

design bises which "ust be at by the balance of plant systens to insure that the
nuclear island syste s perfor, acceptably.

The goal of :ur review is to insure that these interface require ents are sufficiently

speci:'c n order to preclude the reed to re-esaluate the GESSAR design on specifici

plant acpiitation, utilizing the GESS?J design.

Sirce tre preli: ir arf designs for several instrumentaticn systems ha',e not yet beth
! ,eloLH, we ha ve t een unnie to proceed to a review of the interf ace re%iro~ents for

the t11an e of pl3rt syste'i We will report the results ct thi! effort ' a sucplements

to tre GESSTP Safet< E<aluatien crt post-FCA.

,
'
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8.0 ELECTRIC POWER SYSTEMS

The design of the electric power syster s is prirarily the responsibility of the
applicant su vitting a utility application for a construction Permit or submitting
a balance-of-plant stardard design application for a PDA. We originally co"cluded
that ruch of the inforration contained in Chapter 8 of GESSAR was typical of the
i n f e rr.a t i on to be supplied by future applicants, ard was not within the score of the
GESSAR nuclear islard review. GE recently inferred us that it was their intent that
Section R.3 of GESSAR te included in the nuclear island review. We will pursue our
detailed review of this section with GE during our post-r:A evaluation of the details
of the hapter 7 design., Additional specific inforraticq in the interface area will

be provided by GE for our review during the Final Desian Approval (FCA) review rtase
for GESSAR. Our evaluaticn of GESSAR onsite electrical pcwcr for the FDA is discussed
below.

We have reviewed the procosed design criteria for the sttrdby power instemrentation and
control systers We have ccrcluded that the criteria listed in Figure 7.1-2 of r,E55 3
form a generally acceptable basis for developirg a design for the electric power syste s
on anf plant referencing GESSAR in its construction permit application. The conceptual
desi';n for the electric power systems prov; des for a three division arrangerent for
toth the a-c and d-c pcwer systers. We have concluded that this arrangement is corratible
with the functional requirerents of the engineered safety feature systers whicn also
have ctree divisicrs and that this is in 3ccordance with Roqulatory Guide 1.6 and is,
therefore, acceptable.

The FPCS crsite power supply is 3150 within the sccpe of GE55AR. GE has referenced the

topical report ?,EDC-10305, "High Pressure Core Spray System Power Supply Unit, ?'a y

1973. We are reviewing this topical report separately from the GESSAR application.
The irstru entation and centrols fcr the FPCS power sucaly system are being reviewed on
the GESSAR dock et and are discussed in GESS AP Section 7.3. fe stated in Section 7.3.2.1
of this report, the preliminary design for the HPCS instrurectation will te reviewed

durirg tie post-PCA phase and we will rescrt the results of car review in a sg ple ent

to 'm CESSSR safety evaluation report.
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9.0 AUXILIARY SYSTEMS

The scope and description of the auxiliary syst;ms are presented in Section 9.0 of
GESSAR. In the course of our review, we have prirarily focused our attention on the
design of the safety-related systems, their associated interfaces witn the Balance of

Plant (EOP), and the manner in which these objectives have been achieved.

The auxiliary systers within the scope of the nJclear island that are necessary to
assure safe plant shuthn include the Nuclear Island Essential Service Water Systen.

Control Building Chilled W3ter Systen, Con *rol Poon Air Conditioning System and the
onsi te s tandby diesel generator subsystems (i .e. , diesel generator compartment
ventilation systems, fuel oil storage and transfer system, cooling w3ter system,

startiy air systems, and lubrication systems)

The nuclear island systens necessary to assure safe handling of fuel and adequate
coolirg of the spent fuel include new and spent fuel storage systems, the fuel pool
cooling and cleanup system, the fuel handling system and a portion of the fuel
building ventilation system

We have reviewed those nuclear island auxiliarj systens whose failure would not
directly prevent saf e shutdown but could, directly or indirectly, be a potential

source of radiological release to the environment. These systens include: com-

pressed air systen, demineralized water nakeup system, closed cooling w3ter system,
auxiliary building ventilation systen, process sampling system, portions of the
equipment and floor drainage system, and nain steam line isolation valve leakage
control system.

9.1 Fuel Storage and Handling

9.1.1 New Fuel Storage

The description and evaluation of the new dry fuel storage vault, Section 9.1.1 of
GESSAR, in conjunction with the general arrangenent drawings Figures 1.2-2 through
1.2-8 were reviewed as the basis for our evaluation.

The generai arrangenent drawings indicate the new fuel storage facility will be
housed in the Fuel Building. The Fuel Building and the Auxiliary EJilding surround
the Reactor Building and all form a portion of the Reactor Islend Facility. The

storage racks will be designed such that the spacing between fuel elements will
assure K " S * " eff "eff
ceeding 0.95 should the vault be flooded. To prevent the accumulation of water in

the vault, a drain will be provided to direct any entering water to the equipment

drain subsystem. The storage capacity and number of storage racks will vary de-

pending upon the design cycle time of the fuel. If the applicant selects an 18 month
fuel cycle, the new fuel storage facility will be capable of containing 42 percent of
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full core fuel or 308 fuel assemblies. If a 12 ncnth fuel cycle is felected, storage

capacity equal to 30 percent of a full core or 220 fuel assemblies will be provided.

The fuel eierents are loaded into the racks by lowering them through holes in the top

of the rack using a general purpose grapple and the five ton general purpose building
crane. The racks are designed to meet 'eismic Category I requirements. Handling of
any other loads above the stored new fuel other than a new fuel assembly shall be
prohibited by administrative controls. Procedural controls will limit the handling
to one fuel assembly at a time and at a height not to exceed 2 feet above the top of
the racks.

The height of the storage racks is such that the fuel bundles extend above the top of
the racks thereby assuring that the grapple cannot engage the fuel rack and acci-
dentally impose uplit forces on the rack castings during the handling of fuel. Hold
down bolts are used to restrain the racks and maintain their spacing during the SSE.

No considerations have baen given to the concerns relating to sharing of the storage
facility since on'y one unit is considered in this Safety Evaluation Report.

based on the arrangement concept presented in Figure 1.2-2 through 1,2-8 and our
evaluation of the design, we conclude that the criteria and bases for the new fuel
storage facility design are acceptable.

9.1.2 gent Fuel Storage
The des -iption and evaluation of the spent fuel storage facility, Saction 9.1.2 of

GESSAR a.. the general arrangement drawings, Figures 1. 2-2, 1. 2-3, 1. 2-4, 1. 2-7, 1. 2-8
and Figure 9.1-2 were review (d as the basis for our evaluation.

The general arrangement drawings indicate the spent fuel storage facility is housed
within the fuel building.

The top entry spent fu21 storage racks will be designed to maintain space georetry
that precludes criticality under norna r and abnormal conditions. A full fuel array

of spent fuel in the storage racks will be naintaired to less than a K of 0.90gf
with a normal water level of 25 feet of water above the stored fuel. Under abnornal
conditions, such as an accidental dropping of equipment or other events causing

horizontal movement of the fuel, K will not exceed 0.95.
eff

The racks are bolted to the rack support structure in a fashion to faci, _ rack

rearrangement or replz:ement without draining the pool. The holddown bolts maintain
the minimum spacing of the racks for geometric reactivity control. Each rack is

capable of storing 10 fuel assemblies. The design precludes the accidental insertion
of fuel bundles between racks and will meet seismic Category I requirements.

|
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The spent fuel sterale pool will Fase sufficient storage rack capacity for 117 per-

cent of one full core f;el load, if the applicant selects an 18 ronth fuel cycle and

1051 of a f ull core if a 12 month fuel cycle is selected. In either case, temporary

storage space for 25 percent of one full cnce fuel load will be provided in a storage
The ru ber of fuel assemblies in one full fuel loadpool in the cnntain ent. m

depends upon the choice of either an 18 month or 12 nonth fuel cycle (308 elements
for an 18 north cycle and M elements for a 12 month cycle). The total storage
space for fuel us ".blies in the pool is 857 (for an 18 rcnth cycle) and 769 (for <
12 no in cycle). The core consists of 732 fuel assemblies. It will not be possibla
to re"< + and store the entire core in the spent fuel storage pool while the previou;
refuelirt load is stored without using the storage racks in the containment pool.

The ;ii .c nsien of spent f uel handling eqaiprent and procedures is discussed in
Sect; a .l.4 ;f EdSS?R. %ndling of any loads other than one fuel bundle or control
rod asse bly nser the scent fuM storage array is prohibited oy administrative control
for tre ' ll, general purpose crane and bi structural barriers for the cask crane.i

of li f t of the general purpose crane will be limited to 2 feet 2.bove theThe ta "+

tg 9 th spPnt fuel storage racks.

% fwl Nilding and fuel storage facilities will be designed to seismic Category I
wire."ts. The concrete sides and roof of the fuel building will be designed to

; reven t .nado borne missiles from danagir.g the stored fuel and permit naintaining a*

utive pressure in the building by the heating and ventilation system..14 ,n t rt

aini-ss stoel liner plates seal the int rior pool surfaces. Plate joints are

ittej oitn leak chases that direct leakage to a surp as well as allowing testing
and n nitoring the leak tightness of the plate joints.

Based en tre information provided, we conclude that the criteria and bases for the
spect fuel handling equiprent and spent fuel storage facility meet the requirenents
of Delulatory Guide 1.13 and form the basis for an acceptable design.

>'.1 0 <of Fuel Cooling and Cleanup _ System

jescription and evaluation of the spent fuel pool cooling and cleanup system,
mtion 9.1.3 of GE55M and Figures 9.1.33 through 9.1.3c were reviewed as the basis

evaluation.'

The spent fuel pool cooling and cleanup systen will be designed to remove the decay
heat from the spent fuel assemblies and naintain pool water level in the containrent
pool and fuel building pools. Limiting the radioactivity concentration, the cor-
rosicn product buildup in the water and maintaining its clarity will also be
accorplisned by the cleanup system.

n
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The cooling systen will be designed to be capable of raintaining-the pool water
te7erature below 125"F under nomal operating conditions and maximum normal heat
load. The maxinum nornal heat load has been defined as the sum of the decay heat
released by the average spent fuel batch discharged from the equilibrium fuel cycle
at the earliest refueling tine plus the decay heat being released by the batch
discharged at the previous refueling. In addition, the system is capable of being
lined up to and removing the heat released to the containnent pool through the
drywell head.

The applicant proposed to supplement the above cooling system when larger heat loads
woald exist if more than the ahove anticipated number of fuel elenents are in s'orage
by utilizing t% cR system. If tne pool water temperature exceeds the stated 125 F,

the pHR systems will be used to supplement the available spent fuel cooling system.

The phR system will only be used to supplement the fuel pool cooling when tae reactor
is shutdown. The reactor will not be started up should either the fuel pool water

exceed 150 F or whene',er portiene of the RHR systems are needed to cool the fuel
pcol.

Ihe heat from th:- spent f uel pool cooling system and the RHR system will be removed
by tne e.ta tion se rvice wa ter sys tem.

Table 3.21 of GESSAR indicates that, with the axception of the nakeup water supply
and the filter /demineralizer vessels, the spent fuel pool cooling and cleanup system
will be desigred to the positions set forth in Regulatory Guides 1.26, " Quality Group
Classifications and Standards,' and 1.29, " Seismic Design Classification. '

Section 9.1.3.3 of GESSAR states that redundant loops of the Essential Service Water
System (both seismic Category I) can be used as a source of nakeup in the event of
failure of the ne mal Fakeup systen. GE has not, as yet, provided us with the
detailed design of this system. Ho ever, we consider a corritment to rrovide a

seismic Ca tegory I ~ akeup water system independent of the RHR syster1 as a satis-

f actory design basis for the PDA stage and will review and report on the design of
this systen post-PDA.

Based on the inforration provided for heat removal requirements and the indication

that operation of the spent fuel pool cooling system is based on an intarface inlet

station cooling water temperature of 100'F. we conclude that based on an 18 month
refueling cycle, the design criteria and bases are acceptable.

9.2 W itor Sys tm
The auxiliary water systems in GESSAR consist of portions of the service water
systen, the closed Cooling water system, the demineralized water system, the potable
and sanitary water system, the plant chilled water system and the condensate stnrage

facilities. Many of these systems are designed entirely by the utility applicant and
perform no safety-related function and are therefore not appropricte to GESSAR.
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Others like the essential service water systen do perforn a safety-related function,
but are not entirely within the scope of GESSI.R.

9.2.1 Essentia_1 Service Water Syslem (ESWS)

Infonution provided in GESSAR indicate > there will be three indepenc'ent Essential
Sorvice Water Systems. The design casis for the ESWS are listed in Sect on 9.2.1.1.1.1
of GESSAR.

The essential service water systen will be designed to seismic Category I requirements.
Two redundant trains of the system will be separated and prottcted to ensure that
sufficient equipnent aould remain in operation to permit safe shutdown following an
accident such as flooding or steam release from equipment failure, pipe wtip and jet
f orces resulting f rom pipe r upture, missiles caused by equipnent failure, and fire.

These two rajandant ESWS will be used to cool both essential and nonessential cor-

ponents fce all plant operational modes; hosever, all nonessential compcnents will be
isolated automatically during an accident condition. Since at least one service
water pump will be cLerating in each train during all plant operating modes, the
service w3 tee system required to shutdown the plant safely will be readily available.
If a loss of offsite power occurrence coincides with a LOCA, the pumps will
momentarily stop until transfer to s candby diesel generator power is completed and
the purps are restarted automatically according to 5e diesel generator loading
sequence.

A stardby pump will be provided for each train of the ES'i5. if a pump in either

train fails to start, the standby pu p in that train will be started manually from
the control room.

The ESWS will be operated at a lower pressure than the residual heat removal systen,
the fuel pool cooling and the cleanup systen, and the closed cooling water system.
These three systems are potential sources of radioactive cortamination to the ESWS.

Liquid radiation monitors will be provided in each of the two noin discharge headers
to alert the operator so that the af fected train can be isolated remote-manually f rom
the control room.

The applicant indicates that seismic Category I sumps and pumps will be located
through the plant to detect system leakage. Leakage will be indicated by abnormal
increase in the frequency of operation of the surp pumps as indicated in the control

room

The ESWS flow requirement for the reactor island (see GESSAR Table 9.2.2) is establishe
on the basis of a LOCA coincident with a loss of offsite power, and a maximum inlet

water temperature of 100*F at the system interface, for the flows noted, with the
utility-applicant balance of plant (BOP).

I r
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The third indenendent essential service water system within the GESSAR-N! scope nf
supply, which also interfaces with the GOP, will be design'd to the saae requirements

of the two other essantial service water systens. This third system will transf er the

rejected heat from the High Pressure Core Spray (HPCS) diesel engine and its associated

accessories.

The Essential Service Water System is an interface between the GE nuclear island and
the balance of plant. The part of the system within the nuclear island consists of
three distinct, mechanically and electrically separated piping syste"s The syster

supplies cooling water to many safety related components as listed in Table 9.2.2
of GESSAR.

The requirements on the utility-applicant's portion of the systen include: (1) inte-
gration of the BOP piping with that of the nuclear island piping, (2) the nechanical
and electrical separation of the three piping systens external to the nuclear island
including separate pu ps, and (3) meeting the design requirements listed in Table 9.2.8
of GESSAR.

We conclude from our review that the design criteria and basis for the three Essential
Service Water Systems are acceptable.

9.2.2 Closed Cooling Water Syst_
Tha closed cooling water sy stem (CCWS) is a closed-loop, r.on-safety-related syste,
and will not be required for safe shutdown of the reactor. It provides cooling

Wdter to non.cssential equipment ir. the drywell, containment, auxiliary building

and radwaste building.

Piping for the CCWS is routed so that a pipe break will not flood or damage any
safety-related equi pment.

The CCWS is designed to provide a closed cooling water loop between nonessential
systens, which are potentially radioactive, and the servicc water used for cooling
and thus will serve as a barrier between potentially contaninated systers and the

service water that discharges to the environment. A radiation monitor .,ill be

provided to indicate inleak39e to this system fra, a contaminated system. Leakage
will be detected by pressure instrumentation in the system supply header, monitoring
of local sump flow and system surge tank level .

Any cooling water leakage from the system will be collected in the floor drains and

sumps, and piped to the radwaste system for processing.

We conclude the systen design criteria and bases are acceptable.

9.2.3 Demineralized Water Makeup Systems

The Demineralized Water Makeup System described in Section 9.2.3 of GESSAR is to be

described in the utility-applicant's SAR (including the raw water treatnent and
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denineralization). CE states that this system is not safety-related. The only

partions of the systen having a safety function will be the cont inment isolation

valves dnd the piping between the valves of those portions of the system [enetrating

containment. Its power generation bases are described in CESSAR and include that
routing of pipes will not flood or damage safety-related equiprent when the break is

outside the cubicle containing the safety-related egaipnent and further breaks inside
the cubicle containing safety-related equipment will not affect the redundant system.

We conc'ude.that the requirements cuntained in Sec tion 9.7.3 provide an adequate basis

for the utility-applicant to provide a Demincralized Water Makeup System and is,
therefore, acceptable,

g.2.4 plant Chilled Water System

Tne plant chilled water systems for the Nuclear Island is conprised of three systems:

tre drywell noressertial chilled water system, the reactor island nonessential chilled
water syste,and the control building chilled water system.

The nonessential drjuell chilled water system consists of two 100 percent systems
corprised of chillers and w3ter distribution piping systems that are connected to the

six drywell coolers and the two reactor water cleanup (RWCU) pu p roua coolers.
;"otely operated solenoid valves permit isolation of any drywell coil in the event it

develops a detectable leak.

The ruclear island nonessential chilled water systen consists of two 50* capacity

chillers, coils and piping. Chilled water circulation to the fan coil units will be

accomplished by three 501 capacity (one standby) pumps placed in parallel. Fail-safe
position. on tre system controls and equipnent safety controls will be provided. Local
display devices aill be provided to indicate all vital paraneters. Flow switches will
pronibit the chiller from operating unless there is water flow through the evaporator

and the condenser.

The SAR information and Figures for these nonessential systens indicates they can be

isolated by a LCCA signal or remote manual operation from the control roca for isolation
due to a systen piping failure.

Based on our review of th? above two systems, we conclude the design criteria and bases

for the systems are acceptable.

The Control Building Chilled W3ter System delivers 45 F chilled water via two 100
percent chillers to the control building air conditioning units cooling coils and the
Auxiliary Building emergency electric switchgear roon coolers during normal operating
rodes, shutdown of the re3ctor and abnornal conditions including a LOCA. Redundancy
plus electric and mechanical separation are provided to ensure operation under all
conditions, it will be desijoed to seismic Category I requirements, powered by the

engineered safety feature buses, housed in a seismic Category I structure and protected
from flooding and tornado missiles. Tamperature controllers and flow switches will
automatically control the systems. j ,
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Cased on our review, we will require GE to demonstrate, during the post preliminary
design approval stage, that the coolant inventory in the control building chilled
water system has been sized to accorrKx13te conservative lea 6 age rates, over a 30 diy
period, in each system following an accident (the non-seismic demineralized w3ter
system normally provides the n.akeup). We conclude that the design criteria and bases

for the system are acceptable, and tnat the rakeuo tank volume can be resolved after

the issuance of a PDA.

9.3 process Auxiliaries

The process auxiliaries in GESSAR include the compressed air system, the process sa"pling

system, the equiptent and floor drainage system, the liquid poison systen, the failed

fuel detection systen, and the main steam isolation valve leakage control systen.

9.3.1 D in Steam I<nj3 tion Valve Leakage Control _ System (MSIVLCSl
GE is providing an MSIVLCS to control and minimize the release of fission products

af ter a LOCA that could bypass the SGTS. The MSIVLCS consists of 2 independent
systems to accomplish the leakage control function. The inboard system is powered

from one electrical division and the outboard from the other division of the
emergency power supply. The outboard system is connected to all steam lines between

the outboard MSIV and the downstream block valve. All steam lines are connected in
parallel to the outboard bleed hea0er. Suction is drawn on the space between the
valves and exhausted to a buildin] volume served by the standby gas treatment system.
The inboard system is connected between the r:ain steam isolation valves. An in-

dividual bleed line is provided fcr each steam line. The exhaust is vented to a

building volve served by the SGTS.

The instrumentation and controls are to be design"d to applicable nJClear safety-
related instrunentation and control systen standards.

All piping systems and components will be in accordance with current applicable
codes, addenda, code cases as well as being designed to reet seismic Category I
requirements.

Following our review, GE has inforned us of the following rodifications:

(a) The exhaust fran both inboard and outboard blowers will be discharged to the
recirculation system ring header located in the lower portion of the shield

building annulus to provide for treatrent of exhausts prior to release.

(b) The blowers will draw air from the shield building annulus area to mix with the
gas and vapors drawn from the entrapped volu es to provide cooler air for the

blower fans.
(c) The leakage control system piping has been changed from 1 to 1-1/2 inch schedule

80 to 1-1/2 to 2 inch schedule LED pipe to accorriodate increased flow rates.

(d) The single blower capacity for the inboard system (formerly 50 cfm at -20 inches

of water) has been changed to 100 cfm at -60 inches of water.
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(e) The single bloner and capacity for the outb43rd systen (was forr:erly 50 cfm
at -20 inches of water) has been changed to two blowers each havinq a

capacity of approxi ately 100 cfm at -60 incFes of water.
(f) The open drains f ra ' the inboard and outboard systems have been provided with

check valses to prevent the inqress of air.

The operation of the system is lirited by a series of pressure sensors and tirers
which serve interlocks desigred to preclude systen actuation prior to the pressure in
the nain steam lines decaying to the pressure of which the Leakage Control S/ ster
(LCS) is designed te cperate. The interlocks also preclude continued operation of
any portion of the LCS which fails to achieve a subatnospheris condition in its
respective steam lire af ter a preset tir e. The MSIVLCS is manually initiated and

controlled and shall be designed to per-it actuation in a time roried of aheut 20
minutes following a postalar.ed desiqn basis LOCA. The reautred actuation time period
shall te consistent with loading require ents on the ereraency electrical buses, with
reasnnable times for overttor iafernation, decision, and action, and shall be con-
sistent with the tire required far main stea ,line pressure decay.

Tre applicant has provided additional information which incorportied all of the
proposed MSIVLCS redifications except for drawinq air fram the shield building

annulus The applicant infon ed us tney prefer to arow air f t ,m the auxiliary
building ECCS room because it is cooler than shield buildina annulus air and is Fore
effective in cooling MSIV steam leakage befcre entering the PSIVLCS t, lowers. They
also proposed (1) that MSIV technical specification leakage be relaxed from between
11.5 SCFH to 100 SCFH per MSIV depend.nq the site, and (?) that MSIV leak rate

verification testing frequercy of once a year be allowed. However, the staff has
used tre 11.5 SCFH leak age value in their accident analysis calculation.

We have reviewed the additiona infornation and discussed remaininq concerns with the

applicant and reac"ed the follcwirq rosolutions:

(1) 'r'e were concerned there could be corentary escape of stean from the MSIVLCS to

building volu es other than the shield annulus buildir.g via the dilution air
fiow damper cr the drain line check valve during the initial 2-1/2 minute depres-
surization p'" iud if the blower failed to operate thus resulting in a positive
pressure being established in the low pressure ranifold. The applicant intends
to prevent 'ositive pressure in the manifold by use of a delay tiaer which will
block opening of any of the MSIVLCS isolation valves for approximately 15 seconds
af ter there is indication the blower is operc ting. This should ensure the
manifold is maintained subatmospheric.

(2) The applicant will provide for MSIV steam packing leakage processirq by piping
it to a sump funnel location in the auxiliary building served by the Standby Gas
Trea trent System. It is expected that at 35 psia, steam packing leakage shou'.J
Le negligible; hauever, the piping will provide a reans of controlling such
'eakage if present.
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(3) Eased on the present desir.n contain-ent lein rata of 0.3*/ day #ich incluies tr+

leakage from the M51V's, the staff is asruming an M5!V led a;e li~it of 11.0

SCFH for ean value to neet Pen dlatory raide 1.1 linits. The setraint for tFr

flow el m nt timr in the intcard L CS rust be set at 11.5 SCFH and has t een r edo
a ccndition of the PCA

The st3ff conducted an analysis of the activity released to the site durin1 the

m pressurization cFase of the irboard MSIV-Lf5 croratirn assuming that an irboard

F3IV is open er oni) partially closed follouir a a LOCA. Tha resul tirq cf f si te dose c

for the average site described in Secticn 2.3.4 exceeded Par t 100 quidelinos and were

trerefore unacc eptable.

Eased on ihis aralysis, tre staf f will require thet GE provide interloc k s nn each

irboard lCS to prevert tre cparation of arv irdividaal irboard (C; if tbo associated

inbnari 95IV n the steam lire cenretted ta that portion of the !CS is not fully

clesei follov.ing a LOCO CE >as roc acreed to provide those interlocks; tFerefore,

they will be race a coriiticn of our PCA.

We conclude, suhiect to the abovo ccndition, that the MSIV-LC5 design criteria and

bases are acceptable for the PCA.

9.3.? Corpressed Air s v s t a~

The Nuclear Island - E00 concept safety interface matrix table in Section 1.10 of

CEESAR iniitates that no 53fety-related interf aces evist with the Compressed Air

System. Furthor, Soction 9.3.1 indicates that the ccrpressed air system will te

designed, described and su; plied by the utility-applicart to provide the Naclear

Island require cnts.

The SAR, Section 9.3.1, indicates the too instrument and sorvice air systers are rcn-
safety related s<stens because the essential equiprent utilizinq air such as the r.ain

steam isolation valves and drywell ventilation isolaticn valves will be Provided with

accumulators plus corrected pipin; which will be desigred, Luilt, installed and

tested to ASME Section III Code, and the staff's e;uivaleace to nuality Croup C and
seismic Category I requirerents.

In ack newledgerent of the potential for the gas cortair" c- accumulators being a

source of missiles, it is stated that they will ho provi- with safety valves tot in

accordance with ASM: Sec ti or. VIII, they shall be locatPj that no Credible failurej

shall generite ni .siles or otherwise impair tra safety functioniry of safety-related

equipnent, and the supporting structures will t'e designed to absorb the thrust loads

develcped assuming a failure of the largest pipe cor.nected to the accu ulator.

9.3.3 Equiprent and Floor DrainayAsten
The Equipnent and Flocr Drair. age Syster, comprised of sumps, level switttes, and

pumps serve areas for the control rod drive seal., the drywell nouiprent, the PCIC

and ECCS and other systems that support or protect the nuclear steam system. These
systems will be designed to comply with seisnic Category I and IE E 279 and 308
requi remen ts .
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The following specific ECCS p c ps and heat exchangers are located ir individual below
grade watertight co partrents: HFC5, RHR A and B pu ps and heat exchargers, PHR C
p ur'p , and LPCS. The sump pump in each compartment will te uarable of delivering 50

gpm which is adewite f or ninor leakage. A pipe break cr rajor leak will only flo-1
that one corp 3rtrent. The equiprent and floor drainage will t,e returned to suitable
vessels for processing and/or disposal. Two pumps will be supplied for sumps located
in iraccessiole areis such as the drywell equiprent and floor sumps, with each rWP
havin.; the above ratei capacity. S rps located in accessible areas where raintenance

g equip ent and floordJring operation can te acccnplished, such as the reactor buildir
drains, will be provided with a single f ull capacity sump pu"p.

In reference to the Eauirnent and Floor Drainage Systen for the % clear Island,
Section 3.4 states that the plant finished grade will be ore foot at ose ma xir um flood
le.el including coincijent waves and resultant runup. IFe discussion in SAR Secticn
9.3.3, Equip-ent and Flaor Orainage Syste- f ailed to address the precautionary
r a sures taken to prewent inflow by way of any and/cr all % clear Island Drainage
Sys+/ s (inclujin7 the remaining Daildirls within the scCPe of the kclear Island
se as the Diesel Generator Eoilding, Control E;ilding, and fuel Building and the
asscciated fuel stora;e tacilities during the above described ficod conditions).

We will require, at the FL pe ne, supole entary infor ation to satisfactorily
de cnstrate that cesign rejsares (s;th as tip thec6 valves) nave txen pecperly taken
tg Lrt.ect irflu, s i a t' e '. p 1 p. u n t a r a F l u r D r a i n a g 2 5jsten. ne corclude tre design

criteria an d bans fcr the t esto- are )ccc iable.

i., A i r f o r i.i t_ig n i ri, h>3 tin 7 - C: olig and Ventilatin7 Erst es
ire description of the control roon HVAC, Section 6.4 of GE5SAR, and Figure 6.4-1

aere re viened as t"e basis f or our evaluation.

Tre control roor . AC cansists of tao subsystems which will t;e provided to assure
coral cutside air WAC and minirum make-up air cleaning and control room pressuriz3 tion.
ire f unctional nperation of the norral HVAC provides filtered, heated or cooled outside
air to the control room and the control eq a pment roon and maintains these rooms at a
. sitive pressure with respect to the a~ bient t 3rcretric pressure. The functional
c;eration of tre iri u~ make-up air cleaning systen is to discharge or reci rc ul a te
r r 31 ventilation 3ir through the two rooms D; ring conditions of hich radioactivity
at the nutside air intakes, tne system will recirculate the rcon air thrcugh = filter
zit containing particulate 3nd charco3l filters A small nount of nutside air is
taken from either cf t e air intakes and processed through the filter asserblies and
air conditioner unit to raintain a positive pressure in the rooms. The system can t'e
crrpletel/ isolated f rom tre outside if rel; ired for a suf ficient period of time to
protect personnel ducirg externe adverse outside air cont niration.

Anatrer function of the system is to detect smoke in the Outside air inta' es and in-

the syster ductirl to provide for isolation of the outside air intakes, oDen re-
circulation da pers or switch to a once thro;gh purge operation of a given area of
tre ro es or the epiament rack s by autocatic operation of the r essary da mors.
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The normal HVAC system takes outside air from a missilt protected intake located on
the far side of the control building located rear grade elevation (+ 1'0") where it
is processed through one of two 100t ca;acity unit air conditioning syste-s. This

processed air ventilates the control roon, control equipmenc room, and the HVAC
equipment reon. Two 100t capacity rcon return air fans are provided to discharge the
air to the bui!dir.g exhaust or recirculate a portion back to the air inlet processing

systen. A positive pressure is always r. .ntained by mixing da pers in the recir-

culation dJcting. Two 1001 capacity eqJipment rdCk return air fans are provided to
perform the same function.

The minimum nake-up air cleaning system consists of two 100t capacity air filtration
units, a nissile protected outside air intake located on the auxiliary building side

at elevation (35' - 0"), the two unit air condit.oning units of the normal system and
two sets of return air fans of the normal syste1 On a high radiation signal this

system is pl3ced in operation and the r'crral >ysten outside air intakes and ernaust
air isolated.

Tre applicant has perforred a single failure analysis assuming a f ailure of any
individual component in this corplete system. We have resiewed the results of this

analysis and find the system can withstand any single active failure and pertcr, its
safety function.

Based un the above, we conclude the design criteria and bases meets the require"ents
of Cereral Design Criterion 19 and the applicable portions of the positico set forth
in ;egulatory Gaide 1.52 and are, therefore, acceptable.

9.4.1 Balance of Control Building IBCEHV AC)

The description and evaluation of the ECEHVAC, Section 9.4.1 the GESSAR and Figure
9.4.1 were reviewej as the basis for our evaluation.

The ECEHVAC consists of the main control buildirig outside air intake, three inlet
filter f an assemblies with two being provided with heating coils and the other a
cooling coil, three ewhaust fans and associated ducting. The systen serves all arers
of the control building except the control recn and the control equipment roon.

The applicant states that the systen is not required to ;erform a safety function.
Based on our review we agree with GE that the BCEHVAC syste' is not required for a
safety function except for the seismic Category I control dampers provided in the
control roon return and exhaust ducts which isolate the taiance of the system to
aintain the required control roon negative pressure. Pased on the above, we con-

clude the design criteria and bases for the BCEHVAC are acceptable. This conclusion
is based on the fact that the f ailure of the BCBHVAC systen dJrin] an accident Will
not result in the control roon operators receiving an unicceptable dose of radiation.
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9.4.2 Aaxiliar d.(ildi1(_Ai%AC)
n/AC, 'ection 4., ' of GESSAR and Fipre 9. t-The description and evaluition of tne a

2 we*' reviened as tne basis f or our evaluation.

The MiVAC consists of a norral DVAC syster and an mergency operating ccndition
The f unct ionil operation of the normal HVAC syster is to provide ventilationsystee

air to the reictor wster clearup pump rooms, the ECCS pa p roums (RHR pur4 s A, P & C,
will t'e provided toLPCS pu o, hPCS pu p and th FCIC pump). Single zone HVAC systea 3

provide ventilation air to the electricil area and corrid,rs and battery room. The
steam tunnel is proviced with a ccolin; sjstem to raintain the tunnel space 3t 12S F
durin g r,ornal plant oyerition. This te per4ture is 10 F Lelow that at which the 3300
cycle test of the M5 Liv control valves was conducted (APED-5750, supplement 1).

The nor al HV C syster ccnsists nf two CJtside air filter fan units supplied by a
sir]le cutside air intake, series isolation da: ;ers in the dJcting of the two nain
areas i t servt s, tw3 < )riable vane exhaust f ans and series isolation da pers in the

main ewhaust dact. The syste": n o rr.a l l y ;e< tes with one r;tside air filter fan unit

an1 cre emhaust fan unit. The other fan; are provided for standby service. All of
the above areas are caintaired at a negative pressure by the variable vane exhaust

fan.

Each of the two single zora closed HVAC systems consist of one cooling coil, dscting
capable ofand an exhiust fan locateJ daanstream of the battery rooms. Each system '

ventilating its area Tre battery " con exh3;st fans draw air from the electrical
areas and thereby create a slight negative pressure in the electrical areas, and the
battery room e<haust blower suction lines have been provided with t>ack draft darpers.
As discussed in Section 8.3.2.1.2.4 of GESSAR, tne ventilation systen is designed to
6 eep the gases generated during battery charging telow explosive levels at all tires

Our review of the norral ACHVAC system, including an independent failure mode and
ef fects analysis, in dicates that the systen can ;erform its no,nal function for the
noraal mode of operaticn.

Nr ng the loss-of-coolant accident the nornal system is isolated by series dampers
ar: the Standby Gas Treatment Systen (SGTS) will raintain the essential pump rooms at

o jitive pressure and filter any radioactivity from the air prior to discharge toa

the > r. v i ro nme n t . The SGTS evaluation is presented in Sections 6.2.3 and 11.3 of this

SER. Farn pump room has its own seismic Category I fan cooling unit which is powered
f ro . the saae essential power source as the pu p it cools. These units will limit the
ter ;erature in the pump room to 143'F.

Our review of the energency mode of operation using the SGTS included an independent
failure mode and effects analysis up to the connection to the SG15. The results of
this analysis indicate that the system can withstand a single active failure and still
per forn its function.
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Eased on tre abo,e, we ccrclu 9 the desi]n criteria and mic es are ace;tible.

9.4.3 Rihr te Oildini (2aW,ACI
2

'. 3 anj F 1 ,;rr 7.4-3 JThe de':ription ar j evaluation of the NEM AC, Section 4

r!S5A4 wer" revienej as tr+ tisis for oar N aluatic'1

The LE+,AC syste will t'e provided to sentila te to rajalst e c ontrol s ta t t or, tb

ra kaste S torage cells and non-contaminated areas ite ,,ste- will aintain the

starage cells ar>J tra non-contam m ited a rea a t a r.o i tti se ; ressure anj the certrol
station at a positive pressure,

Tre syste will te a once-throu;h type consistin j of a r os ;hirg f ilter, he it ir , anj

cooling coils, tw, 100 s u ;'p l y f ans and assxiated Jxtwork. The s<ste will br

evhaustej to :e plet vent cy two 1 ' capacity esta :st far! Frov i s icrs : Ire 1rcIn i J
to re"cve airt erre particulates and nnitor the air for hi@ raJiatic level s * "f ire

it is released. Irc :cntrol station will tt exhaJsted se5ar atelj to ,t rn it lintainirl

the re pircj positive pressJre.

f th- s,ste s* ws that tr dual fan Liste" will be ca, ble f sentilatirior resien o

!&e r a d <. 2 , t r arel and s i n-;Ie act1,e fell;re will rot rre clud. it, fu"ctior Tre

s t o r p' . coli are? will*, 15113tei h, rit , d r ers it n ' 1 v i t .- is tec t '"

, <.e c v laje the syst. S, O .riteria arj t as , are act ,; tam.F39j tre R-, e
-

i.,1 Fu,1 _ .iljin (r ._ ,M)
Tre e cri;.+17r an' es11;: tion of tre FL ,, , - c t l a r. ^* a F1;. 6 r, f S f c t - tr 1.->

Ca were re,icaej a; +r : asis f-1r ne .,31uatler.

TM FE : ;y;' cm sis +s c'~ fcar < / ;f;te +,. - t ral + ' foal m i ldio- an' s t M,

as trea' ot t m ;1; rt rc. at ar'ut, at ce .ird tu .~ r l !i' ->
,

tivity t Li t ( c ;I d releast ida to a + el '3rJ!'' <ccident. T*4 . u: ,, >. '< 'v'

(1) tN d>tl ~,tsi: air pressuro s u- ;df fan uniti, (7 ) t ,a, f ; i t. 4 its f uol Niljir

recirculet on ht 4* 1 n; nd . ali t r units, (4, o ^ +1 VJriatle ,U oxhn t fa H

r.hi:5 r.o rr a l l y < < r. j ; tre <3,5 -rtic ff ir,)', u.J cc troi tor. " at a con t 1.e E r s ' :. re ,
+ > -

anj (4) tre st3 e y ,n t r ee 're n * syste" whic* will ;ro l ac or filtra ticn of radio-f

activity frn' tre abJvo area, and u int 31n ! U at a rep tive cressure during . :ident
'ditions.e

Car review of tre integrated syste , includin) an ir.Jenencent f ailure md arj eff(cts
analysis, indicate: tFat the system cen ditn;tarj a sirjle active failure v.d stil!
;. e r f o r its safety f urction.

Radiation renitors will be pravided ir th- fuel LJilding which will autor-)tically
initiate isolaticn of the bJilding and start the SGTS fcr tLe nergency rndo of
c;eration.
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ite system req; ired for e ergercy operation will be desiqrod to soismic Catequry I

r e wi re'ents i r.clu ji ng the a ppropria te i sola tion d epers

TFe SGTS ev.11uat'cn is given in Sections 6.2.3 and 11.3 of this SER.

Base 1 on tre aboso, r.e ccrclude tFe design criteria and bases for the FEWAC r eet the
nasitions set f orth in Pe platory Guides 1.13 and 1.52, and are, therefore, accept-

able.

9.4.5 Diccel Gorerator ?;ildin1 rating md inntilation Qstc-P

All thren star:by a ser diesel .rnera tor c ypa rtrent s (Di vis ico I & 11 diesel gener-

a tvs are utility-applicant so;clied 3rd Civision Ill FPC'i die sel genera t s- is w plied

a rt of GES UP ',1) aill e3cn be provided with a Leismic Category I wentilation

>fste .; red from t*e en1ireered *>fety featur bus. They will te sized to re ove, s

the full rated Icaj rajiant ho3t gerer3tod in the co'partment concurrent with a m niru'

er ;i r ,- ro; to perature of 1 D 'F. o;plccental elec tric t ea ters will be prnvi@ j tor

airtiin a -in b ur ro te erature of 50'F with a -10 F winter ambient.

IN ws" tes rot incla o tF e 4, arate Jiesel engine ce"b;stion air intake or ed ustd

te~ prc<id;1 enh tr: 3rt-ent. Eased on our resiew e cerclude that tho desian, ,

c riteria ar j - f or t6 < sy.te~ are acceptable.

'j . 4 . 6 :ir al G' ro r it ,e Feel Gi_1 ''^ri r and Tr? sfer c,rtm
'r "Tesel ro eritar Fuel il Storage .nj Transfer Sistem is within t 'i , Gm '# , 2

n' e ,. : l v ori re " sibilit, f ar all three stan Ey i n ,el mnerators ence;-t forc
, .

iie el S m r itor F el Oil S tor ? T ri; <,h ' t h a r e 1 .tility- ,plicant res; n
+<

< .-

bil tv.

~ O _' ;in" will '1.t its ira t' stoam ed trarsfer ,,ite" t w ,st'N of te tva sr

f a t i l i t . - a L ;'l i c -i r : ;'l i e 1 ) , ' ' t r 1 rG f e' uun and s S/ ta'* crtions of tN,

s j i t e- uitnin tre 'D *il 'cs * will ** 4 ,i;oed in act:rDnce with ','' E ". e c t i r n I!!
: Tas, 1. cis - r '

ite :m y re w i r( nts Tre t alk stora e ca; ic i ty 'or e ac h cr ; ire
,ill '. t', . t-c follcming re airt - ts (1) se<en day w: ;il y ren cro-- r +

<: st-Lir ><r a, lc.ad so :rds, cr I _' ) ,; ired ta r( uls in the* tit <<,

n i t- ;' ply fr: : ;t si f a 3 orce

S'" s i g r, will rn tect *!' , , s t er +r- 31. e r se ._ n s i r e r t n t cond '.icns uue T>,

tcr ''t t rricare n j c3rth;.akes oit".er by dos'sn or 10cating it urder; in j r r,

alt,ir p ec tec t've n t rx * re '. f s ' s ' c o' r crents will be g rotec to: aq3in>t carrcsicr
1rsluairj tnn .r jergrwnd ; 1;o <mic n will have L ra tec ti o 3)tinL arj ra ;;;i n' sa

T- s tcr tie in j ay t3r > will L- located a sufficient fictirce fron +ha niant ccntenld

to precla je dan jer *n contra! roa person m 1 or equip'ent fro- a fire ir tFe fuelr;

s tcra ge sys te . The dij tack; a re <ented to tFe a tro;;here 3nd * quipped with fla e
arrestors In additic'1 t'> d3j tarks (cr ' vision I and II dinsel engines ara Gf such

sizt (c10 callons; th1t tLay will t'e placed in a sep3 rate, dikcJ, fire rated enciasure
witnin the diesel generator room

[
; :
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Provisions will be made to replace de;ra Jed fuel by tank truck. Manifold piping will
t.e provided to prevent the withdrawal -f fuel frm1 rore than those storage tanks

associated with one diesel engine.

Based ca our review, we conclude th at the design criteria and bases for the Diesel
Generator Fuel Oil Storago and Transf a system are acceptable.

9.4.7 Diesal Genera tor Coolirj_Wa ter Sy s_tfm
The Diesel Generator Cooling Witer Systems are designed to remove the heat released by
the engine air intercoolers, lubrication oil coolers and engine jacket water closed
loop heat exchangers for all three diesel engines by reans of three separate essential
service watcr systems designed te ASME Section III Safety Class 3. Therefore, the

tallure of one system will not i~ pair the operation of the other engine.

The engine jacket closed loop syFtem (treated water) passes through a three-way
te Ferature control valve to maintain the required water te perature. The heat eA-
changer will be in a "ordance with ASME Section !!! Class 3 requirerents. C orponen t s
of the cooling witer syster will be deatgred to seismic Category I requirements.

The engine jacket closed loop cooling wa'cr system will be providea with a b eep-warr
feature to ernance quick "first try" starting of the enjine.

Cased on our review, we conclude that tho design criteria and bases for the Diesel
Generator Cooling Water systems are acceptable.

9.4.8 Diosal Generator Starting lir J stem
Each of the diese'. generator units will be provided its own separate compressed air
starting system. Each system consists of two 100 percent capacity, redundant sections
both having an air torpt essor and receiver. The piping and valves between the receivers

and engine will te designed to ACME Section III Class 3 and seismic Category I require-
ents. In addition redundant starting air-adnisssion valves to the engine startingr

air-admission manifold will be provided each engine. The failure of any one starting
system in no way affects the ability of the other to perforn its required safety

furction.

'a provide further protection against starting air valve -alfunction, filters and a

strainer will be installed just upstream of the startirq air salve for protection

against airborne contamination.

Tne compressors are normally automatically controlled by pressure switches on their
respective receiver tanks. They nay also be manually operated. Automatic water traps
and drain valves will be provided for the removal of water in the starting syste s.
Each independent starting systen will have sufficient capacity for 30 seconds of

cranking (equivalent to 5 auto"atic or nanual starts) without recharging the air
receivers. It will require 30 minutes for the compressor to fully recharge the air
receiver f rom the minimum pressure set point on the receiver.
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Eised on our rs view, we umlade that the design criteria and Lases fcr the Di iel
Gererstar Air Star tin? Ryste", are accer'.3ble.

9.4.9 Diese, Go rmra tor L st r t t it i r,n svsto

The self-contairM c?; ed Diesel Generater Lubricatien Systen is designed to sunly
suf ficient lube oil at a controlled pressure, te perature and cle3n corditien ta
ensure ajea;ite lutrication of wearinq parts and r.c, ling of the uiesel enqiro as
req.;i re d . It carusts of an oil sung in the enjine fra~e, an er,gire driven positive
dispi r.enent W o. an oil cooler, an oil strainer and fil'er. The above Dura directs

oil fr n tFe surp throu;h a filter to a three-way thernostatically controlled valve
wni t direct' the oil throu;h or arounJ the oil cooler, through a cartrid;e typet

filter Cd tren back to the engine bearings and sumps. A pressure regulating valve
vyras , excess oil ficw to the sump. The cooler, a shell and tube type heat ex-

chir ;er aill be ' >s1'; red in accordance with the latest edition of ASME I!! flass 3
re ; 2i re" en t s The essential service water system transfers the rejected heat to the

u l t i" a te nr- a t s i r k .

'+ardbj preNatin j of tna lute oil 's acco71isted by an AC motor driven pump which
j1ro-+; nil fro- the su p through ai electric heater and snen back to the sump in

'o enn3nce the engires "firsc try" starting reliability.< < < r

ned an our review, we concluJe that the design criteria and bases of the Diesel
n,ratcr Lubrication System are acceptab!e.

). fm pr,tection

riro f r e .ac t i on Sy_s tr
bestien 9.5 of CESSAR descrices details of the Fire Protection System which will be

rrc<ije1 in the GESSAp '.aclear 'sland.

All saf ety-relatej wirirva in the control room, cable tunrels, and other areas of the

'amlear Island is flame resistant. Due to divisionalized wiring of rotors, and

a ]ciated controls plus fire rated walls or physical separation, the loss of one of

* r c re jandant syst ems would not ieopardize plant safety. Cablc trays are distance
sarated or utilize fire rated barriers to asoid the loss of redundant channels of

.3fety-related cabling. Electrically shorted equiprent or c," ^'ad wires should not
";3te as ordinary conbustibles and can be conteolled and estinguished by hand

app'.ied extinguishing edia. Piping and cabling penetrations will be fire stopped to
preserve the fire ri.ing of the walls. The seismic Category I safety-r? lated struc-
t ures are constructed of reinforced concrete walls (except for the free standing steel
containment) having ny walls with a fire rating of four hours due to the structural

requirements. Other concrete walls are nf at least two hour rating. Non-concrete
walls are at ' east one hour rating. The fire rating of the fire resistive doors will
be consistent with its wall rating. Materials selected for construction are noncombr
tible or are rated as having a low flace spread rating. The reactor island does not
use natural gas nor are other combustible cases piped into the buildings; the afore,
no special systens for conbustible or explosive cas control are provided.
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In addition the utility-applicant, in meeting the positions set forth in Pcqulatory

Guide 1.39, should not introduce larae quantities of highly infla"r.able substancei

into any areas of the facility.

The fire protection and detection systems arc ncn-seismic Category I. However, the

design is such that the f ailure of the system tr its carts will not adversely af fect
seismic Category I items. There will be three supply systens serving (a) Auxiliary,
Fuel and Reactor Buildings, (5) Control Building, and (c) the Radwaste Building. The
wet standby piping systems have been routed nutside those areas ccntaining safety-
re!eted equipment. In the event of a failure of the standpipe, floodinl ca: be

controlled by closing the appropriate nost indicator valve lorated outside the building
and thereby prevent water damage to safety-relate.1 syc ten s. Equip-ent and building

drains mininize the accumulation of coctustible and non-combustible liquids which are

piped to the Radwaste BJildin] for Concentration and dispos 3l.

The fire protection and detection systems are designed, specified, and installed in
accordance with the current criteria published by the N3tional Fire Protection

Association and other applicable Codes and Standards as .isted in Section 9.b.l.l .S of

the SAR.

To preclude the loss of habitability of the control room, it has been provided with a
sncke and toxic contaninate renoval syste"1 In addition the reactor can be safely
shutdown from either the control room or the standby shutdown panel locat?d in the
Auxiliary Building.

Fires could make a roon or area uninhabitable without self-contained breathing
apparatos due to production of significant toxic and asphyxiant atmospheres. These
self-contained breathing apparatus will be provided by the utility-applicant (BOP) to
permit personnel to remain in the control roon to extinguish fires and to permit
personnel to enter other areas of the plant to extinguish fires.

Section 1.1.3 states for the purposes of GESSAR, only a single standard plant unit
will be considered. Therefore the hazards of nultiple units were not discussed.

The extinguishing systems provided consists of (a) water systens, (b) hand extin-
guishers type Class ABC (20A-8CBC) (This designation indicates it is a multipurpose
extinguisher for extinguishing Class A, B and C fires per Underwriters Laboratories
testing iequirements), (c) 15 lb. C0 hand extinguishers, (d) 2-1/2 gallon pressurized2

portable water extinguishers, and (e) a manual or automatically activated (with a 30
second delay) CO total flooding extended discharge system for each individual diesel2
engine compartment.

The applicant has identified the following potentially o Ic fires that could
affect Category I safety related structures within the Nuclea , land:
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a. diesel generator compartments - the f uel oil day tank within each compartment,
800 gallons for Division I and II diesel engines and 550 gallons for Division !!I
diesel engine,

b. reactor containment building - lubric3 tion oil or hydraulic oil reservoirs

(~aximum in one fire is about 400 gallons) for the recirculation pump valve
control system.

c. all buildings have a potential for electrical equirnent and cable insulation

fires.

Figures 9.5-3 thro 6h 9.5-llf of the SAR, plus Table 9.1 belcw, presents information

on the particular fire detection, protection and suppression systems provided the

facility.

As indicated in Table 9.1 the control building has not been provided with an automatic
fire suppression system. Aather manually applied fire extin;uishants (water, hose

and/or 2-1/2 gallcn pressurized water portable extinguishers or 15 lb. CO hand
2

extin;uishers) will be e ployed. Figure 9.5-llb indicates that within the control

room the fire extir.;uishants will be hard extinguishers type ABC (20A-80CC) or 15 lb.
CO, extinguishers. In addition the following areas are provided with an early warning
fire detection systen which will be apprc Uiately placed within (a) the reactcr

ccntrol console and temination cabinets as well as the subfioor sectior', (b) cable

tunnels, (c) HVAC Equipment rooms, (c) main stairwells, all levels, (d) Elevator
Eqaipr ent Room, (e) Bittery Poon, (f) RCIC Pump Room, ECCS Pump Rooms, (q) Diesel

Generator Roons, (b) Remote Shutdown panel, (i) Electrical Switchgear Roons, (j) CRD
Maintenance Pooms, and (k) S';TS Rooms The above systems are zoned by floor level and
will t:e provided with audible alarms. A digital readout display system will be
provided on the control room fire control parel.

Each diesel generator comp 3rtment will be provided with a Supervised Product of

Corrbustion Detector System which will activate the automatic CO fire extinguishant.
2

Since each diesel engine compartment ventilation system is independent and has no
cross connections to the other buildings of the Nuclear Island, activation of the CO

2
sy ten will (a) stop the ventilation system (b) deactivate the air compressors, (c)
close the air supply ventilation louvers, and (d) hold open a sroke overpressure
ventilation damper located a t the cor partment ceiling level . The engine combustion
air and exhaust systems are independently ducted into and CJt of the compartments, and
therefore the diesel generator will rendin running at the stirt of the fire, further,
remote ranual shutoff valves have been provided in the fuel oil line to the day tank
and the engine. These valves enable the day tank oil to be isolated from the engine,
at the operator's discretion, by closing the valves. To prevent flash over af ter the
fire has been suppressed, wet standby pipe and hose reels outside +he main compartment
entrance may be utilized in the cooldown period.

Section 9.5.1 of the SAR also sets forth the interface and other requirements that
must be met by the utility-applicant in order to reet the GESSAR-NI fire protection
system ovmrall design objectives.
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I_AE.LE 9.1

Feactor Diesel
Control Auxiliary Fuel Containment Generator Radwaste

Blds. B l dg .__ Pullding 31dL__ Bldg. Bldg.

A Manual and 30 Second Time delay Automatic Fire
Protection CO total flooding extended discharge3

syste,a activated bv products of combustion. No No 50 No Yes No

Manual Fire Suppression System Provided Yes Yes Yes Yes Yes Yes

a. Modified Class III Standpipes and Hose Peels
provided, and located such that the distance
from any fire to a hose reel will not exceed Yes Yes Yes No Yes Yes
100 feet. (located

outside main
compartment
entrance)

b. Portable Class ABC (20-80BC) provided,
located such that the distance from Yes Yes Yes Yes (Elev. Yes

O any fire to an extinguisher will not (including 11'-0")
C} ?) exceed 50 feet. control (Elev.
EC 3 room) 37'-1")
$$ (Elev.

84"-0")

c. 15 lb. CO, hand extinguishers provided, Yes Yes Yes ([ lev. Yes
located sdch that the distance from any (including 11'-0")
fire to an extinguisher will not exceed control
50 feet. room)

d. ?-l/2 Gallon Pressurized Water Portable Yes, such as
Extinguishers provided, located such offices, change
that the distance from any fire to an rooms chart
extinguisher will not exceed 50 feet. rooms

_

f'

l
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TABLE 9.1 (Continuedj.

Reactor Diesel

Control Auxiliary Fuel Containment Generator Radwaste

Bldg. Bl dj . Building Bld1 Bldg. B l dg ._

F r1ucts of Combus*'on Detection System Control PHR, RCIC, Stairs & Diesel Oil

Room, LPCS & HPCS Elevator Enaine Separation
e.

Tower Compart- Room
C3ble Rooms. ments
Chase, Battery

Termination Rooms
Cabinets Electric
Elect Switchgear

Equipment Room

Roons

O

?
s2x

-d

c
C
C'



C:,rrently, th staff is in the process of dt .elopin1 a Era % h Tothrical Po>ition

regarding fire protection syste">

Based on our review, we conclude that the design criteria and bases plus tre es>Pntial

interface data reet the require ents of Gereral Desi ;n Criteria No. 3 and, therefore,

f cr: an adequate basis for acceptance at the PDA sta ;e. as a re> ult of investi<ations

presently beirg conducted in the de elopr:ent of a f ranch Technical Position On th*

Fi re Pro tec tion Sys tem, further reqJire~ents ray be imposed so that unacceptable

dama.;e will not resa! t f rom a fire,

t (' f, i
,
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11.0 RADICACTIVE M STF M AGE"ENT

11.1 Sumnar< Desc rip ti on

The radioactive waste management systen for the General Electric Standard Plant
(GESSAR) will be designed to provide for the controlled handling and treatr'ent of
liquid, gaseous and solid radioactive wastes, and for monitoring of all major

release points of radioactive naterials. The liquid waste syste will process

liquid wastes from such sources as equipment drains, systen leakage, condens3te

demineralizer regenerant solutions, laboratory and decontamination liquids, and

detergent wat tes. The liquid waste will be processed and recycled for reuse if the

plant water balance req; ires nakeup and if the water quality is adequate.

Gaseous wastes will consis' of of fgases from the nain condenser air ejector, vents

f rom evipment containing radioactive naterials, and leak age f rom systens and

coNunents containi y radisactive naterial that is released via the building

ventilaticn systems. The offgases from the main condenser air ejector will be
troated by catalytic rocer bination to reduce the volume of of fg3ses and by charcoal
a :,neption to selectively delay fission product noble gases befare release to the

environment. Certain equiprent vents and building ventilatico exhausts will be

treated by high efficiency particulate air (HEpA) filters and charcoal adsorbers to
recove radioactive p3rticulates and radiciodine prior to rele3se to the atmosphere.

Solid wastes generated during plant operaticn will consist of spent demineralizer

resins, evaporator bottoms, discarded radioactive components and tools, and riscel--
laneous dry solid wastes. Wet solid wastes will be solidified and drurred. Cry,

compressible raterials will be compacted and drurred. CruTed wastes will be shipped

to a licensed burial site.

The GE design objective for liquid and gaseous effluents are described in Sections 11.2.1
and 11.3.1 of GESSAR and indicate their intent to meet "croposed" Appendix I to 10 CFF

Part 50. Specifically, they state that the objective of the liquid treatrent system is

to limit releases to less than 5 Ci/yr and for the gaseous system, it is to keep the

Jose +o individuals offsite to as low as practicable.

On May 5, 1975, the Corrtission published in the FEDEPAL REGISTER (40FR19039) its

decision in the rulemaking hearing concerning numerical guides to reet the "as low
as practicable" cri terion for ef fluents. The rule sets forth criteria which, if r et,

provide one acceptable rethod of establishing corpliance with the "as low as practica-
ble" requirement of 10 CFR 50.34a and 50.36a. These criteria are based on doses to
individ;als and the increrental cost of processing equipment versus the dose reduction
to the population within 50 miles of the facility. As a result of these fectures,

confermance to the guidelines of 10 CFR Part 50, Appendix I will be on a site-by-site
basis. That is, individual utility license applications will be reviewed to assure

their confer *ance with 10 CFR 50.3?a and E0.363.
m e o
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The following sections present our evaluation of the liquid, gasenus, and solid radio-

active waste treatment systems. The liquid, gaseous, and solid waste systens will be
designed to accorrodate the waste produced during operation of a single unit at a
maximum thermal power level of 3758 PWt. The radwaste treatment system, as discussed

in GESSAR, includes provisions to pracess wastes produced by plants employing either

regenerable de'J bed condensate demineralizer units (with optional ultrasonic cleaning
of resins), by plants employing powdered (Powdex) type filter-demineralizers for
condensate polishing.

Our evaluation and calculation of annual releases of radioactive materials are based on
the parameters and calculational models given in Appendices B and C to WASH-1258.
The models in WASH-1258 are based on data obtained from operating reactors, and represent

a realistic assessment of the expected releases over the life of the plant during

normal operation, including anticipated operational ecturrences

11.2 Li_ quid Waste Trea trent Systems

11.2.1 System Cescrip_ tion

Treatment of the liqJid waste is dependent on the source, activity and camposition of

the particular liquid waste and on the intended disposal procedure. The liquid waste

systen is divided into three subsystems: the waste collector subsysten (low con-

ductivity), the floor drain neutralizer subsystem (high conductivity) and the
detergent waste subsystem.

The liquid radvaste treatment systems are designed to pernit complete recycle of pro-
cessed liquids during normal operation. Processed liquids will be handled on a
batch basis to permit optimum control and release of radioactive materials. In the

event of +he release of treated liquid wastes, samples will be analyzed to detennine
the type and amount of radioactivity in each batch. Based on the analytical results,
these wastes will either be released through the circulating water discharge or
processed through the detergent evaporator and released as vapor. In our evaluation,
se considered that processed high purity and low purity liquid wastes would be re-
leased as liquids, and that processed detergent wastes would be released as vapor.

The waste collector (low conductivity) subsjstem receives liquids from the drywell,
containment building, auxiliary building, fuel building, radwaste building and tur-
bine building equipment drains and the decantate from the cleanup phr " separator.
Depending on whether the design of the condensate r71ishing system uses either the
deep bed or Powdex demineralizers, the waste collector subsysten will also receive
the deCantate fron the condensate pnase separators (Powdex systens ), condensa te
demineralizer wash water, and ultra-sonic resin cleaning rinse water (deep bed
systems). These wartes will be collected in one of tuo 57,000 gallon low
conductivity tanks, processed in a batch through a traveling bed filter, and
collected in a 3,000 gal!cn filtrate tank.

.
-
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The filtered wastes will then be processed through two 350 gpn mixed bed deminer-
alizers in series and will normally be routed to the condensate storage tank for

reuse in the teactor. If storage capacity is not available, the processed liquids

will be manually diverted to one of two 50,000 gallon excess water tanks. From the
excess water storage talks, the liquids may be sent to condensate storage, released
at a Controlled rate to tne discharge canal, or routed to the detergent evaporator

and then released as vapor. General Electric expects that all waste treated

through this ' system will be recycled for use within the plant, but has evaluated
the releases based on 10' discharge. In our evaluation, we considered that 34,000
gpd of low conductivity liquids will be processed through the system and that 10'
of the treated liquids will be distharged to the environment.

The floor drain neutralizer (high conductivity) subsysten collects liquids from the
drywell, containment, auxiliary building, fuel building, radwaste building and turbire

building floor sumps, demineralizer regenerant solutions, laboratory drains and ncn-
detergent decontamination solutions. The wastes will be collected in one of three

18,000 gallon high conductivity tanks, reJtralized, and processed through a 40 gpm
waste evaporator. The evaporator cor.densate will be processed through a 350 gan dis-
tillate demineralizer, a 350 gpn backup demineralizer, and recycled to condensate
storage. If the condensate storage tarks are full, the processed liquids will be

routed to the excess water tanks. From the excess water tanks, water may be either
recycled to condensate stcrage, released to the discharge canal, or routed to the
detergent evaporator and released as vapor. The applica w estimates that 9300 gpd
of high conductisity liquids will be processed through this subsystem, and that
10 of the proces;ed liquids will be released to the discnarge canal. Our analysis
is based on ar. input rate if S200 gpd and discharge of 10^ of the treated li Jids to
the environment. The applicant's estinates of liquids are based on his projections of
the design capability. Our estinates are based on the p3rameters given in WASH-1258.

Laboratory wash wat2r an<i wastes containing detergents (laundry, personnel and
equipment deconta-ination wastes) will be collected in a 1500 gallon detergent waste
tank. The<e wastes will be filtered and e m porated in a 5 gam detergent evaporator,
ahich is vented to the atmosphere. The applicant considers that 1100 gpd of detergent
waste will be processed through this system, with 100? of the evaporator distillate
released to the atmospnere. Our analysis is based on 450 gpd of detergent wastes
being processed, with 100t release of the pro:essed liquids to the atmosphere.

Sottoms from the waste evaporator and the deterJnt evaporator will be collected in
a 25,000 gallon concentrated waste tank and transferred to the solid waste system for
solidification, packaging and shipment offsite. Spent demineralizer resins will be
collected in a 10,000 gallon spent resin tank and transferred to the solid waste
system for packaging and shipment of fsite. Resin sludges from the phase separator
tarks will be dewatered and transferred with the filter sludges to the colid waste
system for loading into shipping containers,
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Li uid Waste Syston Evaluation11.2.2 3
Using the nethods and parameters of WASH-1258, we have calculated the liquid waste
releases. GE has also calculated what the liquid releases v.ill tse and their values

are presented in parertheses following cars. In general, the liauid relea es will be

less than 1 Ci/yr/ reactor (GE - 4.6 Ci/yr), excludirq tr itiw and dissolved q)ses.

We have norr:alized these releases to 2 Ci/yr to corpensate for equiprent downtirr
and anticipated eperational cccurrences. We also calculcte that 6 x 10' Ci/yr

-6(GE 3.f; x 10 Ci/yr) of particulate material, will be released to the atrus;+ere d;

to evarcration of detergent wastes. Pased on reported releases at operating boiling

water reactors, we calculate that 20 Ci/yr/reacter (GE 12 to 20 Ci/yr) of triti r will

be released in the liqJid effluents. The principal reasen for the applicant's hiy er

esti" ate o' the quantity of aterial to releited in liquid effluents is the*

ar;licant's use of Icaer deconti ination factors for the da:ir,eraliza s in the low

cendactivi tj sys tc~ Tre bases for car decanta,iriation factors are fcund in

u%-123 :

M1 najor Frccessing cocpanents are rcdunJant. Tnere are spare collector tards in all

three subsjsters of the liquid radwaste treatrent sjste:n T' e re i s a s;are travelling

tel t fil ter, a backus de~ineralizer in tre waste collector subsyste" , ard a spare ntste
e va pera tar in th floce drain-reutrali ze r subsys te"- Ir the esent c f e;3ir"ent failure

it tre 105 cordactivit< 1ste-, i t will be po,slble tc divert the wastes to t' nir?
Huctivity tad . The only equip"ent it > tn it are ra t redundant sn this sto are

tri 'eter er.t waste filter ard the cetcre nt v.1st varcrator. If, ir * " > overt ore :-f5

"ese ew i r r+ t ite > is a 3 vail 331e, dererg mt e , will he rele sed wi t toat 'r e 3 t' ent ,
+

t% li ; 4id ef fluents m i 1 *- increase by - C i / .f r , '+ i c r is a snill frattici ci
' '

u>

c31calated total relelse fro tN plant.

s .erf!c.c fr-: tre 1% _tivity t 3 n* , 't _ tiltr]+ taris, tFa c,e r t resin 'ir a and< e

clear ,"3so -i r a t t3rk e are pi;31 t tt_ ra - L uiljirl , :ulF'er t drain
'

P erfic o fra +'o v.ser';ent dr ain tad and +ne r i ;h cco; tivity tid an, 8

pip f t7 tv ra j , te ts il iing f in: ' d: lin w These r :: sist;.rs < ,et entable

;r ce. sed liaaii .vi a l b e rei e t s ed + t h ,_ di, -2, < car + r c , .; h a line ? tit is :;ic ot
-

4i tn a rJ U3ti r miNr t"at *ill ala and a/ iti 11. + e r r i r .i t "e roirase it tM

ntritio" cf r !1io n tive ater1-21 in ti effle nt m n h- 3 ;receter" rei c 91.
cc^.si & r that * c esign Lrov: des ade;,at. at^r3 e a- , r;ntro, cf re!c uer ofr

idioac ti ve ' a tor i a l , in a: crdan:e ~ithr
ral r - , riteriur (?nf, ,:nti. to

e "n

L .1 p a r * T , a n d f i n -i it arc ,t151c.

W liquid radeaste s:, > te min cn t will be j s i.ri $ "is c and ' 31i t s
5*andard, listed in secticn 3.2 of this SER.

L
liquid radioactiu ,,aste sjste- incl Jer th< equir #r t and ins t r um r.tition ta

ccntrol tne release of rtlic< :tive aterials in lig;id e'fl 'ts. * ur review of tre
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liquid radwaste systen included nonsal operation, anticipated ope, rational occur-
rentes, design provisions incorporated to preclude uncontrolled releases of radio-

active naterials in liquids due to leakage or overflows, and the qc lity group

classification and seismic design criteria. We have reviewed the applicant's

system descriptions, process flow diagrams, piping and instrumentation diagrams,

and cesign criteria for the components of the liquid rada3ste treatment system.
We h1ve perforr.ed an independent calculation of the releases of radioactive materials
in liquid effluents based on the calculational methods of WASH-1258.

11.2.3 Cnnclusions

Based on our evaluation, we conclude that the design supplied in GESSAR utilizes state-

of *he-art technology. Also, there is reasonable assurance that the concentration of

radioactive r .teria s in liquid ef fluents will be a fraction of the limits in 10 CFRl

20. Appendix E, Table II, Colu-n 2, for the expected and design releases, for plants

whose discharge canal flow equal; or exceeds the mininu9 discharge canal flow of 1500
apn specified by the acplicant Adequate control of releases of radioactive raterials

in liquid effluents is ;rosided in accordance with General Design Criterion 60 of

Arpendix A of 10 CFR Part 50.

Cc~sliance with the design cbjec tive doses to individuals at or beyond the site

br / diry is s i te degen-jent, and will be reviewed for individaal license applicaticns

11.3 Gne / W nte Tro itzgnt n<ste-s

11.3.1 5 do Cescrig icn
'

usecus radicartist naste trea trent 5ystens for the GESEAR plant will consist of

ilrcoal dely systm for tre3tir, the offgas fron the uin corderser air ejectar,.t t

and iodine and r articulate ccntrol systems for certain building ventilation syster ,
D e release of rajic active Nterials in the of fg3s from the turbine giard selliol

s, sten will te reali l ble, since n-ra1icattive steam f rcm an auxiliary bniler willi

ased to seal t + suine cland3 Curir] star!Js a ecFanical vaco," gu p will* r
,

te w e d to evac >a to the main - r % <er. Ike disch ar ;o frsn tre m uun pec will cor-

ain ra jicactise ;a'.es talt will t e releastd without trea tr a nt tnrce;" a rant

ent on the tarbire tailding tc ne a t~ n chere, 21cn] with th offqases frn tM

crart al delay tt- Eaildi q ser t11a tion sy W " ex h< a 'a are nnr all y r ole nH sii,

r c. f .et 'ne turbine '2i ldin. notila t ic' s > s te;' is mis ida the sc< p of M EcAR. and

wili . re eiwej fcr 1rjivid;11 iicer,se 4 plicati m

Ofr s fro- tte " air conden',r iir ejector will N trelted thrw;n a Itw

tr - tm e charcoal f ela/ syste~ t: ;rovide for de:ay of t"o radicacti se rc h!e

w. tofore release in the atr- g ere. The ef f gases fro r *he 'lin conderrer will

ccr sin principally, hydrocon and cxjgen f ron decce pos i ticn of wa ter , air f rcn r cn-
den,er inlo nage, fissiar and ac ti sati;n gases, and aater varor. IN off71ses fr v

the last stigo of tre cor b ser air ejecter will ' o diluted with s tean ta m intain

hydron n concertraticns teles 4 The pre;sure hai iry of the systen is @sigreddr

*n aintain i ts inte;rit / in tho o :nt of a hydro.,.n ovplosicn. The ," -iyture will..

be "eated, passed thr u;h a ca talyt.ic r ec ombirer to reac t hyFegen and n r y v n an i
,

., '
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passed through a condenser and moisti separator. The concensate.will be returned

by gravity to the main condenser hotwell, and gases will be passed through a ten
ninute delay line to provide for radioactive decay of activation and short lived
fission product gises. The gases will be cooled to 45"F in a glycol cooler, filtered
through a high efficiency particulate air (HEPA) filter, and dried to a dewpoint of

approxnnateiy -90'F by a desiccant drier. The gases will be further cooled to
approximately O'F and passed through a train of eight three-ton charcoal beds in
series. The gases exiting the charcoal delay train will be filtered to remove
charcoal fines and particulate matter, and released to the atmosphere via a roof
vent.

In passing through the charcoal delay beds, the higher molecular weight xenon and
krypton will be preferentially adsorbed on the charroal surface and delayed with
respect ta the flow of the carrier gas (air). The delay time will be affected by
a nurter of variables, such as moisture content of the carrier gas, charcoal type,
carrier gas flow rate, poisoning of the bed by impurities, and by tencerature
gra1ients in the bed due to fission product decay heating. Based on an air in-
leakage rate of 30 scfm into the condenser, with the air dried to a dewpoint of
-90 F, and beds filled wtih 8 x 16 nesh coconut base charcoal at O'F, GE has
estimated delay times of 46 hours for krypton and 42 days for xenon. The applicant
has based his evaluation on the results of small scale experiments that he has
performed. The applicant is currently gathering verifying data on a large scale
system at the VPB reactor. We have accepted the applicant's adsorption data
(dyncmic adsorption coef ficients) pending confirmation by the large scale ex-
perirents, and have based our evaluation on the above delay times. Topical Report
NEDE-10751-lP, which provides the results of large scale tests, has recently been
submitted for oar review. We will report the results of our review when it is

completed af'er issuance of a PDA.

Leakage from components and systems containing radioactive materials will be
released to the atmosphere via the building ventilation systems. Volatile radio-
active materials will be teleased to the containment building atmosphere as a result
of relief valve actuations and exhausted without treatment through the s antainment
purge system. Building ventilation systems within the scope of GESSAR that are
sources of radioactive gaseous effluents are the containment purge, the drywell
purge, the shield building annulus, the auxiliary building, the fuel building and
tre radwaste buildings. The turbine building ventilation system is also a source
of radioactive gaseous effluents; however, it is not included in the scope of the
application and will be reviewed for individual license applications that reference
GE55AR.

The containment building air is cooled and recirculated at a rate of 42,500 scfm.
In additior, the air in the containment dome is recirculated by two 6900 scfm fans.
The applic ant's design provides for the containment to be at a slight negative

pressure by ieans of a 4300 scfn low volume purge. Fresh nakeup air is supplied by a
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4300 scfm supply fan. In the event it is required to purge the containment rapidly,

the applicJnt's design also provides 25,000 scfm purge and supply fans

During normal operation, the drywell is a closed systen with air being recirculated

and cooled at a rate of 92.000 scfm. When necessary, the drywell may be purged via
a 4300 scfm drywell purge vent fan. The shield building annulus will be maintained

at a negatii,e pressure by redundant 4200 scfm capacity exhaust and recirculating

fans. Arees in the auxiliary building containing ECCS pumps and heat exchangers

will be mair tained at a negative pressure via redundant 4200 scfm capacity supply
and exhaust fans. The fuel handling areas of the fuel building will be maintained

at a slight negative pressure by means of redundant 2000 scfm supply and exhaust
fans. 'e ventilation exhaust air f rom each of the above areas will be ronitored
and released to the atrosphere without treatment. In the event radioactivity levels

in any area are above a predetermined level the exhaust from that area will be

diverted to the SGT5.

The radwaste cuilding will be maintained at a slight negative pressure by reans of
redundant 17,600 ccfm capacity su,; ply and exhaust fans. The exhaust air will be

filtered through HEPA filters and monit.. red for radioactivity content before release

to the atmosphere. In the event of a high radioactivity level in the exhaust stream,

an alarm will sound in the control room and the cells containing radwaste equipment
will be isolated. The exhaust can be termineted by a remote nancal switch. General

Electric does not provide radiciodine control systems for the radwa .te building
ventilation system, but proposes to employ charcoal adsorbers on vents from selected

tanks and equipment.

11.3.2 Gaseous Waste Treat: cent System Evaluation

We calculate that the noble g3s releases from the GESSAR plant will be 5700 Ci/yr,
and that 0.28 Ci/yr of I-131 will be released through the building ventilation sys-

tems. The applicant estimates 5000 Ci/yr of noble gas s and 0.16 Ci/yr of I-131 will

be released. The applicant's lowcr estimate of I-131 releases is based an a sraller

rate of steam leakage to the turbine building. Our value for this paraneter is 1340

pounds per hour. The basis for our parameter is given in Appendix B t3 WASH 1256.

All major equipnent in the of f-gas system is redundant. The glycol cooler equip-

ment is not redundant, but will be 1)cated in a non-radioactive area st that it will

be accessible for maintenance in the event of equipment malfunction. We find that

the of f-gas system design ha; sufficient redundancy to provide reasonable assurance
that the system will have the ci; ability to perform its intended function.

We find that continuous purging of the containment directly to the environment
without trcatment is unacceptable for the reasons listed in Section 6.2.4 of this SER.

Either an internal recirculation iodine cleanup system for containment atmosphere

cleanup before purging or a charcoal filtration system for continuous operation during

purging is required. GE has not agreed to provide either system; therefore, we will
make this item a condition of the POA.
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The system seismic and quality classifica 1ons are discussed in Section 3.2 of this SER.
T* staff concern renarding tre capabil j af the LGTS to handle gaseous effluents from

the nlant ventilation systems is discut ed in Secticn 6.2.3 of this SER.

Of fgases f rom the charcoal delay syste" and the nechanical vacuum pump will t,e released
to the atmosphere via a roof vent on the turbine building. The design of this vent is

cJlside the scope of GESSAR and will be reviewed on a case-by-case basis when applications

referencing GESSAR are received. The major inputs to tiis roof vert will be monitored
and controlled individually and the release of radioactive materials from the vent will

be monitored. The offgases fror tre harcoal delay beds will be monitored and the
release automatically terminated if the radioactivity exceeds a predetermined level.

The radioactivity in the SGTS exhaust will be monitored and will annunciate radioactivity

in excess of predetennined levels in the discharge from the SGTS.

We find that the applicant's design provides adeqJa te Control of releases of radlo-

active raterials in gaseous ef fluents f rom the condenser of f gas system, in accordance
with General Design Criterion 60 of Appendix A to 10 CFR Part 50. The provisions for

monitnring and control of relea 3es of radioactive ruterials in gaseous effluents from

the turbine building is outside the scope nf GESSAR, and will be evaluated on a case-

by-case basis when a;plications referencing GFSSAR are received.

11.3.3 Corclusions

The Gaseous Waste Treatrent Systems include process equiprent and associated
instru"entation to collect, store, nandle, process and control releases of radioactive

materials in gaseous ef fluents prod;ced as the result of operation of tha GESSAR
standard plant. The gaseo;s waste systens include all plant systems that have a
potential to release radioactive materials in gaseous ef fluent to the environr.ent,
including building ventilation systems. Our scope of review of the gaseous waste
treatment systems has incivded the applicant's system descriptions, schematic flow
diagrams and piping and instrunentation diagrams (P&ID's), the applicant's design
objectives for releases of radioactive materials during normal operations, including
anticipated operational occurrences, and the capability of the appitcant's proposed
systen to reet the concentration limits of 10 CFR Part 20, Appendix B, Table II, Colu n
1, for the design ccnditions and during periods of equiprent downtine. Based on this
review we cor.clude that the design utilizes state-of-the-art techr; ology and meets the
requirements of 10 CFR 20. We hav^ reviewed the applicart's analysis of the expected
releases of radioactive materials in gaseous effluents and have performer an independent
calculation of these releases based on the rethods and parameters given in Appendix B
and C of WA54-1258. We have reviewed the Ouality Group and Seismic Design Classifica-
tion of the proposed treatment systems and the provisions to prevent and withstand
hydrogen erplosions We have reviewed the capability of the systen to prevent
uncontrolled releases of radioactive materials to the environment in gaseous ef fluents

'

stated in Section 11.1 of this SER, the ability of the design to neet the require-,

rents of 10 CFR S0.34a will be determined on a site-by-site basis.

/
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Our acceptance criteria for Quality Group and Seismic Design classifications are set
forth in Section 3.2. Our acceptance criteria for instrumentation provided to con-

trol releases of radioactive materials is based on the require ents of General Design
Criterion 60.

We find that the applicant has provided adequate control of releases of radioactive

materials in ef fluents f rom the condenser of fgas system in conformance with the
requirements of General Design Criterion 60.

We find the following iten does not confor"1 to our accectance criteria and will be rade

a condition of the PDA.

Continuous purging of t te containnent di rec tly to the envirennent wi thout trea tr ent
is unacceptable, and a closed containcent with an internal iodine renoval systen or

a continuous purge system with a ch3rcoal filtration systen should be provided.

AJditional infor~ation is needed in the following areas to nrify the applicant's

design. This irf orma tion is confirmatory and ray be subnitted during the FDA

review. We will report on this in a supplerent to our SER.

(1) Ine applicant's values for the dynamic adsorption coef ficients (KD) '# ""U"

and krypton in charcoal delay systerb at low temperatures (O'C) will be con-

firmed by large scale tests.
(2) Following an in-plant re3sure ent program, the applicart v il identify for our

review, tanks and corponents that require charcoal -1dw bers cn vent lines.

The following itens are rot included in the scope of GESSfs ne are site dependent and

will be reviewed for individual license applications:

(1) The capability of the systen to meet the dose design cbjecti.es of ppendix I.

to 10 CFP Part 50 for noble gases and iodine;
(2) The capability of the systen to linit concentrations ed ridic3ctive materials

in giseous ef fluents to those given in Table II, Colu Appendix u toi

10 CFR Part 23 at points at our beyond the site bound 3r ,

(3) The treatnent systems, ronitoring and control syste s, nd release points for

the turbine building ventilation system.

11.: Solid W3ste Mar g rent Syste-s
The solid waste ran3gerent systen consists of subsyste s ': N j!i q, storing,

solidifying, druariirg and shipping wet solid wastes, and for 's ting and packaging
dry, co"pressible wastes generated as a byproduct of reacts _eration. Wot solid

wastes consist of spent filter-denineralizer sludges, spent 6 iv r31izer resin

beds, diatomaceous earth filter media, and evaporator tott Ii lter-demineralizer

sludges and spent de ineralizer resin bead ^ will be collect a % tered and trans-,

ferred to a 170 ft shippin7 container.

/
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Bottoms from the waste evaporator ano the detergent evaporator will be collected
and pumped to the shipping containers where a measured a ount of cement will be
added and mixed by a disposable mixing blade.

The container will be closed and placed in a storage area. Storage will be provided
3for twelve 170-ft containers, which is sufficient capacity to store one month's

production of containers during nornal operating conditions or 10 days production of
containers during periods of design basis condenser tube leakage. In A"endment 25 to
GESSAR, General Electric stated that they "will work with Industry Corinittees to
assess the consequences of free water present in solid radioactive wastes. Should it
be established by the Industry Connittees and the AEC that free water in solid wastes
is a safety problem which requires resolution, GE will establish a program f or de-
veloping equipnent which will detect the presence of free water in solid radioactive
wastes. This development progran, if required, will be presented to the AEC for their
evaluation.'

Dry, corpressible wastes consisting of spert air filters, rags, clothing, parer,

small conta inated tools and rolid laberatory waste wil; be compacted into 55-

gallon drums capped, and stored prior to shipment offsite.

GE estimates that f or a plant e~ ploying deep bed condensate demineralizer resins,
appro<i ately 140 containers will be generated annually containinj a'out 1700 curies.

Base I on experience at operating EWR's, we estimate that 110 containers per vear con-
taining approximately 2400 curies will be generated at plants using either Powdex
cr deep-bed condensate demineralization systems, with essentially the same isotopic
content as calculated by the applicant. We estimate that 450 drums of compressed
dry wastes will be shipped f rom the site annually, containing a total of less than
5 curies of radioactive naterials.

We find the seismic and quality classification the co ponents and the structure'

acceptable. We conclude that the design supplied in GESSAR utilizes state-of-tho-art
tecnnology and meets the requirements of 10 CFR 20. We also conclude that the systen
ras suf ficient capacity and redundancy to perfcrn its intended function dJring peri-
cds of nornal operation, incluJing anticipated operational occurrences.

11.5 Process and Ef fluent Padiological Monitorin2_Systens
11.5.1 Systen Description

The process and effluent radiological nonitoring systems aill be designed to provide
information to operations personnel on radiation levels in plant prtcess strears, to
initiate operation of emergency systems, to provide inputs to the reactor protection
systen. and to record the rate of release of radioactive raterials in plant Ptfluents.

The applicant has provided radiation monitors to monitor and control the releases of

radioactive materials in gaseous effluents from the offgas systen vent, the containment,
drywell and shield building annulus purge exFausts, and the ventilation exhausts f rom
the radwaste, auxiliary and fuel buildings. '

.s '
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The applicant provides the capability to obtain liquid sa: ples f rom the effluents fron
the excess water storage tank and the waste demineralizer. Provisions have also been
made to obtain gaseous samples upstream and downstream of the of fgas system, upstream
of the steam jet air ejector and from points witnin the of fgas system. The applicant
has provided an area monitor in the charcoal bed vault to detect leakage fron the
charcoal delay beds.

11.5.2 System Evaluation
The provisions for process and ef fluent radiological monitoring include the instru-
mentation and controls for monitoring and controlling the releases of radioactive
materials in plant effluents and monitoring the level of radioactivity in process
streams The scope of our review included the provisions for monitoring and controlling
the release of radioactive n-iterials in plant ef fluents in accordance with General
Desig.i Criteria 60 and 64 and Regulatory Guide 1.21, and for monitoring radioactivity
levels within the plant in process streams in accordance with General Design
Criterion 13.

The basis for acceptance in our review has been conferrance of the applicant's design,
design criteria, and design bases for the process and effluent mcnitoring systems to the
Connission's Pegulations as set forth in the General Design Criteria and to applicable

Regulatory Guides, as referenced above, as well as staf f technical positions and industry
standards

The radiation monitors for the turbine building ventilation exhaust are outside the

scope of GESSAR, and will be reviewed for individual license applications.

The type of instrJ~ent, range, set coint, sensitivity, calibration f requercy, and

provisions for maintenance and testing are outside the scope of GESSAR and will be
n viewed for individual license applications at the FSAR stage.

.nn
; ! (
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12.0 RADIATION PROTECTION

The staff has evtluated the preposed radiation protection program presented in GESSAR.
The review was conducted to determire that the program satisfies the following
objectives: (i) to assure that radiation exposures to operating personnel and to the
general public will reet the requirements of 10 CFR Parts 20 and 50, and (2) to
assure that occupational radiation exposures (ORE) to operating and construction
perstmnel durinq rorn al operation and anticipated operational occurrences (including
refueling, purging, f uel handling and storage, radioactive material handling, pro-
cessina, use, storage and disposal, maintenance, routine operational surveillance,
and inservice inspection and calibration) will be as low as practicable (ALAP).

12.1 Shiela4 na
The shieldirg for GESSAR is designed primarily to protect operating personnel and the
gem ril public f rom radiation emanating f rom the reactor, power conversion, process
and auxiliary systens while maintaining suitable access for operation and mainte-
rance. To meet the design objectives, the facility design classifies all areas of
the plant into radiation zones based on the access requirements of the area. Zone
dose rate values are based on operating experience from the large BWR plants that
hava en in operation for many years. Both operating conditions and shutdown
conditions have been considered in designing the radiation shielding to reet the zone

dose rate criteria in specific areas. On the basis of our evaluation of the radiation

Sn. rate in the variou; areas of the plant where shielding separates the sources

nally occupied areas, we conclude that shielding is appropriately utilizedfrom -

and will be conservatively designed.

Early in the review, it was not apparent that layout and other design features for

radioactive fluid processing, transporting and storage equipnent indicated that
adequate consideration had been given to assuring that ORE will be ALAP. [quipment
design and layout were compared with the practices in Regulatory Guide 8.8, "Infor-
nation Relevant to Maintaining Occupational Radiation Exposures As low As Practicable
Omclear Reactors),' which was formulated primarily with regard to areas within
shielding where experience has shown that the major ORE occur. In response to our
concerns relative to Regulatory Guide 8.8, GE supplied additional information and
13sare us that equipment design and layout reasures will be consistent with Regulatory
Guide 8.8 although the guide is not specifically referenced. The design has been
under continuous review ay a corretent health physicist, as reconnended by Regulatory
Guide 8.8, and the extensive experience with EWR plant operation acquired by the
dpplicant through interaction with utility EWR plants is utilized.

In a number of insta9ces the use of proper personnel practices and procedures to
assure that ORE will be ALAP is emphasized. The utility purchasing the standard

iant will ultimately be responsible for assuring that ORE will be ALAP and theseL

aspects will be reviewed on specific applications.
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Examples of specific plant design features for c inimizing personnel radiation exposure
during raintenance have been provided. Even though detailed plant arrangerents and
equipment designs are not available at this stage of the design, GE has considered
further design activities for lowering dose during maintenance. These include

selecting low maintenance, reliable equipment, designing for fast access and egress
to maintenance areas, choosing quick disconnect and replacement parts and equipment,
provisions for temporary shielding, adequate working space anU provisions for remote
viewing, and other such reasures. The utility applicant proposing to use the EWR-
6 system and plant will have to specify in more detail the restrictions and controls
that will be imple ented to assure that ORE will be ALAP.

The area radiation ronitoring systen has the objective of indicating and recording
atr.ormal gaona radiation levels in areas where radioactivity is present or may te
inadvertently introduced, and to monitor the radiation levels in areas where per-

sonnel nay need to be f or whatever reason. Table 12.1.3 of GESSAR indicates area

ro ni t o ri ng . Area radiation r,onitors are able to receive power f rom an Engineered
Safety Feature power supply. We will review the specific area radiation monitoring
system details for specific utility applications.

Operating procedures will be the responsibility of the utility applicant.

Tre analysis that deternines whether the plant design assures that ORE will be ALAP
is the esti ate of exposure, and is covered in GESSAR Section 12.1.6 and in answers
to several of our gaestiors GE has estimated ORE on the basis of experience gaired
in operating ear plants While this experience shoui' place an upper limit on
e(pected ORE, the many improved design features incorporated since the earlier designs
should result in CRE that are ICwel than those experienced in the older operating
plants. Using data that the applicant has provided in GESSAR, the utility a plicantr

that references the EWR-6 Nuclear Island will be able to provide a dose assesscent in
their application, b3 sed on the way they expect to operate the plant. It is our
position that the plant design provided in bESSAR is acceptaule and provides assurance
that occupational radiation exposures can be ALAP, provided the operation by the
utility applicant applies additional principles of a good radiation protection program,
as presented in Ch3pter 12 of the Pegulatory Standard Peview Plans and Regulatory
Guide 8.8.

12.2 ''e n t i l a t i_on_,

The proposed ventilation systen has the objective of provijing effective protection
for operating persornel against possible airborne radioactive contanination. Appro-
priate design features have been incorporated to t'ake certain that the objectives are
met and that airborne radio 3ctivity levels for normal operation, including antici-
pated operational occurrences, are within the limits of 10 CFR Part 20. Appendix B.
Iable I for areas within plant structures and on the plant site where construction
workers and visitors are permitted.

,

b
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The staff has evaluated the doses to personnel potentially occupying the BWR-6 Mark
III containment durin) a reactor pressure relief valve actuation at full power.

Estimates of noble gas and H N concentrations in the containrent annulus following
steam releases to the suppression pool have been cade. Calculations based on these
source estimates, the esticated twice yearly frequency of occurrence, the containrent
location of personnel and assumed egress time f actors, dose factors for specific
radionuclides, and the f raction of gamma infinite dose as a function of ga r'a energj
for conditions o' finite gecretry, show that personnel occupying contairrent could
receive an annual dose equivalent of 0.025 Rem to the wnole body and 1.53 Re- to the
skin.

Dose calculations were also made for noble gases and N concentra tinns followirg an

isolation scra'i to the suppression pool that is estimated to occur once per year in
the Mark III containment. Aglin, based on our estimates uf source terrs and occu-

pancy factors, cur calculations show that a dose equivalent of C.044 Pe* to the whole
body and 2.3 Pem to the skin could be received due tu this event.

Dosec received during the occurrence of each tyre event will be less than the quar-
terly limit of 10 CFR 20.101. Although we consider the parameters used to calculate
the source terms ard the doses to be reasonable, the probability of an operator teirg

in the location considered wnen the venting occurs is not large and therefore the

actual doses should norr ally be less than those calculated. Under these circum-

stances we feel that neither restrictive reasures nor administrative controls ,ill be

required.

The airborne radic3ctivity monitoring system corsists of monitors in various building
exhaust control systems. It is stated that this system will provide a clear indica-

tion to operations personnel when abnormal amounts of radioactivity exist in the

exhaust from the buildings involved. Sensitivity of these monitoring systems, and

other system details are lef t to final design stage, It is the staff's position that

the systems should be sufficiently sensitive and extensive to be able to detect a

level of airborne r3dioactivity in any roon in the pertinent building at "?C level.

The utility applicant will have to review the neod for airborne radioactivity "cnitnring

instru"(7tation, since it has been our experience that the use of such systems is

depenjer,t on the kind of health physics program that is developed by the utility

radiation mancger. Fixed airborne radioactivity monitoring, to root the require ents
of 10 CFR Part 20, 23.103 and 20.201, will be reviewed for specific applications

12.3 hsilth Physics

This sec* ion will not be addressed, since the utility applicant supplies the entire

heilth ph/ sics program

7 L'
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15.0 AZIDENT ANALYSIS

15.1 Gone m
Two casic groups of events pertinent to safety are separateiy evaluated in this sec-
tion: abnormal operational transients, and accidents. In order for the anaiysis of

events in either group to be acceptable, it is required that an accurate model of the
reactor core be used, and that all appropt iate systems whose operation (or postulated
misoperation) would effect the event be included. Transients are analyzed to assure
that they will not cause damage to either the fuel or to the reactor coolant pressure
b ou nd a ry . Accidents, which are far less likely to occur than transients, may result
in sone fuel damage; they are analyzed to determine the extent of fuel damage ex-
pected and to assure that reactor coolant pressure boundary damage, beyond that
assumed initially by the accidert, will not occur.

The acceptability cr Mria of analysis results for transier:s are that no fueli

barrier (clad) damage urs (a suf ficient, but not necess ry, condition to reet this

requirement is that the R remain above 1.07) and that peak nuclear vessel pressure
not e ceed 110 of the des.gn pressure ( ASME Codes, Section III, Class I are met if
nuclev system pressure ren.ains below 1375 psig, which is ll0 f of the 1250 psig
design pressure). These two requirer.ents demonstrate, respectively, that the first

radioactive material barrier (the clad) and the second barrier (the pressure vessel)
are protected for abnor al oce aticaal trar,sients.

For design basis accident analyses, which evaluate situations that require function-

ing of the engineered safety features (including containment), it is necessary to
assure that no catastrophic f uel f ailures and no damage beyond that already assured
to the RCPB occur. This is done by insuring that peak fuel enthalpy remains below
280 cal /gra , the limit usej in Regulatory Guide 1.77 for the PWR rod ejection
accidei.t analysis and accepted by the staf f for use as a fuel safety limit for BWR's.
The 200 cal /gm energy dersity value provides a conservatis? aximum limit to ensure

that core damge from postulated events will be minimal and that both short-term and

long-term core coolirg capability will not be impaired. Also, the peak clad tertpera-
ture must remain belcw 2200'F (10 CFR 50.46). GE will meet tne w limits.

For postulated accidents for which fuel dnage is calculated, the extent of damage is
determir,ed by correlating fuel energy content, cladding temperature, fuel rod in-
ternal pressure, and cladding nechanical characteristics. These correlations are
substantiated by fuel rod f ailure tests and are presented in Section 3.5 and Section
6 of GESSAR.

15.2 _ Abnormal _0pera tioral Transients

Abnormal operational transients are the result of single equipment failures or single
operator errors that can reasonably be egected during any mode of opera tion. The
applicant has provided analyses of various abnormal operational transients in GE5SAR.

U
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These analyses include such events as process system control r'alfunctions, inadver-
tent control rod withdrawal, turbine trip, loss of electrical load, ard varia tions

in operating parameters.

Eight nuclear system parameter variations are listed as rotential initiating causes

or threats to the fuel and reactor coolant pressure boundary. These parareter

Variations in the analyzed transients are as follows:

(a) Nuc' ear System Pressure Ircrease. Transients analyzed in this group included
loss of load events such as a generator trip, turbine trip, loss of condenser

vacuum, closure of one or all of the main stean line isolation valves, and

Calfunction of the reactor prinary systen pressure regulator.

(b) Reactor Water Temperature Decrease. These transients included events that
night cause a power surge by reduction of the reactor primary coolant water
temperature. They included malfunction of the feedaater control in a

Jirection to increase feedwater flow, loss of a feedwater heater, shutdown

cooling Galfunction, and inadvertent activation of an auxiliary cold water

system.

(c) Reactivity Insertions. These transients include rod withdrawal transients

from zero re3ctor power, hot critical condition, and from full power; fuel

assembly insertion, and control rod removal errors during refueling.
(d) Reactor Water Inventory Decrease. These transients included events leading

to decrease in the inventory of reactor primary coolant such as loss of

auxiliary power, loss of feedwater, pressure regulator failure in a direction
to cause decreasing reactor systen pressure, iracvertent opening of a safety
relief valve and opening of condenser bypass valves.

(e) Primary Coolant Flow Decrease. These transients included failure of one or
nore recirculation pumps or malfunction of the recirculation flow control in

a direction to cause decreasing flow.

(f) Reactor Ccolant Flow Increase. These transients included events that right
increase the recirculation flow and thus induce a positive reactivity
insertion. They included a nalfunction of the recirculation flow controller

in a manner to cause increasing primary coolant ficw and the startup of a
recirculation purp that had teen on standby.

(g) Core Coolant Temperature Increase. The transient analyzed in this category
was loss of shutdown cooling.

(h) Excess Coolant Inventory. The transient analyzed in this group was feed-
water controller failure to raximum demand.

_
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The ne?d for increasing the negative reactivity insertion rate is related to the

operating objective of GE and the utility applicants to continue full rated power

operation into the end-of-cycle-life period. From current e<porience with BWR

operation it may be expected that GESSAR and similar plants with control r;d drive

systems of current design may find it necessary to reduce power somewhat during the
last 10-20' of each cycle. This situation will occur, if it occurs at all, as the

reactor core approaches its equilibrium fuel cycle.

In the event of a sudden loss of nornal heat renoval capability which can occur as a

result of loss-of-load transients such as turbine trip or generator trip, sudden

reactor coolant system pressure increases will occur. The increased pressure causes

collapse of steam voids that were present in the core, which in turn causes a power

increase due to the positive reactivity effect of void collapse, This power increase

then tends to further increase pressure. The above cycle of events is tereinated by

reactor scram (rod insertion), t;ut toward end-of-fuel-cycle in BWR's the tire required
to achieve effective power red;ction fron rod insertion is somewhat increased. This

is ttc3use the rods have further to travel from their end-of-cycle position (mostly

or co~pletely withdrawn fron the core r1 ready for insertion from below the core)
and recause the rods must reach the r u e reactive region (which is nearer the top of
the core at end-of-cycle) to achieve f ull ef fectiveness.

This operating condition has been studied by GE, the NRC staf f and our consultant
(Brooktaven National Laboratory). Analyses of core dynamics perforned for certain
events (such as turbine t-ip without bypass) for an equilibrium core operating at
full ;ower near its er.u-of-cycle, and assuming a number of conservative assumptions,
show that without furtrer analyses, BWR's erploying centrol red drive systcns of

current design mig-t reqaire a limited decrease in acceptable power level during the

last 10-20; of each near equilibriun operating cycle. The staff will complete its

review of tnis natter on the GESSAR 238 Nuclear Island application (Docket No. STN
50-447) and on other r alications in which the General Electric Corpany is the corron

supplier for the nuclear steam supply systen. If it is determined that additional

negative reactivity insertion capability is needed or desired, design changes will be
required if full rated power operation is desired during the end of each operating

cycle ac the core apprcaches its equilibrium reload pattern.

To cope with this potential end of cycle problem, GE ortginally proposed a prorpt
relief trip (FRT) system. However, during the course of the GESSAR review, GE modified
the GESSAR design to include a fast scram system to replace the earlier PRT design

(both PRT and " fast scrar are discussed in more deta11 in Section 4.2.3).

The staff has not h3d an opportunity to review the design of the fast scram system.
The fast scran system will also result in changes to the transient analyses presently
in GESSAR Section 15.1.

,fi
g
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In Anendment 26 to GESSAR, GE stated "nat all plant transients which cnploy the
rapid insertion (f ast scra-) as an ialysis parameter will meet the perforrance
requirements shown in GESSAR required to comply with established safety criteria.
The fast scram system can meet these perfcrnance requirements by insertinq the
present control rods at a faster rite.

The fast scram is a reasonable extension of the existing control rod scram
system which has been approved and operated for many years on previous EWR
plants. The staff tFerefore believes that there is reasonable assurance that

the scram system can reet the performance reauirements established in GESSAP and

linit the concequerces of transient events to acceptable levels. However, GE is
required to subnit information on the design and perforrance of this system and
we will review this inforration when the details of the fast scram system are
available.

15.3 Dasian Pasis Accidents
In order to demonstrate the effectiveness of the engireered safety features, we
co puted typical of fsite doses resulting from the Loss-of-Coolant, Fuel uandlinq,
ard Centrol Pod Drop Accidents Our acceptance criteria are that the doses from

these postulated accidents (as evalua .ed by tre e gulatory staf f) be within the
e<cosure guidelines of 10 CFR Part 10C. As indicated in Requlatory Guide 1.3,
the doses considered appropriate at tre CP cr PDA stage are not more than 150

rem thyroid and 20 rem whole body.

The charcoal filters of the Standby Gas Treatment Systen have been qiven credit
for il efficiercy in removal of all s;pcies of iodine durira the LOCA, because

tre/ cc ply with tFe intent of Pequlatory Guide 1.5? Wa Fave evaluated the

consequences of a LOCA with credit given for riring nithin tre annulus.

On the basis of our experience with the evaluations of the steam line accident

for BWR plants of si-ilar design, we Fave concluded that t"e consequences of

this accident can te controlled by limiting the cernissible radioactivity con-

contraticns in tr.e reactor coolant so that tatential of fsite doses are small
on will include limits in the Technical Scecifications on the coolant activity
cc <centrations sucr that the potential two-hour d3ses at tre exclusion rad;us,

as calculated by the :egulatory staff for these accidents, will be a propriately

< all tractions of t"e guideline values of 10 CFP Part 100.

IE.3.1 t r,ss-of-Coolant Accidant (Padioloqical Considora tions)

A " sign basis loss-of-cool 3nt accident has teen postulated for the CE%5Ak
design. Estirates of dose consecuences frc centain-ent laakage and cperation
of tre rain stear line isolation valve leakaan collection system (MSIV-LCS) have

bec, r!de. No estirates have been made of doses due to the proposed continuous

npor3 tion of the cortairront purga systen or due to the operation of any other

leak a ;e control systems. These are potentially significant release paths to

the ervironment GE intends that the design of the contain ent purqa system

15-3a
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will preclude the release of any activity in the event of a LOCA and further intendt
that there will be no path for fission product release from the operation of leakage
control systems other than the MSIV-LCS (i.e., all other systers will have positive
means of preventing leakage).

The calculations perfarned in the original SER issued Noverbec 1974 were based on a
containrent leak rate of l?/ day and various bypass leakages. These calculations in-
dicated that the design would not be edequate for a site typical of those previously
reviewed by the staff in recent licersing cases. The desian has subsequently teen
improved by letter from I. Stuart dated 3/22/75; the applicant spec;fies a total
design basis primary containment leakage rate of 0.3 / day and details the leak paths
and the fraction of the primary containment leakage throuah each path. Leakage
through the main steam line isolation valves (MSIV) is included in the total design
basis leak rate of 0.3:/ day. Eecause the MSIV leak path is treated separately, it
was not included in the containment leakage calculation. This assumption is con-
sidered sufficiently conservative because testing will be required in the plant
technical specifications to demonstrate that the containrent leakaqe, excluding the
rain steam line isolation valve leakale, does not exceed this reduced leak rate.

The data for the model used for the containment leakage calculation are presented in
Table 1, and the leakage paths are illustrated in Figure 1. This model assures tha t

the primary contairment leakage to the annulus goes directly to the intake of the
Shield Building Annulus Fetirculation and E>haust System ,SBARES) with a fraction
(cathway T , Figure 1) being exhausted to the Standby Gas Treatment System (SGTS) andg

the balance (pathway T), Figure 1) being recirculated to the annulus where it is
assumed mixed in 50 percent of the annulus free volume. The split between exhaust
fraction and recirculation fraction is a function of the ficw rates in these respec-

tive paths.

The data used to estimate the consequences due to operation of the PSIV-LCS are

presented in Table 2. The nodel assumes the source is uniforrly distributed in the
drywell fr>e volume and that all valves are leaking at tFe Technical Specification

limit of 11.5 cfh per valve (see Section 9.3.1 of this rec, ort). Tne discharge fror
the MSIV-LCS is assured to be physically directed to the return header of the SEARES
and mixed in 50 of the annulus free volune prior to relecse to the atmcsphere. This

calculation assumes the follcaing requirenents will be rwt by the applicant:

d) Io support the assurption of no actuation of the inboard LCS if the irboard

MSIV fails to close (actuation would result in the direct release of con-
tainment atrosphere at 448.9 cfn for 1 minute), a positive interlock will
be provided on each inboard MSIV which precludes actuation of the inboard

LCf unless the inboard MSIV is fully closed.
b) To eliminate the potential for substantial additional exposures

during the 0-2 hour time period, the setpoint f or the flow element
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TABLE 1

ASSUMPTIONS USED TO ESTIMATE LOCA DOSES

FROM CONTAINMENT LEAKAGE FOR THE GESSAR DESIGN

Power Level 3758 MWt

Operating Time 3 years

Total Leak Rate (Containment Plus MSIV) 0.3t/ day

Core Fraction Available for Leakage
from Containment:

Iodines 25;

Noble Gases 100

SGTS Filter Efficiency for all Iodines 991
6Primary Containment Volume 1.168 x 10 ft

5Shield Building Annulus Volume 5.04 x 10 ft

Mixing Fraction in Annulus Volume 50:

Shield Building Recirculation Systen
Flow Rate, cfm:

Tire Period Exhaust (T,) Recirculation
0 - 27 seconds 0 0

27 seconds - 30 minutes 1000 4000

30 minutes - 2 hours 700 4300

Primary Containment Leak Paths:

Percent of Total Leakane .

Through
Time Periods TO Annulus (T ) To SGTS (T ) To Environs (T ) MSIVj 2 3

0 - 27 seconds 60.5 0 8 31.5
27 seconds - 1 minute 48.4 12.1 8 31.5

1 minute - 30 minutes 48.4 20.1 0 31.5
30 minutes - 2 hours 52. 16.5 0 31.5
2 hours - 30 days 52. 16.5 0 31.5

X/Q Value Assumed for Exclue:on 1.0 x 10' sec/m
Area Soundary (0 - 2 Mars)

*

Not included in Containment Leakage Calculation. See Tables for MSIV Leakage Assumptions.

'
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FIGURE 1

GESSAR CONTAlie:ENT LEAKAGE DOSE MODEL
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TABLE 2

ASSUMPTIONS MADE TO ESTIMATE CONSEr;' ENCES CF;

MSIV-LCS OPERATION FOLLOWING A

POSTULATED LOCA AT A "FSSAR PLANT-

Power Lesel, Mat 3753

Operating Tire, yrics 3

Core Fraction Released to Drywell:

'.oble Gases 100:

lodine 25;

Icdire Filter Efficiency (SGTS) 99

Orjwell Free Volure, ft 274,000

Shield Building Arnulus Free Volu~e, f t 504.000

Shir-ld B;ilding Yixing Fracticn LOS

Ea:aust Flcw Rate, cf-

0 - 30 -ins 100)

30 mins - 30 d3js 700

Fecirculated Flow 23te, cfn

3 - 30 mins. 4000

30 -ins. - 30 days 4300

M;IV Leak Rate, cfn/ valve (., lires) '. i . 5

Celay Tire to 9elease 2.9 hours

~/ 1 i -

' F iUJ.
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timers in the inboard LCS will be 11.5 cfh. This low setpdint will

assure that the transport tir:e to the LCS will be greater than two

hours and no contribution from this leak path will need to be added

to the two-hour dose.

c) To assure mixing of the LCS releases in the shield building annulus
volune, the discharge from all points of the LCS will be routed to
the return header of the SBARES as shown in Figure 9.4-8a of GESSAR.

We will appropriately condition the PCA on points a) and b).

Because of the low leak rate past the valves, no activity is assumed to reach
the MSIV-LCS for 2.9 hours, thereby precluding any 0 - 2 hour exclusien area
boundary dose. This assumption is based on a delay of 10 minutes to actuate
the MSIV-LCS, a one minute depressurization, and 163 minutes at a flow rate of

11.5 cfh to force the balance of steam out of the pipe so that contaminated
atmosphere reaches the MSIV-LCS. This delay was calculated assuming laminar
flow. Table 3 presents the assumption used tu estimate the appropriate delay
tine.

To estimate doses for a standard plant like GESSAR, some assumptions must be nade

concerning certain site-related parameters such as meteorology. The staff selected
the value of 10 sec/m for the short term (0 - 2 hours) exclusion area boundary
X/Q value which is considered to envelope about 70% of the sites in the U.S. as
discussed in Section 2.3.4. The results obtained for GESSAR may then be extrapolated
to any particular site sirply by multiplying the consequences presented in Table 4
by the ratio of the site X/Q value to the value used here.

However, with regard to the estimate of the dose consequences for the low population
zone b'undary, the use of four tine periods to calculate the dose complicates the
estirate for the standard plant. Therefore, the staff assumed a spec'*u1 of atmospheric
diffusion conditions which are representative of locations in the U.S. suming a
two-mile LPZ distance. These X/Q values are presented in Table 5 and the containment
leakage duse, the MSIV-LCS operation dose, and the total LOCA does estimate for these
two release paths for each example are presented in Table 6.

Assa vg a two-mile LPZ boundary, w. onclude that the GESSAR design will meet the
appropr, rte exposure guidelines at a majority of sites in the U.S. Larner LFZ boundary
dista 1ces can compensate for sites with less favorable atmospheric dif fusion conditions
than those considered in Table 5.
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TABLE 3

ASSUMPTIONS US_ED TO ESTIMAT't CELAY TIME

IN MAIN STEAM LINE

3Pipe voluce bet een valves 150 ft

Initial ter perature 500 F

Initial pressure 35 psia

Mole volume 18.45 liters

Moles of steam in pipe volume
prior to depressurization 230

Moles of steam in pipe v) lure after

depressurization (isothermal expansion
to IP psia) 78.9

V31st leak rat, 11.5 scfh or
14.5 moles / hour

Le.1k3ge into pipo volume during
depressurization 0.242 moles

LPak rate into pipe volume after

depressurization 0.184 pipe volume / hour

Time to release one pipe volume

assu ing plug flow 326 minutes

As_/ 4ng im 'rar flow is twice plug

!10.:

iire to release one pipe volure 163 minutes

71 I
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TABLE 4

ESTIMATED CCNSEQJENCES FROM CONTAINVENT

LEAKAGE FOLLOWING A FOSTULATED LOCA AT

A GESSAR PLANT

0 - 2 Hour Doses h Ren
T Whole Bodyy roid

Hypothetical Exclusion Area

Boundary 17 10

* Dose calculation model used is that presented in Ryulatory Guide 1.3.

" Example only. The acceptability of a particular application referencing GESSAR will be
determined based on the meteorological dispersion values derived from an analysis of

onsite data. The doses would be a direct ratio of the X/Q determined at the site to the
X/Q used in this analysis (10-3 sec/m ),3

15-10
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TACLE 5

ECWf,RISON OF QQJpt([S_ Q 2 MILES

E^." 3|EE1LYJ??tL MM05PrGIC_ DIff US I01 C 050JB 0.NS.
AND REGULATORY GUIDE 1.'

3x/0 'tilues , secf m
_

Feriods, hours|i e

Source 0-8 8 - 24 24 - 9f> 96 - 720

Regulatory Guide 1.3 1.13-4 2.3-5 8.14-6 1.76-6

Example A 1.1 -4 7.0-5 2.7 -5 7.0 -6

Exa ple B 3.5 -4 6.6-5 2.6 -5 6.9 -6

Example C 3.2 -5 2.1-5 9.1 -6 2.6 -6

Exuple D 5.1 -5 4.3-5 2.5 -5 9.3 -6

Example E 8.8 -5 5.7-5 2.2 -5 5.6 -6

fI
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TAGLE 6

ESTIMATED 0 - 30 DAY DOSE CONSEQUENCES *

FOLLOWING A POSTULATED LOCA AT A GESSAR PLANT

FOR EXAMPLE ATMOSPHERIC DIFFUSION CONDITIONS

From Containment from Operation of

Leakage the MSIV-LCS From Bath Leak Paths

Meteorology at 2 miles Doses, rem Doses, rem Doses, rem
(X/Q's) from: Thyroid Whole Bpdy Thyroid Whole Body Thyroid Whole Body

Regulatory Guide 1.3 18 4 21 4 39 8
c1 Example A 37 7 58 9 95 16_,
D1 (n

$] 1 Example B 56 14 69 12 125 26
h$ " Example C 12 2 19 3 31 5

Example D 31 5 53 7 84 12
Example E 30 6 48 7 78 13

* Examples only. The acceptability of a particular application referencing GESSAR will be
determined based on the meteorological dispersion values derived from an analysis of
on-site data.
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15.3.1.1 Hydrogen Furle_ Dose Analysi_s

The applicant will provide redundant hydrogen reccebiners for the purpose of control-
ling the concentration of hydrogen within containme't following a design basis LCCA.
For use in the event of failure of both recocbine , the applicant will provide a

backup purging node. Purgina of the containment will be conducted through the
standby gas treatrent systen to ninimize the radiological consequences. We have
evaluated the additional dose an individual night receive due to purging the contain-
nent following the design basis LOCA for various example atrospheric diffusion
conditions. The assumptions and input parameters we used in evaluating the conse-

quences of this node of operation and the calculated doses are listed in Table 7.

The purge dose, when added to the computed LOCA doses would have to be within 10 CTR

Part 100 guidelines to te acceptable. This will be reviewed on a case-by-case basis,
but this does not appear to be limiting for four of the five examples of atnospheric
diffusion conditions.

15.3.2 Fuel Hand h Accident
In this accident, it is assumed (See GESSAR Section 15.1.41.5.1.2 for discussion)
that a fuel assembly is dropped during refueling operations, and that as a result of
the fall, 93 fuel rods are damaged. We have evaluated the GE analysis and conclude
that the assumption of 98 fuel rods damaged is acceptable. The assumptions for this
accident are also consistent with the conservative assumptions of Regulatory Guide

1.25 and are given in Table 15.3-8. Activity released to the environs is assuned to

be released through the SGTS deep-bed, charcoal filters within a 2-hour period.

-3Using an assumed value for X/Q of 1.0 x 10 for calculational purposes, the result-

ing dose would be about 2 rem thyroid and about 5 ren whole body. Thus, the conse-
quences of the loss-of-coolant accident are more limiting.

The staff will review the consequences of the fuel handling accident at particula"
sites for each Cp application referencing GESSAR.

15.3.3 Control Rod Drop

The postulatea control rod drop accident assumes that a botton entry control rod has
been fully inserted and becomes stuck in this position, unknown to the reactor
operator. The drive is then assumed to become uncoupled and fully withdrawn. The
rod subsequently falls from the core, inserting an amount of reactivity corresponding
to its reactivity worth.

In evaluating the radiological consequences of this accident, we made assumptions
given in Table 8 that are based upon the applicant's analytical model as presented
in the PSAR.

In the analysis, the rod is assumed to drop out of the core during startup, which
occurs 30 minutes after shutdown from full power operation. This is assumed to
cause 770 fuel rods to have a total energy in excess of 170 cal /gm which perforate,

releasing 100t of their contained noble gases and 50% of their contained halogens,

,| (<. c.7
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TABLE 7

ASSUMPTIONS AND ESTIYATED CONSEOLENCES*

FOR A HyCROGEN PURGE OF A GESSAR PLA'<T

FCLLOWIN3 A POSTULATED LOCA

Pooer Level 3758 Mwt
6 3Contain.ent Volume 1.442 x 10 ft

Purge Dura tion 30 days
Holdup Time 15 days
furge Rate 30 c ft"
Filter Ef ficiency for Iodine 33

Meteorology a t 4-30 day
_ 00ses u t.m _

3
_

2 Miles from: X/_Q,sec/m Thyroid Whole Body

-6Regulatory Guide 1.3 1.76 x 10 10. 0.6
-6Exarple A 7.0 x 10 33. 2.

10-6Example B 6.9 x 33. 2.
-6Example C 2.6 x 10 14. 0.8

10-6 52. 3.Example D 9.3 x

10-6Example E 5.6 x 31. 2.

* Examples only. The acceptability of a particular application
referencing GESSAR will be determined based on the neteoro-

logical dispersion values derived from an analysis of on-site
data.
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JAEL_EJ

PffyJ_Ll3QArCIpEgl

Shutdaan Tire 24 hours

Total Nurter of f uel Rods in the Core 46,116

f./ter of Fuel Pods Involved in the
hefueling Accident 93

Pcoor Peaking Factor 1.5

lodire Fractions Released from Pool
Element 31 75:

Organic 25:

Filter Ef ficiencies
Elemental 99'
Organic 99:

V/Q Values, Sec/m_3

0 - 2 hours 1x 10'

CONTPOL RCD CROP ACCIDENT

hanter of Fuel Pods Involved 770

Fraction of Fi sion Product Inventory
Peleased to Coolant

i.able Gases 100

Iodines 50:

Iodine Fraction Released to Cerdenser 10;

Iodine Fraction Plated Out in C denser 501

Corder,ser Leak Pate 0.5:/ day

3/Q_ Values,Sec/n

-30 - 2 hours 1 x 10
4

0 - 8 hours 1x 10''
0 - 24 hours 1 x 10'4

,
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to the reactor coolant system. The perforated rods are assumed to have operated at
a level 501 greater than the average rod (1.5 peaking factor). Of the halogens re-
leased, 901 are assuned to be retained in the primary system and half of the remain-
der is removed by plate-out. Thus, all of the noble gases and 2.5% of the halogens
in the affected rods are assumed to be available for release. Detection of a high
radiation signal in the main steam lines automatically closes the main steam line
isolation valves. shuts down the mechanical vacuum pump and closes the isolation
valve downstream of the pump. The activity entrained in the condenser is assumed to
be released at ground level from the turbine building by leakage from the condenser
at the rate of 0.St of the condenser volume per day for a duration of one day.

The calculated two-hour doses, assuming a X/Q of 1.0 x 10- for calculational pur-
poses, are 22 rem thyroid and about I rem whole body. The doses for the course of
the accident are calculated to be about 13 rem to the thyroid and < l.0 rem whole
body, assuming a X/Q of 1.0 x 10- for calculational purposes.

The staf f will review the consequences of the co . trol rod drop accident at the par-
ticular site for each CP application referencing GESSAR.

15.4 Anticipate _d Transients Without Scram (ATWS)

Anticipated Transients Without Scram (ATWS) was identified as a generic area of

conc (rn by the ACRS during their review requiring resolution acceptable to the NRC
staff. The Regulatory staff's requirements with respect to ATWS are provided in the
staff's technical report on " Anticipated Transients Without Scram for Water-Cooled

Power Reactors," WASH-1270, dated September 1973. As applied to GESSAR. these

requirements are that plant changes will have to be made to make ATWS consequences
acceptable. In a letter to the staff dated February 19, 1974, GE made a comitment
to provide measures to accomplish this. The program for implementation of these
reasures in GESSAR is described in Appendix A, paragraph II.B of WASH-1270.

By letter dated November 6, 1974, GE submitted Amendment 23 to GESSAR which stated

that based on topical report NEDO-20626. " Studies of BWR Designs for Mitigation of
Anticipated Transients Without Scram," they had concluded that the GESSAR design
already satisfies the requirerents cf WASH-1270.

Topical report NED0-20626 is being reviewed by the staff on a generic basis. Based
on our review of NED0-20626 to date, we do not agree with GE that GESSAR already
satisfies the requirements of WASH-1270. We expect to complete our review and
publish our results by the end of 1975. We will require that this area of concern
be resolved prior to the FDA review. We believe that appropriate measures to make

the consequences of ATWS acceptable are technically feasible and conclude that any
changes required as a result of our review should be incorporated in the first
application referencing GESSAR.

/
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p;blish our results by the end of 1975. We will review this matter to assure that it is
dppropriately resolved on d scneoale consistent with tne overait starr generic position
for resolution of AIWS-

y ,, ' ( \ ,' )s -
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17.0 PffLlif ASSURfACE
17.1 Goneril

The descriptica of the Quality Assurance (QA) Program for the General Electric (GE)
EWR/6 Mark III is contained in Section 17 of the GE Standard Safety Analysis Peport

(GE53R). Our evaluation of the OA Program is based on a review of this information
and discussions and eetin]s with GE to determine how their CA Program corplies with
the requirements of r pendix B to 10 CFR Part 50 and tha applicable Regulatory

guides.

17.2 Orp nization
GE's Lclear Energy Products Divisien (NED) is responsible for the design, ranufac-
turin), inspection and testing of Boiling Water Reactors (BWR), and these activities
are accerplished by the Eoiling Water Feactor Operations (EWRO) Division. The EWR0
Division has f our ajor depart:n nts (Note Figure 17.1-1 of GESSAR): Product &e

Qualitj Assurance Operations (P EAO), % clear Fuel Depa,rtrent (NFD), Fn 5,v_ ster
Dga_rty_nt (EWRSD), and BWR Proiec t s Departrent (E AFD) . Each of these departments
is teaded by a General Manager who reparts directly to the EWR0 Deputy Division
Gcneral "anager. The rajor functicns of these four dep3rt"ents are surrarized and

desc rited in Figure 17.1-8 of GESSt R.

The :eputy Divisicn General Mana;er his established a EWP0 Quality Ccuncil chaired by
the "w v;er of F&;AO and consisting of Managers f rom the rajor organizations in the
Civisicn. The Quality Council is responsible for assuring total quality uniformity
anJ consistency thrcurout the design and reanJfacturing of BWR and for keeping the
heputy Division General Manager abreast of quality-related ratters.

The ,A organizaticn; within BZ and their repcrting levels are as follows (Noter

TigJre l7.}-l)

(1) The Mara';ers of Quality Assurance and Product Assurance report to the
General "anager o f P t0A0.

(?' An NFD CA Manager reports to the General Manager of tra NFD.
'3 I"e Managers of Ccntrol and InstruTentation Manufacturing (C&IM), Peactor

TJip ent Manuf acturing (PEM), and Cesign Engineering, each of who"1 has a

., Manager reporting to hin, report to the General Manager of the EWRSD.
(4) !w Manager of Engineering Equipment Procurerent Installation (EEPI) who

has a CA Manager repcrting to him reporti to the General Manager of BWRFD.

The responsibilities of these QA Managers are as follows:

P&MO Manager - establishes quality-related EWR0 and Division Policies and Instruc-

tions, audits the NED functional organizations and their procedures and practices to
assure conformance with EWR0 and Division Policies and Instructions; verifies
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compliance of the overall QA Program with applicable codes, standards, regulations,
and respective contractual commitments; conducts selected engineering design reviews
independent of the design verification and review groups.

QA Manager of NFD - provides quality assurance planning and QA Program implementation
for equiprent (fuel elements, channels, and fuel element components) manufactured by
NFD in Wilmington, North Carolina, as well as purchased material and equiprent used
in the manufacture of NFD products.

QA Mana33r of C&lM - provides quality assurance planning and QA Program implementa-
tion for equiprent (sensors, instrument panels and racks, peripheral electrical

sensing and control equipment, and servicing tools and equipment) manufactured by
CAIM in San Jose, California, as well as purchased material and equipment used in the

manufacture of C AIM products.

Q_A_ Manager __of PEM - provides quality assurance planning and QA Program implerentation

for equiprent (control rods, control rod drives, steam separators and CRD hydraulic
control modules) manufactured by REM in Wilmington, North Carolina, as well as
purchased material and equiprent used in the runufacture of REM prcducts.

QA Manager of Design __Enji_neerign - defines the design procers; provides training and
educational programs, conducts internal audits, and coordinates necessary corrective
action.

(A Manager of EEPI - defines QA requirements to vendors of engineered equipment and
assures vendor compliance with EWR0 requirements through surveillance audits, t"d
quality documentation review and approval; directs the QC Site Representative who
performs site audits of quality-related activities during field installation.

The above QA Managers report to the same organizational level as managers who have

product scheduling, expediting, and fabricating responsibilities. The QA organiza-
tional structure and fur.ctional responsibility assignments are such that verification
of conformance to establish quality requirements is accomplished by those who do not
have direct responsibility for specifying, producing or expediting products. The
personnel in key quality assurance functions have direct access to top-level NED
management. The QA Managers have the authority, independence, and organizational
freedom to identify quality problems; verify implementation of the solutions, and
prevent further processing, delivery, installation, or utilization of nonconforming
items until proper dispositioning has occurred.

Based on our review and evaluation of the reporting level, duties and responsibili-
ties of persons responsible for QA functions, we find that they have sufficient
delegated authority to preclude undue cost and schedule influence on their activities,
and have sufficient esponsibility to properly establish and implenent an effective
QA Program. Therefore, it is the staff's conclusion that the QA organizational
structure presented in GESSAR is acceptable and meets the requirements of Appendix B
to 10 CFR Part 50.

17-2
-

| 1

CESSAR
'

-



17.3 Qualit AL s_surance Program

All aspects of the QA Program were reviewed and considered to detemire how each of
the enighteen elements described in Section 17 of GESSAR interrelates with each other

and foms the total body of the QA Program. The significMt portions of the QA
Program in GESSAR are described in the following paragraphs which formed the basis of
our evaluation and which led to our conclusion that it reets the requirerents of
Appendix B to 10 CFR 50.

The QA Program of GE applies to all BWR safety-related structures, systens, and
components, including fuel, throughout all phases of design, manufacturing, inspec-
tion and testing. GE comits to complying with the requirements of Appendix B to 10
CFR Part 50 and with those ANSI Standards and rough draf t standards addressed in the
feC Gray Book " Guidance on Quality Assurance During Design and Procurement Phase of

Nuclear Power Plants" dated June 7,1973. GE will give NRC timely notification of
any proposed significant changes in the CA Program.

The EWR quality systern docuTentation, such as CA Manuals and Procedures, is structured
f rom the GE Corporate Product Quality Policy. Responsibility for the final review
anJ issuance of the overall EWR QA Program rests with the EWR0 Deputy Division
General Manager. Corrunication by the Deputy Division General Manager's of fice,
through the Division Product Quality Policy and Division Tnstructicns, sta tes that
Quality Folicies, Manuals, and Procedres are randatory requirements which must be
implemented and enforced. Cantrolled copies of the QA Manuals and Proce'1ures are
distributed to a predeternired list of key personnel. Revisions to these documents
are distributed to these personnel with instructions for replacement and disposition
of obsolete documents.

Provisions are established requiring a formal training and indoctrination progran for
all GE personnel perfoming quality related activities to assure that thcy are
instructed in the proper interpretation and implerentation of the QA Policies,
Manuals, Procedures, and their relJirements. The training prograr provides for
training of inscectors, testers, shop personnel and engineers.

The CA Program provides for an acceptable design control systen for structures,
systems and components anich is docurented and controlled by procedures and instructions.
These procedures and instructions describe the respansibilities and interfaces of

each organizational unit onich has an assigned design responsibility. They also
include measures to assure that:

(1) The design requirerents are defined and that design activities will oe
carried out in a planned, controlled, and orderly manner.

(2) Appropriate quality requirements and standards are specified in design
documents.

(3) SJitable raterials, parts, corponents, and processes are applied.
(4) Design verification methods are properly selected.

(5) The designs are verified for adequacy by individuals or groups not having
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responsibility for the original design.

(6) Design changes are controlled to the srie level as was anplied to the
neiginal design including review and acproval by the same organization
that performed the original review and approval unless another responsible
design organization is designated by EWR0 ranagement.

Design documents are reviewed for interface conpatibility in order to assure that
there is no conflict in the design objectives and that the prodJCt resulting from. the
interfacing designs will f uncticn as planned. Design documents are f urnished to the
applicant and/or his agents to provide for interface compatibilit review and coordi-
ra t i on . Controlled distribution lists o' design documents are raintained to assure
proper and timely distribution to responsible individ;31s and orcanizations
reasures are established and documented for the preparation, roview, n?nroval and
control of procurer ent documents to previde assur ance that Regulatory ,vguirements,
design bases, and quality requirements are included or referenced in t6e p roc u re-e n t

docurents Quality requirerents are prepared, reviewed, approved, and issued by CE
QA orgjnizations for inclusion in the procurement document. PJrchase specifications
aru reviewed and signed of f by CA on an Engineering Peview Memorar dum prior to issuance.
Review of procurement documents by qualified engineering and QA personnei provide
assurance th3t quality reauire"ents are complete and torrectly stated, and that they

can be controlled by the supplier and verified by EWPO CA personnel. Quality-related
cnanges in procurerent dccuments are subject to the same level of control as was

esercised in the preparation of the original procurement dacuments.

The QA Pr33ra, provides for the control of purchascd naterial, equipment ard ser-

viceu lhese provisions reluire, wnere apprcpriate, for source evaluation and selec-

tion; review of procure ent requirements; QA review and concurrence of QA Programs,
objective evidence of quality furnished by the subcontractor; inspection or audit at

the source; and exr,ination or review of itens or services upon delivery or completion.

GE requires that identification and control neasures by established for relating an
ite (batch, lot, co ponents, part) at any stage of production, from raterial receipt
through fabncation and shipment, to the applicable quality docuientation.

Manuf actaring and a,ality assurance personnel, procedures, and equipment associated
with spe;ial processes are qualified to the requirenents of applicable codes and
standards. Docurented evidence of the validity of such qualification < is maintained

for all such p rsonnel, procedures and equipnent.

GE requires inspection of materials, equipment, processes and services te in accordance
with establisned QA plans, procedures, or instructions to provide assurance that the
items conforn to applir'ble drawings, specifications, codes, stand 3rds, and regulations.
The inspection docu ents define or reference appropriate quantitative criteria (dimen-m

sions, tolerances, and operating limits) or qualitative criteria (conparative workranship
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samples or visual standards) for determining that important activities have been
satisf actorily accorplished. The inspection record (traveler) provices space for
recording or stamping the identification of the inspector and enables one to deter ~ine
the acceptance status of the item (s) being inspected. Inspections are required to be
performed by quality control personnel who are organizationally independent fron the
manufacturing personnel who performed the work being inspected. These personnel
report to the various BWR0 QA Managers and include inspectors, test technicians, and
QA representatis as who have been trained to reet established perfcrnance standards.

They are periodically evaluated to assure their competence in applicable quality
control technoingies Inspection results are documented and evaluated by quality
assurance personnel prior to release of a product for shipment to provide assurance
that inspcction requirements have been satisfied and proper records have been prepared.

Each of the EWR0 QA organizations have provisions for the disposition and control of
nonconforming itens and for determining its cause and corrective action. Disposition
decision to "use as is" or to " repair" a nonconforming iten requires a review and
approval by a Material Pet:ew Board consi ting of technical persons from Engineering
and QA. Originally there were not adequate provisions in GESSAR for reporting
nonconformances of safety-related structures, systems, and components dispositioned
" accent as is" or " repair" to the utility. The staff discussed this concern with GE,
and they have amended GESSAR to describe and repor'. nonconformances of safety-related
eqJiprent to the utility whiCh Could af f6Ct end use.

Provisions are established for conducting a comprehensive system of planned and
documented audits to veriff product quality and compliance with the QA Program. The
audits are designed to assure compliance with all aspects of 10 CFR 50, Appendix B,
including the quality-related aspects of design, procure ent, manufacturing, storage,
shipment, and reactor site activities. The P&OAD, by delegation from the NED General
Manager through the Division Product Quality Policy, has the responsibility for the
conduct of QA audits of each of the departments in BWRO. In addition each EWR0
department is required, by Division Policy, to conduct internal QA audits of its
products and all elements of the EWR QA Program BWR0 suppliers are subject to audit
by cognizant EWR0 QA organizations. The construction site is audited by a resident
Site QC representative from QAEE&I who perfon"s surveillance of applicant and AE
conformance with EWR1 supplied installation and test documents.

These audits are performed to deterrine the adeluacy of QA-related practices, procedures
and instructions; compliance with procedures, instructions, and policy directives of
the QA Program; the ef fectiveness of the implenentation of the QA Program, procedures,
instructions, and policy directives; the adequacy of work areas, activities, processes,
documents and records; product corpliance with applicable engineering drawings and
specifications; and implementation of corrective action in accordante with applicable
procedures.

3 ; 1,

17-5 t.
| ,, ( /+

( - / ()
GESS/dl



17.4 Cnnclusion

Cased on our review and ev aluation of Section 17 of GESSAR we find that the QA
Program description provides for a comprehensive system of planned and systematic
controls which adequately demonstrates GE's ability to corply with each of the
eighteen criteria of Appendix B to 10 CFR Part 50. GE QA personnel are required

to be actively involveo in all quality related activities throughout the design,
procurement, fabrication, inspection, testing, shipping, preoperational testing
and auditing phases of the nuclear island. We find that the QA Division has suf-
ficient delegated independence and authority to effectively establish and execute
their QA Program without undue influences from those organization elements directly
responsible for costs and schedule,

We conclude that the Quality Assurance Progran as described in GESSAR, as amended,

corplies with the requirenents of Appendix B to 10 CFR Part 50 and is acceptable.

Certain areas of GESSAR are such that GE has responsibility for design but not for

procurerent and construction such as containment. In such areas we hai'e reviewed
GE's QA program and determined that it meets the requirements of 10 CFR 50 Appendix B
for their area of responsibility. When we review the application of a utility appli-
cant referencing GESSAR, we will conduct a separate QA review of all such areas to
assure that the total QA program for the project complies with 10 CFP Part 50 Appendix
B for all portions of the plant.
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18.0 Rb' ORT OF THE ADVISCRY COMMITTEE ON RE ACTOR SAFEGUARDS (ACRSJ
The application of the General Electric Company for a PDA for GESSAR was reviewed at
the 179th meeting of the ACRS on March 7, 1975. The application was also reviewed at
Subcannittee meetings in Washington, D. C. on July 1,1974, September 11,1974 and
January 18, 1975, and in Bloomington, Minnesota on No,e-ber 9, 1974. A copy of the
ACRS report to the Cornission on the GESSAR application is included as Appendix F to
this SER.

Our res, wises to the ACRS connents are discussed in the SER sections referenced for

each ACR$ connant listed below.

18.1 ACRS Connents Requiring Resolution Prior to issuance er the PDA
18.1.1 Seis,ic Capability of the Off as_Syst_en 13.2.lll

GE has connitted to designing the of fgls syster in accordance to the criteria listed
in Appendix B (ETS Branch Technical Position ll-l), of this SER. As discussed in
Saction 3.2.1, the staf f considers this iten resolved.

18.1.2 Frnvision to Satisfy the Sing e-Failure Criteria for the RHR Systen (5.4.5)
GE has proposed alternate rethods of achieving a cold shutdown condition within 24
hours which takes credit only for those actions which can be performe.1 fenm the
control room. These alternate nethods employ safety gradc equipment and are not
subject to the sane single failure which nake the RHR iroperable. The staff considers
this iten resolved.

18.1.3 Require,ent to be Met for Continuous Purging of Containment (6.2.4)

We indicated in Sections 6.2.4 and 11.3.3 that we could find continuous purging
acceptable if GE would agree to filtration of the purge ef fluent and to reduction of
the size of the purge lines. GE has not agreed to either of these changes, therefore,
we will make then conditions of the PCA.

18.1.4 Evaluation of the ECCS to_ Meet 10 CTR 50.46, Aryendix K (6.3.2)
GE has subnitted and the staff has reviewed and accepted the ECCS evaluation for

GESSAR. The staf f considers this iten resolved.

18.2 ACRS Connents on v atters that the Staff Plans to Review af ter the FDA is Issued
in their Report to the Conrission, the ACRS stated that they wished to be kept inforned
of the status of certain itens as the developnent of further information continues.
These were:

(1) I&C design (Section 7)

(2) Fast Scram (4.2.3)
(3) BWR/6 fuel modification (1.8.1)

, U, rJ
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(4) Ongoing R&D to verify the Mark III design (6.2.1.6)
(5) Interfaces between GESSAR and the BCP (1.10.2)
(6) ATWS (l;.4)

(7) Pecirculation Pump Overspeed during LOCA (5.4.1)
(8) Improved Testability of ADS (7.3.2.2)

We will regularly advise the ACRS of the progress of our review of these items.
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19.0 CONCLUSIONS

Based on our analysis of the proposed GESSAR-239 Nuclear Island preliminary design,
we have determired that, subject to the conditions discussed herein, and to the
satisfactory completinn of the post-PDA items discussed above, we conclude that for
the portion of the nuclear reactor design covered by GESSAR-238:

1 The General Electric Cornany has described, analyzed and evaluated the proposed

design including, but not limited to, the principal architectural and engineering
criteria for the design; the interface information necessary to assure compati-
hility between the submitted design and the balance of nuclear power plant; the
envelcre of site parameters postulated for the design; the quality assurance
program to be applied to the design, procurement and fabrication of safety
related features of the nuclear island design; the design features that affect
plans for coping with energencies in the operation of the reactor or major
portion thereof; and has identified the major features and components incorpora-
tel therein for the protection of the health and safety of the public.

2. Such further technical or design infornation as may be required to complete the
;4fety ar31ysis will be supplied prior to or in the final design application;

3. Safety features or components which require rese?rch and developnent have been
identified by the General Electric Company and it has described, and will con-
duct, research and development programs reasonably designed to resolve safety
~.estions associated with such features or components;

a f'n the basis of the foregoing, there is reasonable assurance that: (i) such
safety questions will be satisfactorily resolved at or before the issuance of
the operating license for the first nuclear power plant referencing the GESSAR-
238 nuclear island design; and (ii) taking into consideration the site criteria
contained in 10 CFR Part 100, a facility can be constructed and operated without
undue risk to the health and safety of the public, provided the site characteristics
conform to the site parameters specified in GESSAR-238 as discussed above, and
otherwise conform to the Part 100 requirerents, and provided further
that the balance of plant is propeely designed and constructed in conformity
with the interface requirerents specified in GESSAR-238, as discussed above.

t The General Electric Company is technically qualified to design the r Jclear
island facility described in the GESSAR-238 document.

7 ; f' n ; o
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APPENDIX A

CHRCNOLOGY REGULATCRY REVIEW

OF GENERAL ELECTRIC COMPA'4Y'S STANDARD

SU ETY ANALYSIS REPORT

(GESSAR)

Docket No. STN 50-447

April 30, 1973 General Electric Company (GE) letter submitting report
entitled " General Electric Standard Safety Analysis Report" (GESSAR),
Volumes 1-7 for an acceptance review, pursuant to AEC Policy Statement
issued in the form of a press release on 3/5/73. GESSAR describes a
standard 3579 MWt boiling water reactor and consists of safety in-
formation for a complete EWR-6/ Mark III containment system. (Project
No. 4B4 assigned).

July 20, 1973 AEC letter advising that GESSAR is sufficiently complete for us to
initiate our detailed review, upon receipt of the appropriate number
of copies. The letter also encloses a list of deficiencies, the
response for which we should receive as an arendment within 30 days.

July 26, 1973 GE letter transmitting additional copies of GESSAR for docketing.

July 30, 1973 GESSAR docketed

July 31, 1973 Meeting held in San Jose, California, between AEC and GE rep-
resentatives.

July 31, 1973 AEC letter advising that GESSAR has been docketed and trans-
mitting a related Federal Register Notice.

July 31, 1973 GJ letter transmitting proprietary inforration (Figures 4.3-22
anc 11.3-2 ar.d Table 11.3.2) in support of the non-proprietary
descr'ntions contained in GESSAR.

August 6, 1973 GE letter transmitting a notary page insert for GESSAR.

August 8, 1973 Notice of Receipt of GESSAR published in the Federal Register
(33 F.R. 21444).

August 10, 1973 GE letter transmitting Arendment No. 1, which submits part of the
(notarized 8/8/73) information requested bDEC letter dated 7/20/73.

August 17, 1973 GE letter submitting Arendment No. 2_, which furnishes answers to
questions contained in AEC's 7/20/73 letter, and other additional

-

information.

August 24, 1973 GE letter transmitting Anendment No. 3, which submits further
information in connection with AEC's 7/20/73 letter.

August 31, 1973 GE letter transmitting Amendment No. 4, which contains additional
inforration requested by letter dated 7/20/73.

August 31, 1973 Meeting between AEC and GE representatives to discuss GESSAR.

August 31, 1973 AEC letter transmitting the staff's review schedule for GESSAR.
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August 31, 1973 GE 'ntter submitting prnprietary information to be incluJed
in GESSAR -- Tables 4.2.1 and 4.2.la, which consist of fuel
data and fuel cladding properties, respectively.

Septy ber 28, 1973 GE letter transmitting Amendmen_t No_.__5, which provides infornation
related to the core poner distribution study (Appendix 4A),
requested in questions 4.1.1, 4.1.4, and 4.1.6 in AEC's letter
dated 7/20/73.

September 28, 1973 GE letter transmitting the proprietary portion of Amendment
No. 5 (Table 2 of Appendix 4A and several figures).

October 5, 1973 GE letter transmitting Amendment No. 6, which consists uf
updated figures of building design and equipment arrangements,
corrections of typographical errors and clarification of portions
of the text where abvious discrepancies exist.

Or Mber 12, 1973 GE latter transmitting Amendment No. 7, which consists of
revised and new pages, tables and figu es.r

October 24, 1973 GE letter providing a tabulation that itemizes questions posed
in other CWR/6 projects (i.e. , Grand Gulf, Perry, River Bend,
Doug'3s Point, Allens Creek, Clinton) for which answers will be
provided in future GESSAR amendments.

November 1, 1973 AEC letter transmitting (Q-l's) a request for additional
information.

November 6, 1973 AEC letter requesting information in connection with the staff's
review of anticipated transients without scram (ATWS) in
water-cooled reactor power plants.

November 8, 1973 AEC letter granting the withholding of proprietary information
submitted by letters dated April 30, 1973 (Figure 4.3-22);
August 31,1973 (Tables 4.2.1 and 4.2.la); and September 28, 1973
(Table 2 of Appendix 4A and several figures), pursuant to
Section 2.790(b) of 10 CFR Part 2.

November 21, 1973 AEC letter requesting additional information concerning
safety-related and control systems; integrated leak rate; site
characteristics; General Design Criterion 4; engineered safety
features; electric power; auxiliary systems, et al.

November 27, 1973 Peeting held between GE and AEC representatives to discuss
GESSAR schedule, technical matters to be resolved, and the future
use and expected benefits of GESSAR.

Decerber 7, 1973 GE letter reaffirming its position that proprietary figure
11.3-2 and Table 11.3.2 should be treated in accordance with 10
CFR 2.790.

December 11, 1973 Meeting between AEC and GE representatives to discuss the seismic
design of GESSAR.

December 12, 1973 AEC letter requesting additional information.

Cecember 13, 1973 Sumary of meeting held on 11/27/73

December 14, 1973 GE letter transmitting Amendment No. 8, which responds to
questions forwarded by WC's letter dated 11/1/73, including
16 pages of proprietary information (submitted by letter dated
12/17/73). Amendment No. 8 identifies all interfaces between
the nuclear island and the balance-of-plant.

December 28, 1973 GE letter submitting information relating to interface and
electrical areas requested in the 11/27/73 meeting.
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Januiry 11, 1974 GE letter transmitting Amendment No. 9, which responds partially
to AEC letter dated 11/fl/7f Tiart 2 of Q-1 list).

~

January 18, 1974 GE letter transmitting Amendment No. 10, which is in reference
to AEC letter dited 12/T2H3.

January 22, 1974 Meeting held between AEC and GE representatives to discuss LOCA
flooding of the containment drywell AP test, suppression pool
swell, and liner corrosicn allowance.

February 8, 1974 GE letter transmitting Arendment No. 11, which addresses all
questions raised by AEC in the first round of questions and
identifies those questions for which residual information will be
provided. Amendment 11 includes proprietary information.

February 12, 1974 AEC letter expressing concerns about delays tnat have occurred
in the review to data of GESSAR and transmitting a revised
review schedule.

February 19, 1974 GE letter consisting of a rebuttal to AEC's letter dated 2/12/74.

F e t,ru a ry 19, 1974 GE letter responding to AEC's letter dated 11/6/73 regarding ATW5.

February 27, 1974 Meeting held between CE and AEC representatives to discuss the
GE scram system including the control rod drive position detection
and indicating system; the rod pattern control system: and the
use of ganged control rods.

February 23, 1974 Meeting held between AEC and GE representatives to discuss the
adequacy of GE's responses to the interrace questions.

March 15, 1974 Meeting held between AEC and GE representatives. Areas of
discussion included design details beyond the scope of the
standard format, new regulatory positions, c;tstanding items and
resolved items.

March 20, 1974 AEC letter requesting additional inforration (Part 1 of Q-2).

March 26, 1974 AEC letter transmitting request for additional information
(Part 2 of Q-2).

April 3, 1974 Meeting held between AEC and GE representatives to discuss site
parameters.

April 11, 1974 AEC letter requesting additional information (QA program included)
and discussing cor erns related to the availability of infornation
needed on preliminary instrumentation design, as discussed in
meeting of 2/27/74.

April 11, 1974 AEC letter granting the withholding of proprietary (1) Figure
11.3-2 and Table 11.3.2 on the basis of reasons contained in
letters dated 4/30/73 and 12/7/73; (2) pages (14) and responses
to AEC questions 4.71 and 4.72 submitted by letter dated 12/17/73
(amendrent No. 8); and (3) page 6.2-116 responding to question
6.86 submitted by letter dated 2/8/74 (Amendment No.11).

April 17, 1974 Meeting between AEC and GE representatives to discuss site
parameters.

April 19, 1974 GE letter transmitting Amendment No. 12, which clarifies in-
consistencies in Chapter 7.

April 19, 1974 GE letter comr.enting on use of GESSAR questions on projects.

April 25, 1974 GE letter stating its position in connection with the in-
formation requested by AEC on 4/11/74.
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May 1, 1974 Issued surr:ary of meeting held on 4/3/74.

May 2,1974 Issued surr:ary of reetings held on 2/27 - 2/28/74; and
3/15/74 (sumary relating to 2/27 - 2/28/74 reeting, dated
5/1/74; sumary for 3/15/74 meeting dated 4/30/74).

May 7, 1974 AEC letter requesting additional information relating to
Sections 7.22 and 5.39.

May 10, 1974 GE letter transmitting Amendment No. 13, which answers Q-2's.

May 14, 1974 !ssued sumary of meeting held on 4/17/74

May 17, 1973 GE letter submitting Amendment No. 14, which consists of pro-
prietary GESSAR pagesT2-RW4.3-42c, and a 14 page report
entitled " Fuel Rod Heat Transfer Model. ' Amendment 14 is in
reference to AEC letters dated 3/20, 3/26 and 4/11/ 74

May 30. 1974 AEC letter advising that AEC review of the new Section 1.11
for Chapter 1, which was included in Anendment 13, will not
comence until the fall of this year.

June 17, 1974 GE letter transmitting Arendment No. 15_, which responds to AEC
letter dated 5/7/74.

June 11, 1974 Meeting tetween GE and AEC representatives for the purpose of
discussions relating to drywell structural proof test and high
pressure leak test. AEC staf f reaf firmed its position with respect
to both tests.

June 27, 1974 Issued sumary of reeting held on 6/11/74

June 28, 1974 GE letters (2) submitting the non-proprietary and proprietary
(Question 4.15) portions of Amendment No. 16, which is in reference
to AEC letter dated 11/1/73.

-

July 1, 1974 ACRS subcomittee treeting held.

July 2, 1974 AEC and GE representatives met to discuss Reg. Guides 1.31
(testing for weld delta ferrite) and 1.44 (testing for non-
sensitization of welds).

July 12, 1974 GE letter transmitting Amend ent No. 17, which clarifies and
todates portions of the text; and provides information relating to
main steam line leakage control system.

July 29, 1974 AEC letter makirg proprietary findings on May 17 & June 28
submittals.

July 30, 1974 AEC letter requesting additional infomation on Chapter 7 of
GESSAR.

August 2, 1974 Amendment 18 filed.

August 16, 1974 Meeting to discuss schedule and procedural considerations.

August 23, 1974 Amendment 19 filed.

August 30, 1974 Amendment 20 filed.

September 3,1974 Issued sumary of management meeting held on August 16, 1974

September 6, 1974 Meeting held with GE representatives, which included copics
relating to interfaces, the main steam lines isolation valve
leakage cc.ntrol system, and additional Chapter 9 infomation
needed by the staf f.
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Se;>t er be r 12, 1974 Letter to GE notif ying them of a one renth delay in publication of our
SER due to the rutor of outstanding ite~s

September 20, 1974 Issued su mary of reetirg held cn September 6, 1974.

Septerter 2/, 1974 k endant 21 filed. This arendment addr a ses the outstanding
items listed in the Septerber 12, 1974 staft 4tter to GE.

October 21, 1974 7cendment 22 filed. This artndment addresses the outstanding
.i tero listed in the Septerter 12, 1974 staf f letter to GE.

October 27, 1974 Meeting between the staff and GE to discuss the Instrumentation
t hrnu ;h and Control designs.

No m"ber 1, 1974

Novecter 6,19 74 /cendment 23 filed. This arendment addresses the outstanding
i tens listed in the Septer:ber 12, 1974 staff letter to GE.

Noverter B, 1974 f#endment 24 filed. This amendment adJresses the agreements
re3ched a t the ! % C reetings between GE and the staf f on
October 29, 1774 through Nover.ber 1,1974.

Noverter 9,1974 ACR5 Subcomittee reeting held in Minneapolis, Minnesota.

No v e-te r 13, 1974 Safety Evaluatico Report issued.

Mverber 21, 1974 GE letter concerning the identification of interfaces between
the NSSS and the E0P portions of the standard plant.

De c er t e r 13, 1974 k end ent 25 filed. This amendment addresses outstandin) issues
listed in the September 12, 1974 letter to GE.

Ce c ert e r 13, 1974 Issued Suple ent 1 to the Safety Evaluation Report.

Pet e-te r 20, 1974 GE letter requesting a letter from the AEC relating to the
appro<al of the GESSAR-23R design.

Det e- t er 23, 1974 Acer Pent 26 filed. This amend;.ent addresses outstanding issues
listed in the Snpterber 12, 1974 letter to GE.

January 13, 1975 AEC letter transmitting a copy of letter to TVA informinq them
that we do not intenJ to review 7n the Hartsville docket sections
of GE5SAR that are acceptable, in reference to GE letter dated
December 20, 1974

Jana ry 16, 1975 Meeting with GE to discuss RHR single failures and alternate
shutdewn rethoJs.

January 18, 1975 ACRS Subcorrittee reeting held.

January 29, 1975 Issued sumary of meeting held on January 16, 1975.

Febru:ry 3, 1975 Arendrent 27 filed. This amendment addresses outstanding issues
listed in the September 12, 1974 letter to GE.

february 18, 1975 Amendment 28 filed. This amendment addresses outstanding issues
listed in the Septerber 12, 1974 letter to GE.

February 22, 1975 Issued Supplenent No. 2 to the Safety Evaluation Report.

March 3, 1975 Arendr:ent 29 filed. (Same as teendment 28.)

March 4, 1975 Issued Supplement No. 3 to the Safety Evaluation Report.

March 6, and ACRS Full Corri ttee meeting held.
March 8,1975
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March 14, 1975 Meeting held with GE for the parpose of discussin) the
drywell leakage test acceptance criteria.

March 14,1975 AER5 Report issued.

Mirch 18, 1975 NRC letter requesting infor ation related to our review of the
containnent design.

March ?7, 1975 LRC letter requested inforr:ation related to Arendment 27

March 28, 1975 GE letter responding to our letter dated March 19, 1975.

March ll,1975 Arendment 30 filed. This amendment addresses the post-LOCA
Hydrogen control systen as well as providing .evised pages.

April 8, 1975 GE letter in reference to NRC letter dated March 27, 1975.

April 17, 1975 Areni"ent 31 filed. This amendrent provides Apperdix A ECC5
Ar.alysis as well as outstarding issues listed in the Septe~ber
12, 1974 letter to GE.

April 17, 1975 "eetin) with GE to discuss the drywell instru entation req; ire ents
for the structural proof test.

April 22, 1975 NPC letter requesting information related to ongoing review of
EWR plants with pressure suppression-type containment.

May 1, 1975 , cent"er.t 32 filed. This amendment ccnsists of revised pages for
Sections 7.5 and 7.G of GESSAR.

May 3, 1975 GE letter submitting repcrt relating to case studies 18 and 19
for soil s tructurt irteraction analysis.

"ay 12, 1975 Anend ent 33 filed. This arend'ent discusses alterrate methods
of shutdown of the reactor should the PhR systen not be available.

"ay 12, 1975 NRC letter consisting of clarifications relating to leak and
structural proof tests.

May 23, 1975 '4RC letter requesting additicral information related to the ir-
stru~entation and control syste~s.

re J, 1975 NRC letter adsising that inferr.ation corcerning tornado missile-a

velocites for GESSAR plant submitted by Arendment 31 is
un3cceptable.

.;u no 2, 1975 Arentent 34 filed. This a endment provides additional i n fo rma ti on
regarding safety / relief valve setpoints and drywell proof test
instrumentation.

Jer.e 6, 1975 GE letter requesting staff conclusions ralating to accident
off-site dose evaluation of GESSAR.

July 1, 1975 Arendrent 35 filed. This 3nendrent provides additional ECCS
analyses.

July 9, 1975 NRC letter relating to interface.

m.'" :', 1975 Meeting with GE to discuss the offsite doses.

July 14, 1975 NRC letter reflecting the staff's positions on the design of
the RHR system.

July 16, 1975 Amendment 36 filed. This anendment provides additional
instrumentation and control ir,fornation.

July 22, 1975 NRC letter relating to staf f conclusion regarding the accident
offsite dose evaluation of GESSAR.
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July .J. 1375 GE letter reflecting its position on the N R syste s, which is
in reference to !JC letter dated Jaly 14, 1975.

July 31, 1975 NPC letter re w sting additional infernation related to in-
str eertation and ccm;rol.

July 31, 1975 AERS Subcorr1ittee reeting on containment and drywell testing
reld in Shicaga, Illinois.

";qust 4, 1975 Issued surrary of reetir.g held en July 10, 1775.

~n,st 20, 1475 GE letter containing additional information relating to N, pass
leaka;o requiremerts for Park Ill cont inment.

A q;st 2?, 1 475 N otira held to discuss instrumentation and control review of
GE5SAR-251 5555, ahich includtd discussions applicable to
GESW-233 nuclear island design.

,;g nt 22, 1375 GE letter supple"<nting the information submitted by GE
letter dated August 29, 1975.

Septen r+r 2,1975 Arendm ot 32 filed. This a end ent submits information
re urding hydrodynamic lo3ds associated with postulated LCCA
and safetj relief valve discharge events.

S e;' t , 'or~, 1975 Issaad su r.iry of rreting held on A;;;st 22, 1975.

Septe *er 15, 1975 % ting held in Bethesda, hryland between VC and GE
represent 3tives for the purpose of discussina o;tstaniicq
items cn containrent systers.

S e p t e- t e r 2f. , 1975 %{ letter reauestirg further justificaticn for withhcidina
10 CFR 10, Appendi x K i n f or-'a t i o n s u Hi t t ed a s a pa r t o f

t 35 fron public disclosure.a er j .

Septerber 26, 1975 GF lotter confirming its positi;n en containment and bypass
leaka y as discussed in the Septo-b>r 15, 1975 noeting.

October 14, 1975 Amer iten t 3R filed. The amend ent delet*s Cection 1.11 fron
GESSA b 23H NI, which contains an identi''c at ion of the
23A '455$ interfr es and the BOP.

Octe er 21, 1975 !aC letter relating to interlock require ents for the

GESSD-23x NI rain stea isolation valve leak control
systen

Oc toxr N ,1975 R lotter trars-itting acceptable set of design criteria for tt e
Mirk III containment.

O totrr 31, 1975 GE letter requesting the staff to reevaluate its position reu rdirat

t he MSI','-LCS i n t erl ock .

No v ert e r 7, 1775 GE letter transmitting set of design criteria for the " ark III
containment to NRC.

Sou nter 7, 1975 GE letter submits Amendment 39.

Nv ver ar 21, 1975 GL letter incorporating adJitional design inferr.ation in GESSAR-2;8.

Dece"ter 16, 1975 GE letter af firning canr itrents relating to design and cesign criteria.
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APPELIX B

BRANCH TECHNICAL POSITICN - ETSB NO. 11-1 (Rev. 1)

DESIGi GUIDANCE FOR PA310 ACTIVE WiSTE MN.AGEMENT SYSTEMS

INSTALLJD IN LIGHT-WATER-COCLED NUCLEAR POWER REACTOR PL ANTS

A, Background

An aspect of nuclear pcher plant operation is the control and management of liquid, gaseous
and solid radioactive wasteN generated as a byproduct of nuclear power. We have established

acceptable design guidance, seismic and quality qroup classifications, and quality assurance
provisions for radioactive waste managerent systens includirg stean generator blow + vn
systens For the purpose cf this position paper, the radioactive waste manage-ent syste-s
are considered to begin at the interface valve (s) in each line fron other systens provided
for collecting wastes th3t may santain radioactive materials and to terminate at the point
of controlled discharge to the environment, at the point of recycle back to storage for
reuse in the reactor, or at the point of storage of packaged solid wastes prior to shiprent
offsite to a licensed burial greurd. The stean generator blowdown system begins at, but
does not include, the Cuterrost containnent isolation valve on the blowdown lire and ten inates

at the point of contro' led discharge to the environment, at the point of interf ace with
other liquid waste systens, or at the point of recycle back to the secondary systen.

Except as noted below the positions set forth in this paper do not apply to the reactor
coolant cleanup system, the condensate cleanup systen, the chemical and volume control
systen, sumps and flocr drains provided for collecting liquid wastes, the boron recovery
systen, building ventilation systens (heating, ventilating and air conditioning) and chenical
fune hood exhaust systens. Positions set forth in this paper regarding provisions to
control releases of radioactive naterials in liquids due to tank overflows apply to all
plant systens, outside reactor containment, having the potential to incur such releases.

The design and construction of radioactive waste nanagenent and stean generator blowdown
systers ,hculd provide assurance that radiation exposures to operating personnel and to the
general public are maintained at low and acceptable levels, by assuring that these systens
are designed to quality standards conducive to increasing systen reliability, operability,
and availacility. In development of this design guidance, the NRC staff has reviewed a
number of designs and concepts subriitted in license applications and operating systen
histories. The NRC staff has been guided by current industry practices and the cost of

design features, taking in account the potential impact on the health and safety of oper-
ating personnel and the general public.

N adioactive waste used in this guide means liquid, gaseous, or solids containing radio-R

active material resulting from operation of a LWR which by design or operating rractice
may be or will be processed prior tc final disposition.

di
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The design guidance given in this position papee provides reasonable assurance that equiprent
and corpers.ts used in the radioactive w3ste ranagement and bicwdown syste-s are desigred,
constructed, installed and tested on a level corrensurate with the health and safety of the

public and plant operatirg personnel. Instrumentation and controls associated with the
waste manage ent and blowduun systers should bc designed to a quality corrensurate with
their intended function.

This position pas, sets forth minirum branch requirements and is not intended to prohibit
the imple entation of rore rigarcus design ccdes, stanJ)rds, or quality assurance reasures
tt)n those indicated hereit..

In adJition to the design pidance given for radaaste systers, reccTend3tions are given for
provisions to preclude the inaJsertent release of radicactive raterials in liquids due to
spills or overflows fran both radaaste and ncn-radwaste systm tanks located inside or
outside of plant structures.

E. Cranch Tecrnical Positic3

I. Syster:s Handling Padioactive Paterials In LiqJids

a. Tr e liquid radoaste treatrent system, including the stern generator t;lowJoan
system downstrer1 of the second cont 3inrent isolaticn valve, should meet the
folloning criteria:

(1) The system should be desigred ard tested in accordance with the codes and
standards listed in Table 1, to include the provisions in (2) below and in

Secticn IV of this pcsition paper.

(2) Materials for pressure retaining corponents should conform to the require-

rents of cte of the specifications fcr materials listed in Section 11 of the

A5ME Eailer ard Pressure Vessel Code, except tFat ralleable, wrcught, or cast
iron materials ar.d plastic pipe should not be u1Ed. Marufacturer's raterial
certificates of conf ar-)rce with r.aterial specifications ray be provided in

lieu of certified raterials test repcrts.

(3) Foundaticns ar.d adjacent walls of structures tM t touse the li%id radwasta

system should be designed to the seismic criteria described in Section V to
a height suf ficient to contain the liquid inventory in the building.

(4) Equiprent and corporents used to collect, process, and store liquid radio-
active waste need not be designed to the seismic criteria given in Section V.

D. All tanks located outside reacter contair ent and containing radioactive materials
in liquids should be designed to prevent uncontrolled releases of radioactive
raterials doe to spillage in buildings or fron cutdoor storage tanks. The following
design features shculd be included for tanks that may contain radioac'ive rnaterials:

B-2
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(1) All ta-Ls, Lcth irside and outside the plant inclodirq tre cordensate stcrage
tar.k(s) sPc;ld have provisicas t0 monitor liq;1d le.els and to alarn pctential
o erficw cor-Jiticos

(2) ;11 .ds W;ld ha.e overflows , drains, and srple 11res s"c;ld Le rcund to
the liquid rajaaste treat ~ent syste'-

(J) i d;cr t3nks snauld have curus or elevated tFresralds with flN r drains
routed to the li it J raduaste treatrent system

(41 lad;;r tanis p.calJ have a dike or retention p/ d 'apable of prevcnting
re aff in tre event cf a tari c.crficn and ha,e provisions fer srplirg
(cllected livids and rcutin , tne- to !Fe liqsid r3h3ste treat ent siste-

II. 13se;ss ;) dica'.tiv o alst' (Rahaste) 5,ste-

a. 'ne gase; s r3Jaaste treat- t system, irtladirj syste"; provided for treat ert o+
cr al ef f p3 releases frs tr e 'aln r /jcnser sac ~ sy;tc~ (;r a Le 3rj for tre

r

tre3rer* uf jises stri; j f rr tbv ;ri 3ry coolart fcr M st;,ld meet t&ei

f;;.u..irj criteria:

ii; The s sstr s!! ._ desig ej ar ttsted in a xardar:.e with tre codes d''ds

standards listei ir Table 1, ?; ircl Je tre presisiv s in (2) Lelos ar.d in
h tien I, cf this ;;siticn saper.

J) "aterials f;r get ss/e retainin) cs ;crents shcald conforn to tre require-
nts of cre of tbc < eci'ications for -atcrials listed in Section II of tre

e

W E E]ilcr ard Pressere , ssel Code e ;ept that "alleable, wroo;tt, or cast
iron r aterials 3rd plastic pipe 5%uld rct be used. "anuf ac ture 's Nterial
certificates of ccnferrance with aterial specifi;aticrs may be prosided in
lieu of certified ~ terials test reports.

(3) Ihow p;rtic . ;f the ja n aus r3Ja35te trelt~ent s)ste-' which by design are
intended t; store or delay the release of gase;;s radioactive waste, inclodirg
scrticns cf str,ctures Fcusing these syste s, src;1d te des tgred to tho
seismic design criteria given in Section . of tris position paper. For
systms that ncemlly 0;erate at pressures above 1.5 at~ospheres (absolute),
tnis shoJld incl.de isolaticn valves, equipment, intercanrecting piping and,

cor ponents located between t9e upstrean and dcwnstrer values used to isolate

these co~ponents from the rest of the system (e.g., W3ste gas stcrage tanks
in a FWR). For systens that cperate rear ambient pretsure and retain gascs
on CharcC31 adscrDers, only the tank ele-ents and the bJilding hoJsing the
tanks are incluced (e.g., charcoal celay tarks in a EWP).

~TT
- Retention by an intcmediate su-p or drain tank. asi;neJ for hardling radioactive materials
and having provisicns for routing to the liquid radwaste systen is acceptable.

B-3 7 qc ;. s
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III. Solid Radioactive Waste (Radwaste) System

a. The solid radwaste system consists of slurry waste collection and settling tanks,
spent resin storage tanks, phase separators, and tanks, equipment, and components
used to solidify wastes prior to cffsite shipment. The solid radsaste handling
and treatment system should meet the following criteria:

(1) The system should be designed and tested in accordance with the codes and

standards listed in Table I to ir.clude the orovisions in (2) below and in
Section IV of this paper.

(2) Jatarials for pressure retaining components should conform to tne require-
ments of one of the specifications for raterials listed in Section II of the

ESME Goiler and Pressure Vessel Code except that malleable, wrought, or cast
iron materials and plastic pipe should not be used. Manufacturer's material
certificates of conformance with material specifications may be provided in
lieu of certified materials test reports.

(3) Foundations and adjacent walls of structures that house the solid radwaste
system should be designed to the seismic criteria giver, in Section V of this
position paper to a height sufficient to contain the liquid inventory in
the building.

(4) Equipment and components used to collect, proten or store solid radioactive
waste need not be designed to seismic criteria referenced above.

IV. Additional Design, Construction, and Testing Criteria

In addition to the requirements inherent in the codes and standards listed in Table 1,

the following criteria, as minimum, should be implencnted for components and systems
considered in this guide.

a. The Quality Assurance provisions described in VI of this guide should be applied.

b. Pressure retaining components of process systems should utilize welded construction
to the maximum practicable extent. Process piping systems include the first root
valve on sample and instrument lines. Flanged joints or suitable rapid disconnect
fittings should be used only where maintenance or operational requirenents clearly
indicate tFat such construction is preferable. Screwed connections in which

threads provide the only Seal should not be used except for 115trumentation
connections where welded Connections are not suitable. Process lines should not
be less than 3/4-inch. Screwed connections backed up by seal welding, socket
welding or mechanical joints may be used on lines 3/4-inch or greater, but less
than 2 1/2-inch, nominal size. For lines of 2 1/2-inch nominal size and above,
pipe welds should be of the butt-joint type. Backing rings should not be used in
lines carrying resins or otaer particulate material. All welding constituting

B-4
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the pressure boundary of pressure retaining Components should be perfor ed in

accordance with ASYE Pressure and Vessel Code Section IX.

c. Completed process systems should be pressure tested to the naximum practicable

ex cen t . Piping syste's snould be hydrostatically tested in their entirety
e:. cept at atnospneric tank connections where no isolation valves exist. Testing
of piping systens should be perfonaing in accordance with applicable ASME or ANSI
codes, but in no case less than 75 psig. The test pressure should be held for a
rinimun ' f 30 ninutes with no leakage indicated. Testing provisions should be
incorporated to enable periodic evaluation of the operability and required
functicnal perforrance of actise components of the system.

V. Seismic Cesign Requirerents for Radioactive Waste Managenent Systems and Structures

Housin; Radioactive Waste Management Systems

Seismic Design Requirements for Gaseous Radicacti ve Waste Management Systemsl''a.

(1) For the evaluation of support elements in the gasescus waste system, a
simplified seismic analysis proced;re to determine seismic icads may be
useu. The simplified procedure consists of consideration of the system as
a single degree of freedom systen and picking up a seismic respcase value
from applicable floor response spectra, once the fundamental frequency of
the systen is deternined. The floor response spectra should be obtained
analytically (Section V.b) from the application of Regulatory Guide 1.60
cesign response spectra normalized to nSE level maximum ground acceleration
at the foundation of the building housing the gaseous radwaste system.

(2) The allowable stresses to te used for the system support elements should be
tMse given in the AISC Manual of Steel Construction, 7th edition 1970,
including the one-third allowable stress increase provision for load com-

binations involving earthquake loads. For desir, of concrete fosndations cf
the systen, where applicable, use of the ACI 318-71 code with cre-third
increase in allowable stre.,s for seismic lo3Js is acceptable.

(3) The construction and inspection requirements for the support elements
should comply with those stipulated in AISC or ACI Codes as appropriate.

b. Seismic Design Requirements for Buildings Housing Ra$aste Syster s

(1) Define in;ut motion at the foundation of the building housing the radwaste
systems. The motion should be defined by normalizing the Regulatory Guide
1.60 spectra to the CBE maximum ground acceleration selected for the plant.

-1/ For whitn seismic capabilities are required in Section II(3).

,& n
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A simplified analysis should te perforred to determine appropriate seismic
loads and floor response spectra pertinent to the location of the systems;
i .e. , an analysis of the building by a "several degrees of freedon" mathe-
natical nodel and the use of an approximate method to generate the floor
response spectra for radwaste systens and the seismic loads for the buildings.
No time history or dynamic analysis is required.

(2) The simplified method for determination of seismic loads for the building
consists of (a) calculation of first several modal frequencies and participa-
tion factors for the building, (b) determination of modal seismic loads cy
item (1) input spectra, and (c) combination of modal seismic loads by the
square root of the sum of squares (SRSS) rule.

(3) With regard to generation of floor response spectra for radwaste systems,
methods such as the Biggs or other equivalent procedures which give approxi-
mate floor response spectra without need for performing a time history
analysis nay be used.

(4) The load factors and load combinations to bc used for the building should be
those given in the ACI-318-71 Code. The allowable stresses for steel
components should be those given in the AISC Manual of Steel Construction,
7th edition, 1970.

(5) The construction ano inspection requirements for the building eleTents
should corply w'th those stipulated in the AISC or ACI Code as apcropriate.

(6) The foundation media of structures housing the radwaste systems should not
liquify during tho Operatirg Basis Earthquake.

c. In lieu of the requirements nd procedures defined above, optional shield structures
constructed around and supporting the radwaste systems may be erected to protect
the radwaste systems from effects of housing structural failure. If this option

is adopted, the procedures described in Section V.b only need to be applied t<
the shield structures while treating the rest of the housing structures as run-
seismic Category I.

VI. Quality Assurance for Radioactive Waste Management Systems

A quality assurance program should be established that is suf ficient to assure that
the design, construction, and testing requirements are net. The quality assuraace
program should include the f ollowing:

a. Design and Procurement Document Centro! - Measures should be established to
insure that the requirements of this position paper are specified and included in

design and procurement docunents and that deviations therefrom are controlled.
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b. Control of Purc"ased "aterial, Eq;1p ent and Services - 5'eaasres seaald te
established to assure that carcrased raterial, equicment and construction services
conforr to the procurement d0curents,

Inspection - A program for inspection of activities affecting qJality should bet.

established and executed by, or for, the organication perfornirm tre activity ta
verify conforrance with tre dccanented instructienc , procedures, and drawings far
accomplishing the activity.

d. r anJ1ing, Storage, and Shipping "easures should be established to control the
handling, storage, snippir;, cleanir; and preservation of material and ega p ent
in accordance with work and inspecticn instructicns to prevent damage er detericratic

e. I n s;'ec ti o n , iest and Operating Status - Measures should be established to provide
fcr the identificatien of items whicn tave satisfactcrily passeJ rea; ired inspec-

tiens arJ tests,

t. Ecr rective Action "easures shculd be estatlicred to aesure that conditions
ad verse to q;ali ty, s ch as f ailures, malfunctions, deficiencies, deviations,

cetective raterial and equi;'ent and renconfor-ances are promptly identified and

ccrrected.

B-7
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T AE L t' 1

{QUIPNENT CODFS

EQUIPMENT CCDES

Welder
Design and Qualification Inspection
Fabrication Materials (2) And Procedure And Testina

Pressure Vessels ASME Code ASME Code ASME Code ASME Code
Section VIII, Div. 1 Section II Section IX Section VIII,

Div. 1
)Atmospheric or ASME Code ASME Code } ASME Code ASME Code0-15 psig tanks Section III, Class 3, Section II Section IX section III,

or API 620 & 650, Class 3 or API 620;
e AWWA D-lCO 650 AWWA D-100m

$[ Heat Exchanger ASME Code ASME Code ASME Code ASME Codeg Section VIII, Div. 1 Section III Section IX Section VIII,
and TEMA Div. 1

.

Piping and Valves ANSI 31.1 ASTM or ASME Code ASME Code ANSI B 31.1
Section II Section IX

Pumps Manufacturers ( ASME Code ASME Code ASME(3)
Standards Section II or Section IX Section III

Manufacturers (as required) Class 3; or
Standard .iydraulic Institute

EvTES:

(1) Manuf acturer's standard for the intende d service. Hydrotesting should be 1.5 times the design pressure.
(2) Material Manufacturer's certified test reports should be obtained whenever possible.

'
(3) ASME Code stamp and material traceability not required.
(4) Fiberglass reinforced plastic tanks may be used in accordance with Part M, Section 10, ASME 3 oiler and Pressure vessel Code, for

applications at ambient temperature.

-.
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'! r . John A. Ilinda , Manager
Safety and Licensing
General Electric Company
175 Curtner Avenue
San Jose. C ali f o rn i.a 95114

Dear Mr. Hinds:

At various times the AEC staff has discussed with the
General E le c t ric Company the subject of appropriate
classtfication requirements in boiling unter reactor (BWR)
plants for nain steau systen components. These discuusions
have included consideration of (a) structures, cocponents
and :ystens that are not classified as safety-related itens
but are located downstreaa of the isolation valves; (b)
those not specifically designed to seisaic Category E
s t a n d a r d s ', and (c) those not housed in seisnic Category I
structures.

To date, IiW R plant revieus have resulted in various ap p ro ache s
for ditierent individual applications. Phtle these di f f erent
approaches have resulted in acceptable levela of safety in
each case, they have required cine-consucing c u s t o n i c. e d
reviews. The GESSAR BUPs/6 application, under retiew is part
of our standardi ation prograu, includes this portion of the
BUR plant.

In the course of the GESSAR revieu, we have identi fied a
systecatic basis for classification of such conponents
and structures that vill result in an acceptable and uniform
design basis fcr the main steaa-lines (MSL) and main
feecuater lines (MFL) in the standardized plant. Although
it is recognized that a significant portion of the equipnent
involved in this cl~s fication schene cay include e q u ip ment
outside the narcal scope of cupply of the General Electric
Cocpany, c- rically the .hutoff valves in the nain steau
and feedwa,er lit.e s and the equipaent beyond those valves,
the inpleaentation of these requirenents defines acceptable
standardized requirenents with respect to quality aad
seismic design for the BUR /6 nuclear stean supply systea and
the pose- conversion cysten.
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J. A. Hinds - 2 --

tain a p a ro ic a invo!' 'a i9ecitteation a' ' o g r op r ia t- ty.

requiraaeat; for thoue p o r t i o :' of the '3f- *nd 'I F L that
are housed in :; e i s m i c Category I structures (e.g th.,

a u x i. li a ry b u ild in:;) , and inc l " ri o s ;uitablo r e s t r c. L a t ;. near

a shutoff valva outsi<le the containaent isolation va lves .
The portions of the 'iS L and dFL on the t u rb ine nide of
the shutoft valves vould be d e s t ;;n e d in accordance /ith
quality group and certification procedures as outlined in
Attach 2ent A of t h i. s letter.

To implement this approach, Attachment 1 af our letter of
Zio ve ab e r 19, 1971, sould be aauadad to provide acceptabla
seismic and quality requirenents for B % P. / 6 ;teaa systea
components as shown in the attachments to this letter.
He believe this provides an appropriate standardized
approach to IIS L and :1F L classification and is acceptable
as an alternate to the guidelines currently specified in
Regulatory Guides 1.26 (lla r ch 23, 1972) 'ud 1.29
(August 1973).

As we bas e discussed with you, a suitable interface restraint
should be provided at the point of departure frou the Class
i structure where the interface exists betueen the safety
and nonsa f e ty-re la t ad portions of the 'IS L and :1F L .

(lacerely,
N
N

\

\.

Jhu p h M. Hendrie, Deputy Director
for Technical Review

Directorate of Licensing

En clos u res .
Attachment A (Clauaification lequircaents for

Main Steam Systea Coaponent: Other than the
Reactor Coolant Pressure Soundary)

Attachaent 3 (Sketch - AEC Quality Group and
S e i. s a i c Categor, Classifications Applicable
to Main Steam S"stea Components in dWR/6 Plants)

cc. L. 5. Gi f f o rd

L hredsLnuwillbs
' [y, ?-

. Lv
'GESSAR (

, ! i t. J
- x

1 .t- .- ,? .

, . , .t
>

g..e



_A T T A C_H :_ _' ~
'

,.

g ,,, 3 _

C 1._ . . 1 :. L u e _ t a n saqu_re at for U.'R/6 "ain Steau >ud Ferd ater
Sj: : e .2 Cona ut,2 n t e GLe < 6 aan tbe c.c.te t o r CooLaat Pressure
,;..,,i 3g

Q'; ALITY r no t''
iE'" S Y ci T : :1 OP CO? 0 0:il iT C L .15 3 I :' ' I: J[-1

1. Main Steam I in (:!S L ) iroa second isolatica
valve to and including rhuteif valve. E

2- Branch lines of MSL betwee- the second n
isolation valva and the :!S L shutoff 'ra lv e ,
froa branch point at MSL to and including the
first valve in tha branch line.

3. Main feedvater line (MFL) fron second isolation B

valve and and including snutoff valve.

4 Branch lines of ?!EL between the second B

isolation valve and the 11FL shutof; talve, fron
the branch point at IIEL to and includin theo

first valve in the b ranch line.

5. Mata nteam line piping between the MSL uhutoff D (1)
valve and the turbine main stop valve.

6. Turbine bypass piping D

7. Branch lines of the MSL bet men the MSL uhutoff D

valve and the t u rb ine main stop ralve.

8. Turbine valve, turbine control valve, turbine 0 (1,2)
bypass valves and the main s t. ao leads from the or
turbine control valve to the turbine casing. Certification

9. Feeduater systec components beyond the MFL D
shutoff valve.

(1) All inspection records shall be naintained for the life of the
plant. These records shall include data certaining to
qualification of inupection personnel, ecamination procedures,
and c.:acination results.

(2) All cast pressure-retaining parts of a sine and configuration
for which volumetric cethods are e f f ec ti ve shall be examined
by radiographic nethods by qualified personnel. Ultrasonic
examination to equivalent standards any be used as an
alternate to radiographic methods. E::aai n a t io n procedures and

acceptance standards shal1 be at least equivalent to those
defined in Paragraph 136.4, Exa in.ttion'Methodq of Welds -
Non-Boile r External Piping, A tI S T H31.1L1973.
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(3) The following qualification , ball be in . : t uith respect to the
certification requirementu-

1. The manufacturer of the turbine stop valves, turbine
control valves, turbine bypass valves and uain s t e a nt
leads from t u rb in e control valve to turbine casing
shall utilize quality contral procedures equivalent
to those defined in General Electric Publication
GEZ-4982A, " General Electric Large Steau Turbine-
Generator Quality Control Progran".

2. A certification shall be obtained from the nanuf acture r
of these valves and steau loads that the quality control
program so defines has been acconplished.
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ERRATA
Technical Report cn the General Electric Company

8 x 8 Fuel Assembly
Dated February 5, 1974

Pg. 1 - last line change " evaluation" to " evaluations"

Pg. ? - line 8 add "and" af ter word "diareter;'

Pg. 4 - line 3 change "O.0E8" to "0.060. '

Pg 5 - line 6 change "two" to "one"

Pg. 6 line 2 delete "(,)"

line 4 delete "(7)"

Pg. 7 - Lire 16 chanJe "one-half" to "up to three quarters"

Pg. 9 - line 6 change "effect" to " affect"

Pg. 14 - line l change "2.3" to "2.10"

Pg. 20 - lire 14 "less severe" to "similar", line 15 change "than"
to "and" to read " the consequences of these events are
similar for 8 x 8 assenblies and for 7 x 7 assemblies. '

Pg. 25 - last line change "nct" to "no"
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1.0 IrtroJuctier

The current fuel in General Electric Corpany toiling water reactors is

sintered, sli,ghtly enriched uraniun dioxide pellets ealed in lircaloy tubes

Bundles of these fuel rods are contained within a e ,uare open-ended Zircaloy
channel box to form Tuel assemblies. The General .e:tric Co. has recently

modified the design of these fuel assemblies and licensees propose to reload

asse'blies of this new design as replacer'ents for depleted asse"blies of the old

* ' ' '
type. This report presents the results of the Regulatory staf f's

generic review of 8 x 8 fuel asser.blies as used both in partial and full core

reloads. As p3rt of tha staff's review of the General Electric Company CAR-6
class of reactors, wnich are currently under consideration for constructicn

E enaits, the staf f is continuing its review of the 8 x B fuel asse-blies as used

both in partial and full core reloads. part of the staff', resiew of then,

General Electric Co pany SWR-6 class of reactors, which are currertly undor
consideration fcr construction per~its, the staf f is ccntinaing its review of the

' ~ fuel assentlies used in these new reactor designs. IFe staff's review of>

felc31 assorblies considered the effects that the Ch3nges in the fuel design
h ne na nornal cperation, abrcrral o; erat.onal traasients and accidents. However,

the staff's review considered only generic aspacts of the fuel design such as the
ado'pacy of design methods, the comparative perforrance of the old and new f uel

d., signs, ard the applicability of accident analysis rethods The plant specific

aspects of the renew, such as compliance with tr.e Interim Acceptance Criteria,

including the ef f ects of fuel pellet densification, anj recessary revisions to
ircrnical Sp+.cification requirerents, o.m *he radiological consequences of

postulated accidents will be address :d in separate evaluaticn for the individ;11

plants.

7lN 1 9
4 0 dO'
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2.0 MECPANICAL DESIGN

The reload fuel asse-blie; consist of 63 fuel reds and one unfueled, capture-spacer

rod in a square.8 x R array within a square channel box. The rods are spaced and

supported at the top ar.d bottom by stainless steel tie plates. The rods are also
held in alignrent by spacer-guides located along the assenbly. As shown in Table I
the 8 x 8 fuel assembly is simila - to the current 7 x 7 design. The major rechanical
changes are the larger nurber of rods; the reduction in the red dia eter; the
introduction of the asyretrically located unfueled spacer-capture rod, and the use of
fully annealed, rather than cold worked, Zircaloy cladding. Other changes, which
have also been incorporated in the rest recent 7 x 7 designs include shorter, cham-
fered and undished pellets and a hydrogen getter. However, the designs of both
assemblies have the same objective, that is maintenance of clad integrity during
nornal operation and abnornal transients. The designs of both are also based on the
same stress criteria, that is, the ASME Soiler and Pressure Vessel Code, Section III.
In evaluating the perforr a'.ce of the fuel, the design analyses considered stresses
due to external coolant pressure, internal gas pressure, thermal ef fects, spacer
contact, and ficw induced vibration. Other effects which were considered included
pellet-cladding rechanical interaction, stress corrosien cracking, fret ting, and
densification. Verification of the adequacy of the design of the F xP x blies is

based on analysis, mechanical tests, operating experience of previous t inns, in-

pile tests of a prototypical fuel rod and similar fuel rods, and an out ; -pile test

of an asse<rbly of similar design.

Much of the previous experience with fuel rods and assetblies is applicable to the
8 x 8 fuel assemolies. I6)These rods ranged in diameter from C.a , to 0.593 ir,ches,
in clad thickness from 0.022 to 0.0E8 inches, and in pellet-clad dianetral gap from

0.002 to 0.016 inches. Rods have been irradiated for up to 6 years and had peak

esposure of 30,000 MWD /T. Although rods identical to the 8 x 8 design have not been

tested by GE, the background of experience is sufficient to enable CE to design rods
of new design with confidence in their durability.

Confidence that the vibration and fretting characteristics of the 8 x 8 assemblies
are known, is based on rod vibration experirents (7) and the operating experience with
other types of fuel assemblies in general and the 7 x 7 design in particular. The
7 x 7 and 8 x 8 asserblies are very similar in this regard. The fuel rods in both

are of similar design, are made of the same material and have nearly the same natural
frequency. The fuel rod spacer grids in both types of assembly also are of similar
design, are made of the same materials and exert the sa e spring fot te. Ecth operate

at the same pressure and temperature with nearly identical fluid velocities and
quality.

D-2 _, , n
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TABLF I

MECHANICAL DESIGN COMPAPISON

ASSEMBLY

Rod Array 7x7 E, x 8

Number of fueled Rods 49 63
Rod Pitch, In. 0.738 U.640

FUEL ROD
Active fuel Length, In. 144 144
Gas Plenum length, In. 11.25 11.25
Fill Gas He He

FUEL
Material UO, UO,
Pellet Diameter, In. 0.477 0.416
Pellet !crersion Density. TD 95.0 95.0

CLADDING
Material Zr-2 Zr-2
Thickness, In. 0.037 0.034
Outside Ciameter, In. 0.563 0.493

CHANNEL
Material Zr-4 Zr-4
Thickness, In. 0.080 0.080
Outside Dir:ension. In. 5.438 5.438
Length, In. 162 1/8 162 1/8

SPACERS

Nurrber 7 7
Material

Grid Zr-4 Zr-4
Springs Inconel. Inconel.

~| \ ) l
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Further verification of the adequacy of the design has been provided by the testing
of an assembly of similar design for 7000 hours in high pressure, two-phase flow
icop. This test was performed by ASEA-Atom, a Swedish EWR manufacturer and a

General Electric :ompany licensee, as part of a fuel development program.

A comparison of the signifi. ant parameters of this test assembly (0) and the GE 8 x 8
assemblies indicate that tne wear and fretting characteristics would be similar.
The most significant differencer are that the test assembly had no unfueled spacer-
capture rod, and had four latern springs supporting a fuel rod, where the GE
assemblies havr onlj two. 10wea r, the vibration and fretting in this test would be

expected to be at least as severe as in a GE 8 x 8 assenbly since the axial pitch of
the spacers was !arger and the rods thinuer walled and smaller in diameter. Inspection
at 1.5 nonth intervals and the conclusion of the test revealed no significant
fiatting wear.

Although the design of the unfueled spacer-capture rod is new, it is based on
experience with similar designs. Five 6 x 6 fuel assenblies with eccentrically
located faled spacer-captu e rods which have a locking tab design identical to the
8 x 8 have operated in the Huntwldt Bay reactor. Visual examination of these asserblies
has revealed no deficiencies. Assemblies with eccentrically located fuel spacer rods
with a dif ferent locking tab design tuve operated in the Dresden-1, KRB, Tarapur and
Garigliano reactors. Twer.ty four assemblies with unfeeled ruds have operated in the
Big Rock reactor.

A number of mechanical tests have been performed on 8 x 8 fuel assemblies and

c omponer ' in order to demonstrate their integrity. Dead weight loading of the
7 x 7 type assembly spacer grids has demonstrated that they are adequate to withstand
all expected loads. Although, as GE has stated, the 8 x 8 assembly spacer-grids are
stronger than 7 x 7 spacer-grids, this will be verified by dead weight crushing tests
of the new spacer design.I Testing of the spacer locking tab has shown that it can
sitisfactorily resist a shear load, and further verification tests which more closely
simulates the actual loading are to be performed. Other tests have been made to
determine the bending stiffness of the as;embly and the force exerted by the fuel rod
expansion springs. In addition, a channel box removal and replacerent test and an
instrumented shipping test have been perfor-'ed.

The methods used by the GE to calculate the effects of fuel pellet densification and

cladding creep have been previously subnitted end reviewed by the Staff'.III) These

methods and the Staff conclus uns apply equally tc both the 8 x 8 and 7 x 7 fueli

designs.

Perforrance of the fuel during cperat'or. till be indirectly monitored during operation
by reasurement of the acti rity of the primary coolant and condemer steam air-ejector
off-gas. During refueling, fuel asserrblies will be tested for radioactivity leakaaa
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selected asserblies will be e m ined visually for bowing and some rods will be given

standard non-destructive ar.d destructive examinations as part of the normal fuel
Ib)surveillance prograr Ad htional surveillance of ten rods in each of two 8 x 8

fuel asserblies will also t,e perfor ed. This program will consist of dimensionally
characterizina the rods prior to irradiation and then the visual dimensional, ultra-
sonic and eddy current examination of them during each refueling. ( }

Accident induced loads and stresses have been calculated for both the 7 x 7 and
8 < H asserblies using the sane methods. The limiting accident loads result fron a

s te r, lire break. The pressure differences following a steam line break are less
than Ir greater than normal operating pressure differences. As in norral operation,
the pressure differences in an 8 x 8 assembly following a steam line break are 5 to
10 seater than in a7x 7 asser bly. The loads followir.g a steam line treak are
well telow the allowable loads.

The r u avior of the two fuel designs under seismic loading is nearly identical. This
is so becaJse the stiffness of the fuel channel and the weight of the fuel assembly
are tre same for both designs. Only these two parameters need to be considered since

t M ctiffness of the bundle of fuel rods is small compared to the channel, and the

ch n ce between the channel and the rod bundle is srall compared to the limiting
def h ct'en of the channels. The predicted loads from the postulated safe shutdown
earth uke are one-balf the allowable loads.

We e clude that based on operating experience with similar fuel, the results of
;ut-]f-pile test of an assembly of similar design, the increased themal marginsan

w"1cn the 8 x 3 fuel has, the Technical Specificatior' requirements to monitor and
lir it off-gas and coolant activity, and the existence of a continuing fuel rod

surveillance program which includes destructive and non-destructive post irradiation
e m.inations, the cladding integrity of the 8 x 8 fuel will be maintained during

r:rmal operation and abnomal operational transients and significant amounts of
2dicactivity will not be released. Furthermore, we conclude that accidents or

N rthquake induced loads will not result in an inability to cool the fuel and safely

'"utdown the reactor.
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3.0 twCLEAR DESIGN

The nuclear design of the 8 x 8 reload assemblies is similar to that of the equi-
valent 7 x 7 reload assemblies as shown in Table II. The U-235 enrichrents for
the individual fuel rods, the number and distribution of fuel rod > containing
gadolinia, and the water-to-fuel ratio are similar in the two designs. However,
two features which might effect the nuclear characteristics differ in the proposed
8 x 8 reload asserblies and the equivalent 7 x 7 reload assemblies. First, there

are 64 rods in the 8 x 8 asserrbly, compared to 49 in the 7 x 7 assembly. Second,
the 8 x 8 asserbly has a water filled rod near the center of the assembly and the 7
x 7 does not.

The major items of interest from the standpoint of nuclear design of the 8 x 8
reload fuel assecbly are the uncontrolled and controlled (all control rods in)

reactivity, the change in reactivity of the as>embly with burnup, the local
peaking in the asser-bly, the Doppler reactivity coef ficient, the delayed neutron
fraction, and the void reactivity coefficient. Values of these paraneters as a

function of burnup for an infinite lattice of 8 x 8 reload assemblies were

presented (I' ' ' ' and corpared with values for an infinite lattice of 7 x 7

assemblies of similar enrichnent. In general, the values for the 8 x 8 lattice

differed by less than IC: from those of the 7 x 7 lattice.

The same calculational techniques were used in calculating the lattice parameters
for the 8 x 8 reload assemblies and those equivalent 7 x 7 assemblies. The

particulars of the design of the assembly do not directly enter reactor calculations
since homogenized parameters for the assembly (e.g., few group cross-sections,
diffusion coefficients) are used as input. The 8 x 8 reload assemblies are
neutronically sinilar to the 7 x 7 asser blies (i.e. , similar enrichment, water-to-

fuel ratio and gadolinia content), and we believe the calculational techniques are
of equivalent accuracy for an 8 x 8 assembly as fer a 7 x 7 assembly. The local

peaking factor for the 8 x 8 reload assenblies is reported to decrease monotonically

with exposure, while that of the equivalent 7 x 7 assemblies is reported to decrease

with an exposure of about 10 GWD/t, then increase slowly. This behavior was explained,

in response to a staf f question, in terms of differences in the shift in the position

of the peak local power rod within the bundle as a furction of exposure. The effect

of the water is to increase moderation in the interior of the bundle and reduce the
rod to rod power peaking. Voiding of the water rod would decrease the reactivity of
the bundle and would depress the flux in the center of the bundle. (Voiding of the
water rod is equivalent to increasing the void fraction in the assembly of about

1%).
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TABLE II

Nuclear Design _Corparisen

8x8 7x 7

Pellet Outside Diameter, in. 0.416 0.487

Rod Outside D'. ter, in. 0.493 0.563

Rod-to-Rod Pitch, in. 0.640 0.738

Water to-Fuel Ratio 2.60 2.43

U Cundle Weight, lbs. 404.6 427.8

Cladding Thickness 34 32

K , cold uncontrolled 1.!66 1.163

K , cold-controlled 0.981 0.988

M3x. Local Peaking Factor 1.22 . 24

Avera3e U-235 content, 2.62 2.63

Number Gadolinia containing pins 4 4

Relative gadolinia certert cf

gadolinia containing pirs 2 1

Nurber of water rods 1 0

2.59 w/o U-235 P x R 'sse"-b1v; 2.50 w/o U-235 7 x 7 /sssembly
8x 8 7x 7

Pellet Outside Diameter, in. 0.416 0.477

Rod Outside Diameter, in. 0.493 0.563

Rud-to-Fed Pitch, in. 0.640 0.738

Water-to-foel Ratio 2.60 2.53

U Bandle Weight, lbs. 404.6 412.8

Cladding Thickness, mils. 34 37

K,, cold uncontrolled 1.148 1.129

K,, cold-controlled 0.966 0.960

Max. Local Feaking Factor 1.22 1.30

Avera3e U-235 content, ? 50 2.50

Number gadalinia containing pins 4 4

Relative gadolinia content of
gadolinia containing pins 1 1

Nanber of water rods 1 0

D-7 , , p,

GESSAR fh ~

]. 2_



We have reviewed the nuclear design of the B x 8 reload fuel assemblies by
comparing their properties with equivalent 7 x 7 assemblies and conclude that the
nuclear design of the 8 x 8 reload assemblies is acceptable.

. ',

0-8

GESSAR



4.0 THERMAL hYDRAYLIC CESIGN

During norral operation and abnormal operational transients, the design objective
for both types of asse bly is to maintain clad integrity and prevent the release

of significant amounts of radioactivity. The fuel damage limits and thermal-

hydraulic criteria used to evaluate the performance of the fuel is the safe for

both aesigns. During normal steady state operation the Minimum Critical Peat Flu <

Ratio (MCHFR) is heald above 1.9. For abnormal operational transients, the clad

strain is limited to less than 1; and the MCHFR is naintained greater than 1.0.

These design bases are the same as the design bases for fuel previously reviewed
and accepted for boiling water reactors.

In general, the 8 x 8 fuel has greater thermal margins to these design limits than

7x 7 fuel. The design value of linear heat generation rate for normal operation is

13.4 kw/f t for an 8 x 8 fuel and 17.5 to 18.5 kw/f t for 7 x 7 fuel. Based on
previous experience, this Icwer thermal duty combined with the other design changes
is expected to result in fewer clad perforations. During normal operation, the hot

channel MCHFR in the 8 x 8 assemblies is expected to be greater than 2.3 which is
11' greater than the hot channel MCHFR etpected for 7 x 7 asse-blies. The LHGR

which is calculated to produce li strain in the cladding is 1.8 times the design

salue for 8 x 8 fuel and only 1.5 times the design value for 7 x 7 fuel.

Similarly, the LhGR which prciJces fuel pellet center-line relting is 1.4 times

x 8 fuel as compared to 1.2 tines the design value forthe design value fcr n

7 x 7 fuel.

Since the 8 x 8 asser blies are different than the 7 x 7 assemblies, we reviewed

the thermal-hydraulic design rethods to determine their applicability to the new

fuel design. The differences are the modified flow geometry and the introduction

of an unfueled rod. The portions of the thennal-hydraulic design rethods which
might be af fected by these dif ferences and which we reviewed are the techniques used
to calculate flow rate and critical heat flux in the 8 x 8 assemblies.

The methods used to calculate flow and pressure drop in the 8 x 8 assemblies are the

same as that used for the 7 x 7 assemblies. However, empirical constants are

varied to adjust the results to the srecific fuel design. Tests have been rade to

detenniroe these empirical constants for an 8 x 8 geonetry and to confirm the

method of calculating friction, acceleration and elevation pressure drop. Further-
Fore, the fuel assembly support casting orifice is the major flow resistance and,
there:are, the flow distribution between fuel asserblies is insensitive to

differences in the hydraulic characteristics of the fuel assemblies The methods

of hydraulic analyses are the same as those previcusly reviewed and accepted
for boiling water reactors and are equally applicable for 8 x 8 fuel assenblies.

D-9
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The correlation used to calcula'.e the critical heat flux in the R x 8 assemblies

is the sr e Hench-Levy correlation used in evaluation of 7 x 7 assemblies.

Introduced in 1966, the Hench-levy correlation has been the accepted tasis for

determininil thermal margin for a variety of General Electric boilinq water reactors.

The 8 x 8 fuel assembly is, except for the inclusion of an unheated rod and the

change in hydraulic diareter, very similar in georietrical and therral-hydraulic

characteristics to the 7 x 7 fuel asserbly.

We have previously reviewed (12) the effect of an unheated rod and the applicability
of a CHF correlation such as the Hench-Levy correlation which is based on

average fluid Conditions and ccncluded that the effect of the unheated rod is not

s igni ficant. We have also reviewed the effect that the changes in subchannel
hydraulic diameters might have on thernal perforrance and conclude that the
subchannel flow in tne B x 8 assembly is more balanced than in the 7 x 7 design

and should result in ir proved thermal perform 3nce. Therefore, we conclude that

the Hench-Levy correlation is equally applicable to both the 8 x 8 and the 7 x 7

assemblies.

Eecause the Hench-levy correlation does not sLecifically account for ncn-uniform
axial heat flux distributions and rod-to-rod variations in power, as exist in fuel

assemblies, a lower limit line to the then existing critical heat flux data was

chosen as the form of the correlation. In addition, fur added conservatism, the

steady state design CHF was to be such that it did not exceed the Hench-levy ChF
divided by 1.9.

In order to overcome these shortcomings of the Hench-Levy correlation and to
provide a data base that is more representative of actual fuel assembly performance,
General Electric constructed the ATLAS facility which has the capability to test
full size, full power 8 x 8 rod bundles Except for the method of heating the rods
(electrical resistance heating) and dif ferences in grid spacer design, the 6 x 8
rod bundles tested in the ATLAS loop are similar to fuel assemblies. The large
body of critical heat flux data obtained from the ATLAS facility for both 7 x 7 and

8 x 8 of rods in 16, 49, and 64 rod bundles has provided the foundation for

developing a new correlation called GEXL (General Electric Critical Quality X -
C

Boiling Length) which GE proposed as a replacenent for the Hench-Levy correlation.
A new thermal design method (GETAB, General Electric Thermal Analysis Basis), which
uses GEXL and appropriate design parameters to determine the maximum power

capability of a fuel assembly during normal operation and abnorral operational
transients and accidents conditions, is also proposed.

The Rego'-')ry staff is now reviewing GEXL, GETAB, the Hench-Levy correlacion, and
the ATLAS rod bundle data. General Electric has inforred the Pegulatory staf f that

all operating BWR plants have been provided with GETAB with the instructions that,
in the interim, operating thermal limits be deternined by either the Hench-Levy

correlatior. or GETAB, choosing the method that provides the more conservative
result.
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At this tir:e the staff agrees that the operating plant thermal margins should
be predicted on the basis of the method (i.e., either Hench-Levy or GETAS) which
yields the more conservative result, on this basis, use of the Hench-levy
correlation for the 8 x 8 fuel design would be acceptable.

7)h )U|
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5.0 ABNORMAL CPERATIONAL TRANSIENTS

To assure the safety of the plant, the results of the analyses of abnormal
operational transients are required to indicate that the fuel and the reactor

coolant pressure boundary (RCPB) are not damaged. The fuel damage criteria are
a minimum critical heat flux ratio (MCHFR) of unity and a cladding strain of one
percent. The RCFB damage criteria is the system design pressure (as specified in
the ASME Boiler and Pressure Vessel Code, Section III). These damage limits for
S x 8 fuel are the same as previously reviewed and accepted for 7 x 7 fuel in
boiling water reactors.

Abronnal operational transients are the result of single equipnent failures or
single cperator errors that can reasorably be expected to occur during anticipated
redes of station operaticn. The types nt failures and errors considered are the

sare for both types of fuel. The transients resulting fra, these failures and
errces can cause variations in both systen narameters such as core ficw, core

power, pressure and ccolant level, and in local parameters such as flow and power
in a single asse-bly. System paraneters are primarily a function of the core
average nuclear, thernal and hydraulic characteristics.

Since the characteristics of the 8 x 8 assetblies are similar to those of the 7 > 7
assemblies, the 8 x 8 fuel has no significant effect cn these transients. However,
for the determination of local parameters, the characteristics of the 8 x 8 fuel

may te significant. It has been reported ( that the thernal margin of the hot

asserbly has been analyzed using the conservative fuel type and the results
demonstrate that the fuel damage limits are not exceeded. The results of three

limiting events, i.e., a seizure of one recirculation pump, the continaous with-
drawal of a control rod, and the nisorientation of an assenbly indicate that the
consequences of these events are less severe for 8 x 8 assemblies than for 7 x 7

asserblies. Analyses of all transients have been made considering coth the
7 x 7 and 8 x 8 assemblies and the results indicate that the fuel damage limits are
not exceeded.
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0.0 A C C I D D.T S

An11 ses of the design basis accidents are r:ade to evaluate the capability of the/

engineered s3f ety features to mitigate the consequences of postulated 'ccidents ar j
centrol the possible escape of fissicn products. Tne four pestulated design basis
accident are the 4 los -of-coolant, b) stem line t,reak , c) fuel handlird, and d)
centrol rcJ drop eccidents.

0.1 poi cop Arc 1 dent

The rco drop accident aralysis is not significantly affected by a char. _ frar a
7x 7 to an R y 8 asse-bly. Ine kinetics rodel uses ' rogenized cross oectices a ''

is not directly involved with the details of tne lattices The lccal peakin ; fact -

of interest are also si-ilar for 'ath ty; es of asse Slies Ana ly se s o f + ? e rod a ro,'

accident de enstrate tnat the dreppin7 of a r:axir ar: worth seq,enced cor. trol rod will
not rc alt ir a~ 1E fuel pellet enthalpj .hich e/ceeds the dr age lirit of c. ,

c a 1 |rc

(.2 Re f v l i no f c c i der.t

I' retnad of meter <irir tr.e ry ter of rods which -ignt fail follo. vin; *r '

tirc;'a in g of an 'aue"blj is equilly a;91c%le ta tcth designs Since tr e ty; es1

o f 3 s s rily are similar, the total a , t cf fissicn ;.rcLcts released from ttE
assemblies in a refuelin9 accident culd not le significantly 7 eater tM n> e

frc tb > 7 x 7 ass blies.

t' . 3 5?ca !_ ire Preal

%_ radiological c ' seq >encts 3 ^ tulated ster line b eak catsio e' the
+

,

;ri=arj containrent are depenjent en the a~ cant f pri arj ccalant 1:st c> ring U _
a.cident and the cc certration of the radicactivity in tN- _Tolant I". a u mt ct

(cclart los+ is pr1 u 11/ 3 fvction of syste" ;3raroters rich sculd rat N sigrif-
icantly ch!nge1 t. In tra :n tion of 0 x < fuel asse-tiies Tic corcenta tion cf
raiioac* sity in tM crollnt is limited by Tecrfical Specificatjans and i ;. alst
<rtnangea. Iterefore, the radielogica i conseu ceu of a cs'a! ate' 3 tea' lirs_>
bre3L accident are uncr " ed by the use of $ v - fael as z blies

f.4 ! __ c' Ccolant

Ine analysis cf tre perfner m e :f tre ECCS an.1 the res;. r se of the rs A fuel
assemblies follcwing ps s ulated loss-of-coolut accidents F3s been "aae using tho
m u T!icos a nd cal c al it ior.' techr.icues described ir, ? art ? - Cennral Electric

_ , , . <i
! i *
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Evaluation Model, Appendix A, Acceptable Evaluation Models including their

Conservative Assumptions and Procedures" which is contained in the Connission's
Interim Policy Statement, entitled " Criteria for Emergency Core Cooling Systems for
Light-Water-Power Peactors" and publisched in the federal Register on June 29, 1971.
The Connission Rule, " Acceptable Criteria for Emergency Core Cooling Systems for
Light-Water-Cooled Nuclear Power Reactors,' dated Decerber 28, 1973, is intended to
replace the Interim Policy Statement. Confornance with this new rule, which
ircludes revised criteria and revised features of the evaluation rodel, will

require re-analysis of the ECCS performance. When the requisite evaluations are
subnitted to the Director of Regulation, as required by the implementation schedule
ccntained in the rule, the staff will nake its review and conclusions. Our current

review is only concerned with compliarce with the Interir Policy Statement. Since
the 8 x 8 fuel assenblies are a different design than the 7 x 7 assemblies con-
sidered in the General Electric Evaluation Model described in NEDO-10329, and

referenced in Part 2 of Appendix n to the Interim Policy Statement, the staff has

reviewed the evaluation model to determine its applicability to the new fuel

design. The features of the new fuel design which are different from the old
design and significant in detennining applicability of the evaluation nodel are: a)
smaller diameter fuel rods; b) larger number of fuel rods in each asserbly, and c)
an unfueled central rod. The features of the evaluation nodel which night be

affected by these changes in the design of the fuel asserbly and which we reviewed
include applicability of the transient critical heat flux correlation, the thernal

radiation and the spray cooling convective heat transfer in an 8 x 8 array, and the

effect of the unfueled red on heat transfer.

As discussed in a preceding section of this report, we have reviewed the differences

in the thermal and hydraulic characteristics between an 8 x 8 fuel asserbly and the

7 x 7 assembly, and concluded that the steady state critical heat flux correlation

is equally applicable to both designs In addition, GE has nearly completed an
extensive series of steady-state critical heat flux tests on full-scale, 8 x 8

heater bundles with varying inlet conditions, ar power distributions which are
representative of expected conditions in a EW7. These tests will provide a large

additional set of critical heat flux data applicable to the 8 x 8 fuel design.

General Electric and the staff are now in the process of evaluating this data and

its applicability to the ccrditions folicwing a loss-of-coolant accident. Upon the

completion of this evaluaticn and during the review of the re-analysis required by
the new rule, the staf f will re-exanine the acceptability of the current critical

heat flux model.

We have also reviewed the dif ferences in thernal radiation and spray cooling

characteristics between the 8 x 8 and the 7 x 7 fuel assemblies and conclude that
the procedures used to calculate the heatup of an 8 x 8 fuel assembly following
a loss-of-coolant accident are consisterd with the approved General Electric

.

I

D-14

GE3SAR



Evaluaticn tidel. Our conclusion is tased on irdependent calculations usi 4a

fctr;wter ;o curam developed for the staf f and the results of full-scal ,

stainless steel < H rod array, heater Lundle spray ccoling and floodintx

'

test

The adequacy of the therr al radiation nodel f or an 8 x S fuel bundle has been
verified by conparison of the predictions of clad terperature using both the

GE I ) and staff's 16) con uter programs to the results of steady-stat' heiter
bundle tests which had no spray cooling. The staf f's co''puter proqran under-

predicts the terperature of rods in the bundle Lj not more than 25'F, but

overpredicted the temperature of sore rods by as much as 150'F. The GE progra~

predicted terperatures which were from 50 to 75'F ltwer than the staf f's-

c al c ul a t i on- The terperature overprediction of the correr and unfueled Jods

may Le dJe to local differences in enissivity. Although comparison of the gray
bodj view factors for individual rods used in the two progri's revealed no reason
for the difference Letneen the GE and staff results, the simpler nod 31ilation of the

heater rods in tha GE progra" could account fcr the difference.

The adequacy of both the GE and staff heatup models, including both convective
cooling to the spray and rod-to-rod radiation, was demonstrated by comp 3r' 1
predictions to the results tron transient tests of the 8 x 8 stainless steel

he3ter bundle. The predictiens were based in part on the conservative values of

spray cooling ccnvectise heat transfer ccefficient specified in the IAC evaluaticn
model. The other parameters, such as heat-generatien, e,issivity and therral

properties, were best estimate values. The staff's c3lculations are as uch as

40 f lower, and as ruch as EC'F higher than the reasured te peratures The

predictions reported by GE have approximately tho sane inaccuracy, inese dif-
ferer,ces are within the uncertainties of the test results

he General Electric Con pany has also corpietod a test witnessed by the staf f en
an S x 8 Zirc3loy heater bundle, but has rot yet reported tr e results frevleus

tests have shown that a heatup 'odel ahich is based on the results of tests with

stainless steel rods car predict the therr al ressense of Zircalo/ red, within thy

ancertainty of the e q erimental easur er:ents. For rost rcacters which ha'.c jet
, s ';.s , t he heattw t rr sient s a re s hc r t , tha t is , a pprox i" 3 tel y two o n;*es Inng,
result in roderate te peratures, that is below TC00'f , and the Ogree of uncertainty
is acceptably s rall . Howeser, for transients which are lort;er and result in higher

io" per 3tures, such as occur in re K tors without jet p ri , additional negeri e- l

verification of the a;wlicability of analytical nethnds ce, ved from stainlet ,

steel heater bundle test, to Zircaloy clad rods are re w1 rod D erefore, t"e

results of this Zircalcy b,r.dle test will te sobritted arj reviewed prier to use
of fuel in reacters without jet i ar;

,

f
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We reviewed the effect that the unfueled rod right have on beat transfer. Ins;ec-

tion of the test results indicate the convective coolirig of the rods prior to wet-

ting of the unfueled rod is insensitive to the locaticn of a rod relative to the

unfeeled red. That is, rcds irrediately adjacent to the unfueled rod helt up at

the sac e rate as rods which are ',eparated f ron the unfueled rod t1y cre rCw of

rods % ever, tqe unfueled rod is t.er.eficial sirce after the rod wets,

'.etting of the unf ueled rod ie, r.o t includedit acts as a ther"71 radiation sird. r

in either the GE cr staf f cor"puter program r'odels.

ne conclude thet the General Electric Ev31uation McPl as descrit+d ir NEDr-10379
anj including the require"ents <pecified in hrt 2 of f;+endix A of t"e Interi-
Policy " tater ent when " edified as descrite i ir .!:E-lC101 to a ao et for cif-
ferraces between the 'esign of the P < 4 and 7 7 asecr bile , is 3;.plic 3ble te tho

3 as "tlies in a Gereril Electriccoluaticn of t'e EEC perfor*ance of .

t oiling Water reactor which has iet c'ci.,
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2 *
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" Response to AEC Questions, NLDM-10735, Supplement I, June 1973 (Preprietary),

Supplecent 4, " Response to AEC Questions, NEDM-10735, July 1973 (Proprietary),
Supplerent 5. "Densification Considerations in CWR Fuel, July 1973
(Prcprietary) Supplene.its 6, 7, and 0, " Fuel Densification Effects on General
Electric Boiling Water Reactor f uel .
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Bottom flooding heat Transfer Ef fectiveness," J. D. Duncan and J. E. Leonard,
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1080., May 1973 (Proprietary).
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J. D. Duncan and J. E. Leonard, September 1973.

16. " Core Thermal Analyses of a Stainless Steel Clad Heater Rod Bundle,"
C. M. Moser and R. W. Griebe, December 1973.
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CHRONOLOGY

REGULATORY PEVIEW OF GENERAL ELECTRIC COMPANY 8X8 FUEL ASSEMBLY

September, 1973 General Electric Company submits report " General Design Informatica
for General Electric Boiling Water Peactor Reload Fuel Concencing
in Spring, ' 74 ' NED0-20103.

September, 1973 General Electric Company, Nucelar Fuel Department, submits report
"Cresden 3 Nuclear Power Station, Second Reload License Submittal."

September 14, 1973 Memo to A. Giambusso, AE: from P. D. Raymond, "Nine Mile Point
Unit 1 - Second Refue' ng.'

October IS,1973 Niagara Mohawk Power Corporation submits report "Nine Mile Point
Unit 1 Safety Analysis for Type 5 and Type 6 Reload Fuel."

Octeter 17, i973 Memo to V. Stello, AEC, fram D. Ross and T. Novak, " Review of

GE 8X8 Reload fuel Asserblies. '

Ct * ul"r 24,197 3 Meno to V. Stello, AEC, from W. Minners, AEC, " Review of GE 8X8

Feload Fuel Assemblies.'

'.< v er t e , 1973 Northern States Power Company submits report "Monticello Nuclear
Generating Plant - Second Reload Submittal.'

S c, , emb e r 16, 1973 Letter from D. Skovholt to Ivan Finfrock, Jersey Central Power
Company, " Change No.17 for Oyster Creek, Docket No. 50-219,

License DFR-16.'

November 17, 1973 General Electric Company, Nuclear fuel Department submits Supplement
A, "Dresden 3 Nuclear Fower St.stion, Seccnd Reload Licente

Submittal.

Dea mer, 1973 Energy Incorporated submits " Sensitivity Study on CWR/6 Fuel Bundle
Response to a Postulated LOCA," Part IV, C. M. Moser and R. F.

Griebe.

Decerttr 6, 1973 General Electric Company. Nocelar Fuel Department submits
Supplement B. "Dresden 3 Nuclear Power Station, Second Reload

License Submittal."

December 6, 1973 General Electric Company, Nuclear Fuel Department submits
Supplement C, "Dresden 3 Nuclear Power Station, Second Reload

License Submittal.'
D-19
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Decerter 6, 1973 Le tter to J. O' Lea ry, AEC , f ron J. Abel, Cornorwea l t h I dis on ,
" Supple-'ent B to Second Reload License Submittal.'

Decer.ber 6,1973 Letter to J. O' Leary, AEC, f ron J. Abel, Connonwealth Edison,
" Supple ent C to Second ReleaJ License Submittal and Proposed
Change to Facility Operating License DPR-25.

Dece-ber 14, 1973 Memo to V. Stcllo, AEC, from W. Minners, AEC, " General Electric

8XS Reload Fuel Asser blies.'

Decer ber 17, 1973 General Electric Company, Nuclear fuel Departront submi ts Suppler.ent
D, "Dresden 3 Nuclear Power Station, Second Peload License
Subnittal.

Decer be r 17, 1973 General Electric Conpany, Nuclear Fuel Department subrits Supplerent
E "Dresden 3 Nuclear Power Station, Second Peload license
Submittal.

December 17, 1973 Letter to D. Zierann, AEC, from J. Atel, Corronwealth Edison,
" Supple'"ent D to the Second Peload License Submittal .'

Decerber 17, 1973 Letter to D. Zie ann, AEC, fron J. f tel, Connonwealth Edison,
" Supplement E to the Second Peload License Subnittal.

Decerrbe r 18, 1973 ACRS r>eeting on GETAB and appl cations to LOCA analyses for 8X8
assemblies.

January 8,1974 ACRS Subconnittee on Fuels Meeting, Washington, D.C.

January 10, 1974 ACRS Meeting, Washington, D. C.

January 24, 1974 ACRS Subconnittee on Fuels Meeting, Denver, Colorado.

January 30, 1974 AEC - General Electric Meeting.

February 5, 1974 Letter fron J. A. Hinds to V. Moore.
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fiPE'0IX E

H V IEW A',0 FV ALU ATIM N GETA3

FO? EJ5

1. I N!m;% T IM

U 2riry an ticipa ted ai r,crr al cpera tirq transien t, in a Loiling water reactor, a
c ri terion of rm f uel rud dr age is applied. Historically, the therr31-hydraulic

troditions resultimj in a d-p rture from nucleate builing have teen used to nark

tre beginning of tre rejicn wnre f ael damage cosld occar. " I thow;h it is recolnized-

tha t a dep ar ture f ror nucleate toilinj would not recessarily result in dr age to f a

fuel rods, tho critical heat flux at which boilir j transition is calcJlated to CCcur

has teen aMptej as a conscricn? limit.

'ir.ce 19fi this lirit fcr te fuel assemblies has t een based un the Fench-Levy
(

t or rela tion 'i ) which was forr ulated as a lower limit line to the exis tirej rod bandle
critical heat flua data. Io allow sJfficient rargin for uncertainties, tIO steady

state a;wrating conditions of S'neral Electric spanj reactcrs were lirited such

in3t duriry articipated abnorN 1 transicnts the calculated heat flux was alv.ajs less

than the lower limit critical heat flux line. Tha t is, during transients, the

critical heat flux ratio was always greater than unity.

PasoJ on recent extensive critic 31 teat flux data obtairted with full size, full

power rod t:andles in the ATLAS test loop, the General Electric Cor;any has developed
a r.es netnod of cri tical heat flue correlation. With this General Electric Critical
Qality (X )-Boiling Length Correlation, (GLXL) critical pcwer, the fuel'

assembly pcaer at which boiling transition is cepected to occur, is based on the
c o r r e l a t i or. of the critical q;ality and t, oiling length. The basic forn of GEXL is
identical to the well verified CIEE (Italy) correlaticn. In contrast to tne Ucrch-

L s y correlation, which is a lower limit lire to the data, the GEXL correlation is a

test f i t to the AIL A; da ta. GE proposes to determire themal limits using a rew
t r er r:al des un r et' c 4, the Gereral Electric Therral Analysis Easis (GETAB)(''3)

'

which incorporate, tr e GEXL correlation. The uncertainties associated witn the GEXL

tt rrelation and the reactar stcaij c tate operating parreters are cor: Dined statistic-

ally. The steady state cperating conjitions are to te limited such tha t during
anticit a tN abocrr al transients, nore than 99.9' of the fuel rods in the core arc

errectou nut ta e,perierce t~ oiling tr ansition. Itat is, caring transients, the
rivii:um critit il i ce , ratic is to be greater than a value determlaed by the Fagnitude
of these uncertainties typical value is 1.05.s

This report presents the results of oJr review Of the G[XL Correlation and the CETA3

rethcG. We have reviewed the GEXL correlation and its ! asis including the experimcnt31

Jata and anal /tical rethoJs used to deterrire the correlation. We have also reviewed
the experitent31 retnads used to cbtain the data, including the design and operation
of the ATLAS test loop. Finally, we revieued tne application of the correlation to

L-1
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the design and operation of boiling water reactors. As disc assed at tre end cf ttis
repart, Lased on this review we conclude tha t the GEXL correlation and a statistical
application of the ccrrelation, similar to the pro;_ased CETAS "ethod, are acceptable.

_ Al Y T I_C AL/ ,

A. Critical Heat flux forrelations

1 Methods.

Several methods, as described by Veeys, et al nave been proposed for the

prediction of heat input for, and the position of, critical heat flux in non-
uni fomly heated tutes. These prediction tethods have the following features:

(a) In the Average Hea t F lux" concept the critical heat flux is assur.ed
to te correla ted thus:

= f (G, D, P, min' L)' II)
't

w % re L is the total heated length, Ni is tne inlet subcooling; G is r, assin
selocity, D is the epivalent diameter, P is the pressure, and ,c is the
aVUdge heat flux. Inspection of these parameters show that the critical
power is assuN d to be independent of the forn of the heat flux spatial
distribution. AlthoJgh this method does not permit the prediction of the
critical heat flux loca tion, it is simple and has been shcan by Lee , to

give predictions within 10: of experimental data for tubes with large L/D
ratios and roderate peak-to-average heat flux form factors.

(b) In the " local (cnditions" ccncept the expression for critical heat flux is:

=f (G, D P, Xc} (2).c

This method assures that the critical heat flux location will occur at a
local heat flux, q, and a local steam quality, (c, irrespective of the
ax hl heat flux distribution. Exa.rples of this type of ccrrelation are those

of Thompson and Macteth , Tong (W-3)I ), and Cellerstedt, et al. (B W-2)(a)
However, the need for a correction to the predicted uniform critical heat

flux, for the case of nen-unifona axial heat flux, is described in Reference

9 for the W-3 correlation (8) , and in Reference 10 for the B&W-2 correlation
}The Hench-Levy correlation , for use in EW"< rod bundles, is similar in form

to equation 2.

. = f (G, P, XCB) (#)

where is the local critical heat flux, and X is the cundle average critical
CB

steam quality. The' equivalent diameter does not appear as the correlation

E-2 r
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is applicable only to GE BWR rod burdles. Since 19E6, the Hench-Levy corre-
laticn, in the form of a lower limit line to the then existinq rod bundle

data, has served as the basis f or Fredicting the themal nargin in EW;s.

(c) In the "Eoling Length" concept the critic 3l quality is correlated in the f ollowing

f o r":

q-f (G , F , D, Lg), (4)

where x is the steam quality at dryout conditions and L is the length over which
3

boilinj takes olace. Exa-ples of this type of correlation are those of Fertoletti,
(' } and Hewitt.( The " boiling length" type of correlation has the deron-et al

strated advanti.ce of being 'ble to correlate critical heat flux data for both unifora
axial heat flux os well as non-unifom axial heat flux. Since the axial (and r3 dial)

in a CWR fuel bu dle is not uniform, the correlation ofheat flux distribution n

Certoletti et al (I ) w>s chosen as the basis for the new CE cnrrelation called GEXL
(General Electric Critical Quality X - Coiling Length). ns used for Gi rod t>undles ,

GEYL rclates the tiundle average critical qual ity, Xg , to boiling length.

A recent comparison of the cnrrelations desc ibed above (excluding GE AL), and adaptations
of so"e of the r:ethods to use with roj bundles, to EWR rod bundle cri tical heat flux data

is described by Guarino, at al. The compared data comprised 785 points anc 'ac Nded

uniforn heat flux, radially non-unifom hest flux, and axially ron-unifcrn heat f M .

b. G_E_x L_

The GEXL correlation is a variation of the critic 3l quality vs toiling lenath correlation

of Bertoletti, et al( ) which was t) sed on sin;le tute data, but was shcwn to apoly, with
good success, to a large a.ount of rod bundle critical heat flux data. Subsequently,

the sinilar (x vs Ln) correlatie" of Pewitt, t al,(14) for single uniformly hm ted tub s,
C "

was arplied to rod buncles by Marlielli and Pastori(15) on the basis of ascribing the flow

r3te attending each rod to thjt wnicn exists within a zero shear interface between rojs

(the CI5E criterion).

The GDL correlation is of the f om

f (G, D, ?, L,, L. R)6 =

a n

wnere the terns are as previousl/ Nfired. L is the heated length, and R is a weightirq
factor which characterizes tno lccal red-to-rod peak in7 rittern with respect to the rcst

limiting rod. In addition, R is dGendt at on lattice dimensions (7x7 cr Fx8) and crid

spacer configuration. Sinco R, in affect, accounts #or the flow ard e 'thalpy distrit'ution
within the bundle, it can t.e inter reted as Leing the bundle iverage analog of subchannel

analysis.

7 .,
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The fem of the CISE correlation (lll is:-

aL
X _ --C where a = f(F,G)

-

C
b+L b= f (P,6,D)g

where L is defir.ed as the heated le>n ;th c.cr n'iich t he steam r:J)lity is qrcater than zero.g -

The form of tne GEXL correlation is similar to that of CISE; h % ever, in CLxL, Ln i s ch f i r el
b

a s t he d i s t a n c e f rO"! the initiation Of b;li b0lling to th' LOllinq transitinn point.*

An exrmle af the ability of the critical r;a31ity - Lailinq lernth EIS[ ccrrelatico,

which is th: basis for dXL, to t' ring critical beat data for var icus axial teat fio dis-

tributions into a single curve is shown in Fi ;m e These data, for 1000 ;sia stec ,.

fro" Freys, et al,('3 include tne felicwirl hedt flux distributicns: un i f e rr , en cr ential
4

'

de:rease, and syTetrical cho[ ped cosine. Figare 2, fro- Reference J, tre report u "er

review, shows the identical results fer Frean-ll4 wherrein critical heat flux data fur

uniforn, cosine, h a l f c '_ s i r e , inlet i eak , and outlet r eak heat flu- distrit ations >s , oli

rtpresentcJ by a singlc criticai quality-roiling l_',th curve.

c. Cata Casis f or GDL

int SDL correlation. (7x7 m) are basei ar1~ ental dat-a which coser U." lfo lcw-' <s

r .i n g

Fr estuo : 00 to it'+ psia
e. r

Mass Flu- 0I x 10' te ox 10' Itche q. +t.

Inle t ' t :alir ;: r to ' B t u / i t,

l oc al f e1L ina: 1.61 c a rr er to 1.a7 i nt e -i c
fn131 I'ref1le: iferr

(G;i- (1 4 alv. *E ir, at 7 Ir. trc in1r*).

Inlt* : eak '1.Cf t. a. it si 'et)+r.. i. -

12t * ~m '!.+ .

< a. it ir tr: inl. t !
,a lt ( i . m: M ' ,1 ya' cq. ,i

li i- r '

Lattic in A

e
.

,1 I t. +: ec ,'
,

, + _1- ,

* -
'

3; e

'

c, c ,
< , , , + 3-

JCtf 1e tj,r'' if |1 u , * ''+ t *>6.

'
a

car' .1, . 4,3 r- 's- a, o . .
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The GDL ccrrelati' are based on data of which tn' curwhelning PCrtion were Cot 3 iredc

in the ATLA 5 loop anj tre rem injer in the Calarbia L'niversity test le3p. The data used
for Ci(L are:

Lattice '0. of Rods ;i131 Prnfile Heated Levitn 'ia , of Pcints,

*
7x 7 16 Unifor- 6 't it*

16 Cosine 12 f t 223

D Cosine 12 ft 127

<o 16 C o ,i r.e 12-1/3 ft 211

64 ccsine 12-1/3 ft 1053

* Ce l . Sia University data.

F r o:' t. M aLave, it can t e seen that the SEXL correlations (7x 7 and 3xS) are tased or 1803
data ,,ints of shich l??5 were cbtaineJ with full size (49 anj 64 rods), full length (12

f t and 12-1/ 3 f t) red tundles. Except for G points which were d tained with a unifor-

axial ' eat flux, the dita were cDtained witn a cosire heat flux distributirn.

M tt r ,veloi nrt of th correlatirrs they were cor".;ared to additional d3ta which represent

tne A le r1re;e of pirr eters D e data ased for co pirisen aro

Lattice '.o . c f - id s vial Profile No. of Points *

7x7 16 ;niforn 456

It r.osine 121

-y Cesine 470

lf Inlet Peak 184

16 Cutl( . Feak 077

li ?utle Ieak 12

16 el > H, p 030s

131,< 16 : 5 n

* Inclu ' 20 points fern the frecn Icep

, N Jf these cc trison, sn:ss that the 7x7 GEXL correl 3 tion, which was Lased cnIn: '

unifur- - cosine axial profilas, 'ccurately predicts the whole range nf dat3.

Wnile *r *cerulatica of the SE AL _ccrelatiens (7x7 and Sx3) relied very henily (120
out of 15'3 points) en Jata taken with the 8x3 lattice, enly a s'all fractico (13i cut of

2605 ,. ints) of the att used to check the CE(L correlations wera for the Ex8 lattice.
In additico, about half cf these confirming data for the Fx3 lattice, were for Frean and

all were fcr a cosine heat flux distributico. CE is performing additieral tests with 8x3

lattices and ne~unifor, axial profiles. These additi mal tests will ircluie profiles with

a peak toward the outlet. Inlet reaked profiles ray af sc be inclu jed. Mthou@ these tests

can provide additional canfirraticn of the Bx8 GEXL correlation predictive capebility,

E-5
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they are not required for two reasons. First, the 7x7 GEXL correlatica, which was bastd

solely on data from uniform eno uosine axia! heat 'a4 p ro f i i n tests, accuratoly crelicts

t;oilirl t ransition f or the other tested prof iles. There is no re3 son to telieve that tr e

Hd GE(L correlation would not perf orm sim larly. Second, in the applicatian of GEXL, the

standird deviation of the un<ertair,ty in the lu3 GEXL correlation will be increased to-

account for the iess complete data base. The standsrd deviatica of 2700 experimental

critical power ratios (ECFR) about the 7x7 GExl cor relation is 3.0 ' The standard

deviation of 1299 ECFR about the Sx8 GEX1 is 2.8: In applying the 8x8 GEXL to the
deternination of C # thermal limits, tt'e standard deviation W111 Le increased to at least

3.4 , which is the square root of the sum cf the variance of the ex8 experi:" ental results

ani the var 11nce of the re3ns of the 7x7 data for each flux shape.

U. S u bc ha nrLo !_A nglfsis Method

The subcnannel analysis nethods used to develop and cor plement the GExL correlatier have
reviewed and evaluated by our P',L consultant.I This evaluation indicates thatban

the pr i cary Generel Electric subc hannel analysis nodel has a reasonable basis. The basic
furrulationa and computaticns of the model are typical of subchannel analyses available
in tre open li terature; howe /er, fornulaticos of the exchange mechanisrs between sub-
channel; contain sore unique features. The inclusion of the particular fornulations of

the turbulent r ixirg and void drif t exchange models is one of the nost significant aspects

in the GE subchannel analysis f ornulation and is the prmary reason that the GE nodel daes
a 900-1 job of predicting subchannel flow and enthalpy data for sirulations of EWR rod
t'u nd l es .

As part of its subchannel analysis package, GE has included a subchannel tritical power

corrclation which correlates JE rod bundle data with sub6annel parameters of mass velocity,
w ality and boiling length determined by the subchannel analysis. It is irportant to note

that tube and annulus correl 3tions were not directly used in the subchanne' correlation,

but instead wore mer-ly used to establish the irportant para"'eters for correlation of

the toilin g transition data for rod bundles. The complete subchannel analv-is rethod

correlatas the e<perimental data within +61 Because of its subchinnel v ' e the,

sutchannel analysis rethod is a valuable tool for use in pararetric design 'udies of BWR

fuel bundles. Thus, GE has two rethods which each correlate the GE data we 1, narely,

the subchannel analysis rethod and the bunnle average GEXL rethoo.

However, it does not logically follow that since the two empirical methods provide cor-

parable critical power results that any one of the individu31 factors in either of the

correlations can be justified on that basis alone. Each function must stand on its own

merits in conjunction with the erpirical or semi-empirical correlcting schene of which

it is a part. Consequently, the arguments associated with the justification of the bundle

average R f actor via the subchannel critical power results are not only circular in
nature, since both critical power correlations are based on the sare rod bundle data, but

are unnecessary since the GEXL correlation stands on :s own merits as a method of pre-.

dicting critical bundle power.
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C. Data Comparison

Comparison of ATLAS with Hench. Levy Correlation,

As the Hench-levy correlation (1} presently forms the basis for predictirg thernal limits

for CWRs, this correlation was independently corpared, by our ANC consultant,( } to the
rod bundle boiling transition cata obtained in the ATLAS test loop. The comparison, con-
sisting of 5868 data points, thowej that, except for the C3se of uniform axial and radial

heat flux distribution, the Hench-levy correlat.on, which is a lower limit line, is not

conservative.* That is, the experirental critical heat fluxes are generally less than those

predicted by the correlation.

Figure ' from Reference 17, shows critical bundle pcwer as a functio.i of inlet subcooling
with nass velocity as a parreter. The consistcncy shown by these data is typical of
that obtained in the ATLAS test loop.

A comparison between r.easured and predicted critical heat flux (Hench-Levy) for uniform
axial and radial heat flux distribution, is shcwn in Fir,ure 4.(I7) It can be seen that
almost all of the reasured Le3t fluxes are greater than the predictions thus showing that,

for thrse conditions, the be ch-Levy correlation is conservative. This result is not too

surprisin j as the espe.rirental basis for estaclishing the Hench-Levy correlation was pri-
narily corprised of uniform axial and radial heat flux rod bundle data. However, as shown
in the following two figures, the greater the departure fro.1 uniform axial and radial heat
flux distribution, the creater becores the disparity between the Hench-Levy correlation

and reasJrej Critical heat fluxes, With Hench-levy being the hiper.

Figure 5,(II) which cor pares critical heat flux for uniform axial heat flux and non-uniforn
radial peaking to predictions, shcws that about one-half of the data points are less than
tne Hench-levy predic lon. Wnen cerner peaking is crbined with non-uniform axial heat
flux distributions (cosine, inlet peak, cutlet peak double hu p), the comparison in
Figure 6( results Here it is seen that, for the vast rajority of data points, the

Hench-Levy predictisns substantially exceed the reasured critical heat fluxes. Thus, it

can be concluded that, for rod bundle heat flux distributions and heat lengths which

correnonJ to those found .1 a GE EWR (non-unifom axial heat flux with corner peaking,

12 ft. heated lengtn) the Henth-Levy correlation does rot provide a lower linit line.

Two pcssible reasons why the Hench-Levy correlation does not provide a loker lir.it line
to the ATLAS data which were obtained with reactor fuel asser.bly-like rod bundles

are:

*This argur ent as to " conservative" does not enbrace the use of Hench-Levy i .e. ,
the present requirement that MCHFR using Hench-Levy be greater than 1.9 during
state operation.
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1) The approxirutely 700 critical teat f i x 13ta peints tcr 4 and cr rod bundles, which

form the basis for the Hench-Lesy correlation, were ou'ained with uniforn axial heat

flux with some data obtained with cm er peakinj or intericr rod peaking. As shown
in rigure 7, fron Reference 4, the critical heat flux, for a single tule, is sub-
stantially greater with uniforn asial heat flux than with a cosine heat flux

distribution.

2) For a 19 rod bundle, using 10C0 psia steam, Matzner et al( demonstrated that, nver

the heated length range of 1-l/2 ft. to 9 ft., the bundle average critical heat flux
increases as heated length dN reases. At a given stean quality, a pressure of 1000
psia, and a rass velocity c' I s 10 lb/hr sq. ft., a decrease in the heated length

fron 9 ft. to 5 ft. increases the critical heat flux by about 40

Since the heated lengths of th( 4 ard 9 rod brdle critical heat flux data which

formed the basis f or the hencn-Lewy correlation varied f rom 3 to 5 feet, it follows

that the"e <ct> prasided greater critical heat flux than would have Leen obtained

had the heated ler gth been mere representatise of actual fuel rods, i .e.,12 f t.

Fro ~ the above considerations, it can Le concluded that the critical heat flux data used

to develop the Hencn-Levy ccrrelatien were high with the result that the correlation is

not a lower limit lire when applied to data obtained in long (12 ft.) rod bundles with

non-uniforn ax a1 and radial beat flux profiles,

b. Cogarison of Hench-Levs and GDL for Rod Eond!e pcwer

It was previcusly shawn that, for non-uniforn axial and radial heat flux distributions,

the critical heat flux predicted by the Hench-Levy correlatien generally was substantially
greater than that reasured. Since GDL is a close representation of the experimental

boiling transiticq data, it ri ght be anticipated that, un a bundle power basis, Hench-Levy
will provide higher values than GEAL. That is the case shown below.

Fig 2res 3 and 9 show critical power, for a 7 x 7 rod bundle, 35 a function of inlet s:.b-

cooling, for mass velocities of .5 x 1[ and 1 x 10 lb/hr sq. ft., respectivelv. The
b

twa upper curves in Figure R represent the Hench-Levj correlation and GEXL, respectively,
along with e>perirental data. It is seen that the Hench-levy correlation predicts about

5 percent greater pc.er than SEXL or the data. The two lower curves represent the

ope rating curves for each of the correlations; Hench-Levy is based on critical heat flux

divided by 1.9 whereas GDL is, in a typical case, based on critical bundle power divided

*ote that, with respect to the operating curves, GEXL perrits higher power thanby 1.2.* .

Hench-levy at low inlet subccolings while the converse holds true at high inlet subcoolings
6

At a mass velocity of 1 x 10 lb/hr sq. ft., as shown in Fig,re 9, both the Hencn-Levy

correlaticn and its oper3 ting curve are always higher than the respective GEXL curves.

*As discussed in section 4, use of the arithretic r'ean, rather than the geonetric rran, in
the statistical analysis, will increase the required CPR fron 1.20 to 1.24. This would
ccrrespondingly lower the GE XL cperating curses on both Figures 3 and 9.
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c. Eo'narison of AllAS C!ta with C[XL

Our / Z cons"Itant,I indepenJ.;ntly co pared all of tr e ALTAS data, consisting of 5?63
dita ; aints, to the GEXL correlation (February l#4 version). The ANC comparison has
basically suL stantiated the clain by GE ' hat the CEXL correlation fits the ATLAS data with
a stande d deviation of 3.5 , the value quoted prior to the second data submittal. A ', C

has deternined the sta"d3rd deviation to be 3.71 based on the data from all E9 assenblies
and the February 1974 version of the GExl correlation.

No significant error trenfs in the corielation are observej with respect to the input
variables (pressure, nass flux, axial power shape, radial power shape, inlet subcooling,
qJality). hhile sTdll systeN tic dif f erenCes between dsse"tlies are shoWN, these differences
are not associated with any partiCular phenomenon.

Tho variation of the ratio of the dif ference cetween the reasureJ and calculated Ecur to
calculated power with axial flux shape is sNwn in Figure 10. When cercared to the unif am
anJ cosino power shn es v.hich fcrned the basis for the 7 x 7 and 8 x R GEXL correlations,
the inlet peak sh3pe is seen to be slightly Conservative while the cutlet peak and dauble
rump shap e are slightly nonconserv3tive. The same relative positions a ong the various
3 sial L err shapes is shown, in terrs of predicted to reasured power, on p. 5-5 of
Poferenw 3. However, it snould be noted th3t these co"p3risons are appliCJble only to the
7x 7 lattice as data with inlet peak, outlet reak, and double hu"p axial shapes have not,
as ytt, teen obtained with the 8 x 8 lattice.

General Electric has linited th. application of the GEXL correlation to conditions where

the inlet subcooling is 10] Btu /lb or less. However, as no trend with respect to inlet
subccoling is observed over the entire range of subcooling, this restriction does not
appear to be necessary.

The sensitivity of the 7 x 7 and 2 x c; GExL correlations to pressure, rass flux, and R
factor was evaluated. This parameter stuJj has shoe th3t at a particular co-bination
of conditions it is possible ic predict negative critical quality at positive salues of

toiling length. As shown in Figure 11, this inconsistency occurs at the higher pressures
(P 1200 psia), at higher mass flu es (G 1 = 10 lb/hr sq. ft.), and at high values of
R factor (R - 1.2). The consequences of such a condition are that it is impossible to
obta;n a convergence of tFe GE)L critical quality-boiling length curve and the energy
bilance quality-boiling length curve. This problem cccurs only 3t short boiling lengths
where boilin1 transition does not occur for BWR conditions. If requirrd, t may be rossible
to achieve a solution by ignoring the first 15-20 inches of boiling length. Only four
ATLAS data points had conditions where a negative quality was predicted by GEXL. For two
of these points, a reasonable solution was obtained oy ignoring the first 20 inches of
boiling length. For the other two points, convergence was cbtained, but the results were

unsatisfactory. Another anomaly in the behavior of GEXL was observed at a high R factor
6(R = 1.25) where at SCO and 1400 psia, the curve for G = 1 x 10 lb/hr sq. ft. crosses the

6 6curves for G = .75 x 10 nd G = 1.25 x 10 lb/hr sq. ft. However, the differences between

the two highes mass flux curves is very small over the entire boiling length raor'o.
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Unnodified, the GEXL corre'ation f ails to predict accurately tho location of boiling
trans!t'un. To correct this, GE has forrulated a 'ot ation predictor correction to redify

n the prediction of the boiling transition location. Anthe GEXL correlation for i

error trend with respect to boiling length is observed in figure 12 where the locatinn
residual is plotted vs. boilinq length. This figure shows that at shorter hoiling ler 7ths,
the Cerrelation, using the location predictor Correction, generally predict', the locatian
downstream of the reasured position while, at the longer boiling length, the correlation
generally predicts the location upstream of the c'easured position. The shorter toiling
lengths are characteristic of tre inlet red ed axial profi e, Figure 13 shows the location
residual vs. axial power shape. Generally, the scatter for the prediction of Iccation is
greater than for the prediction of power.

While this review shows that the GEXL correlation does a qcod job of predicting the

critical power for the ATLAS data, it rust be borne in mind that the correlation is
co pletely empirical and na attempt has t cen made ty General Electric to nake phenomeno-
logical e3planations or justifications for any of the tcrns in the correlation. Consequently,
the correlation should be used only for heat transfer preJictions which are within the
range of the thernal-hydraulic corditiens f ron which it was derived.

J. Evaluation

In view of the f act that tne Hench-Levy correlation does not, as originally thought, provide
a lowcr limit line to the recent (ATLAS) critical heat flux data which were obtained in
red tundle; which closely simulate reactor fuel asse-blies, it is reasonable to ask: "What

assurance is there t M t the new correlaticn. GEXL, will not be found to be inadequate,

with regard to the prcdiction of fuel assembly thernal margin, at somo future date?" This
question can t'e ans,ered by the following:

Wnile f airly edensie', the data used to develop the Hench-Levy correlation were obtained
f re- rod bundles which did not duplicate the nurter of rods, the awial and radial heat

flu ( profile, or the heated length of reactor fuel asserblies. Ho*ever, test operating
conditions (flow rate, pressure, inlet temperature) did duplicate reactor conditions.

In ccntrast, GEXL is based on rore than four thousand boiling transition data points,
many of which were obtained from full size, full length, rod bundles with a wide range
of asial and radial heat flux profiles. Fu r t he rmo re , the spacer grids used in critical
heat flux tests were very simil3r to those used in a fuel assembly, and in addition, had
the same axial spacing. A wide range of operating conditions (flow rate, pressure, inlet
temperature) duplicating those of reactor conditions were used in performing the tests.
Since the test sections (4g and 64 rods) are, except for the rethod of heating, virtually
duplicates of fuel assemblies when the axial heat flux distribution of the test and fuel
assembly coincide, the ATLAS test data can be considered to be in the nature of calibration.

Based on the above evidence, there is high assurance that the ATLAS test assemblies and
tests duplicate the thennal perfornance of fuel assemblies. From this, it follows that
the GEXL correlations (7 x 7 and 8 x 8), which are based on ATLAS data, can be expected to
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faithfully nirror the thernal perf oroante of [GR fuel assemblies for conditions which f all

within the prescribed limits of the correlations. Based on the very detailed, independent

ev3lu3 tion of GE(L. the Hench-levy correlation, and the ATLA 5 data, by our A'iC consult-
aht(20;' the rt'Velation of some ananalies in the GEXL correlation under certain extrere

ccnditions, doc, not seriously flan GEXL or its utility as a prediction nethod. In total,

the ATLA 5 data - GE)L correlation corbination provides a distinct improvenent over the

presently used F;nch Levy nethod.

3. EXPERIE NiAL

A. Tne ATLAS Heat Transfer Facility

The GLXL boiling-transition correlati a is Msed on data reasured in t h+ ATLAS heat transfer

facility. ATLAS was constructed by the General Electric Co many for the purpcse of doirg
stead- state and transient thernal-hydraulic tests of full scale electrically heate1 red

bundles which simulate reactor fuel.

In preparation for this review, a tean of four AEC Regulatory staff renters and consultints
sisited San Jose, the site of ATLAS, to witness boiling transition tests and discuss the

operation of the loop with rerters of the ATLAS operations staff. The following discussion
is based on information obtained at that tire, together with a written description of ATLAS

provided by GE and is directed at areas relating to accuracy and reliability of the ATLAS

test results. More details on ATLAS can Le found in a letter, dated July 3;, 1973, fron

J. A. Hinds to Dr. J. M. Hendrie.( 0)

a. The Loop

ATLAS is an all stainless-steel loop designed to cperate with water at wide ranges of
c0nditions up to the following naxima:

2250 psig systen pressure
655'F system terperature
1000 gon test secticn flow
17.2 MW test section power

It can therefore be used for the full range of steady state testing appropriate to boiling
(and pressurized) water reactors. Furthermore, power, flow, and pressure controls are
available to simulate a wide variety of transient and accident conditions.

The power supply consists of four silicon controlled rec-tifier units each comprised of
96 SCR cells balanced in impcdance to equally share the load. Voltage to the test section
is controlled manually by operator adjustment of a 0-10v demand signal to a feedback control
systen. This control systen alters the firing phase at the gates of all SCR cells so as
to reduce the error between the demand and output voltage to within + 1/4; For transient

_

tests there is provision for autonatically following a programed power history with a
time constant of less than 10 ms.
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The AC ripple component of the rectified voltage is 5 to 6v corpared to a full power voltage
of Idov. The contribution of this ripple to the test section power varies f ron 0 5: at

full power to 1: at 30: full power and is accounted for by a compensated, H311-effect
wattreter. The output of this wattreter is displayed as a digital reading in kilcwatts

and is available to the d3ta acqu.sition and Cnntrol systems. Calibrated CC shunts are

also used to cJlCulate the test section pnwer. They neasure the Current from each SCR
unit and the resultant calculated power agrees with the wattreter r,easurerent within _+ 1. ,

Redundant reasurements are also nade of other parameters which affect boiling transition:

- test section inlet temperature is measured to _+ l"F by an RTD and
checked by three Chrorel-constantan thernocouples

- test section pressure is reasured + 5 psi by a Heise gauge and the
pressure drop by tne differential pressure transducer

- test section ' low is measured to + 1 b/ both a turbine flowreter and
an orifice /servomanoreter

b. Test Sections

The (pst sections consist of a number of heater rods arranged in an array identical
to that of the nuclear fuel being simulated and held by grid spacers of the apr o-

priate design and location. The heater array is housed within a flow channel which
accurately simulates the fuel channel wall.

In the tests to date, heat has been generated ohnically in the heater wall. The axial
distribution of the neat flux is, therefore, dependent on the local wall thickness which

is determined by drawing the tube over a variable mandrel. Colling transition is detected
by electrically insulated, ungrounded Chronel-constantan thermocouples with Inconel sheaths
silver soldered to the inner surface of the heater wall. For axially uniform power dis-

tributions boiling transition is known to occur at the downstream end of the test section,
in general, so there is no problem in locating the thermoccuples at the correct axial
location. For nonuniform cases however, boiling transition occurs over a range of

axial locations, usually between 0.7 and 0.9 times the channel length. Therefore, in
these cases, GE installs a larger number of thermocouples, selecting a variety of axial
locations based on their experience with non-unifon, test sections. Once tests begin on

a particular test section, it soon becomes apparent where boiling transition tends to
occur and thernocouples in this region are ronitored preferentially. The error associated
with this detection procedure is minimal for two reasons:

- considerable experience has shown that boiling transition is initiated
just upstream of a spacer grid on one of the higher powered rods, and
thermocouples were attached accordingly.
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- if, in spite of tre GL experietce, boiling transition accurs Letween two
plares of thtrrccouples, only a rinical power increase (1 to 2' according
to e);.eriente) will cause the toiling transition zone to advance to the

therr ocouple pl 3re

Test sections q" ietries in ATLAS have included 4 x 4 and 7 x 7 heater bundles arranged
in the 7* 7 re$ctar f ael assr t.ly array and 8 x 8 bundles arranged in the 8 x 8 fuel
a s sertb t f ' ray, in eich case using the appropriate heater diameter and length.

The grid M rs of the heiter bundles were spaced at the saw axial intervals as fuel
bundle ,icers. Eecept fer overall dimensions, in the case of the 16 rod bundles, and the<

desisi of the 1 a. torn sprirq the bundle spacer raterials and dioensions are the sarie as

the fu l st r bl / spacers Stiffer springs were provided for the test bundles in order to

resist th m ptic forces present in the tests. Based on corp 3rative tests with 8 x 8

bundir, in the Freon loop, GE stated that the critic 31 power in the bundles with unmodified
spacers was emal to or ipeater th3r in the bundles with stiffer springs

Tra a < i :1 flux sh3;a s tested are those shown in Figure 14 They were chosen to represent

the e n$ s t rv ge of shares anticipated during the core life. Considering the wide range of
peakinl iJctors included in the ATLAS program the tests appear to simulate as closely as

3ible '"e geometry and power distributicns espected to occur in EWR fuel,

c. Test Procedures

It c f ailcwirq pror.ed re is used to reasure boiling transition at steady state conditions.
't c inlet terperature, flow and pressure are selected and held constant by the loop
operaters. Errors between the selected and measured values signal alarns which the
crerators ay cancel by correctin; these parameters. The test section power is slowly
ircreased by operator manual adjustments while the operators continually nonitor the
cperating .onditions and the strip-chart records of the therroccuple signals intended to
irdicatr boiling transition. The onset of boiling transition is identified by an increase

in h. iter terperature of about 25*F. At this point, all thernecouple signals are checked
"etrascope to assure that no trermocouple which is not connected to the strip-charton a

-e_erder is indicating boiling transition, and the operators signal the on-line computer

to record all the pertinent data. The engineering data required to assess the results and

ced to the next run are pointed out, the subcooling is cranged to a new value and

the next run done in the same nanner, until the desired range of subcoolings is covered.
The flow rate is then changed and the procedure repeated.

For transient tests, the flcw rate is varied by timer circuits which actuate an air-crerated

flow centrol valve and the pcwer is varied by a progra rined function cenerator. The raw

d3ta, including heater thermocouple signals, can be sampled as of ten as 50 times per second
and recorded on magnetic tape for subsequent processing.
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B. Corprison of ATLAS Data with Colunbia University _ Data

As evidence of the accuracy of the ATLAS loop results, GE repeated a test series run
eirlier in t'.e Columuia University Heat Transfer Facility. A co"parison of the two sets

of results is shewn in Figures 15 through 19. Estimates of the percenta v difference

t etacen curves drawn through each set of d3ta, shown in the lower right hand corner as
ilie Letween -5^ (the ATLAR data are lower) and +3~ (the ATLAS data are higher). In

view of the scatter which typifies boiling transition test data, the Columbia University

and ATLAS loops agree remarkably well.

C. Evaluation

In e neral, the ATLAS Heat Transfer Facility compares favorably with any facility in the

world constructed fcr steady-state and transient boiling transition tests. Furthermore,

it incorporates spccial features:

- autarutic alarn system to ensure required test conditions are closely

ret

- specially designed controls and d3ta acquisitico systen to facilitate

transient tests

- highest test section power to any loop

which r;ake ATL AS scerior to other facilities and ensure a valu3ble source of data

useful in the safe design of EWRs.

4- UU AB AI_PLjCATJC]

General Electric proposes to establish design and operational thermal linits based on the

GEXL correla tion. These limits were previously based on the Hench-Levy correlation. The
GEXL correlation is based on a larger amount of more representative data than the

Hench-Levy correlation. The GEXL correlatien is a best-fit of the data while the
Hench-Levy correlation is a lower limit of the data.

GE proposes to state the thermal limit in terms of the critical power ratio (CPR) which
is not only a consequence of the form of the new GE*L correlation, but is also more
representative of the available themal margin. Previously, the thermal limit was

stated in terms of the critical heat flux ratic (CHFR), which is not directly related

to the thermal margin. The use of CPR rather than CHFR as a thermal limit more clearly
defines the therral margin available.

GE also proposes to conbine the ef fect of the uncertainties in the GEXL correlation with
the uncertainties in the reactor operating variables in determinM the thermal limits.

Previously, only nominal values of the operating variabies were used in determining
heat flux relative to the CHF limit line. %lthough statistical analyses have been

applied to the previous CHF thermal limit in order to evaluate the effect of uncertainties
E-14
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in the operating variables, the direct inccrporation of uncertainties in the proposed CPR
thermal limit assures that oncertainties are considered during design and operation of the
reactor.

GL proposes that transients caused by single operator error or equipment nalfunction shall
te limited such that considering uncertainties in defining the core operating state, more
than 93.9' of the fuel rods would be expected to avoid boiling transition. The application
of this design basis to the determination of steady state operating limits is in tw] steps.

First, a statistical nodel is used to calcu' " e the mininum critical power ratio (MLPR) for
which less than 0.1; of th" rods are expected to experience boiling transition. Second,
a transient nodel is used to calculate the change in CPR resulting f rom transients. The
steady-state crerating limit is deternined as the sum of the largest change in CPR due
to any of the transients considered and the MCPR a' which les, than 0.li of the rods are

expected to experience boiling transition. The transient nodel (NED0-10302)( ) is the same
model previously used in calculating the Hench-levy CHf R limit, and is not a subject of
this revicw. The staff is reviewing this subject separately. The statistical procedure

uses a computer progrr which calculates the CPR of the bundles in the core assuming a
given power distribution and values of the operating variables. Using the calculated
values of CPR, the prcbability of boilin] transition occurring is sunned for all rods in
the core. Successive trials using rudom variations in the operating variables are per-
f ormed until the mean an.1 standard deviation of the probability of boiling trarsitien
occurring in the cure is found.

The probability of boiling transition occurring is calculated b? sed on the standard
deviation of the ATLAS data relative to the GEXL correlation assuming a norral distribu-
tion. Because only tests with a symetrical cosine axial profile are included in the

8x 8 data, the magnitude of tue uncertainty in the 8 x 8 GEXL correlation is increased

to be cnrparable to the larger variability of the 7 x 7 data which included four other

axial profiles. GE criginally used the anti-log of the rean of the logarithm of the
ncter of rods expected to experience boiling transition, in the deternination of the CPR

lirit. The use of this eometric mean reduces the uncertainty interval. The procedure has
been nodified, by GE,(22 to use the arithretic mean. This resulted in an increase in the
MCPR for which less than C.lt of the rods are expected to experience boiling transition.

The random variations in operating variables are based on estimates of the uncertainties

i n e3ch va ria ble. (2~''"? * ) A review and evaluation of these variables has shown that the
variables which contribute significantly to the overall uncertainty have been considered.
The estimated value of these uncertainties and the basis for the va'ue depend on the

specific design and equiprent of each reactor and will be evaluated for each reactor at

the time Technical Specifications are issued.

The proposed design basis appears at first to be a departure from the intent of the

previcus basis. The intent of the previous basis was that boiling transition would
not reasonably be expected to occur on any rod in the core when at the thernal limit
(i.e., the worst fuel assembly had a calculated MC4FR of unity). Under the proposed
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basis fcr ccre-wide ti nsients, 0.l? of the rods in the core woJld be. expected to egerience
boiling transition at the therr.al limit (e.g., a MCPR of 1.05 on the worst assembly in a
typical reactor). However, the proposed limit includes uncertainties in the reactor
operating variables and the presious linit does not. If uncertainties in operating

variables are not considered, there is a 95: confidence that with a (PR of 1.05 there is

a 951 probability that boilirg transition docs not occur in the worst bundle. Therefore,
a MCPR of 1.05 is roughly equivalent to a MCHFR of unity and both design bases provide
similar assurance that boiling transition would not occur following core wide transients.

However, for local transients, the proposed design basis is a departure from the previous
basis. Previously, the calculated MCHFR in any assembly was limited to unity and no rods
were expected to esperience boiling transition. Under the proposed basis, all of the rods

in a fuel assembly could be expected to experience a boiling transition without violating
the proposed basis, since all of the rods in one bundle comprise only approximately 0.1;
of the rods in a core. For example, if a MCPR of 0.95 were calculated for the worst fuel

assembly, that is, boiling transition would be predicted to occur, the proposed basis
would not be violated. Therefore, the proposed design basis provides less themal nargin
following a localized transient than the previoJs basis.

We conclude that the proposed design basis (i.e. , nore than 99.9% of the fuel rods in the
cnre would be expected to a,oid a boiling transition caused by single operator errors or
equipment malfunctions) is acceptable when applied to core-wide transients such as a
turbine-trip or purp-coastdown transient. We alto conclu|,s that the nethod used to

calculate the MCPR thermal limit is an acceptable method by which power distribution and
uncertainties in the GEXL correlation and the reactor operating parameters can be included
in the deternination of whether the design basis is net. However, we conclude that applying
the proposed design basis to local transients such as control rod withdrawal, is inappro-
priate. Therefcre, we require that the MCFR thermal limit detcrr.ined for core wide

transients also be used as the MCPR thernal limit for local transients.

S. STAFF FINDINGS AND CCNCLUSIONS

The staff has reviewed the General Electric Therna! Analysis Basis and its application
to reactor design and operation. Included in the review were the GEXL correlation, which
is the basis for GETAB; the analytical methods used to develop this correlation; the
experimental results from which the correlation was synthesized; and the experimental
methods used to obtain the data.

Based on our review of the design and operation of the ATLAS test facility, the staff
concludes that the steady state and transient tests had accurately controlled and
measured test conditions. Comparison among the results of tests conducted on the ATLAS
and Columbia loops verified reproducibility and lack of oias of the experimental results.

The experimental results were mainly obtained from full size, full length rod bundles
which duplicated fuel assemblies in all respects that could significantly affect boiling
transition. The tests were performed with a range of test conditions (flow, pressure,
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tn . era ture and pc< t r) and rea t f lu w distributions, both axial and radial, which equiled

or esteed those e*;>ected to occur in 1 fuel asserbly. Therefcre, we cer clude that the

ee;erirertal results represent the thermal performarce of CE v 8 and 7 * 7 fuel asse"blies

Based cn an independent co7 trison of the AlLAS data to the GLXL correlation, we conclude

that the data can be conservative.j tre3ted as ror"ully Jistritated about the correlations

with a s t rd ird dev ia tico of 3.f;'. and 3.C for the 7 x 7 and 9 4 6 MXL respectively. While

small syste itic dif ferences tetween assecblies with dif ferent ;ower distritutiens are

shcwn, the correlation is slightly ccnservative with respect to the r ost prot'able distri-

butions, (i.e., inlet peak and sy retrical cosine). Altheuqh the correlation his so"o

anralies at extre'e conditions, GEWL can pradict within a defieed uncertainty the thert"al

pe rf er ar.c. of GE x 3 and 7 < 7 fuel asse blies for the errected rance of reactor normal
s tea d / s ta te ope r 3 tioi, and a bnurt"a l caera ti n1 t ransien t s .

G reral Design Criteria 10 re;; ires that " acceptable fuel desi';n i mits are not e=ceeded
during any cor.dition of norc al o; eration, includinq the ef fects of anticipated crerational

occurreno s he cm clude that the proposed design bases (i.e., iransients caused by
singlo c;eritor error o e'aul;"cnt -alf unction shall be limited sach that considering

urmertaintie- in onitorirq the core o; erating state, core than 99.9 of the fuel rods

qec ted to avoid toilin] transiticn) r:eets the criterico when applied to core -would be .

wide transients How er, we re';uire tn3t the PCPR limit derived for core-wide transients

also b+- used as the Safety Limit applicable to local transients e ;h 3s a control rod

withdrawal. We also ccrclude that the statistical r:odel used to derive the MCPR limit is
acceptable
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APPENDIX F

A Dv bM > COMMITTEC ON REACTOR SAFEGU ARDS
NUCLEAR REGULATORY ;Oi MISSION

W ASHINGTON D. C. 20t 'S

March 14, 1975

Honorable Uillian A. Anders
Chairman
U.S. Murlear Regulatory Connission
Wa s h i n g,t o n , D. C. 20555

Subject GF.MERAL ELECTRIC STANDARD SA %ir 4..ALYS I:, u: Pot 1T (C,i iS E-2 33)

Dear 'fr. Anders:

At its 179th Meeting, 'ta rch 6-o , 1975, the Advisory Co:uittee on Reacter
Safeguards coupleted a review of the Ge eral Electric ' standard Sofety
Analysis Report (CESSAR). GESSAR-238 provides the saf e ty inf o rm it ion
for a reference syst en cons isting of a s int;1e P','R-6/':a rt li! nuclear

systen, uith a rated core thernal pouer of 3579 'Cl(t), and of the
associated systens including the reactor building (the shield buil lin:
and containnent fuel building, auxiliary building, diesel i;e ne ra t o r

bu il d ings , cont rol building, raduaste building,, and thi off-qas s ', s t e

Subconnittee neetings were held with representatives of the General
Clectric Company and the Nuclear llegulatory Connission ( A .) ;tafE on

July 1, 1974, and September 11, 1974, in Uashington, D. C., on Movenh.c.

9, 1974, in Bloomington, Minnesota, and on January i f, , 1975, in

Wash ingt on , D.C. The Connittee also had the benefit of the do c une" u

listed belt .

Site envelope paraneters are included in GESSAR and application of G"S3M
will require that specific site evaluat'ons be nade to confire the
acceptability of the site uithin the GESrl desiga The use [ 'oSS'

fer nultipit reactor units at a single station vill also require ravie*
of the cafetv-r !.ted components of p1'nt duplication and layout.

Safety-relatcd intertaces betucen the reference syst > aad the li il ano
of plant are ,,e..ified in GESSAR. Since the utility-applicTat i<.

instituting the quality acsurance prograes necessars t.reapim >151, i a .-

assure that ni saf ety-related interf aces have bur identif ied an l t hat
all safety-rclated requirenents are beim* fulfillet, the Coi ui t t ee 'ill,

reviru these natters in nore detail uith the Applic ants on c a s e-ic -
case S.r, l a . The Conuittee reconnends that, during the de s i c,n , ,rocure-

nent, constructian and startup, tinely and appropriate in t e r d is c i p l ina r',
syst m a,a!'- ,6 Irried out to assure complet- Junctional concati-
bility acroa r, cach interface for an entire spectruo of anticipatai
operations and po: tulated d ' sign basis accident conditions.

Oo 3D D-
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.io no ra b l. William A. Anders -

The NRC Staff has identified 13 iter requiring resolatic, prior to
issuing their Prelininary Design Approval (PDA ) . The Cor.nttte belien ,

that all of these natters should be resolved in a nanner satisfactory to
the NRC Staff. The Connittee wishes to be i:e p t infor~ d cer;a rd im the
resolution of the following itens

1. Seisnic capability of the offgas syste

2. Provisions to satisfy the single-failure criterion for the :U .
r;ys t en .

3. Additional requirements to be imposed if continuous ventit ai
the containment is used.

4. Evaluation of the pe rf o rnanc e of the ener:;ency core coo l ing,
systens using evaluation nodels teeting the requirenents of
10 CFP 50.46, Appendix K.

The latest ACRS reports on nuclear generating stations utilizing the
BUR-6/ Mark III systens vere the December 12, 1974 reports on the Allens
Creek Nuclear Generating Station, Units 1 and 2, and the Pe rry ;:uc le ,.r
Power Plant, Units 1 and 2. In these reports, the ACRS has reconnended
that the ongoing R&D prograns be used to fully resolve issues involvir s
the Mark III containnent design prior to coupletion of the affected
portions of the plant. Further, additional generic matters, ubich
include anticipated transients without scran ( ATL'S ) and possible punp
overspeed during a loss of coolant accident, should be dealt vith
appropriately by the NRC Staff. It is t <pected, that these iter > uill

be re s o lv,'d in a manner satisfactory to toe ';RC Staf f followiac
Prclininary Desi;n Approval (PDA) of GESSAR and prior to Final Desi;n
Approval ( im!. , . Dur ing this interin period, the Con.nittee will continue
to revieu these itens on a case-by-case basis as well as through oth.r.
appropriate ACC Subconnittee mee t ings and f ull Conni t tee neet ings .

The Counit tu a.:a not reviewed nodifications which are expected to be
nade in the ' 'J./ 6 8x8 f ue l . Such nodifications and any other proposed
c h a n a.e; will be revie.ied when the appropriate docur mtation has been
unbnitt.d ad thi improvements sought can be evaluated.

. -
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o m!c n& t , - 3-

.t e introduction of new features in the instruoeatation and control
,ystema has been submitted through the :;pec if ic a t ion of functional

de s igns and desinn criterla which the SRC Staf1 han f onmi to hu Heqa ;t
ior the PDA. As in previous reports on related utter. the "on. ii t t ee

recoumends that the NRC Staff deternine the neccusary en rirenaental
reliability tests, including in situ tests :here der'tabt ? for qualit i-
cation of the new systens. In anotber a:atter re la t in:; to a periodic
test ing provis ion, the General Electric Conpany has co.:nitted to a studt
of the improvement of the testability of the autoaatic :epres sur iza t ion
systen. On all these issues involving instrucentation and control, the
Conmittee sill use the case-by-case basis to asce rt a in pro. re m of th
vork until the GESSA" design has progressed to the st.z,e ubere 'inal
Des i:,n Approval is achieved.

The Conaittee will need to review the develonlent .ind proof testin: u
the fast scran systen, and the inplementation of the ,ropos rator'

Manual Control Systen alon,:; with the provisions for anled roi rich-
drawal,

The Connittee believes that the General C1. ct ric Compa and the' ,

Staff should continue to review GESSAR for desi;;n ci, a nge s that *>oulu

further improve industrial security features.

The GESSAR desi.n sheuld include provisione which anticipate the
naintenance, in. ection, and operational needs of the plant throughoot
its s e rv ic e life, including cleaning and decontaniaation of the p r i.n ry
coolant systen, and eventual decouaissioning, In particular, the
Committee believes that the URC Staff and the General Electric Coupia7
should revieu nathods and procedures for re<ioving accuculat ions of
radioac tive contaninat ion whereby ca in t enanc e and inspect ion program
can be more effectively and safely carried out.

The Conmittee believes that nethods that seek to develop reference
systens through standardization and througa replication need to be
coupled with ongoing prograns that uill 7eruit chany ubich inprove,

safot, a re t wh ic h , wh en j us t i f ied , vou l d i inplemented in a t. ly

manner. 1:se of efor:nce systens should leal to rort ef f icient wl
offcetive l i .o , i n e, revfews. Programs such is GE3M ' vi11 contribut..
to t h is process. A transition period vill be requir ed in uhich the

vould 3till give considerable at tent ion to the itens noted,Conn i t ; -

on a c -5v-c a s > b is is

The Co. I'ttee Lelioves that, subject to the above cenaents ;nd to
succe:,> tut coupletion of the R6D prqrc.ns, GESSAR-238 cin be uuccee 3-
f ulb .;inee ed ta se ve as a reference qsten.

oo Sincerely yours,
D D |

hC.) C.)

o0
- - y- -

-| 1 fl A OO
t p !Og'

'ti l l i tm terr1 g,

i Cha irman'

, (O.J - Cv .
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llenorable Li) I u a A. Anders -4-
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***** GENERAL ELECTRIC COMPANY

DOCKET NO. STN 50-447

GESSAR-238 NUCLEAR ISLAND STANDARD DESIGN

PRELIMINARY DESIGN APPROVAL (PDA)

Preliminary Design Approval No. PDA-1

(1) The General Electric Company has submitted to the Nuclear
Regulatorv Commission's (NRC) Staff for its review a proposed
standardized preliminary design for major portions of a
nuclear power reactor of the type described in 10 CFR 50.22.
The preliminary design is described in the General Electric
Standard. Safety Analysis Report, GESSAR-238 includii.3 Amendments 1
through 39 thereto, und the design information incorporated by
letters from the General Electric Company dated November 21. 1975.
(from W. Gilbert to NRC), and December 16,1975 (from I. Stuart to
NRC), (hereinaf ter collectively referred to as GESSAR-238).

(2) GESSAR-238 contains preliminary design information in accordance
with 10 CFR Part 50 Appendix 0, paragraph 3, for the nuclear
island portion of a BWR-6/ Mark III boiling water reactor nuclear
power plant, which encompasses the nuclear steam supply system
(NSSS), engineered safety feature systems, containment structure,
auxiliary building, control building, radwaste building, fuel
handling building, and related systems and structures. The
GESSAR-238 reference design is designed to operate at a core
thermal power level of 3579 megawatts (1220 megawatts electrical,
nominal net).

(3) The GESSAR-238 reference design has been revieved by the NRC
Staff and by the Advisory Comittee on Reactor Cafeguards (AChS}.
The results of NRC Staff evaluation of the GESSiR-238 reference
design are presented in the Safety Evaluation Report (SER),
NUREG-75/110, datea December 1975, which integrates and updates
the information contained in the earlier Safety Evaluation Report
dated November 1974 and three Supplements thereto dated December
1974, February 1975, and March 1975. The ACRS comments, including
identification of items which the ACRS will review or a case-by-case
basis, are set forth in its letter of March 14, 1975 (Appendix F
of the SER).

(4) Based on its review, and the findings set forth in Section 19 of
the SER, the NRC Staff has concluded that subject to the conditions
set forth herein, the information provided in GESSAR-238 with
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respect to the major portions of the preliminary design encoroassed
by GESSAR 238, as described in paragraph 2 above, corplies with the
requirements of 10 CFR Part 50, Appendix n and is acceptable for
incorporation by reference in applications for construction pemit;.
In accordance with 10 CFR Part 50, Appendix 0, subject to the condi-
tions set forth herein and in Ap pndix 0, the anproved desian shall
be utilized and relied upon by the (taf f and the ACRS in their review
of any individual facility license apolication which incorporates by
reference the apcreved design, unless tnere exists significant new
inforration whicn substantially af fects the deternination set forth
in this Preliminary De5 ion Approval or other good cause.

(5) GESSAR-233 and the GE5SAR-238 reference design are acceptable for
use as a reference design for constructice nemit applications :

(a) for f acilities to be lccated at sites whcse characteristics
conforn to the envelope of site parameters costulated for the
preliminary design of the GESSAR-238 refarer:e desion, <hich are
set forth in GESSAR-238; provided that (b) t% design of portions
of the balance of plant which interface v:ith the aoproved design,
shall conform to the safety-related interface requirements set
forth in GESSAR-238.

(6) (a) GESSAR-238 and the GFSSAR-238 refe ence dosion 6re at(antable
for use as a reference design for construction mrmit apclicutions,
on the condition that the fnur desian f >atures specified in Attach-

ment A hereto are modified to conform to t@ flPC Stait desian
requirements described in the NPC Staff RER 6n the section specified
in Attachment A.

(b) To the extent that the General Flectric rompany subseauently
modifies the GESSAR-238 reference desian and modifies GFSSAP-238
to confom to the Staff requirenents , this condition shall be
modified accordingly. If all four design features are rodified to
conform to the Staf f requirements, this condition will he deleted.

(7) (a) This Preliminary Design 'pproval is subject to the satisfactory
and timely corpletion of the development and verification test pro-
grams described in Table 1-2 of the Safety Evaluation Report and is
subject to the satisfactory and timely submission of further information
concerning the items listed in Table 1-3, " Post-PDA Items", of the SER.

(b) The status of such further information shall be addressed in
applications for construction permits referencing GESSAR-238 and will
be considered in the Staff review of such applications.

(3) This oreliminary Design Approval and all applications for construction
permits incorporating it by reference, are subject to all applicable
provisions of the Atomic Energy Act, as amended, and the rules and
regulations and Orders of the Cornission now or hereafter in effect.
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(9) This Preliminary Design Approval does not constitute a commitment
to issue a permit or license or in any way affect the authority of
the Connission, Atomic Safety and Licensing Appeal Board, Atomic
Safety and Licensing Boards and other presiding officers in any
proceeding under Subpart G of 10 CFR Part 2.

(10) This Preliminary Design Approval is effective as of its date of
issuance and shall expire on December 22,1978, unless earlier
superseded by the issuance of a Final Design Approval for the
GESSAR-238 reference design, or unless extended by the NRC staff.
The expiration of this PDA on December 22, 1978, shall not affect
the use of this PDA for reference in any construction permit
application docketed prior to such date.

FOR THE NUCLEAR REGULATORY COMMISSION STAF

Original eigned by:
Roger S.Boyd

Roger S. Boyd, Acting Director
Division of Reactor Licensing
Office of Nuclear Reactor Regulation

Attachment:
Attachment A - Conditions of PDA-1

Date of Issuance: E 2 2 W5
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ATTACHMENT A

GESSAR-238 NUCLEAR ISLAND STANDARD DESIGN

DOCKET NO. STN 50-447

CONDITIONS OF PDA-1 WHICH INCORPORATE NUCLEAR REGULATORY STAFF POSITIONS THAT IDENTIFY REQUIREMENTS

DIFFERENT FROM THOSE NOTED IN GESSAR-238 NUCLEAR ISLAND STANDARD SAFETY ANALYSIS REPORT ARE LISTED BELOW

GESSAR-238 Section Which SER Section Where Staff
Condi tion No. Design Feature Describes Design Feature Positions are Discussed

1 Tornado Missile 3.5 3.5

2 Main Steam Line Isolation
Valve Leakage Control System 9.3.6 9.3.1 & 15.3.1

[ 3 Containment Purge 11.3 6.2.4

4 Mark III Containment
Dynamic Load Criteria 6.2 6.2.1.9

DEC 2 2 EV5Dated:

N
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September 1976

A r E::! D. r

SUPPLEMENT NO. 1

TO THE

SAFETY EVALUATION REPORT

BY THE

OFFICE OF NUCLEAR REACTOR REGULATION

U. S. NUCLEAR REGULATORY COMMISSION

IN THE f1ATTER OF

GENERAL ELECTRIC

STANDARD SAFETY ANALYSIS REPORT

(GESSAR-238 NUCLEAR ISLAND)

DOCKET NO. STN 50-447

7)f 2ub



TABLE CF CONTE _N.TS.- - - -

Page

1.0 INTRUCUCTION A'.D CENERAL DESCRIPTICc4 CF THE FLANT. 1-1

1.1 Introduction. 1-1

1.7 Facility Modifications as a Result of Pegulatory Staff Fesieu. 1-1

1.7.2 facility Modifications Ptquired by the Statf. 1-1

1.8 Pe: wire'ents for r utu e Technical I r; f o rma t i o n . 1-cr

1." 2 fost-TCA Review. I-
-

1.11 Ccrclus:on. l7

3.0 LES!C'i Or STRUCTU?LS, Sf5TE % . sw CL"iL*d'T5. .1 - 1

3.? Classificat! cf str actures, Syster,, and (c"pcrents 3-1'

1 .! 5"isnic Classificaticr. b1

>.5 "1ssile Protectic' 'riteria. -

3. 5. 4 To rna do "i s;1l e; s-2

i.9 'anical 5,ste'a ar 1 , ent. -3
'

s.1 L y nam i c 3, s t e- Aralfsts ed '' stir;. '
,

s .10 S ' 'ic Cesico of Cat. ;r, In tre e, tat 1;c er1 le; trita nwir r er t 2- 3
'

3.11 [ r. t rur er tal Ces ;c cf 'e c r 3 9, c a l 3rd Electrical i .; . i ;f e r. t -

-.

3.11.1 Electric 31 iv.t t r a ti sn in tr e Snield _;ildir
,,

C o '' t a i r r to t r.J ~ r,v el l W il l s . -

'l. ., rat Criteria for 1fet, Related "ec'-.anical.
r

anj E let t ric il E qu i;ren t. 3.

4.0 hEECTCW -1

7j -),

L U, l/ !3

.-



IdSe

4.2 Mechanical Design. 41

4.2.3 Fast 5 cran 4-1

4.3 huclear Design. 4-1

4.3.7 Analytical Methods. 4-1

5.0 PEACTCR C00LA'.T SYSTEM. 5-1

5. Component and Subsyster Design. 5-1

5.4.5 Pesidual Heat Per;cval Systen. 5-1

6.0 E'.GINEEPED SAFETY FEATLRES. 6-1.

6.c C a n ta i r:r+n t Sy s te"'5 6-1

(.2.1 Containment functioral Design. 6-1

6.P.3 Secondary Contairrent Func tional Design. 6-4

6.?.4 Conta inr en t Isola''on System. 6-S

6.3 Emergency Core Cooling 5, sten 6-6

6.3.1 Sys te- De sc rip ti on. 6-6

7.0 l'iSTRUME'.T ATION r.] CC'iTPOL5. 7_1

7.1 Introdatticn. . 71

7.2 Peactor Trip Systen. 71

7 . ' .1 f ast Scrr 73

7.3 Ergineered Safety Features Syste.~. 79

7.3.1 Introduction. 7_g

7.3.2 Energency C"re Cooling System. 79
7.3.3 Containnen t ar.d Pra c tor Vessel Isolaticn Control Systen. 7-l?
7.3.4 f ssertial Service W iter Sy ste . 7-13

/.J.5 f l <r r a bi i t ti Control System- 7_13

7.3.6 Standt, Ga s T rea tren t Sy s tem 7-1:
7.3.7 Sv;pressior Pool Makeuo Systen. 7-14

7.3.J Con tai nr en t ! P ray 5, s tem. 7 14

7.J.9 InJitation of Ujpasses _1

i t
7 g 3Y

I * T . , ' -7.id ..

'
.

8
g



i'.a _u.

7.4 Safe Shutdown Eyster 7-14

7.+.1 hoactor Lore |; |ation (colinj Syster 7-14
l.4. 'it tne y L i w 11 L; n t r ul ' (s'e- 7-15

7 . ') Sa f e t / h el ited L i s; y !rstra .ntatico. 7-lE.

l.,.' h.-r era l . 7-15
/.'-. ' '. lenet. 7-l[

7 . '; . 3 : wer f rmra t1; n tnn t rol complen 7-lf
-

7.6 all ror <te~, ;;1 rr * tar Safety. 7-17
c

. f. 1 G.a eral. 7-1)
e, .' e s t t a r Prt ,s are -elief Irstru er.tation. 7-1

' t c. i r r. 21 a t i o n , . T r i ;. -<ste 7-146

'' t r o l Srs t e-' 7-19

'
't Ca trol an! Inforeation 0,ste mi Instra entaticn. /-14

/, ' t ho r C c n t ro l 5 < s t e" /-?)

'<str- .ntation !nterfn es oith talance-of-Plant Syste-s. 1-?2

LECT-irat iOAER SYSTEMS. >1-

" <!m . J. i s f ,TE;'~ 1-1

i. : races, Auxiliarie, 3-1

.1 "a l n S t ea"' 's ol a t ion '. a l v e l ea k r; 'ontrol Wster 4-14

11 i . ' T I . E WMT E MA'iME ME'.T . 11-1

3 Cneous W 3 s te T rea tmen t ':.> n ter 11-1

11. 3. 3 Concl asiens 11-1

li.0, . ?E NT ,MD S I S 15-1

i5 2 Abnor~.al Cperitional Transients 1E-1

15. 4 An tic ipa ted Trans ient > dithout Strar 15 '

15.5 Failare of Inputs Frcm Turbine Paildin7 to Le.stter Protection Syste" 15-1

--

r ry e, f c
>7 ", ') h hiii '

,ds,uti ; e- -



,WF E'.D ! CE 5

Pap

Af f E'.DI X A CO'iT I .U AT ION OF C HR0' 0 LOG ( OF PADIOLOGIC AL P! VIEW. A-1

'/ 1iv ..

, ,, n c, , , ,
- '

fA. O [y .



l l 5_T_ G.F T.AEs L E S-- . -

PMR

TABLE l-1 F05T-PCA ITEMS. 1-3

TABLE l-2 St.FETY MATTERS THAT PL"AIN TO EE PE50LVED FRICR TO A CECISION CN

THE ISSUANCE OF A CONSTRUCTICN FEPMIT TO A PEFEPENCING FLANT. 1-6

TABLE 6-1 GCENCHER BUEELE PPE55UPE FCR THE GE55AR-233 .UCLEAR ISLAND CESIGN. 6-3

( ii 1.- w a
v

r.- c. , .-
" b 'm



LIST GF FIGURES

ray

FIcupE 7-1 FREVf0US GENEPAL ELECTRIC COMPANY DESIGN. 7-2

Ftr,URL l-2 GESSAR-2 3d Pli<: TOR TRIP SYSTEM LOGIC. 7~3

FIGURE 7-3 RECIRCULATION FU"P TRIP SYSTEM. 7 ?O-

|) {QGVI

(~I'?U $0



1.0 INTRODUCTION AND GE' ERAL DESCRIPTION CF THE PLANT

1.1 Introduction

Cn December 22, 1975, the L'lited States Nuclear Regulatory Connission issued the

Safety Evaluation Report (NUREG 75/110) and the Preliminary Design Approval for
the General Electric Standard Safety Analysis Feport (LESSAR-238 Nuclear Island)

design (Docket Nurber SIN 50-447). In our Safety Eva!uation Peport on the
GESSAR-238 Nuclear Island design, we identified nineteen items (in Table 1-3)
that we indicated would require continued review af ter the issuance of the
GESSAR-238 Nuclear Island Preliminary Design Approval and four staff design
requirements imposed as conditions to the GLSSAR-233 Nuclear Island Ireliminary

Design Appre.al.

Sinct the issuance of the Safety Evaluation Peport, the General Electric Corpany
has submitted five a~endr.ents ( Arendnents 40, 41, 42, 43 and 44) to the GESSAR-233

Nuclear Island Safety Analysis Report. The purpose of Supplerent Number 1 to
the Safety Evaluation Report is to update the Safety Evaluation Report by
providing the staf f's evaluation of the additional informatien received since
the issuance of the Safety Evaluation Report. Each of the following sections in
this supplement is nurtered the same as the section of the Safety Evaluation
Report that is being updated.

Arocndix A to this supplement is a continuation of the chronology section of the
Saf ety Evalua ticn Report.

1.7 Facility Modifications as a Result of Regulatory Staf f Review

1.7.2 Facility Modifications Required by the Staff

In the Safety Evaluation Report, we identified four staff requirerents which
were imposed as conditions to the Preliminary Design Approval for the GESSAR-238

Nuclear Island design. Since that time, the General Electric Company has pro-
vided us with acceptable connitments to the staff positions on two of these
conditions, and an acceotable resolution to a third condition.

The stat's of the four conditions and the section in t:d s cupplement where each

condition is discussed are:

(1) Torrado missile velocities - Resolved (See Section 3.5).

(2) Containment pool dynamics - Under review (See Section 6.2.1.9).

(3) Continuous purging of containment - Resolved (See Sections 6.2.4 and 11.3).

7l '/l-l :
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(4) tSin steem isolation valve leakage control system - Resolved (See Sectiors
6.? . 3 a nd 9. 3.1 ) .

l.R .4 p irenents for Future Technical Infer ation
1.8,2 Post- m Review

Table 1-3 of the Safety Evaluation Report for the f ESSAR-238 hacleir Island

contained a list of items which we planned to contin e to review af ter thee

issuance of the Preliminary Design 4 proval. Table 1-3 contained s(veral ite s r

which dre not nor" ally reviewed at the construction pertit stage of review alnng
with those itens which would nomaily be reviewed. R uever, at t hat time, no

distinction was made between these two types of items

Since tre issuance of the Sa'ety Evaluation Report, we have been working with
the Gereral Electric Company in an ef fort to c0Fplete the review of these nineteen
itens. During the course of our review, it becane apparent that the list pre-

sented in Table 1-3 was inappropriate to identify the work being done to satisfy

the requirerents for the issuance of a construction permit to a referencing

plant since:

(1) Table 1-3 identifies several itens which we plan to contir.Je to review on
the GESSAR-238 Nuclear Island application although sufficient inforration
exists at the present tirre for the issuance of a construction pernit.

(2) Item 14 in Table 1-3 is in actuality a group of issues concerning a particular
area of review. In order to clearly understand the extent of the outstand-

ing safety matters, item 14 should be separated into individual items

requiring resolution.

For improved ease of use, we have decided to separate Table 1-3 in tre Safety
Evaluation Peport into two different lists. The first, Table 1-1, identifies

the sa e items as Table 1-3 of the Safety Evalu; tion Report ard shews the present
status of each iten. The status for thirteen of the items in Table 1-1 is given

as " Acceptable for construction permit stage of review" and a section of this

supplement is referenced where a discussion is provided on whether the review is

corpleted or whether resolution of the item is not required for the issuance of

construction permit. For the remaining six iters, the current review status

is listed.

In Table 1-2, we have provided a detailed list of those specific itens which

remain outstanding, as of the date of this supplement, and which require resolu-
tion pr ior to the issuance of a construction permit to a referencing plant.

Following each iten, a reference to a section in this supplenent is provided

where the iten is discussed in detail.

1-2 ^'I
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TAELE l-1
005T _P_DA_ I.T EM3--- .-

Itom D i s_c_uy syd 1rL_Se_c _t_i cn S t_a_t u s

1 Leakage characteristics of primary 3.2.1 Analysis of consequences
ccclant pump seals provided July 1976; under sta' review

2. Description of corbined ef'.ects of safe 3.3.1.4 Acceptable f or constructicn

shutdoan earthqu3be and ste3m line break permit stage of review

J. a. List of specific equipment to be
sei r,mically quali fied

3.10 Acceptable for construction

b. The qualification procedures to be used permit stage of review

4 a. Iist of specific equipnent to be environ-
entally qualified

3.11 Acceptahle for construction

b. The qualitication procedures to be used perrit stage of review

Preliminary design of dry.vell penetrations 3.11.1 Acceptable for constructiont

pernit stage of review,

,e

ti7

(toj''
f>. Procedures and rt ' hods to te used ta qualif y 3.11.1 Acceptable for construction permit

the shield building, containn:ent and drywell stage of reveiw

penetrations

7 Implenentation methods of separation criteria 3.12 Staff review to be accomplished coincident
for safety-related electrical equiprent with review of item 14

A- Deta iled intorrution on: 4.3.7 Acceptable for ccnstruction

k} a. Latt1ct physics .nethods.

b. Eoiling water reactor simulation code.

I' i c. Verification of core calculational methods
CD
'c7 9. L o ri f i rn.i no jata fror' large scale 6.2.1.t Acceotaole for construction

Marl Ill tests for short-term perc:it stage of review

containtaent response.



TA[LE l-1 (Continued)
Item Discussed in Section Status

10. Assumptions used to size 6.2.1.5 Response to staf" concerns
containment vacuum breakers provided July 1976; under staff review

11. Environmental design criteria 'or 6.2.4 Acceptable for construction
isolation valves and other safety-related perr.it stage of reviewequipment in the drywell

12. Address question 6.125 (manual operator 6.3.1 Acceptable for construction
action on emergency core cooling systems permit stage of reviewfollowing a loss-of-coolant accidert)

13. Proprietary version of 8 x 8 6.3.1 Acceptable for construction
zirconium spray cooling test permit stage of review

14. New modified instrunentation and control systems 7.0 Areas a through f are acceptablepreliminary design review for: for the construction permit stage
of review with the exception ofa. Reactor trip system su5-items 3 through 12 in Table 1-2;

cm The July 1976 submittal en these
fj 7 S. Engineered safety features actuation system items is under reviewan

[3 c. Safe shutdown system

d. Safety related display instrumentation

e. All other instrumentation required for safety

f. Control systems - reactor manual control system,
recirculation flow control, gaseous and liquid rad-
waste control, feedwater flow control and inter-
action between safety and non-safety control
systems

15. Scope of onsite electrical system 8.0 July 1976 submittal under review
s 16. Review of high pressure core spray power 8.0 Being reviewed separately as Topicalsystem_,

Report NEDO-10905, "High Pressure
( Core Spray Power Supoly 'Jnit"

r -
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TABLE l- (Ccntinued)

Item Discussed in Section Status

17. Fast scram systen and Chapter 15 transients 4.2.3 and Acceptable for construe', ion pernit

15.2 stage of review

18. Preliminary design of systems to 6.2.3 Acceptable for construction
control bypass containment leak 6ge permit stage of review

19. Anticipated transients without 15.4 Acceptable for construction

scram permit stage of review
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1.11 Cnnclusion

Eased on our review of the information submitted by the General Electric Corpany
since the issuarce of the Preliminary Design f4 proval, we conclude that, except
for those iterrs identified in Table 1-2 of this supplement, the General Electric

Company has supplied sufficient inforration on the post-FDA items identified in

Table 1-3 of the Safety Evaluation Peport to proside a suitable basis for the

issuance of a construction permit to a referencing plant. In addition, ne

cccclude that the commitanents provided by the General Electric Corgany, in
f4cendrent 43 to the GE5SAR-238 6 clear Island Safety Analysis Report, provide an
acceptable resolution to the Preliminary Design Approval ccrioitions with th(
exception of Condition Two identified in Section 1.7.2.

We will address the resolution of Condition Two to the Preliminary Dosign ;ppro.31
and those items in Table 1-2 of this supplement in a future supplenent to the

Safety Evaluation Pe; ort prior to the issuance of a construction pernit to a

referencirg plant.

i8 ?iL
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3.0 DE SIGN Of STPUCTUpf S , SYST Eu5 A',0 COW rNE NTS

3.2 Classification of structures, Systms and Corpononts
3.2.1 Seismic Classificatinn

In Section 3.2.1 of the Safety Evaluaticn Percet, we provided a discussion on

two systems which we felt did not have the proper seisnic classification. These
were the prirary coolant purp seals' cooling water sy3tm and the of fgas system
We stated that ne would continue to review the leakage characteristics of the

pri+ary coolant through the primary coolant pur.p seals as a result of assuwd
loss of seal water or cooling water to the prinary coolant purp seals. Specifical-
ly, we requested the General Electric Cwpany to provide an analysis to decn-
strato that the consequerces of recirculation purp seal failure are acceptable.

The General Electric Corpary has since infor"'ed us that the ccnsequences of
total failure of the recirculation pump seals' cooling water surply would t.e a

gradual deterioration of tee seals c<er a ceriod of several hours finally result-
ing in total seal failure, lhey furtFer stated that seal failure would result

in a loss of pri ary coolant at a rate of less than 50 qallens rer minute.

W- fcund the General Electric response unacceptable as it was not surforted by

either tests or an3 lyses. General Electric has since sJppliEd us With tFe prp
vendor's analys's of tFe consequences of pump seal cooling water failure. We
are reviewing the analysis supplied by General Electric and will report cn our

conclusions in a fut;re suppl m ent to the Safet< Evaluation Peport.

In the Safety Evaluaticn Peport, we stated that the Ger,eral Electric Company had
prcposed to design the of f(;as systm delay tank supports to the seismic design
criteria listed in Effluent Treatrent Systms Brarch Technical Position 11-1,

"Cesign Guidance for Padioactive aste Nnagment Systms Installed in Light-
Water-Ccoled ',uclear Power Peac tor Plar ts This staterent requires furtter

clarification. The Gereral Electric Corpany, in icendrent 31 to the GESSM-23R
% clear Island Safety Analysis Perort, rodified their application to include tFe
following design criteria: "The support eierents, incl; ding the skirts, legs

and anchor bolting for the charcoal absorber tanks of the off':as systen shall be
designed as follows:

(1) The fundamental frer ency of the charcoal atsorter tar.Es, including thev

support el m ents, is greater than 33 Hertz

(2) The charcoal absorber tanks are rounted on the base rat cf the buildin
housing the tanks.

' EE , , . ,1
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(3) ite charcoal Otsort er tard s inclu i t - t'' ,o;cr' ele rnts are desigred

with a Fcrltcntal static coefficie :+ ' !'.
'

(4) I6e stress levels in the sup;ca t ol "rts of the ct3rcoal absorter tanks sNil
not exceed 1.33 ti"es the alln, el c tress lovels g er-i tted by the AIM Wrual
of Steel Ecostructico, Seven'k ffiti: I NO.r

I t re s 1 a mi 2 of th Gener il Llectric pary', design criteria assure that tre

grc;nd level acceler aticn resul' m f rcr seisric event will ret be r3qnified bya

the atnort er ta4 s4pnrts tir.- tN a ;lification f actor 3ssociated w th strut taresi

Fa ir ; fo ti rtal f r equenc ies excer din' 33 Hertz , unity. Sirce the static co-4

rifiti e r. t ;ified for the at<crbe'r ta'.is (itro 3) is (u patible to the operatirq,

t3ses carthwake inter si tj 4"cified for the GE55P -?33 N; clear Is!ar.d design, and
since iten 4 of tr Sene r a l ~ 1 ec t r ic (or ;M r.y ' c design criteria is ider tical to thee

stress criteria spM 1fie1 in Efffw n! Treitrent ystrs Branch Technical Position 11-
1, we cor.clude that 'er Gerecal flectr1- Co ;1"y's design criteria are as crrsersa-
tive as tLCse specified in Effl;ert 5rstnert i stors Erarch Technical Fositior 11-1,
a^d are theref or e acceptable 51rce !H isn u;e of tPo Safety Ev3luation Pe:cet, w

hase recalculated t*e offsite J oo which cculd resalt from a failure of the rf#cis
tara su;wrts (asseing a relati'.e csnc ontraticr value of i x 10' seconds rer ce
etcr which is ccnsistent with !Fe relative rcr cent ra tion value used for tho -i Fr ar"

accident ansljsis calculations) ind fea f it to te less tNn two rer

Since the offgas tank suppcr _s are boirg les1gred with a seismic capability te eet
the operatire h sis elrth%De requirrr ents, we woald Ecstulate a f ailure of tr e
cffgas +ard ss;; urts enly 'cr seismic r.ents eicee1ing tFe irtensity o' the cierati n
b asis cu ttmn o--e,cnt s #1ch %e a iu prcbability cf occurrence. Sirce 'to
probat11ity of' failure of P* ese su; parts is 1cw, and since the cor se ; ser t es of*

f3ilure is a relatiwel y "all f ra:tien cf 10 CFR iart iOO qaidelir+s ^n wtole N jf
j ; w s , e. ccrclaje tr.it tre-

intm eiiate level of seis ic desian i s a c c e;' t a t-l e f r
'e+ oftgas tar 6 ss;rcrts

3t Missile Irrtr<tirn Criterla

3.L.3 ' r,r n a i ) vissilt

!r tre 51f ety E val a tion Wep rt , a stated that tr e torrHo missile velccit y +ctru
n

; ro;- sed tj the 3 er31 Electric Com;qny was u* acceptable 3s it w35 u corsoriativelsr

1% and u r s ,, ;1o r t < < t<ata, s U -refere r m ired the Gener al Electrit ar< to'

. d ;: t o, r terrada r ssile welc:it. spectrur as a design hisis for the G!1' P -235
. A leu Islard desu;n. TFis re',ir -ent was rate a corditlen of tr e Prell'1 nary
Eesign prosal 1 s 3,r4 to t he Gc r , r a l E l ec tr i c 'er";'a ny ,

t C 'eral [lectriC (c ;'ary bjs sirce r edit ied their aPOliCatiO9 wi t* R endmentr

' to IM IJ55 93 NF leur isl W Safety fralysis c Crt , to inCOr[ Crate nurr
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..sitien ca issile ..lt: 1to- is '+
. *1 sis for tFr 'Jc

4 '

. -tr,

Islar' 9.,3nr ,...+r .- t : , . c' s , +'ir ccrjitic ri J],e 1

.; '. noiol 1 < s t e. v 1 L i r :'c,r is

i . i .1 r-r i c r, v s t er 7, r a l vc. i s 3rd ' ctin;'"
-

3.3.1.0 t. r i l < s i s '>r t t i a s f v t r -of- n o l a r. t E1 Set tr4: 1rcs

in ''r Eatetg Eval,atic , art, we inticated t*.3+ ">eral electric wa to s' i .s,

d,'arie aral, sis rt tre cvtie effs:ts cf 3 afe st >'witt 4 ss e r,rt>q.ik. Plus =

s'r! 11re 5 e oli cr +r> .ir t c. r irt+rr31s to conf 1r - 't e s*ruct;ril aj _ic c. ' *r 1

i n t or r.a l s 'te resalts of this aral, sis will te A nd v .s t i s
' j rstrate t h> cor ,;

ir t>( f t s i ;' 10'' fu t N- interrals TFeo*' *s=r? |r Is fr r+
; rt te i"-. '

ir 15, t laafs t.1.e, . .s r , alr ei f y t + 1. n s b ittr_d anf a irr,,r* 7 )! t r e v19s 3r.

ac c e; * ele !nis 'nr t e ise marco of tr e r.-l r ir a c y " rs ' ' ;T e r . a l to rgrer3].

E l e t t, , 3v ,, it, r ef -rt ac % tat.le fDr usi ty a ro'erre '"7 1;p,' cart ir , cr ->
, t

it a;pli.iti ,,e will ce:crt tvo r,< +s of ! F e 1, r ic v 31, < i sstr .' cn r r -

* *N fir 31 ,,'cn.. r i r. ] ri.ies '
.

1r v i s ,-i c ,s -n of at+. is 'r;<rs ertatirn an ~ .cr t ric il i;ait
' d *

'- tr. Cafetv L,al;3t ::n - , t , we i; ntifie' tr e fellrwira 3s t ron itr-s to te

s. s n l , e j is ;je nf ,e r e / i 6. n ' O l ! L' r 1 F '' tk i s s ,]''; e 'f 'ee r e ) i ~ i ' .] r y*
igrc(

0:r 1 ,

1; Tre lis' i' e ;;i;< 4 't tc te seis ' all, ali fi
'

/ m i . r; alificit cr ; roc, " res ' ; t e .:,

i t .. m oral Flm tric C: 'an, r 1s re:clvr+ tro it. i re toilc,sirl arner. ''n

' + 'F. : !._t.rn teer ., , r e < 4 > < t if f that, for t4Uf **< > .i .

# :r ii '*osiln s'' ' i is1F ,, i <! l} ( ' 'Pta1li;j r.,1ew 0f tf e , e: eods er d

; rcr e brs < ;w * ir 3 ~ l f- o r t i r g t r o roi vic des criteel, vi of !Fe scen of tr

eis-ic a.311ficatico r r r g r <r

>rt ;nt to this de*3ile* resiew:

f1; T re G. reral E lec tric Cr - u, has sarritted 1 tv; ic al list of ecain er t #ic h

will t.- seismic 3lly .11 i f i e J .

(2) ire Ceneral Electric Cor u nj will satrit, *:r review ici arp o,al, a toaital

ru rrt which will , sc rit e tr-e deta ile1 wil i f ic a :1er L ecc ed ares v,hi c r wil l

t'e used in ' mi eren ti n , t he seisr ic dos ican 231ification criteria.

(3) Ire Gercral Electric Cogany v.ill s etrit to an a;dit, ty tre staff, of tFe

qualificatico of selected instr- en'atico arsi electric d ecu.ytnt.

3-3
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Ac c 0;.t a t>i e 1~ ple- e< ta tico of c r i te r ia desc r it ej in the detailed i:rccef.res of

i t es ' ' aill !+ u rified d;rir,9 tris audit.

We F i e u;r.c i me ! t r i t t r ese cot r i'Je'.t s t rov i de a n acce; tat.le tasis for t hs Pre-

liminary I'e sign , ;roval.

3.11 I " s i o n: ental -sian of "ecminical ar,J ilectrical E w ynn t

In the tifets isa l ..a t i c.n Re; r r t , we i .1e n t i f i ed 't. follcwing as c;en i t er s t c t e

reselsed as ; art o' ' nsiew f o l l t ,vi r q the issam e of tP e Ir eli'ir ary e s i r; n
ves31.,

(1) it. list rd el ttrical eq2icrent ta b insirnrr"ntails gallifici.

(c, ?r. t ilificatia c r c c e ';re * to te ne-

.> r t t t** ,D-m aclisi slari "-ifets f r. i l y s i s - > c c r t , th Grecralin *
,

'l of our ' at s tar firq r.,2cs ts f or a?1i t ic nil infer-ilectrit rc c3n, r+> oi. a j * i

i t i1n c ut e r n i r. , ee . i n r.: a r t a l q ..a l i f i c ! t i o n d electrical eqain ent. I n Li t-l e s-

4.11.1 * nrea ;n 3.11. 4 9M - 2 ? a ', ; c l a r Islarf Lafety "nal;, sis Leport, tFe/ &ase'
i

-

t r~ , i d i ttr eqecte1 t ost- scci h nt therr il c ' radiolc<;ic al c rr.d i t ip fer safety-
~ !a tt j e ,a ip . r t witnin th h ael l , c e t a ir.' r t ed <ailiar, ta i l d i rq .

Aitt re;aro tte (r vircree st il 2ilifica+1cn of Class ![ ewi; rent, ite % reral+

[ ; et cic .t s t 4; 1t',4 te cnn ,- 2:e to the cruairec(nts O the irstitute of

!!e tr: _al ar! f.!>cterr1: F r ;ireers farin - -l m , ali f y inq Class !f flectrical'

[ 3;i;r, n t fo' ..tivir <+r i c): y( tatic s, a m1 ras ,a;clied trmir q;tlifica-
-

<

tic t t s t ; rc a;r.' v.n i : h i. sc ri t es it . 'r ,rct osed r eter1 of conforrir.1 to this stanjard

it, ;r <;rr <..tiir tre . * er al Elec t ric Et parj i"c l u det terteraturf- M idity* *
t

t.stin). ri s "ic t H t ir 7 and l i f e *. t i ra, ( a q i ng .4 in a , enc e 9 hic h i s in c er, f r:,r -r

anct v.ith 'N re- i>+ ents Ih justif i c a t i rm frr e(cludir ,any e*wirron ttai

; arc eter in tt< testin ; will h c.rw ide$ 1r tr+ q;)lific3tico re; Pr t fcr the

; ec i f ic equ i prer-! 'r,91,ca,

re at e se car:i tr i r ' 1r.d eutlireJ ; n ar e are ,aitatle tases for t*e deseluv"ont of

tN rcre detailed ; 11 i f ic a t ic o prearm We P !se corclated thit this is acceptatle

fee this sta ;e of re .iee ind trit there is reiscnible assarance t h it Gerer 11 il ec tric

<in de,elc,> a 'etiiled a;11ification progran acceptat'le *o the staff. We will re;ert

en tre results of a r evaluation nf the detailec. caalificatien i rc.;r r a t ' ne f i rt.il

1esinn stale of resiew.
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(.fe,c g I /'
;

. m, n



3.11,1 Ilectrical Penetratiens in the shield Pailding, Contairernt and Prvwoll Wills

In the Sa f ety Evalua tion Feport, we identified twu item in which the General Electric

Co any 1,ad rot ; rnvidel adeqaate inf c-ation for tFe review to be completed. Itese

were the procedures and r'etrods to be used to malify the shield buildirl, cont ain-

r ert and drywell penetraticns, and the preliminary design for the drywell penetrations

With regard to the galification of the shield t>uilding and containrent per.etrations,

the General Elec tric Lor pany r eets the rewirrents of the Institute of Electrical

a nd Llec t runits E ngir,eers St c,da rd 317-1974, " Standard for Electrical fenotration
Asser.blies in fontairr ont Struc tures for LClear f ewer Generatinq Stations, for the

containrient penetratlJns and for the electrical considerdtions associated with the

shield bui' ding penetrations. We find this acce; table.

With res;.ect to the drywell per,otrations, the General Elec tric Cervany has Fr6vided
us with a preliminary design for the drywell renetrations and a Jescripticn of their

c ro s.o sod qualification progro

TN qualification program for tee drywell ; enetra t icr.s includes resul ts f rnn Fre-
viously cenlacted tests to dw enstrate the sealin capibility of the rotting riterialu

used in the per|etrations. Cnce the rer.etraticns are construc ted, the drywoll structaral

proof test and tre J e rio j tc driwell leak tests will pruide contirued 'ssararce that

the geretrations are intact,

rased on the prcvious dist a sion, we cCnclu ? that tre iesign and tes tir s ; rc.v i sions
fer tre elec trical penetra ticn in the shield ouildirg, containrent and drvwell are

acceptable.

3.12 Separaticn t'riteria for Sa fe j Rolat e1 Wctanical an1 ilr<trical i m ig rnt

In the a t ety E valua ticn Feport, we conclu !'1 trit t h e ''wreral f lec t ric yt ar jr r '

;repused +osign cri ter ia f ar the wp3ra tion of sa f et y-rela ted eqci t r.en t met rur
req 2irm ents. "or.evfr. t6 o review of tre rg e r i l Elec tric Cor ra n,'s implw rnta-

tir.n of these 'ri ter ii h 3d to 3w 3 i t the sutrii ss ir,r of the preliminary design of

any of the instru"entation systes:s. IFe ~r neral Electric f or;uny h3s sirce sutritted

this inferration in R er bent 41 to the r,[ W ?P N2 clear Island safety Aralysis

hopor!.

have utilized hg ald tary hide I." ,' Physical Irde;7 ' FC e C f [ l ec tr iC 3l S h ter 5we

i t. nur review cf tFe I reliminar y desi irs (+1(cent.1ry wiriet diagra-c) for tre instru-

per.tatior ard cc,ntrol systF 'te srec i fic (nnc lusic re for these systv s 3re>

rer,rtec in tr.e 3; plicat le Forticr.s cf Section 7.0 e this e n ; lw ert.

Ai! the irstr centatico ci r. ' ccntrol frelimi ary Jesians atiliz d iscl.1 tier

fint divisiccs o' rn i,rer*de, ices where sian11s are ir w 'i tted t e'vs on rt ' r

,.- >7i G f. '
/-
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anj where signals are trars'litted f rrr divisic n equi; rent to non-fivis1Cral eNip-
ment. Though 1 solation dev R es ha go been mplo yed in tt e ran'sr on other plant

fesigns, we res ired tte General Electric C ms,ary to distinctly identify tro ty;e of
devices tFey intend to use and to define the test progr e wnich will f.e utilized to
dr'onstrate tre isolation capabilities of these devices

'te General tiectric De pany his sirce rrovide1 us with tFe test Frcgr3r1 which thej
inter:J to use to ;;$lif y optical isolators, which is the isolation device ttey will
utilize to isolate s11rals within treir preposed solid state protectirn syster (an
o tical isolato is t tsically a li;ht mittir'g diode and a light sersitive diode
e+ 3 rated tay a trar s; a rent re"tra re. ) We have rev iewed tre proposed test prcgrae and
ccrclu!e tFat it rrcvides a sa i tible t asis f or cnlifyin j the isolatirn dev ices. We
will report cn tM resalts of this test proqram for isol3 * icn devices at tFe firai

d es .;n s t a ;e c . review.

Wo Fa ve rot cc" pleted DJr review of all the systms which are outside the GI SSM-234
',, clear Steam Sapply Systs scope cf design ye* inside the GE SSM-?38 '.;c l ea r Islard
scope of lesign. The syste in.olved are tre essertial service witer systa:, thes

star *!y 03s treat ent systr the f l a.T a b i l i t s centrol syste , the ccntairr ent s;rdy,

systw , trie svirressien 'M a k e; systry and the cosite power syst m. Wo will,

. . , t rt 1,n our cc rclusiors c oncernirg the ;tysical irs perdence of these cyster in
the 3rplicable ;orticr af Section '.n cf a future sgrlmont to tho Safety ivalua-2

tion roport.

M c c c c l u -!p that tre el. c t rial, ins tr #entaticn and control syste ' within tro
G E 5 5 3;-2 U ' mc l e j r '.t er: , ply Systs' p rtion cf tre ",EV S -233 ;2 clear Island'

$sirn hive ad- ,a te Laration of red edirt Ca f e t y-rel a ted eq 2 ipr en t .

3f
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4.0 E E AC U '

4.2 %c+anical , s ic

4.2 F a c. t ' c ra-'

I r. tu it e t s salmati :crt a stated that <* would rcquire General Electric tor

; rr < 14 i etitled S crictirn cf ( a nd co r:i trent to) a test prngran for the fastd

stra s,str

il lle,tric ( r y ha s c orr i tted to a t es t progra"' f o r the fast sc e rl't- ,

sss' erify the $ r.i.;n bases used in the analyses in Section 15.0 of the*

Cf' 1+ar Island Safetv Analysis ::epert. Tre test program will consist cfin

t:, '1ssc

(1- .-Ic.r t et !( e t1rg - This f nase of the prcgram is cacplete and was cerdacted to
l h'*fy aM o;>timize those perf orearce Objectives for the fast scran systre.

l' Accertar.ce Testirg - This phase of the program is scheduled for completi.on( >

1976 and is intended to serify tFe final design using, as close as possible,

. .11 prod;c tico (crtrol red drive compcrents.

,cticn Oaalification Testing - This pnase of the program is sched21ed for' ; i

pletion in 1917 and is intended to establish a firm statistical base on

' trol rod drive perforr.ance by testing preproduction control rod drives to the-

. ;ign requirerents.

(1 Prodaction Verification Testing - This phate of the Erogram is scheduled for

corpletion in 1972 ard is 1" tended to verify that the procedures and techniques

used in raruf actaring prcWce control rod drives that reet all of the requirerents

ne " ave reviewed the test program and conclude that, if djecuately imple ented, it
stil verify the design objectives for the fast stran systen. We will review the

varicus phases of the test program and report the results of our evaluation at the

21 design stage of review. We conclude that the prorosed test program is acceptabla
tcr tne Preliminary Ee, ion Approval.

Suclear Cesign

(na lytical Methods

In the Safety Evaluation Report we stated that Gener al Electric had conritted to
preside us with a series of topical reports to address lattice physics methods, the

boiling water reacter simulation code, and verification of lattice physics and core
calculaticnal rethods.

<a n r,
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!!.ese topical re, orts A ll with tro f in il de',i o deta il s o f the core confi';Jrati<nl

ani .ere rot rcejej to reach the C C'.r i u s i o n t h.i t a n -1; r r .r ri.ite t ere des t ;n c in t'e

.ievelc,ed for t he f i n il d"51';' C "j}] re; 3rt ::n our
'

conclusicos tnr.cernin7 trese
r e;. ort s durin ; the final ** s i':n <t3;e of re,1ea.>

\ ^^
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5.0 FEiCTOW C00L AT SYSTEM

5.4 CoS ore _nt__anj Subsyste: Desiy1
__

5.4.5 Fesidua! Heat Pemoval systen

Durin'; our review of the GE55AR-238 f.uclear Island design, we noted that the resiJoal
heat removal systen could t;e disabled by a single failure in the shutdhn coolinq
node, General Electric agreed to provide an alternate 1:ethod of achiev'31 Cold
shutduwn which ecployed safety-grade equipre11 and which was not susceptible to tte
sar.e single f ailure which could disable the residual heat removal syste' This

corritment torred the basis for the issuarte of the Preliminary Cesian " proval to

Gentral Electric.

Since that tire, General llectric has described how they plan to achieve cold sh;tx wn

in the event of f ailure of the residual heat removal syste . This involves the use

of an alternate heat renov31 path through the automatic depressuritation system

val ves to the su; pressien pool . Le have rev<e v d the prcrosed rethod and conclude

the following:

(1) The alternate path employs safety-grade equipment.

(2) r.a single f ailure will disable both the residual he tt rhoval s. stem and tt..

diternate heat re"loval path.

(3) Either the residual heat renoval systen or the alternate shutdown path is cap 3ble

of bringing the plant to cold shutdown assuming the loss of either onsite or

off site power and taking credit only for those acticns capable of being perfomed

from the control room.

We therefore conclude that 'he proposed residJal heat re~ov31 system design combined
with the alternate shutdown path is acceptable.

,1, 999/
4 - - ,
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that the statistical rethod proposed by the General Electric En"pany aM the 1031
criteria sho.n on Table 6-1 are acceptable. This conclusion is basej en the f ollowin';

(1) The r etnoc has properly treated all aviilable test data anj is casoj essentially
on the large-stale data with correction terms that take into account the influence

of non-lary-scale variables. Since the large-scale tests were perforced in an

actumi re-ic t o r with a sJppression containment conceptually str ilar to the
GES % -233 b clear Islar,d contair. rent, estrapolation from the large-scale by

statistical techniq>e is appropriate and acceptable.

(2) The r ethod his been conductej in a conservative ranner. The prirary conserva tis 5

are:

(a) Trw calculation is baseJ on the nost severe g 3rrreters. For t s a v i e , t r+

raximu- Sir volu e initially storej in tre line, the raxim e initial pool

terceraturt -f the hi pest pri-ary system pressurr were selected to estab-

l ish q,encher load c ri teri a.

(b) Fa - tre c a ses o f r'ul t iple ,31 ve a c t a3 ti on , the load criteria are rased on
tN ass rption that the -1,1 um pressures resulting from each valve aill

occ.r si"ultant Nsly. ae helieve that the assu*ption is conservative sin e

dif f erent lenr,.hs of lire anj safety / relief valWe pressure set points will
result in the occurrence of raxirm pressures it dif ferent times and,

conse pently, lower loads.

(3) Tre prcposej lorJ criteria in Table 6-1 are acceptable. Tre Criteria were

establisnei by usir ; a 15-95 percert confidence lim t. r r consultant, theu

Broakna en '.ational Laboratory, has rerfor'"ed an analysis of the effect of this
confiderce lim t. Tne result of this analysts Indicates th3t for a 95-95 t ercent

confidence limit, a;proxir:ately one percer.t of the nr ber of safety / relief val se
ac tuaticns ray result in containment loads above the design value, .e believe
that this icw probability is acce;) table considering the conservatis, of the

r ethad of rejic tion. The actual loa 1s should n6t exceed the design value

(4) With regard to tne subsequent octuition, the lor criteria are based upon a

single safety / relief value actuation. The General Elec tric Ccepany has estab-

lished this basis by regrouping the safety / relief valves in eich group of

pressure set points. As indicated in Arendment 13, there are three groups of

pressure set points for the 19 safety / relief valves--narely, one safety / relief

Valve at a pressure set point of 1I03 pounds per square inch gauge, 9 safety /
relief valves at 1113 pounds per scuare inch gauge, and the rer aining 9 safety /
relief valves at 1123 pounds per square inch gauge. Only one safety / relief
valve is now set at the lowest pressure set point. Based on this pressure set

point arrangement for the 19 safety / relief velves, the General Electric Cor;oany

has analyzed the most severe prirary pre (" ~nsient--a turbine trip without

bypass. Results of the analysis show tns ion of reac tor isolation will

'! .f J.
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TABLE (-l

iUENCHFR BUBBLE PRESSURE FOR THE GESC R-2U '.UCLEAR ISL A'O DE5!G'4g

95-95 FERCENT CC',FICErCE LEVEL

Desion Value
Maximun ,^ressure

(pounds per square irch dif ferential)

Case Description Positive pressure Nealtive p_ressare

1. Single valve first actuation
at 100 degree Fahrenneit
pool ter:reratur e 13.5 81

2. Single valve subse3uent actuation
at 120 degree Fahrenneit
pool tenperature 23.? -12.0

3. Two adjacent valves first actuation
at 100 degree Fahrenneit temperature 13.3 -R.1

10 valves (one low set and nine neut
level los set) first 3ctuation at
100 degree Fahrenneit pool ~ temperature 16.7 -9.3

5. 19 salves (all valve case) first
ac tuition at 100 degree Fahrerseit
pool temperature 18.6 1.9

6. U aJtor'atic depressurization syste-
valves first actuation at
120 degree Fanrenneit pool te pera ture 17.4 -10.4

", r

/ / )~' 1, }f; u --
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The April 13, 1976 letter also contained a proposal to replace the present leakaqe
control systen on the main steam lines with a pcsitive sealing systen The rain
steam line positive sealing systen will be desigred in a similar fashion to the seal-
ing system on the other lines penetrating containnent in that the space tetween the
inboard and outboard isolation valves will he pressurized, via a safety-grade air
systen, to a pressure exceeding the peak calculated pressure that the inboard isolation
valve will experience during the accident. Thus, the inward fress e e on the isola-
tion valves will always exceed the cutward pressure, thereby precluding outward
leakage. We conducted a preliminary evaluation of this new systen and concluded that
it could result in a significant decrease in the radiological doses associated with
the loss-of-coolant accident and therefore warranted additional review. The General
Electric Company was informed of our position at a July 1,1976 reeting, and of our
decision to review the systems designed to preclude bypass containment leakage and
the proposed positive sealing system for the main steam lines, concurrently.

In their subnittal, the General Electric Corpany addressed each of the lines penetrat-
ing the primary containrent and the syste, proposed to preclude leak 3ge thrcugh each
line following a loss-of-coolant accident. However, specific inforration regarding
systen actuation tires, systen designs, and the justification for taking credit f or
certain closed loops to perform a sealing furcticn was not provided.

The General Electric Ccnany has since agreed to provide us with a topical report to
address these ratters. We will report cn the results of our review of this report at
the final design sta)e of review.

The Gereral Elec tric Company has, however, provided us with sufficient information on
the containr:ent bjpass sealing systems and the rain ste3n line positive sealing
system to enable us to conclude that the concept is technically feasible, using
sta te-of-the-art techrology, and t ha t there is ^ea sonable a ssurarce tha t the General
Electric Ccmpany can develop a tinal design acceptable to the staf f. We conclude that
these designs are acceptable 'or the Preliminary Design Approval and are, thcrefore,
acceptable for use by a referencing applicant in a construction pernit application.

We will require that the results of our review of the General Elec ric Cnmaany topical
report be incorporated into the accident analysis calculations performed at the final
design stage of review for any plant referencinq the GES W -233 Nuclcar Island Jesign.

6.2.4 " Minnnt isolatien 5sstn,

In t~ Safety Evaluation peport, we stated that we would req 4 ire the Cerecal Electric
Coruany to qualify isolction valves and other safety-related equiprent in the drywell
for a negative drywell pressure representative of limiting post-loss-of-coolant
accident Condition 5. We consider this to te a part of the overall eetailed aualifi-

cation program. We did rot require the General Electric Company to specif y a test
prosstre for the issuance of the preliminary Design Approval, nor will it be required
for the issuance of a construction permit to a reterencing plant. We will evaluate

,

,) ,I0
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the test pressure which the General Electric Company proposes against the environmental
conditions expected in the crywell and report on our ccnclusions during the final
design stage of review.

In the Safety Evaluation Report, we noted that it was our position that continuous
of the containment through large penetrations was undesirable, but that wepurgins

could find continuous purging acceptable if General Electric would adept Containment
Systems Branch Technical Position 6-4, "Containrent Purging During Nor 31 Plant
Operations," as a design basis for their purge system. This position was also made a
condition of the preliminary Design Approval issued to the General Electric Company.

The General Electric Company has since modified their application to incorporate the
branch position as a design basis for the GESSAR-238 Nuclear Island design. We now
consider this condition resolved. We will review General Electric's manner of imple-
renting the branch position and report on our conclusions at the final design stage
of review.

Energenc L ore Ccoling Systen6.3 C

6.3.1 Systen Description

In the Safety Evaluation Report we stated that we would continue to review the follow-
ing areas ce?ated to the e-ergency core cooling syster:

(1) Overall role of manual actions required to nitigate the consequences of a loss-
of-coolant accident.

(2) Pesults of tre spray distribution tests for the GESSAR-238 Nuclear Island
reactor.

(3) The final preprietary version of the topical report on the 8 x 8 Zirconium spray

cooling test.

With respect to the first itm, General Electric had already specified the general

functions required of the reactor operator. This was found to be an acceptable basis

for the issuance of the preliminary Design Approval to the General Electric Corpa..y
and is an acceptable basis for the issuance of a Const%Ction permit to a referencing
plant. We will review the list of specific actions required of the operator when the

design is finalized and will report on our conclusion during the review of the final
design.

With respect to iten two, General Electric has provided us with the results of spray
distribution tests for an earlier reactor design. However, the present design has a

slightly different configuration. General Electric has agreed to conduct confirma-
tory spray distribution tests with the new configuration to verify the predicted
distribution. Since we consider these tests to tie confirmatory in nature, we will

not require that the tests be completed prior to the issn nce of a construction
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pemit to a ref erencing plant. We will report on the results of the tests during the
review of the final design.

With respect to iten three, the General Electric Company has provided the final
proprietary version of the topical report on the 8 x 8 zirconium spray cooling test,
Topical Report NEDE 20231, "Erergency Core Cooling Tests of an Internally Pressurized
Zircaloy-Clad, 8 x 8 Simulated CWR Fuel Bundle. We found toe topical report accept-

able, and our evaluation of the report has been incorporated into the acceptance
version of the report.

6-7
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7.0 INSTRUMENTATION AND CONTPOLS

7.1 Jntroduction

In the Safety Evaluation Peport, we concluded that the design bases and criteria for
the instrumentation and control systers were acceptable for the Preliminary Cesign
Approval, but the review of the preliminary designs had to await the submission of
additional information by the General Electric Company.

The review of the preliminary design of the instrurentation and control systems has
been ccnducted on the GESSAR-251 7aclear Steam Supply Systen docket (Docket Number SIN

50-531). However, with amendment 41 to the GESSAR-238 Lclear Island Safety Analysis
Report, the General Electric Corpany updated the GESSAR-233 Nuclear Island Safety
Analysis Report to the same detail as found in the GESSAR-251 Nuclear Steam Sucply
System Safety Analysis Peport. The results of our review ef forts are surnarized in
the following sections.

7.2 Peactor Trip System

In t'e Safety Evaluation Peport, we concluded that the design base and criteria of
the reactor trip system were acceptable for the Prelirinary Cesign Approval but the
review of the preliminary design CoJld not proceed until the General Electric Company
supplied us with additional infor ation. Therefore, the discussion in the Safety
Evaluaticn Report was related mainly to the functional design. In addition, we indenti-
fied two design changes which the General Electric Compa.v had proposed in Arendment 2A
to the GESSAR-238 Nuclear Island Safety Analysis Peport which appeared to result in
ordesirable design features

The Gereral Electric Ccrpany has since submitted the preliminary design of the rec; tor
trip system in Arendment al to the G;5SAR-233 Nuclear Island Safety Analysis Report
which incorporates the design bases and addresses the staff concerns discussed in thr.
Safety Evaluation Report. The following discussion details the staff review of the

preliminary design of the reactor trip systen and how the design bases and criteria
have been irplemented by tre preliminary design.

The preliminary design of the reactor trip systen (consisting of the system elementary
wiring diagrams) was reviewed to deterrine conforrance to the design criteria approved
by the staff during the initial GESSAR-233 Nuclear Island review. In addition, the

prelrinary design was analyzed for operational capabilities with regard to the
sr'ety design bases. Eoth the equiprent and the logic irple entation are vastly

different from previous boiling water reactor designs. Figures 7-1 and 7-2 show

these design differences.

7-1
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Figure 7-1
Previous General Electric Company Reactor Trip System Logic
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Figure 7-2
GESSAR 238 Reactor Trip System Logic
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The system utilizes solid state circuitry which is divided into four separate and

independent divisiunal logic channels. The four divisional and independent divi-

sional logics (located in the four divisional output cabinets) receive inputs from

each of the four instrumentation char.nels which nonitor each critical piant parameter.

Both analog and digital instrumentation channels are used. In general, an analog
instrurentation channel includes the sensor / transmitter, signal conditioning circuitry,

and the trip units and logic isolation devices located in the divisional input cabinets.

A digital instrumentation channel includes the sensor / switch and the signal conditicn-
ing circuitry and logic isolation devices located in the divisional input cabinets.

The following parameters are ncnitored to provide inputs to the reactor trip systen:

PARAMETER TYPE INSTRUMENT

(1) Scram discharge volume Aralog.

high water level.

(2) Reactor vessel Analog.

water level (low and high).

(3) Main steam line Analog.

high radiatio:i.

(4) Drywell high pressure. Analoq.

(5) Nuclear system high pressure. Analog.

(6) lurbine control valve Digital.

fast closure.

(7) Main stearline isolation Digital.

(closure of r.ain steamline
isolation valves).

(8) Turbine stop valve closure. Digital.

(9) Neutron ronitoring system inputs Upscale and inoperative trips

(startup range ror itoring, via neutron ronitoring syster.

average power range monitoring and
interrediate range monitor ing) .

. n

j
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The oatputs of the four divisional input cabinets are tr3nsmitted to the four divisi?r3I

logics--;irectly to the s r e division anj through isolation ovices to t% other th reet

divisions. In this manner, adverse division intern tion is prevented. Tre suitability

of tr ese devices is continjtnt on successf ul Jeonstrations by tests of treir effecti.o-

ness , as discussed in Section 3.12 of this supole.'ent. Each of the fcar divisional
logic, (located in the divisicn output cabtrets ; e r f o rr , a wo-out-of 'our coincijent

chec k ut t h logic level signals from each set of four irstrument inputs. In addition,

c erta in intet loc . dnd ranual functions are perfor"ed in *re divisiCnal IC]iCS.k

The catputs of each of the four divisiana logics provide an input directlj to its

associated scram actuator logic and thrca.h an isolator to each of the etter tfree

divisior al scra-" actuator logics Tras, divisional separation is a pin aintaired

thros4 isolation devices.

In eash of the fcar suram act;ator logics, the four input signal 3 are u -- t i n e d e t;
.

tac one-nat-of-tac logic confij2ratiun3. 'he division I or lajic c on fi;;ra ti on

pro ces a scrr a tuaty Icjic trip I -energizes a 103 driver) fcr the Sola r 'dn

coils of rod grog s I and i and for the u solenoid coils of rod gr% ps _ ar1 J. Tre

divisice 2 or 3 logic o ' figaration pro L ;es a similar trip tor the T caleneid

ct ils or roj gro;;s 2 arj 3 ar f for tre 'b" sulenoid coil, of rod groop; and
'

.

Tr. de-ener;izing of botn tne T and e ;olenoid toils of each red perdJces a

scram increfore, **e overall scram logic co~binirg the divisional Iclic catputs te

pro Lce a reactor scrr i s cre-ou t-of-two-t 3k en-twice.

Tr e peer for the '' A" .olenoid coil s of each of the foar rod groups 'c sgplied

independent (! ass 'E reactor trip syste" Nwerrespectively from one of the four

su: ply casses. Tre puer for tr e "B" sole.oid coils of all four rod groups is sap-r

plied f ro~ ore cura on non-Cla ss IE bus. This ocwer supply configuration prevides
the ntcessary red njancj for *ne reattor trip sjste'' sa fety f unc t ions and in additico.

L rovides protectinn against inadvertent scrams cn luss of arj ore faaer Sr ply.

The r.anual scram actico tur the new design incluces four "ansal scra switcre whiche

are arranged in a ore-out-of-two-taken-twice logic. By act; ating one laitch of

either the "A" ch yrel (divition 1) er the "D' c u rnel (dt.ision 4) and o'o swi tc h
of eitner the T tharrel (d' vision 2) or the "C' charnel (jivision 3), the ranaal

s c r 3:r is initiated throJgt. the load drivers Addi tional r d'.Ja } scr3m C3pability is

placed in the snatdo#provided through tre mode switc1 which provides a scr6,' at r
r a je.

k.uther portion at the design for "anual scram utilizes ths' we four "arual ccram

mi tcl.e s , t;u t e ac h swi tch is used to open the rain circuit breakers wnich fe(d t' e

load drivers and solenoid coils, by actuatirg any one switch (division 1, , 3 ur

4) tr.e associated group of roas (qrcap 1, , or 4) car be inserted. 'herefore,,

this r.ethod ot' ratudl g ran relies on a ririmum of ecairent co ron to tre automatic

d C ra": aClion.

}i } I. .
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The testing and maintenance capabilities for the reactor trip system have been
improved in the sense that now instrumer'. tion channels can be completely bypassed
(removed from service if necessary) One at a time and the logic will become two-out-
of-three and still meet the single failure criterion during the bypassed time inter-
val. Operationally, this is an improvement in the sense that a failure (spurious

signa!) during the bypassed interval will not cause an unnecessary scram.

The results of our review of specific areas of the reactor trip systen are presented
below:

(1) The bypass circuitry provided in the preliminary Gesigns includes provisions for
indication of the bypassed condition and provisions for preventing simultaneous
bypass of more than one instrt. melit channel . The circuitry provisions include a

channel bypass switch with a key lock (one for each of the four channels) which
when placed in the bypass position sends a signal (through an isolator) to each
of the other channels to prevent bypass of other channels and provides indication

of the channel bypass condition.

The bypass circuity is acceptable under the condition that the i.oiation devices

utilized are acceptable as outlined in Section 3.12 of this sn piement.

(2) The testing provisions for the reactor trip system cons' af six overlapping

tests that can check the operation of the reactor trip system through the

solencid coils during reactor operation. These include manual scram, simulated

input calibration tests, single rod scram test, analog instrunent channel test,
sensor check for digital channels and a systen pulse test. All these tests,

except the pulse test, are similar to tests used en previous designs. The pulse

test provisions are utilized for all the solid state safety systems which

include the Gereral Electric Company reactor trip systen and engineered safety
features systems

The systen introduces a short duration pulse into the solid state logi:. at the

instrument input cabinets for the purpose of checking the logic circuitry. To

preclude an inadvertent scran during testing, the test equipment will deliver a

pulse long enough to propagate through the logic but not long enough to actuate
the equiprent. The pulse output is monitored at the output of the signal con-

ditioning equipment (analog comparator unit bistable trip unit) in the input

cabinets to the output of the load driver. The load drivers can then be tested

separately to verify their ability to energize and/or de-energize the respective
connected loads.

We have concluded that the General Electric Company has defined the necessary

design criteri6 (which include the Institute of Electrical and Electronics
Engineers Standards 279-1971, " Criteria for Protection Systems for Nuclear Power

Generating Stations, 379-1972, " Guide for the Applicatinn of the Single failure
Criterion to Nuclear Power Generating Stations Protection Systems,' and 338-1971,

7-6
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" Criteria for the Periodic Testing of Nuclear Power Generating Stations Protection
Syctems") and has provided suf ficient preliminary design irtformation for the testing
af the solid state safety system. We find this acceptable for the Prelininary
Cesign Approval.

During the final design review, we will review the pulse test portion of the
final design, including the qualification of the isolation devices used in this
system (see Section 3.12 of this supplement), in order to determine that this new
design feature will not degrade the overall safety function of the solid state

safety systen.

(3) We have reviewed the distribution schere of the 120 Volt-alternating :urrent
power for the scran solenoid valve coils. During the review, we noted a possible
concern regarding a comen failure mode of the load drivers and their ability to

de-energize when required. The General Electric Company has addressed this
concern with a description of the isolation capability of the load drivers. We

believe that this is an acceptable approach. The isolation capability of the

load drivers will be a part of the qualification progran required under Section

3.12 of this supplerent.

(4) The GL seal Electric Company has nade a change in the areas of power supply
voltage 'or the load drivers. Previously the logic voltage for the load drivers

in a divisional output cabinet was 5.pplied by the sare divisional power supply.

The General Electric Corpany has changed this such that there is interconnection
for tnis power between division cabinets. (Division I supplied a portion of the

d-c logic voltage for division 4 and vice versa; division 2 supplied a portion

of the d-c voltage for division 3 and vice versa. )

Le required the Gereral Electric Corpany to justify this change. TFe General
Electric Company has docurented that, by this design modification, an operational
advantage . 3chieved while maintaining the chanral independence. The operational
advantage is that failure of the power supply voltage of one logic division will
not cause an unnecessary scra, of one group of rods as would have previously
occurred. The channel independence is raintained by conformance to Pegulatory
Gt. de 1.75, "Fhysical Ir. dependence of Electrical Systems," recomendations in this
area of the nodified desis, and therefore is acceptable.

(5) During our review of the reactor trip system, we noted that certain inputs to

the reactor trip ystem originated from the turbine building area which is not

norrally categorized as a seismic Category I structure. The inputs provide a
signal to scram t. e reactor on a turbine trip event, and include the turbine stop
valve closure sigaal and the turbine control valve fast closure signal (and
associated turbine first stage pressure permissives).
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Because our position with regard to reactor trip systen inputs has maintained
that all the inputs must meet the Institute of Electrical and Electronics Engineers
Standard 279-1971 (including the seismic qualification require"wnts), the inputs
from the turbine building area were unac.eptable as proposed.

Therefore, we required the General Electric Cor-pany to demonstrate that safet/
grade backup trip inputs to the reactor trip system di/ exist, which coJ1d Cro-

vide a reactor scran when required in order to prevent t 1 acceptable consequences.

The General Electric Company has perfcrred an analysir to demonstrate trat
safety-grade trips are available to prevent unacceptable consequences. We have

reviewed the analysis and the results are presented in Section 15.5 of this

s uppler en t .

Based on our ccr.clusion on the General Electric Co pany's analysis of tre

f ailure of these turbire trip inputs and the General Electric Co pany's comit-

rent that trese inputs satisf/ all the requirerents of the Institute of Electri-

cal and Electrcnics Erqineers Standard 279-1971, with the except on of seismit

qualification, we conclude that tnese incuts to tre reactor trip sjste~ fror tre

turb!re buildin; area are acceptable.

(6) The General Electric Ccrpary has stated that the reactor vessel hir;t water levt'
1rrut to the reactor trip system will be designod in a manner identical to cther

safetv-grade irputs to the re2ctor trip systen. We find this ceiritrent accept-

able LJE will requ re forcal dorr entation ef the high water le Al trip prior toi

the issuarce of a construction pernit to a referercing plar.t. We will report on

this docurentation in a future suppie~ent t' the Safety Evaluation Report.

We have ccocluded that, except for the previousiv renticned iter 6, tr.e prelir inary
design of the reactor trip sjsten satisfies the Connissicn's regulaticns and is
acceptable for the Preliminary Cesign 4 proval.

' 2.1 Fast _Spre (New Soctico)

The General Electric Company has remcsed all reference to the prompt relief trip
system and has propused to utilize a " fast scram" syste- The Gona al Electric
Ec pany has stated that thc " fast scra'r syste- doe, not affect any of tre instrs enta-

tion and control sjstems in the plant except for tre centrol roa drive syster's
hyfraulic 1 ires.

However, we roted in re r.dre n t al to the GESSAP-238 Eclear Inland afety Araljsi<
Report that the scre solenoid arrarr;ocent fer each control rod dri r tas cran ad

' ec r tau individual solenoid ulves to a single dual coil solenoid vala

/-
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We conclude that this C* ange does not alter our CCnclusions with regara to the plant
instrumentation and Nntrol systens since there are no electrical functional changes
from previous ,.. ant designs, as power rrust be removed from both coils to scram as in
previous designs. We find that the instrurentatiCn and control systems asEects of
the " fast " cram" system are acceptable for the Preliminary Design Approval.

/.7 Engineered Safe R Features Systems

7.3.1 I n troduc ti on

In tr.e Safety Evaluation Report, we concluded that the design bases and criteria for
the angineered safety features systems were acceptable for the Preliminary Design
Approval, with the except.cn of those specified for the standby gas treatment system.
We could not rake any conclusion as to the preliminary design of the engineered
safety f eatures syste"'s at that time, for the designs hau not been subnitted for
review.

The General Electric Company has since subnitted the creliminary design of these
systens in Amendment al to the GESS;R-233 Nuclear Island Safety Analysis Report.

The preliminary design of the engineered safety features systtes (consisting of the
elerentary wiring diagrams) was reviewed to determine conformance to the des'ge
criteria established during the initial GESSAR-238 Nuclear Island review. In addition,
the pre liminary designs were analyzed for cperational capabilities with regard to tne
system's safety design bases.

Although the functional perforrance requirenents of the engineered safety features
systems are funda entally the same as previous Loiling water reactcr plant desinns,
the instrumentation and control systens (that is, the sensors, logic and actuators)
for the engineered safety features systens are not similar to any previous boiling
water reactor designs. The engineered safety features instrumentation and control
systems utilize solid state equipment and, coupled with the reactor trip systen, form
wh3t the General Electric Company re'ers to as the solid state safety system. The
testing for the engineered safety features includes the same pulse test provisions as
the reactor trip system described in Section 7.2, item 2 of this supplenant.

As in the case of the reactor trip system, the preliminary designs were reviewed based
on the criteria established during the review of the conceptual designs. The results
of our review of the preliminary tsigns are sumarized in the following sections.

7.3.2 Energency Core Cooling System

7.3.2.1 High Pressure Core Spray

In the Safety Evaluation Report on the GESSAR-238 Nuclear Island design, we cencluded

that the design bases and criteria for the high pressure core Spray systen were

71% o 7 ()
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acceptable for the Preliminary Design Approval but the review of the preliminary
design could not be completed without additional information from the General Electric
Company.

The General Electric Company has since submitted the preliminary design for the
system in Anendment 41 to the GESSAR-238 Nuclear Island Safety Analysis peport. We

have reviewed this information and conclude that all aspects of the design bases and
criteria, which have been previously approved, have been appropriately incorporated
into the preliminary design. We conclude that the instrumentation and controls for
the high pressure core spray are acceptable for the Preliminary Design Approval.

7.3.2.2 Automatic Depressurization Systen

In the Safety Evaluation Report, we identified two generic issues of long standing
which we required the General Electric Company to address. These were the capability
for on-line testing cf th? solenoid valves and the consequences of inadvertent
actuation of the automatic depressurization ystem resulting from a single failure.

The General Electric Company has includ'd the single failure design criterion as part
of the design bases for the inadvertent actuation cf the automatic depressurization
system. The preliminary design of the a'tuation system for the automatic depressuriza-
tion system includes two logic trains within each division. A coincidence of the two
logic trains of a division must be satisfied to achieve actuation. Each logic train
is identical except that one train of each divi; ion contains a delay timer to delay
asnmatic depressurization system actuation for 120 seconds after the loss-of-coolant
accident signals are present.

We identified the 120-second timer as a potential single equipment failure that could
cause inadvertent actuation during the first 120 seconds of a loss-of-coolant accident.
The General Electric Company has verified that this inadvertent actuation (during the
120-secord time interval) has acceptable consequences and concludes that multiple
failures must occur to cause inadvertent actuation of the automatic depressurization
system during plant operation. We find this acceptable.

In Arendment 24 tu the GESSAR-238 Nuclear Island Safety Analysis Report, the General

Electric Ccmpany comitted to performing a study of nethods to improve the testability
of the automatic depressurization system. We founo this comitment acceptable for
the issuance of the Preliminary Design Approval to the General Electric Company,
subject to our review and approval of the preliminary design for the automatic
depressurization system, including the design provisions for testing.

In conjunction with this program, the General Electric Company perforced reliability
analyses for various alternate conceptual designs for the automatic depressurization
system which included on-line testing capability. Based on these analyses, the General

Electric Company concluded that the existing system design is more reliable than any
of the alternate designs that were evaluated.
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We are reviewing this information and are not able to concur with the General Electric
Cornpany's conclusion because of concerns with sone of the essumptions used in the
analyses. For example, we do not believe that the General Electric Compi...y assumption
for the solenoid valve failure rate has been adequately justified.

We are currently pursuing this aspect of the autenatic depressurization system design
with the General Electric Company and will report on our conclusions in a future
supplenent to the Safety Evaluation Report.

7.3.2.3 Low Pressure Core Spray and low Pressure Coolant Ingction System

In the Safety Evaluation Report, we concluded that the design bases and criteria for
the low pressure core spray and low pressure coolant injection systems were acceptable
for the Preliminary Design Approval, but the revie" of the preliminary designs of
these systems required additional information from the General Electric Company. Part
of the basis for the acceptance of the design bases and criteria was the General
Electric Corrpany corrnitment, in Arendment 24 to the GESSAR-238 NJclear Island Safety

Analysis Report, to modify the designs to provide diverse initiation signals that were
not dependent on a non-diverse interlock and to evaluate the designs to assure that
adequate protection against high pressure is provided for the low pressure portions of
these systems.

The design of the emergency core cooling system injection lines was reviewed to confirm
that the isolation provisions at the interface with the reactor coolant system weie
adequate. The number and type of valves used to foin tiac interface between low pres-
sure portions of the energency core cooling system and the reactor coolant system must
provide adequate assurance that tFe emergency core cooling system will not be subjected
to a pressure greater than its design pressure. This may be accomplished by any of
the following provisions:

(1) One or nore check valves in series with a nomally closed motor-operated valve.
The rotor-operated valve is to be opened upon receipt of a sofety injection
signal once the reactor coolant pressure has decreased below the erwrgency core
cooling system design pressure.

(2) Three check valves in series.

(3) Two check valves in series, provided that there are design provisions to permit
periodic testing of the check valves for leaktightness and that testing is per-

forred at least annually.

The General Electric Company has utilized a check valve in series with a normally
closed motor-operated valve. The rrctor operated valve is to be opened upon receipt of

an accident signal once the reactor coolant pressure has decreased below che design

| [ 0
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design fressure of the low pressure core spray systen and the low pressure coolart
injection system. The Generai Electric Company has also agreed to provide a pressure
inte: lock en the motor-operated valve to preclude the opening of the valve until the
reactor system pressure is sufficiently low. The General Electric Company has agreed
to make the interlock diverse in order that the diverse accident initiation sigrals
(low reactor water level and high drywell pressure) are not dependent cn a non-diverse
interlock. However, the General Electric Con pany has not supplied the preliminary
design information to demonstrate diversity. We will report on this matter in a

future supplement to the Safety Evaluation Report prior to the issuance of a construc-
tion permit to a referencing plant.

7.3.3 Containment and Reactor Vessel Isolatirn Control System

In the Safety Evaluation Report, we concluded that tne design bases and criteria for
the containment and reactor vessel isolation control systen were acceptable for the
Preliminary Design Approval, subject to the staf f review of the preliminary des gn. We

also agreed with the General Electric Conpany t5at the review of the control arrangemtnt
for the rain steam isolation valves would be conducted through the revicw of the
General Electric Company Topical Report APED-5790, " Design and Ferformance of General
Electric Boiling Water Reactor Main Steam Isolation Valves."

The applicable staf f positions resulting fron the review of that tcpical report are as

follows:

(1) Tre solenoid valves rust be qualified to the requirenents of the Institute of

Electrical and Electronics Engineers Standard 323-1974, " Qualifying Class I
Electrical Equipment for Nuclear Foner Senerating Stations, far the specific
plant in which they will be used.

(2) The solenoid valves rust be physically separated and electrically isolated in
acder to preserve the electric.i independence of the initiating logic and satisfy
the requirer ents of the Institute of Electrical and Electronics Engir s Standardm_,

279-1971, " Criteria for Protection Systems for Nuclear Power Generating Stations.

(3) A method of testing the valves for prcper response tire which satisfies tre
requirements of General Design Criterion 21 (as clarificd by Fegulatory Guide
1.22, "Feriodic Testing of Fratection System Actuation Functions") must be
provided. Testing shall be conducted on a routive basis during reacter operation.

With regard to item 1 on solenoid valve qualification, tre General Electric Corpany
has subnitted their qualification program which will include this equiprent. A dis-

cussion of the review of this qualification progran is ircluded in Sections 3.10 and
3.11 of this supplerwnt.
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With regard to item 2 en separation and electrical isolation, physical separatico

between solenoids on tne sa e rain steam isolation valve is not required to raintain

the independence of the initiating logic circuitry sirce these circuits are kept

indecendent through isolation desices (load drivers).

We find this an acceptable approach and therefcre it is concluded inat the isolation

capability of the load dr' vers has to be established as part of the qualification

program required under Section 3.12 of this sJpplement.

With regard to item 3 cn the response ti,re testirg of the valves during reactor

operation, the GESSAR-2Yi Nuclear Island desian incorporates provisiens for each main

stear isolation valve to be response-time tested during reac;or operation.

Other portions of the containment and reactor vessel isolation control systen will

function similar to Erevious designs, but the equipment (sens;r actu3 tion and,

logic) are not similar to previcus plants and were included 1r. *'e review o' 'he pre-

li-irarj desip of tne c,erall solid state safety syster.

We conclude *.nat the prelimiracy design cf the containrent and reacter veseel isola-
11^ cartrol s, stem is acceptable for the Prelirirary Design Approval.

7. 3.1 l<30 tial Service Water Systen

,reliminary esign review of tre essential servite water syste- ras not as yet t((nTre d

c ompl e ted . Tre Ge"eral Els tric Cmpany pro <ided preli-irar, desian infor ation en

this syster in rer!~er? 41 to the nE552D-23i 'uclear Island 53tet, Aralysis Report

We have revie. sed tnis infor at en and h3ve issued ret 'tt fcr additicral irfcrmt. r

to the Gcreral Electric Co pa",. '"or carplete resconses to these req;ests for

jiticn31 inf tr a tion are prc <ided, we . vill cc plete e ,r resie, and re;cr+ .c cen-i

clasicos regardirt this system in a future sepplement to tN Sa f e ty c5aluation R pcet.

7.3.5 fl1~'ahility Control Svstem

We t ne reviewed the preliminary design i n f orr a t i cn which the bener31 Electric Co any
has supplied on the fla rubiliti control system through unend'ent al to the SESS?- 235
'o c l e a r Island Safety Analysis Wecort and have issued rea;ests for additicnal infc<'atinn
tc the General Electric Corpany. When ccrplete responses to these re4aests for adtitinnal

review and report cur ccnclusionsir f e rru ticn a re c rnvided, we will ctcplete ca r

reg 3rding this system in a future supplement to the S a f e ty E,aluaticn Icicrt.
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7.3.6 St andb / Ga s Trea trent_Sy_s tem

We have reviewed the information supplied to date by the & neral Electric Corp 3ny

dnd haVe issbed requests for additional infCrration on the design criteria of the

syste"1 and cn certain aspects of the proliminary design. When cunplete resren;es to
these requests for additional inforration are provided, we will complete wr review

and report our CCnclusions regarding this system in a future supplerent to tw Safety

Evaluation Report.

7.3.7 Sag ression Pool Makeup Systen

le General Electric Company has not as yet provided us with tnat portion of
*he Icgic ard control for the suppression cool rakeup syste+ describing the specific
soorta of the loss-of-coolant accident or erergency core cooling syster crerating

si vals. Informa tion deronstrating channel indeperdence for tFe logics and contr is

for tne suppr es sion pcol riakeup system is similarly lacking. When this inf orration

is provided, we will corplete our review and report our conclusions in a 'uture

s splem nt to the 53fet) tvaluation cpcet.

7.3.6 Tcntainment Soris 5vstem

% General Electric (nGary has subritted prelimiracy design info * ration en the

conta in'en t spray system in s e n d r.e n t 41 to the GESS3-238 Lclear Islanj Safety
Aralysis Pepor; We tive revie vd this informdtion and issued requests for additional

inf ar-a ticn to the General Electri Eorganj. Once complete response to 0 r re,;aestsc

for additional information are provided, we will corclete car review ari report c.c

conclusicrs in a future succ k vnt to the Sifet Evalcation Retort.

7. 3. 9 Inf1tation cf By c 3sses

The review of the ;:reliminary designs included a review of the previsions for the

indication of bypassed ccrditions as outlined in 4g;latory ,ide !.47, 'Ejpassed a''d2

:ncterable Status indicaticn for bclear Pcwer Plant Safety Systers

Tv Ceneral Electric Ccmpany has made provisicns for this indication to satisfy the
require ents of RegJI3tCry Guide l.S7 We CenCluje that % is is 3CCe? table for the

Preliminary Design Approval.

7.1 S a fe Shu tdown Sys tem
'

cactor rw Iso 13 tion cooling syste,. i

The preliminary design (elerentary wirirq diagra ', of the reactcr cnre ' solation
(ooling system was revieued to deternice the con f orr ance t o tr e desiran c t iteria and

staff re7Jirements established durina rur initial review, as repnrted in the Safety

Esaluatico v port.e

e
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In that review, we determined that the reactor core isolation cooling system
would be required to be classified as an engineered safety feature because, together
with the high pressure core spray system, it provided the protection necessary in the
event of a rod drop accident Therefore, the review of the preliminary design concen-
trated on the conformance to the established design criteria and the same requirenen' ,
of other engineered safety features sucn as the high pressure core spray system.

The preliminary design, as proposed by the General Electric Coc.pany, did not provide
a feature to transfer the suction of the reactor core isolation cnoling system from
the condensate storage tank to the suppression pool.

The General Electric Cc-pany has revised the preliminary design to include the auto-
ratic transfer feature and has designed it similar to the high pressure core spray
system feature. With the above modification, we conclude that the preliminary
design of the reactor core isolation cooling system is acceptable fCr the Prelir.inary
Design Appreval.

7.4.? Standp nL M uid Control lvstem

We revie.ved the preliminary design (elertntarj wiring diagram) of the standby liquid
control system to determine the conferr-ance to the design criteria and staf f require-
rents establishod during our initial review as reported in the Safety Evaluation
Pepert.

In accordance with the review, the General Electric Company has subnitted tre pre-
lirinary design anich provide > for redundant actuation of the standbj liquid control
system purps. In addition, they h3ve submitted tre results of an analysis WhiCh
deronstrate that failure of the reactor water cleanup syster to isolate will not
prevent the st3ndbj liquid control systen from performing its functien.

ae conclude that tre preliminarj design of the standby lig;id control syste" conforrs
to the design bases a;croved dunng our initial revien and is therefore acceptable for
the Preliminary Design approval.

7.5 _Sa f ety-Related Di spla v ins trer en tat icn

7.5.1 General

In tre Safety Evaluation Peport, we ccncluded that the agreer nts r aJe aith and
ccl~itrer.ts rade by the General Electric Cor;any un the desi p criteria fo safety-

r ela te) d i splaf ins tr u en td tlun acre autevlabit ist LM Fr el i' irmrj [csign ; ro sa l .,

We al w reported that tro Gereral Electric Lorbanj had agreed to provide spcc 'ici

infor ation such as lists of tr e indications and ccntrols tu "+ provido! inJ th

physical arrange mnts of to centrol bo3rd panels Ris infer ation w35 5 -> resied d

!
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af ter the issuance of the Preliminary .jn A;, proval to the Gereral Electric Corpany.'

The General Electric Company has sinc- < ovided us with a list of the indication and,

controls within their scope of supply, tr+ preliminary design and controls within
their scope of supply, and the preliminary control board arrangenent drawings. We
have reviewed this infornation and consider it acceptable for the Prelimirary Design

Approval.

The CESSAR-238 Naciear Island des 171 for the control room incorporates both the
Nuclenet and Power Generation Control Cxplex design packages which are discussed in
the following section.

7.5.? Nucienet

We haso reviewed the Nucleret design criteria in the past through individual case

reviews and through Topical Repcrt NEDn-10939, "Posign Criteria and Tec hnical Descrip-
tion of Flant/D erator Interface of the L clenet 1000 Control Corplex. In thosei

reviews, ,.' have determined that '.uclenet is basically an operator-to-plant sy5 ten

interface aid which utilizes cathade ray tube displays. The General Electric Cmpany

has s # 1tted the prelinin3rj control board arrangerent drawings as part of the
GESS G- h Nuclear Island Safety Analysis % ort and has stated their conritrent to
&;ulatory %ide 1.75, 'Fhjsical Independence of Elec trical Syste s. Based on tre
Gereral Electric Comp 3ny's statement that all instrumentation and control equ? ent

ra pired fcr plant safety in the area of the ain control roon are un3f f ected by
at11izing .clenet (sir <ce it remains hardwiref in % clenet) and the review of the
; reliminai Jesign information in the GESSM- H % clear Island Safety f.ralysis
De;' ort, we conclude tha t tre %clenet desian is acceptible for tho ''r ol i-i n a r y esign
pp oval.r

l.5.3 P%r Geneu ti^n Ccntrol i ylex

We h3se rev % ed the Power eneration Ecntrol Ec plex c r ept in Tc;.1 c il Per ar t .E"-

10 lf 6, '' Prwer Gere ration Cantrol (yplex, and have been participitir; in on-anir,

dis:ussions in this area with tho Preral Electric Enn anf. The rair n.tiects in s I v.

the provisiou for fsa tis ying the recorronda tions of ~ ,ul 3 tor / Guia 1.75, "ihysit il
Inten ndenct of El(etrical Systers, 3rd the acceptability nf lar y ;m ti t ies -w i

la go corcentraticns of catles in a call arei o ediatels tw wath the cc trol r r,

t Ixr.

! t e 'r r( ral F lec tric ' ogan, will de3ign t5 rewer Gorerat ic o Ccntrol Crr ple 4 tn
"e',ulatory aulde 1.<a. As a result of our conoric study in the area of fire n "tection

criteria, further re p1re"ents may be imposed on this sjstep so that # 3 c cept:1b l e
13 a ge- will nut result f rom a fir e. This area cf the c wtrol room desi;n is still a

subject of on-noing jiscussions betecen the staff and tro G-oral Electric Corr 3ny in

mr ev31u3tirr of N E r0- 104 % . Wo will prosico tho iesults of %r review of NE '- 10V E

at tro fin 31 da ig" sta y of reviea.
,
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7.6 All Other Svsteas Pewired for Ufety
/.6.1 Cer m a l

The systems reviewed for this section e re:

(1) Refueling interlocks.

(2) Reactor vessel i ns t rumen ta t ion .

(3) Frocess radiatica r:cnitoring syster

(4) Area radiation renitoring system

(5) Leactor water clean-up systrm

(t) Leak detection systen.

(7j process computer system.

(P) Certainment atrosphere ronitoring system

(9) 'estron renitorirg syste"

(lC) Fuel pool ccoling and cleanup system.

The review of the preliminarj designs concentrated cn th. safety design bases of
these systems and the interaction of these systems n eth the plant systems required
for safety.

In the case of the process corputer systen, this system has no stated safety
design basis and, therefore, we ha,e not .equired a submittal of the f:reliminary
design for our review. The process corputer systen will be reviewed at the final
design stage of review to verify that the process computer systcm is not relied upon
to perfern a safety function.

Fce all other systems, we have reviewed the prelimina y design submitted by the
Gereral Electri tempany to deternine that the systers are designed in accordance
with the safety design b3Ses and to verify that the systen design will not comprorise
the safety systems with wnich they interact.

The neutron monitoring systen supplies inputs to the reactor t rip sys te-1 anu receives
powr r from the recctor trip system safety-related power supplies buses. The GESSAR-238
Nuclear Island design will utilize the reactor trip system for only divisional and
asscciated equipment in accordance with the recorrendations of Pegulatory Guide
1.75, " Physical Independence of Electrical Systems.
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We conclude that the preliminary dec.igns of these systens are acceptable for the
Preliminar/ Cesign ,vproval.

7.6.2 Rractor Fressure Relief Instrumentation

In the Safety Evaluation Report we stated tnat the General Electric Corrany had com-
mitted to upgrading the reactor pressure relief instrurentation to provide redundancy
and independent equal to that required for protection systems. This comitmcnt
forred the basis of the Prelininary Cesign Approval issued to the Genercl Electric
Corpany.

The review of the preliminary design concentrate en verifying that tne design require-
rents, as stated, were implemented in a satisf actory ranner. The preliminary design
originally cre;osed by the General Electric Company included only a sing:e division
(energizM to actuate) for the pressure relief function. We concluded that the
syste lid not meet the single failure criterion and was, ther efore, unacceptable.

cbsequent revision to the preliminary design, the General Electric Ccrpanyi a

provided a two divisicn system similar to the autoratic depressurization system
function. Now either of the two divisions can actuate all of the valves as required.

similiarlj noted in the autonatic depressurization systen evaluation, this type of,

design allows for the rercte possibility that all the safety-related valves could be
cpered due to a spurious divisior, signal.

In order to help prevent such a spurious signal, the General Electric Corpany has
included the single failure criterion as part of the design bases for inadvertent
actuation of the safety-relief valves. As in the design of the automatic depressuriza-

tion system, the preliminary design of the actuation system for the safety-relief
valves includes dual logic trains within each division. A coincidence of the two
logic trains (within the sare division) must be satisfied to achieve actuation
Therefere, multiple failures must occur 'q cause inadvertent actuation.

Since the actuation of the safety-relief valves via the pressure relief instrumentatico
and cont.01 system is identical to the actuation of the automatic depressurization
system, and since the design criteria cf the reactor pressure relief instrumentation
vill be equivalent to that of protection systems, ne will require that the resolutici
achieved for the testing of the solenoid valves on the aJtomatic depressurization
system also be applied to the solenoid valves on the reactor pressure relief
systen.

We will report on the resolution of this item in a future supplerent to the
Safety Evaluation Repert.

-
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7.6.3 Recircula tion Pumy_ Tridystec

The recirculation pump trip system perf orms the function of disconnecting (via
redundant circuit breakers in series in she motor feeders) the main power to both
reactor recirculation pumps when the turbine trips. The equipment of this system is

all safety-grade equipment and is connected to the reactor trip system circuitry (see
Figure 7-3). When the turbine stop valves close and/or the turbine control valves

fast close, indicating a turbine trip, the four recirculation pump trip divisional

logics receive signals from the two-out-of four divisional logics o the reactor trip
system, which produces a reactor scram for this event. Each recirculation pump trip

divisional logic then energizes a load driver which in turn opens the associated
circuit broM er. Two circuit breakers are arranged in series in the power feed

circuit of each of the two recirculation pump motors and, therefore, a one-

out-of-two system level actuation is produced.

This actuation logic prevents a single failure from either disabling the safety

function when required or inadvertently tripping more than one recirculation pump
during operation.

We have concluded that the design criteria and design description provided for the
recirculation pump trip circuitry are acceptable. We will require the General Electric

Company to submit the preliminary design information (elementary diagrams) fcr tnis
system prior to the issuance of a construction permit to a referencing plant.

7.7 Ccntrol Systems

7.7.1 Rod Control and Information Svstems and Instrumentation
(Formerly referred to as Reactor Manual Control System

The rod control and information system is included in Section 7.7 in " Control Syste',

however, portions of the systen perform functions related to safety.

The General Electric Company has provided preliminary de.ign information for the rod
control anJ information system which includes functions re'ated to ganged rod notion,
rod information monitoring, and rod pattern control.

We have been reviewing the reactor manual control systen design for the General
Electric Company's earlier plant designs as part of a ceneric review of the General
Electric Company's reactor control systems Although the systen title has been

changed fron reactor manual ccatrol system to red control and infornation system for
t'e LESSAR-238 Nuclear Islcnd design, these designs are similar.r

Therefore, we required the General Electric Company to provide a detailed comparison
between these designs in ord s that the previous and on-going generic review effort
can be appropriately applied to the GESSAR-?38 Nuclear Island design.

tU
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Figure 7-3
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The General Electric Cowany has provided information which verifies that areas of
the prcposed rod control and inforration system and instrumentation is similar to

previous reactor manual control system designs Ecth systers use rultiplexed signals

to transponders on the c;ntrol rod Fjdraulic control units and t?oth systers use

sinilar solid state rod inhibit lojic and rod rotion tirers with automa tic faul t-

finding circuitry.

The dif ferences as enumerated by tr e General Electric Company include new provisions
for satisfyi'.) tre design criteria established during the GESSAP-238 Nuclear Island
revie.e. , a ific ditierences rated include dual red position inforra tion and redundan*

rcd acticn --ont ol t; satisfy the safety design bases. Other differences include

pro w i tian s t u r ;;anged rcd ration and equiprent utilized for cperator control and
display functi w

Eised e tm at < e w: pdrative design infor~ation, coupled wi th the on-going design,

r e , w.s of tre reactor man al control systen of tne presioas Gereral Electric Comany

2"d the review cf the preliminary design information subnitted for the roda '
>

tantral and inf;rration syste; ue conclude inat this are3 is tcceptable for the Pre-

I t -i' 3ry Cesign A; proval . ae will require that the results of the On-goir:q ;ereric

e t' . ' e a ** acplied to tre C S5M-238 Nuclear Island aren they become available.

7.7.. C'er _ trol 5sste s'

it e s r 'e revleaed for this section of this su;plerent were:e

(1) ircula tion flow control syste .

(2) I odwater centrol systemc

(3, Pressure regulator ard turbine generator control syster.

(a. Gasecus radaaste ccntrol system.

- Liquid radwaste control syste-

We have reviewed the controls for these systems to determire the effects of failures

:c alfunction of the controls on the reactor protection system and other plant

saf e ty-rel dted systems. we tenclude that failures or malfunctions of tne controlt

would not be expected to degrade tre capabilities of plant safety syste~s in any sig-
nificant degree, or to leaa co plant conditions more severe than those for nich the

safety systerrs are desigr.ed and are, therefore, acceptable.

715 250
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7.3 Instrumentation Interfaces with Balance-of-Plant Systems

In the Safety Evaluation Report, we stated that we could not proceed with the review

of instrumntation interfaces with balance-of-plant systems until the General Electric

Company provided the preliminary designs of the instrumentation and control systems
within their scope of design.

Amendnent 41 to the GESSAR-238 Nuclear Island Safety Analysis Report provided this
preliminary design information, and we have issued requests for additional information
to the General Electric Company on electrical interfaces. When complete responses to
our requests for additional information are provided, we will complete our review and

report on this area in a future supplement to the Safety Evaluation Report.

7 '
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R.0 ELECTRICAL PUWER SYSTEMS

In the Safety Evaluation Peport, we concluded that the proposed design criteria for
the standby power instrumentation and control systens form a generally acceptable
basis for developing a design for the electrical power systetrs.

Since the issuance of the Safety Evaluation Peport, the General Electric Company has
subnitted additional inforration on the electrical power systen in Amendment 41 to

the GESSAR-238 Nuclear Island Safety Analysis Report. ''e have revicwed this inforr.a-
tion and have issued requests for additional information to the General Electric

Con pany.

Our main areas of concern relate to the load shedding and sequencing logic for the
onsite power system, interfaces between the onsite power system and the balance-of-
plant, and the exceptions which the rieneral Electric Company is taking to Topical
Peport NED0-10905 "Pigh Pressure Core Spray System Power Supply Unit, which is
referenced by the GESSAP-238 Nuclear Island. We will report on these areas in a
future sapplement to the Safety Evaluation Report.

J ) (J n l' O
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9.0 A ll L_I APy_S Y S TE MS

9.3 Fr0 cess Auxiliarie,

9.3.1 Main __ Steam Isojatienj,al e y f ase_ Control Syste-l k

In the Safety baluation Report, we concluded that the design of the r.ain stea"'

isolation valve leakage control systen was acceptable, subject to *wo requirer,ents.

We required an interlock to preclude the operation of any intcard leM age centrol

systen it the inboard main steam isolaticn valve associated with that syster was not

fully closed. In addition, we required that the setroint uf the flow eler*nt tirers

f or the inboard leakale control syster be set at 11.5 standard cubic feet per hour.

Both of t hese requ rements were nade a conditicn to the Preliminary Cesign Approva.i

issued to the General Electric Corrany.

In an April 13, 1976 letter from I. Stuart of the General Electric Company to

E. R asche of the % clear Regulatc ry Connission, the General Electric Company proposed
a new positive sealing system to replace the present leakage control syster o, tre

rain steam lines. As discussed in Section 6.2.3 of this suppler +nt, we have revienej

the Ger.eral Electric forpany prcrosal and ccnclude that it is technically feasible

using state-Of-the-art techr! ology and that there is reasonable assurance that the

General Electric r] pany can develop a firal design hich we could find acceptable.

The General Electric Corpany has comitted to provide us wi th a topical report to

address the remaining areas of ccncern associated with the review f the main steam

line positive sealing system. We will repcrt on the results of our eview of tha t

report at the final design stage of review and will require that the t asults of our

review be incorporated into the accident analysis calculations performed for anj

plant referencing the GESSAR-238 % clear Island design.

Based on the information and comitments provided, we conclude that the proposed

positive sealing systen for the ma n stean lines is anteptable for the Preliminary

Design Approval and is therefere accar* ble for use by a referencing applicant in a

constru'.6 ion pemit application.

9-1 7, ,
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11.0 RADICAtilVE WASTE MANAGEMENT

11.3 Gaseous Waste Treatnent System

11.3.3 Con c l u s i_o n s.

In the Safety Evaluation Peport we stated that continuous purging of the containr.ent
directly to the envircnrent without treatrent was unacceptable and purge filtration
was made a condition of the Preliminary Design Approval issued to the General Electric
Co-pany.

In Ar ent,ent 43 to the GESSAR-233 Nuclear Island Safety Aralysis Report, the General

Electric Corpany Lodified the GESSAR-238 Nuclear Island design to incor; arate a non-
safety-grade filtration systen connected to the containrent purge systen. A safety-
grade filtration system is not required since the containment purge line is isolated
in the event of an accident. We consider this modification acceptable and the

condition resolu 4

< ..
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15.0 A C C I L E N.T _A.',.A L Y S I S
-

15.2 Abnormal Operational Transients

In Arendment 41 to the GESSAR-?38 % clear Island safetf Analysis Report, the transient

analyses have t,een revised to incorporate fast scra ' Tre types of typical transient,

evalaited were losses of flew, increases in pressure and oc.or, decreases in coolant

teci erature, and increases in coolant flow. The most lim ting transients in these

categories were a two-purp trip, a generator load rejeClion without bypass, a loss of
f eehater heating, anJ ficw controller f ailure (increasin g flow). Of these, the rest
liniting core-wide transient was generator load rejection without bypass resultinq in

a change in the minir:an critical power ratio of 0.16. A1jition of the ch3n ;e in

ninimum critical pcwer ratio to the safety limit minima, critical power r3tio aives

the operatirg lirit rinir a" critical power ratio regaired to avoid vicia tion of the

safet/ 1 mit, should this limiting transient occur. Tnas, the operatinq li-it

"inio n c ri tic 11 paer ra t io i s 1.23.

Ice transient analyses were evaluatej with the scram reactivity insertion r.ites stcon

in F1 n re 15.1.1 -1 o f t ho GE5SA?-233 .; clear Islird Safrty Analysis Pe;mrt. Tre

initi31 condition para eters used f or the analyses ar e acceptable. Tne initial mini-

- u- criticil pruer ratio a ssr ej in the trarisient an11yses was e u l to the established

operatioq li-it intre critical paaer ratio of 1.23.

Tre analyses v.ere erf arrej using a comter-si^ulated anllytical rodel of a generic

direct-c ycle bo11i' a water reactor, as described in Topic 31 resnrt 'E M -lG ',2, / r, - i t-f

it al "ethods o f riant Tr3nsient E nluations for t * G E Eas n ar revica of this

tepital report will '> co pletet grior to the finit dosin re.iew of the 7 5 W -?3
.cir3r l'. land Jesie C: 1n ;os on l i. i t a tir r.s res ;l tin ; f r r. car resies will te

reflecte1 in t te f ir 11 jesign.

T' e rad withdran)l tres (limiting lJcal v nt) transient is iiscussed in tho

''d "# - 2 3 S *. 2 c l e a r lilin+ 5.ifety ,nalysis ve; ort ir terr of ~;rst case corditim

Ir; disCassion iraic3tes thJt l f tre r eas lir.eir pcwe, de< ;n li-i ts a r e exceeded.

the r e3 rest loca} p;ae r ranc.e ronitor s u b s y s t er" 3 will detect this pheno ~em n an!

inittite an alarn.

u..never, if t he o; er tor i';mrcs !be alar , t he aral ysi s rrm iders the cc r t ir aus

wi tt jrawil of 're ' a n ir , wnrth control rod or control rol lang (a t r a y 1 f' dr;we

reef) ta the fall );t, sition #en 0; era tirq betweer 2 P rcent ant 7L :ertent

,oner, a n j t hf> withjran17 of ) cCPtrol rOj or rod llpe ger in> feet ppynnj (ne

o r i <;1 n s l ro1 tatterr acen operatin- a t ;rr.3 f r traq 7" ; ercent , .s e r . De results of
!&e 3 r 31 y s i s s h' .; trit tu -in i u - critic 11 power r1 tic ,.011 rr ain <te,c 1. 'l 7 a r i tb

tlajjing 111 et niin und-r u > nce percent plastic strain li-it. Se rr * n1thirial

<rror t rar sier t is r! t Ii- ''r fcr the if!C -i ; . .:l o r ' n l e 11 ro r t- r i ve / i*

/
-
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percent power at rated flow since the rod pattern control systen prevents the rotion
of any control rod or control rod ganq in excess of two fee; teyond the existing rod
pattern.

A two-purp trip syste"1 has been added to the GESSAR-233 f.; clear Island design. This

syste" trips the recirculation pu~ps upon sensing either a fast closure of the turbine
control valves or excess coolant inventory in the reactor vessel. We h ne reviewed

these two transients allowing credit f or t he two-por;) trip feature. As indicated in
Section 7.6. 3 of the suppler ent, we have reviewed t,e r ark u;, drawings of the two-purp
trip feature but require thit this design chanle be f orr. ally docuTented.

In addition to the criterion on fuel clajiing integrity, there is a requirerent that

rressare in the reactor coolant and rain stean systems should be raintainej t'elow 110
;:ercent of the design pressures during transier.ts. For the GE SSi d-2 33 ',ac le 3 r Isl3rd

reactor this limit is 1375 pounis per square ir.ch gauge, and it is not exceeded d; ring
the transients analyzed.

se cerclude that the plant design is acceptable with regard to transients that tre

terected to occar durinj the life of to plant (minimum critical p w r ratio will nM

e=ceej 1.n7 an j reacter coolant press;res will rot excced 1375 pounjs per square irch

aaje).

15., 7,nticipitej Tr3nsients Without Scrr

In Septerber 1971, the A t o "ic E r.er gy Co7ni s sion T abl i s hed .. ASH-1270, "Tcchni ca l Opa r t

un i<nticipated Transierts Witho;t Scra- for U)ter-Coole.1 Fewer Ieactors, es t a bl i s h i n:;
ac eptance criteria far -1nticipate t transients witho;; scrr. In conferr.ance with the
rer;uirements of Section II ._ c f r r;endix tv TBH-1270, " Technical Deport n- intici-

; ated Tr ansients ni thout S r. r a m for Jiter Cno'ed it.ser ;elctors, the General Electrie

Co ;'any sun"itted Tct;ical ort %EDO-2C626, "Stu11es of M E rsigns fcr Mitiga tion of_r

Ar t ic1; a te ! Trins t ents .li tt c ut Scra- TFis re;:or t is refc: enced in the GESSAR-233-

,;tlear Island Si'ety h aljsis Peport.

nave co" pleted our review of Tcpical Peport J N-20E26, 'Stujies of iWR Losiansae

for Mitigation of Anticipated Transients Without (cram, and published o;r f i r d i r.q s

? n Lecec her 1975 is the report "Sta tus S port on the Gu eral Electric f nal /ses of

inticipated Transients sit"a;t Sc rr Inis re; ort lis ts cur ccncerns witr the

>ral Electric /eans toeneral :lectric Ccc :unv s ab'ittal, and requires tr.e r r

a;15te their anticinit(1 tr vsients wittaut scrr analyu For eerple , the Gener al

Electric < rpany his not tddressed the reliability of s.'ter> .s h i c h they 'sce

nctim in their present analyses (such as tFe relief val ms or tho hirt pressare+

re spray). :f the Gener31 Electric fc pay cannot dm 5nstr a te that Cre cc. t.in d

u" reliability of these sjsto - is Icw (naa ;h to r ee' *"e . ASH-1270, "Trchnical

- port an Anticiute1 Tralsients J1thout "crr fo- =ter-C wlej i ner Li c t a s ,,

sa fety objcc tive, the antici 3teJ tr1nslent wi!" . * scr3- _1 n 11 /ses r ;st ro/iseii

3ssrin ; thme syste > fiil to operate.

< 3 '7 ?- . ,
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In our letter of feril 7, 19 7 6 ' P . i. Wir< an to i. Stuart of rs-r.er a l f l ec t r c ) , v.e
ret 4i rt d t Fe f.enera l f l e c t r ic Cnv a n y to provide the f ol h wirl in'm ' a tice hv
.V o 30,1 U6

(1) The results of adJitional analyses a'ai the farther ];sti f ica tinn "J tre Cereral
E lect ric (cp3ny an1l ysis rodel identified in our report, "Statm M irt cn t'e

General E lec t ric Analyses of "nticipated Transients ,;ithout 'tr r

(2) Dised on these anll yses , identificatlan of tre desi ;n changm net *of to assare
t ha t t he l imi t s s; ec i fied in ',MH-l ? 71, "Tecnnical Report on intici ate! Trans-t

lents Wi thout Sc ra - for ; ster-Cooled fower Victors, will not be violatol

f ellow1rl a n a n t i c i; a te ? t ra ns ien t .vi tho J t sc rar esent.

ii e ner11 flectric Ca ,in, tis since crowidea a res;onse 'n i;r rewest t: y letter

date] D1/ 2, l W . vneric rev ien of thic,, are sotinaing oa atter ar] nillr t

reysire t h i t a nf c h in';e s v.i h af be req;1re! '+ ircut; cratel into the test; n at

ti'ol f anver. . c onc l ude tha t ap; ro; r ia to "3s m to '1 t l a te tFe corse 4enu s of

such events are t%nnically feasible and are nithin thc , tate-of-the-irt f i r.1e

this acce;t3ble for t&.e i r el im ra ry esign a pros)l.

15.5 f ail y e o f Ingt s_ f ro" Tyrp i n e ' ; i l 1 i ng t oy a t to_r P ro t e_ t 1 r n 9ste (New 9Etian)

in .r review of the rc3c tor protection syste" we noted tha t certain inpats to the
reactor protecticn syste did not meet all of the sa f ety design c riteria req;1 red by
the Institute of Electric 31 an! Electronics Engineers 'tindard ' 5-1971, " Criteria
for fratection Syste > for Nuclear Power Generatin ; <tations. Ite speci fic inpJts

identifitd were thn e originating from the turbir.e baildirl 1 e turbine building in

t he c ise of r0st t.oilini wa ter relctor plar.ts is not seis~ically % 11ified. F o'-
thtse r eascns we re:i ms ted ttit the General Electric C rran investicite thos

;'rc hab il l t v an 1 c u ses/rres of losin ; trese ir.p;ts to tne reactor p ro tec t i o n ,ste~

|n their respony the Gener3l Electric Co ,any tated tnat ti4 probabilit/ of lasinq

t hese inpat s to the re ac tor pro tec t ion s is te~ wa s a tre" el , s~all--on the order of
-f'

per yeir.In Io Gtneral Eloctric Cor panj also in vestilited tne percent * of fuel,

ro M in t h_ core which are subject to b3iling transitico prinr to ter~inition of the

trant1ent by the backJ;' sC rF (hil1 flut). IreOs* li'itirl Case was thlt for

t urc 'ne t rip wi t h a b1c u;) ccri- In ohi.t the turbine h, pas s,ste- f a i l e j * n e;' e ra t e .t

f or inis case, the Gereral [lic'rh [v piny Indica te1 tha t sesen percent of the fuel

rt i in the core wn;Id ,; e r ierc e ta ;l in < transitian.

We his ev31uatei t&+ Gere:ral E l e- tric . an / v es , $se an1 r nc l ulo 'hlt ti e, have

a j er, a t .1, e s t 1 b l i c. ) . tt3t this is an entrerely low ;, rot ib il i t / e son t aH thit thev
'

h1ve cr r servatively alcula ted the ef fec ts of t he tr:nsient . D our e u' ult er of

this event we hivo a-*J the .15 ; tion , of the m nirni r ;1 S ep i t i&r t to presiD i4

very conserv itive esti ath of to offsite dE0 cv >ey; n c e '. tave il s s as ol

t f it t''nse fuel FME w"1 - h e i er'eM e l'iillnG tr In s tie erfor1?e. IN 4'ntit, in !'

15-3
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'thssior of fission projutts wnich are released are treated in the sare -anner as for
the control rod drop accident.

Cased on the above, we have concluded tnat the two hour doses will not eGecd 95 rem

to the thyroid and 4.5 rer whole t;udy, assf in') a relative concenti ation alue of
-3 have also concluded tr.3t the doses for the1 = 10 seconds per c abic r eter. so

course of the accident will te less than 55 rec. to the thyroid and 4.5 rer whole
10 seconds per cobic : eter.bod /, as so: ino a relative cancentra tion value of i =

['IseJ on our roview we cenclude that the protr3bility of tre esent is laa enough to
;'er'-it us to use the conserotive accident assu"ptians and compare the of f site doses
to 10 UP rart 100, a .: also conclude trat the of f site d;se consequcnces are well

within in Cf R hrt 10d limits.
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1.0 INTPCDUCTION AND GENERAL DESCRIPTICN CF THE FLANT

1.1 Introduction.

On December 22, 1975, the United States Nuclear Pegulatory Conmission issued the
Safety Evaluation Report t.J' REG 75/110) and the Preliminary Design Approval for
the General Electric Standard Safety Analysis Report (GESSAR-238 Nuclear Island)
design (Docket Number STN 50-447). In our Safety Evaluation Peport on the
GESSAR-238 Nuclear Island design, we identified nineteen items (in Table 1-3)
that we indicated wguld require continued review af ter the issuance of the

GESSAR-238 Nuclear Island Preliminary Design Approval and four staff design
requirerents imposed as conditions to the GESSAR-238 Nuclear Island Preliminary
Design Approval.

Since the issuance of the Safety Evaluation Peport, the General Electric Company
has submitted five amendments ( Arendrents 40, 41, 42, 43 ard 44) to the GESSAR-238

Nuclear Island Safety Analysis Report. The purpose of Supple ~ent Nuriber 1 to
the Safety Evaluation Report is to update the Safety Evelvation Report by
providing the staf f's evaluation of the additional information received since

the issuance of the Safety Evaluation Report. Each of the following sections in
this supplement is nurtered the sa*e as the section of the Safety Evaluation
Peport that is being updated.

Appendix A to this supplerent is a continuition of the chronology section of the
Safety Evaluation Peport.

1.7 Facility Modifications as a Result of Regulatory Staf f Review
1./.2 Facility Modifications Pegaired by the Staff

l' the Safety Evaluation Report, we identified foor staf f requirenents which

were imposed as conditions to the Preliminary Design Ap;;roval for the GESSAR-238
Nuclear Island design. Since that tire, the General Elc:tric Corrpany has pro-
vided us with acceptable corr itments to the staff positions on two of these

conditions, and an acceotable resolution to a third conditiun.

The statuc of the four conditions and the section in this tupplement where each

condition is discussed are:

(1) Tornado missile velocities - Resolved (See Section 3.5).

(2) Containnent pool dynamics - Under review (See Section 6.2.1.9).

(3) Continuous purging of containment - Cesolved (See Sections 6.2.4 and 11.3).
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(2) A letter from W. Gilbert of the General Electric Company to R. Boyd of the
Nuclear Regulatory Comission dated November 9,1976,

(3) A letter fron W. Gilbert to D. Vassallo of the Nuclear Regulatr cy Comission
dated Novenber 9, 1976, and

(4) A letter from W. Gilbert to S. Varg3 of the Nuclear Pegulatory Conmission dated
November 24, 1976.

We have reviewed tnis additional information and have concluded that it is sufficient
to resolve these issues. Table 1-1 of this supplement lists each of these 13 issues

and the section of this supplement where the resolution of the issue is discussed.

1.11 Conclusion

In Section 1.li of Supplement No. 1 to the Safety Evaluation Report, we cuncluded
that, except for those itens identified in Table 1-2 of Supplement No.1, the General

Electric Company had supplied sufficient information on the post-PDA items identified
in Table 1-3 of the Safety Evaluation Peport to provide a suitable basis for the

issuance of a construction permit to a referencing plant.

Based on our review of the additional information provided on the GESSAR-238 Nuclear
Island docket since the issuance of Supplement No.1 to the Safety Evaluation Report,
we conclude that the General Electric Company has supplied sufficient information on
all the post-PDA itens (Table 1-3 of the Safety Evaluation Report) to provide a
suitaale basis for the issuance of a construction permit to a referencing plant. We
therefore conclude that all the post-PDA iters are acceptable far the Preliminary
Design Approval stage of review.

7IA"'
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TABLE l-1

SAEETY MATTERS RESOLVED SINCE THE ISSUANCE

EF SUPPLEMENT NO.1 TO THE SAFETY EVALUATION REPORT

Iten Discussed in Sections
1. Leakage characteristics of primary coolant

purp seals 3.2.1
2. Containment vacuum breaker 6. 2.1. 5
3. Automatic depressurization systen testability 7.3.2.2
4. High water level trip 7.2
5. Two purp trip 7.6.3
6. Low pressure core spray and low pressure coolant

injection systems interlocks 7.3.2.3
7. Electrical review of essential service water system 7.3.4
8. Electrical review of flammability control systen 7.3.5
9. Electrical review of standby gas treabsnt systen 7.3.6

10. Electrical review of suppression pool makeup
systen 7.3.7

11. Electrical review of containment spray systen 7.3.8
12. Re/iew of Nuclear Island / balance-of-plant electrical

interfaces 7.8

13. Review of onsite power systems 8.0

FC^ ,1 203
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3.0 DESIG'i 0F STRUCTURE 5 d Y_STE35 A'jD CCWO'iENTS2

3.2 C_lassification of Structures, Sys_ tens, and Corponents_

3.2.1 Seismic Classification

in the Safety Evaluation Report, we stated tha ? we would continue to review the
matter of leakage of primary coolant through the peinary coolant pump seals as a
result of an assuned loss of seal water and cooling w'ter to the prirary coolant pump
seals.

The General Electric Company has since comitted to nodifying their design to incor-
parate a safety-grade recirculation pump trip feature to trip the recirculation purps
upon sensing a loss of purp seal cooling water. We find this design comit...ent
acceptable.

The General Electric Corpany has indicated that additional studies are underway to
demonstrate that the Consequences of total cooling water failure are acceptable.
",hould the results of these studies verify tnat the conseurces of pump seal cooling
water failure are acceptable, or an alternate acceptable design be proposed by the

General Electric Conpany, the staff will reconsider the requirement for incorporating
the recirculation prp trip feature.

3-1 ] ') *
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5.0 PEACTOR COOLANT SYSTEM

5.2 Integrity of Pmctor Coolant Pressure Ecordary
5.2.1 Design of Practor Coolant Pressure _Bo2r_daryloJromts

Several boiling water reactor plants have reported finding cracks on the reactor

vessel feedwa ter nozzle blend radii and on the nozzle bore surface. In some plants,

corrective reasures have been required which involved grinding out a 'ortion of the

nozzle inner corner radius or bore surface. During our review of th GESSAR-251
Safety Analysis Report (Docket No. STN 50-531), we asked the General lectric Company
to describe any design nudifications to be made to eliminate this prob.en on GESSAR-251
plants and to denonstrate the adequacy of the GESSAR-251 reactor vessel feedwater
nozzle design to withstand the imposed service conditions without the cracking that
has been experienced in operating plants.

In respcnse to our request the General Electric Corp 3ny has stated that the GESSAP-251
reactor vessels will have two features incorporated into their design to alleviate

the cracking probl m:

(1) The vessels will have thermal sleeves welded into the feedwater nozzle to reduce
ra;id therral cycling which the General Electric Company believes is responsible
fcr tha cracking.

(2) The " mal nozzles will rot be clad thus oliminating the pcssibility of cracking

in the cladding.

Additionally, the General Electric Corpany described the results of analyses that
have been perforred which show that the nozzles reet all American Society of Pechanical
Engineers Boiler and Fressure Vessel Code design criteria in the absence of rapid
thermal cycling. The General Electric Company has comitted to perforn cut-of-
reactor design verificaticn tests to verify that the welded therral sleeve design
will reduce therral cycling to acceptable limits ar.d has additionally cornitted to
instrurrent the first reactor vessel employing these design changes to confirn the

adequacy of these nodifications.

The General Electric Company has further stated that elimination of the cladding from
the nozzles grea*.ly enhances the sensitivity of ultrasonic exar ination from the out-
side surface of the vessel thus ensuring that ultrasonic inspection may be used for
inservice inspection to ensure safa operation of the reactor.

In res,cnse to our request the General Electric Co pany, in Arendment 45 to the GESSAR-238
NJClear Island 5afety Analysis Report, comitted to the same design rodification for

the GESSAR-238 Nuclear Island reactor vessels as were being rade to the GESSAR-?51

reactor vessels.

5-1
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We are reviewing this problem with the General Electric Company on a ganeric basis. At
this stage of our review, without the availab lity of test data, we can not conclude

that incorporation of the referenced design rodifications will elininate the cracking

in GESSAR-238 Nuclear Island reactor vessel feedwater nozzles. We consider the
cormitrents to perform the out-of-reactor test program and to instrument the first of

a kind reactor vessel suf ficient for the Preliminary Desiqq Approval stage of review.

However, at the final design stage of .aview, we will require that the General Electric
Compr , ru: "sh test data and analyses that establish that the design modifications
.ncorporated intu the GESSAR-238 Nuclear Island design plants have eliminated the

nozzle cracking proble,. Additionally, we will require that the feedwater nozzle
blend radii and nozzle bore surface areas of the GESSAR-238 Nuclear Island reactor
vessels be amenable to inservice inspection by a non-destructive inspection technique
with a sensitivity denonstrated to be suf ficient to pernit detection of the type of

cracking that has been experienced in the operating pla ts as of the date of this
report.

On May 7,1975 were informed by a licensee of a pressurized water reactor, Virginia
Electric and Power Company, that the loading due to a transient asynnetric pressure
distribution over the reactor core barrel, resulting from a postulated pipe rupture

at a particular location in the reactor coolant loop, had not been taken into account

in the original design analysis of the redCtor vessel support system for North Anna
Units 1 and 2 (Docket Nos. 50-338 and 50-339). We subsequently determined that the
question of the adequacy of reactor vessel supoort systems was applicable to all

reactor designs, and we requested that the General Electric Company demonstrate that

these types of loads were adequately accounted for in the design of the reactor
vessel support system.

The General Electric Company has provided a response to this concern in Amendment 45
to the GESSAR-238 Nuclear Island Safety Analysis Report. The response states that
asyrretric differential pressure loadings due to postulated pipe ruptures are accounted

for in the design of the reactor supports and pedestal and the design loads have been

n.odified to Tccount for these 1ew loadings. The General Electric Cos:pany has also
provided a -2scription of the i.ethod used for calculating pressure transients in the

volune between the reactor prrssure vessel and the core shroud which results from the

dssumption of an inst? Laneous and Complete severance of a prinery coolant pipe at
the reactor nozzle. Tre rethod used to calculate these pressure transients is dependent

cn the use of a compater code entitled "W"AM"

The General Electric Company has stated that it uses the WuAM computer ccde to
calculate the transient pressure distribution on the core shroud in the region of the

recirculation suction line nozzle for the initial decompression wave following a

postulated pipe rupture. Although the WHAM code was originally written for calculat-

Ing pressure transients in one-dinensional networks, the General Electric Company has
stated that the WHAM code can also t used to calculate pressure transients in two or

three dimensional fluid regiors. The Ger,eral Electric Corpany has cornitted to

submit a topical report to Gescribe the modeling of the asyntetric pressure loads

5-2
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across the reactor internals using the WHAM code. We will report the results of our
review of this topical report at the final design stage of review. We will require
that any nodifications to the design loads, if required, resulting from our review of
this topical report be factored into the final design of the GESSAR-238 Nuclear

K

Island reactor vessel support system.

Based on the General Electric Corpany's comritment to provide a topical report on the
WHAM CCde trethod0 logy and our review of the nodified design loads, we conclude that
there is reasonable assurance that any required nodifications to the reactor vessel
suptort systen, resulting fron our review of the topical report, could be incorporated

into the final design and that this mattar is therefore acceptable for the Preliminary
-

Design Approval stage of review.-

5.2.5 Austenitic Stainless Steel

In Septecber 1974, cracking was experienced in the stainless steel piping at Dresden
numlear Power Station, Unit 2, Decket No. 50-237. This was the first of a series of

incidents of intergranular stress corrosion cracLing that occurred in eight General
Electric Company boiling water reactors. The cracking occurred '.n weld heat-affected
zones in Type 3C4 stainless steel recirculation systen bypass piping systens and core
spray lines. As a result of these incidents, a special task group within the Nuclear
Regulatory Cornission was fon"ed to investigate the causes of the cracking. The
results and conclusions of the task group are given 'n the staf technical report,
" Investigation and Evaluation of Crackirg in Austenitic Stainles; Steel Piping of
Coiling Water Feactor Plants, NLREG 75/067, Octcher 1975.

_

The task group found that austenitic stainless steel piping in the reactor coolant
pressure boundary of boiling water reactors is susceptible to stress corrosicn c. ack-
ing due to the presence of oxygen in the coolant, high resid;al stresses and some
sensitizatico of r'etal adjacent to welds. They found that such cracks were expected
to be in the heat-affected zones adjacent to welds and not to cccur outside these

zor.es where sensitization has rot taken place, provided the pipe raterial is pro; erly
annealed. They concluded that the rost promising solution to intergranular stress
corrasion cracking of austenitic stainless steel is to replace susceptible piping

raterial that will be less adversely af fected by oxygenated water.w'

The General Electric Ccopany fa,rea its ova task group to insestigate the causes of
stainless steel pipe cracking. They have concluded that our task group findings are

- in general agreenent with the results of their own findings. Further, the General
Electric Co pany has made the corritrent that all areas where intergrarular stress
corrosion cracking has been found to occur in the past 10 to 15 years of boiling
water reactor operation will be replaced with materials wqich are rot susceptible to

intergranular stress cor rosion or qualified fabrication or processing techniques will
be used to prevent sensitized unstabilized wrought aa_tenitic stainless steel from
being exposed to the reactor coolant

_
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In the short term, the General Llectric .any proposes to employ service proven
raterials and metallurgical structures ra ? onsusceptible to intergranular stress

corrosion cracking through special processing steps, thereby avoiding any risks
associated with inrediate changes to new materials. They propose the following
processes which have been proven by full size pipe tests:

(1) Solution heat treatment.

(2) Corrosic esistant cladding.

(3) Walding heat input control.

(4) Reduced inside (diameter) temperature welding.

These crocesses w.ll be applied to rewly fabricated Type 304 stainless steel weld
joints going into service on service sensitive lines - those pipe runs with a previous

history of stress corrosien cracking (core spray, recirculation system bypass and
control rod drive return lines). In addition, they propose to apply the sare process
irprovements to other Type 304 stainless steel lines that have not experienced problens

in the past (such as recirculation system lines).

Solution heat treatment of stainless steel welds places them in a retallurgical
condition that is nonsusceptible to stress corrosion cracking. Solution heat treat-

cent is applied the pipe fabricator's shop in accordance with procedures that in-

clude rapid cooling through the 1800 tn 800 degrees Fahrenheit sensitization range.
This prevents carbide precipitation.

Where solution heat treatrent is not practical, weld joint inside surfaces will be

protected with corrosien resistant cladding prior to raking the final weld. Tests

rcw in progress indicate that a minirur of eight percent ferrite is eff ective in

preventing corrosion.

Wnere nei ther of tre above proce i3 ~_-'kle, the General Electric ccmpany pro-
poses to apply welding heat input control for both shop and field welds. - special

process is being developed that red;ces the ir, side surface terrerature of the pipe

subsequent to the root pass This will minimize sensi tization and red;ce residsal

stresses in the insi @ dia+eter of piping. Accele'ated stress corrosion tests on

actual pipes are being performed to qualify these processes

The General Flectric CCFpany has taken steps to solution heat treat all piping in the

reciiculaticn lines wFere the spools have not yet been fabric 3ted. This program is

limited by the currett pipe fabri ator's furnace and quench tank capabilities. They

intend to irple ent ctber prccess steps as they are proven and becore practical.

EysteMtic qualification will precede the introduction cf any changes
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The General Electric Company has identified changes in materials as their long tem
solution to the austenitic stainless steel pipe cracking problem. The long tern pipe
replacerent naterial qualificaticn program includes laboratory experiments, testing
cf welded sections, vendor qualification. American Society of Mechanical Engineers
Boiler and Pressure Vessel Code qualification and trial introduction into boiling
water reactcr service. As successful perfornance of a new material is demonstrated,
use of it for pipe applications will be expanded with the ultimate goal of complete
connitment for boilin, water reactors.

We concur with the objectives of the General Electric Compan. programs and we find
the progress and comit ents of the General Electric Company acceptable. We will

report on the progress of the shcrt term and long term progr ns at the final design
stage of review,

f < ,/)''ii
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6.0 EMINEERf D SAFETY FE ATURES

6.2 Corlainment Systers
6.2.1 Containment functional Desi nS
6.2.1.5 [xternai H i m re. Des i r

In the Safety Evalu tion Peport, we stated that the containrent vacVU, relief systen
ccntained four, 36-inch lires connecting the containrent to the shield building

arnulus and that each line had a check valve in series with a rotor-operated glot;e

valv2. The design was revised to ircorporate two, 24-inch lines with each line
havirl a check valve in series with an air-operated butterfly valve.

In 5c plement ha. I to the Safety Evaluation Report we stated that the General Electric
Co pary had revised their vacuan breaker sizing analysis and that we had this revision
under revt(w. We have since completed our review of the vacuum breaker analysis.

Tre limiting containrent operating condition of 90 degrees Fahrenheit with an associated
relative humidity of 20 percent was selected by the General Electric Cccpany to
%tablish the vacuum toake r sizing. Based on these operating conditions, tre Guneral
Electric Company has calculated that an external pressure differential of 0.72 punds
per square inch differential will not be exceeJed during postulated accidents or
transients. Using the CONTEMPT LT 2E computer program, we have perfor"ed confirmatory
calculaticrs which are in rN sonable agreement with the General Electric company

resalts The CCNTEP?T calculation assures instantaneous vaporization of the containrent

spray water (inadsermnt containr ent spray actuation event) until the containrert
reaches 1GO percent relative humidity.

Based on our review and our cvnfirt.atory calculations, we fird the e xtern31 contain-
mt design pressure and the contair; tent vacur breake sizing acceptable provided
that, during norral plant operation, the containment te Lerature and relative humidity
are raintained within the contain. ment ter perature and relative hunidity linits used

in the General Electric Cercany's vaca, treaker sizing analysis. (These licits were
a relative humidity of 20 percent at 90 degrees Fahrenheit and a relative humidity of
10 percent at 105 degrees Fahrerheit, with the relative hridity varying li early
t etween these two ter;:eratures ). At the final design stage of review, we will develop
a; pro [riate requirerents for the Technical 5;ecifications for Operation for plants
refererting the GES5w 233 auclear Island design to assure that these limits on
ccntainrent terperature and relative humidity are naintained.

C.3 f r ory,c_y_C o re f oo l i no Ryster

6.3.2 Ferforrance Evaluation

In the Safety Evaluation Repc" e stated that the erergency core ccolirm systen for

the GESSAR-233 Nuclear Island design meets all the criteria of paragraph 50. M and
the reauirerents of Anperdi/ P to 10 CFL 50, and is acceptable.

n
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Subsequent to the issuance of Supplenent No 1 to the Safety Evaluation Report, the
General Electric Cc pany inforced us thit certain calculational errors had been

discovered which may af fect the perfor'ance evaluation of the GESSAR-238 Nuclear

Island energency core cooling systen. We have been advisej by the General Electric
Corpany that the overall effect of these errors is small. We are pursuin<j further

review of this rea inforration obtained from the General Electric Company and will

issue a supplement reporting our conclusions on this matter prior to a decision on
the issuance of a construction pernit for any application referencing the GE5SAR-23R
Nuclear Island design.
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7.0 INSTRU'ENTATION AND cc:NTPR S

7.1 IntrcJuCtion

In Supplerent No.1 to the Safety Evaluation Report on the GESSAR-238 Nuclear Island
design, we identified 10 itfris which remained outstanding in our review of instrurenta-

tion ard controls systers ars for which we required resolution prior to a decision on
the issuance Cf a construction permit for an applicatior, yeferencing the GESSAR ^38
Nuclear Island design.

Since t*. issuance of Supple ent No. I to the Safety Evaluation Report, the General
Electric mu tany has provided us with sufficient information to enable us to complete
our re<ieu nf these iters. The results of our review ef forts are surrarized in the
follcwinq acc tions.

7.2 Wr u tor Trio 5 ston1

in S2 Re ent No.1 to the Safety Evaluation Report we stated that we would require
fo rra i curentation of the reactor vessel high water ' level irput to the reactor trip
syste" cricr to a decisicn on the issuance of a construction cernit for an application
refor " r.1 r ; the GESS N -238 Nuclear Island design.

tral Electric Ccrpany has since provided the preliminary design information' e :e r

f or t* * reactor ;essel high water level trip. We have reviewed this information and
cercia Nd that this input is ir plerented in a mar,ner identical to the other safety-

grade trip inputs to tFe reactor trip system and is therefore acceptable.

.3 Erninoered Sa foty Features Systers

- E r-rar+cy_ Core Cool ica Systen

ratic Depressurization Syster,.3.2.c c

in ;pplement No. 1 to tno Safety Evaluation Repurt, we stated that the General
tiectric Co-pany had perforred reliability analyses for altcrnate corcertua, designs

re autoratic depressurization systen which included on-lire testing capabilities'

of tro pilot solenoid actuation valves. We further stated that we were unable to
concur with their conclusion because we felt that some of the assumptions used in

their analyses had not been adequately justified.

We therefore required that the General Electric Corpany develop a urogram to establish

the reliability of the pilot solenoid valves that will be used in the autoratic
depressurization syster and the pressure relief system of the GESSAR-233 Nuclear
Island design.
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Th2 General Electric Company has comitted to such a progran and agreed that the
program is to be sutriitted to the staff for reviaw and approval prior to its imple-
mentation. The results of the program are to be submit'.ed at the final design phase
of review. The results of the program will be utilized to demonstrate that the test
interval of the solenoids is compatible with the longest anticipated refueling outage
for the GESSAR-228 Nuclear Island design.

We conclude tha; a testing program coupled with the 6forementioned General Electric
Company comitments can be utilized to demonstrate the tailure rates assumed in the

General Electric Conoany analyses and thereby establish the test inter, val for the
pilot solenoid valves. We therefore consider these comitments acceptable.

7.3.2.3 Low Pressure Core Spray and Low Pressure Coolant Injection 53 stems

In Supplement No.1 to the Safety Evaluation Report we stated that the General Electric
Company had agreed to provide a pressure interlock on the motor-operated valves in
the low pressure core spray and low pressure coolant injection systems and that the
interlock would be diverse, although the General E~ectric Company had not provided
preliminary design information to demonstrate diversity.

The General Electric Company has since denonstrated diversity in design with the
preliminary design infonnation provided in Amendment 45 to the GESSAR-238 Nuclear
Island Safety Analysis Report. We therefore conclude that the preliminary designs of
the low pressure core spray and low pressure coolant injection systens are acceptable.

7.3.4 Essential Service Water System

The essential service water system is separated into three divisions to provide the

required support for the engineered safety features of a plant utilizing the GESSAR-233
Nuclear Island design (Division 1 and 2, and High Pressure Core Spray). The instrumen-
tation and control for this system is part of the solid stute protection system supplied

by the General Electric Company. The General Electric Company has comitted to
designing all the auxiliary supporting systems, such as the essential service water

system, in accordance with the sarre criteria apolied in the design of the supported
;afety system.

As required in our previous evaluation of this area of the design, the General Electric
Company has submitted preliminary design information, including elementary wiring
diagrams for the instrumentation and control system for the GESSAR-238 Nuclear Island
scope of the essential service water system. We have reviewed this information in
conjunction with the design criteria and design bases established during the Preliminary
Cesign Approval review. Based on our review of this infomation, we conclude that
the preliminary design of the essential service water system appropriately implements
the previously approved bases and criteria and is therefore acceptable.

7-2 . y C
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7.3.5 Fla rability Control _Systm

During our initial Prelininary Design Approval review, we concluded that tt' bases
and criteria f or the instrumentation and control system associated with the fla ra-

review of the prelini-bility control system were acceptable and we would complete ou r

nary design as a post-ICA item.

The General Electric Cerrany has since provided the preliminary design information
for the flarrability ccntrol systen. Based on our review of this inforration, we

conclude that the preliminary design of the flannability control systen apprCpriately
implererts the previously approved bases and criteria and is therefore acceptable.

7.3.6 Standhv Gas Treatront Svstem

During our initial Preliminary Design Approval review, we reviewed the description of
the proposed design of the instrunentatien and controls for the standby gas treatrent

the simplified fu ctional control diagram provided in Figure 7. 3-20 of thesysten, n

GESSAR-238 Nuclear Island Safety Analysis Peport, and the proposed design criteria
identified in Figure 7.l-2 of the GESSAL 238 Nuclear Island Safety Analysis Report.
We concluded that the proposed design criteria were unacceptable because the Institute
of Electrical and Electronics Engineers Stardard 308-1971, " Criteria for Class IE
Electric Systers for teuclear Power Generating Stations" (as modified by Pegulatory
Guide 1.32 "Use of IEEE Std. 308-1971, ' Criteria for Class 'E Electric Systems f or
f.uclear Fov.er Generating Stations'"), Regulatory Gside 1.6, "Indeperdence Eetween
PeLndant Standby (Onsite) Pcwer Sources and Between Their Distribut;on Systers, and
Criteria 17 and 18 of the General Design Criteria were rot included. These criteria

had been identified by the General Electric Corpany as acplicable tc other engineered
safety feature systers and we concluded that they were equally applicable to the
standby g35 treatrent system.

Tre General Electric Corpany has since identified these aforerentionnd design criteria
as applicable to the standby gas treatrent systen. We have reviewed the proposed
logic diagram for this system and concluded that the bases and criteria were appro-
pri a tel y imple"+n ted. 1.e therefore conclude that the instrurentation and contro'
syster associat M with the ~tandby gas treatrent systen is acceptable.

7.3.7 Su pression Pool Make r Syster

During our initial Freliminary Cesign Approval review, we reviewed the preposed
conceptual design, the proposed design criteria and the General Electric Company's
evaluation of the effects of inadvertent dorp of the upper pool. We have aise review-
ed the proposed logic dia'; rams for the suporession pool rakeup systen. We have
concluded that the prcposed design is not susceptible to sirgle failures that could
cause 'nadvertent dJrping of the ucper pool. Based on the atove evaluation, we
conclude tnat the prelininary design of the suporession pool rakeup system appropriate-
ly ir clerents the previously approved bases and criteria and is tnerefore acceptable.

7- 3 b
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7.3.3 C atainment Sprar System

Ouring our initial Preliminary Cesign Approval review, we concluded that the prcposed
design criteria for the ccntair. rent spray system were generally acceptable for pro-
ceeding with the develcpment of a design and required the submittal of the prelimi-
nary design as a post-FCA review item.

The General Electric Company has subnitted the elenentary wiring diagrams for the
residual heat rerosal syste which included the ccntainment spray rode of operation.
We have reviewed this preliminary design information in conjuncticn with the design
criteria and design bases established during the preliminary Design Acproval review.
We have also reviewed the General Electric Corgany's evaluation on the acceptability
of the ef fects of sirultareous actuation of both the spray systers.

Based on the above review, we conclude that the preliminary design of the contaircent
spray systen appropriately implements the previcusly ap; rosed bases and criteria and
is therefore acceptable.

7.6 All nther Systers Recuired for Safety
7.6.2 Reactor Pressure Pelief |nstrumentaticn

In Supplerent No. I to the Safety Evaluation Report, we stated that the resolution
achieved for the testing of the solenoid valves on the auton tic depressurizationo

system would also be applied to the solenoid valves on the reactor pressure relief
system.

In Secticn 7.3.2.2 of this supplerent, we described the program connitrent which
resolved this issue for the autonatic depressurization system. The General Electric
Company has agreed to extend this progran to cover the solenoid valves en the reactor
pressure relief systen. We consider this concitrent acceptable.

7.6.3 Pecirculaticn Purp Trip System

In Supplerent No. I to the Safety Evaluaticn Report, we stated that we would require
the Ceneral Electric Company to submit the preliminary design informatior (elerentary
ciagrams) for the recirculation pump trip systen prior to a decision on the issuance
cf a construction per-it for an application referencing the GESSAR-238 Nuclear
Island design.

The General Electric Company has since provided this preliminary design infcrmation
as a part of the eierentary wiring diagrams for the reactor trip systen. We have
reviewed this informatico and conclude that the preliminary design appropriately
implements the approved bases and criteria and is therefore acceptable.

7-4
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7.8 Instrumentation and Control Interfaces

As stated in our Safety Evaluation Peport, we were unable at that time to complete
our review of the Nuclear island /blanace-nf-plant interfaces because not all of the

preliminary design inforration had been subnitted. During our review of the preliminary
design infomation subnitted af ter the issuance of the Preliminary Design Approval,
we reviewed the Nuclear Island / balance-of-plant interfaces which were necessary to
insure that the GESSAR-233 Nuclear Island instrumentation and control systems perfom,
al required, under norral, transient and accident conditions. Our review relied

heavily on the previcus interface review conducted on the GESSAR-251 Nuclear Stean

Supply System application (Docket No. STN 50-531).

We required the General Electric Company to provide, in Section 1.10 of the GESSAR-238
Nuclear Island Safety Analysis Report, references to the preliminary design informa-
tion which contain the required interface infomation. The General Electric Company
has provided this information on a systen by system basis in Secticn 1.10 of the
GESSAR-238 Nuclear Island Safety Analysis Report, as amended.

We have reviewed this informaticn and the referenced design information and deter =ined
that the General Electric Ccmpany has sufficiently identified interfaces betweu the
GE5SAR-238 Nuclear Island and balance-of-plant instrumentation and control systems.
We have supplerented this information with the additional requirements specified in
Table 7-l of this supplement. Table 7-l specifies the requirerents that an applicant

utilizing the GESSAR-233 Nuclear Island design rust address in order to demonstrate
that the total plant design (Eclear Island coupled with balance-of-plant) conforrs
to the Nuclear Regulatory Comi sion's r aquirerents and those requirwents specified
in the GES"R-238 '.uclear Island Safety Analysis Peport.

We haw found that the interface information provided in the GESSAR-238 Nuclear
Island Safety Analysis Report, as supplerented with the criteria identified in Table

7-l of this supplerent, provide reasonable assurance that the instrurentation and

control for the total plant design can be accomplished in a manner that will validate
the assurptions rade in the GESSAR-238 Nuclear Island review. Based on the above, we

conclude that the instrucentation and control systems interfaces specified for the

GESSAR-238 Nuclear Island design can be irplerented in a satisfactory manner and
hence are acceptable. We will review the acceptability of the implementation of the

abose inter face requirerents in each applicatian referencing the GESSAR-233 Nuclear
Island design.

?'Ih O 'T r.
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TABLE 7-1

GESSAR-233 '.''C1F M IfLAND
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LRliE RI O FEVIEW FLAN ' j'

M PENDlx A ; TABLE 7-1 X ! X,

10 CFR PART ;D) | FOR SPECIFIC |,

_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ' _ _ . . _ _ _ _ . _ _ _ . _ _ . . _ _ . _ _ _ _ _ _ _ . _ _ . . _ . .LGDC & TITLEJ
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'
'

(302-1971
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IEEE STD | ,
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IEEE STD f |,
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IEEE STC | |
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TAE' E 7-1 ICentinuedl

GESSAR-238 NLCLEAR ISLAND
INTERFACE ACCEPTANCF CR'TERI A FOR INSTRU''ENTATICN A' D CONTROL SYSTEMS

E%1NEERED SAFETY
PEACTOR FEATURES AND

I-90TECTION AUXILIARY SUPPORT
CRITEp!A Tr.LE SYSTEM SYSTLQ _

___ __ _ ___ _ _ _ _

REGULATORY GUIDE M Co ,t'_dl

PG 1.22 X Y

RG 1.29 ' ' ' V

PG 1.30 X Y

RG 1.32 X

RG 1.47 ) V

RG 1.53 X X

'G 1.f2 X

VG 1.63 X

RG 1.70 X X

RG 1.75 X X

3 !WCH TECHNICAL

IlhTTT@iS~

BTP EICSB 1 X X

BTP EICSB 9 X Y

STP E lCSS 10 X

BTP EICEB 18 V

BTP E ICSB 19 _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _

BTP E!CSB ?1 _ _ _ _ _ _ _ _ _ _ _ __________

BTP E ICSS 22 X X

3TP EICSB 23

BTP ETCSB 24 X /

BIP EICSB 25 Y

"TP EICSB 26 Y
_ _ _ _ _ _ _ _ _ _

,

BTP EICSB 27 *

* Turbine trip irNts to reactor protection system are e.wr pted f ran seis-ic requirerents as
outlined in Section 7.2 of Surplerent No.1 to Safety Evaluation Feport.
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8.0 El.ECTRIC POWER SYSTEMS

8.1 Introduction

Caring our early Preliminary Design Approval review ef fort, we believed that a c:ajor
portion of the information contained in Section b.0 of GE5SAR-L.,3 Nuclear Island

Safety Analysis Peport was only typical and outside the GESSAR-23R Nuclear Island
scopa. Subsequently, but prior '.o the issuance of tne Preliminary Design Approval,

the Genera! Electric Carpany inforrieo t.s that Section 8. 3, "Onsite Power Systen" was
part of the GESSAP-238 Nuclear I-land design scope. Therefore, as part of the pos t-
PDA review, we required the General Elactric Company to provide additional orelininary
design infornation on all of the areas in their scope of design and to provide adeauate
interface inforr.ation for all of the treas outside the GESSAR-238 Nuclear Island
scope, where design co"patibility was necessary to demonstrate tFe acceptability of
the GTSSAR-238 N; clear Island design.

8.2 Offsite Power 5< sten

The of fsite power system is totally tne responsibility of an applicant referencing
the GESSAR-238 Nuclear Island design as part of their crnstruction permit applica-
ticn. Therefore, our review cf the offsite electrical pcwer system design involved
only the identification c f the interf aces fCr this systen to be satisfied by the
applicant referencing the GES5M-23" Nuclear Island design. The General Electric
Concany has idor.tified, within the GESSM-238 N; clear Island scope, provisions for
feeders from the offsite systen to each of the engineered safety features Division I
and Division 2 on ite alternating current distribution systems. In addition, the

General Electric Cc~pany Fas identified the provision for tre feeder f rom the of f site
system to the Division 3/high pressure core spray system onsite alternatina current
distribution syste.

8.3 Qnjito Pog r Sys tm
8.3.1 Onsite Alternating Current Systm
8.3.1.1 Division 1 and Division ? Standbv AlternatinLCurront Powor Systen

ihr onsite standby alternating current power systen for the GESSAR-238 Nuclear
Island will consist of two independent distribution systems and associated onsite
pcwer sources to support the engineered safety features and auxiliary support systems
of the NJClear Island and for the necesiary auxiliary supporting features of an
application utilizing the GESSAP-238 Nuclear Isla<i design. Normal nower will be
supplied by the of f site power system (see Section 8.2 of this supplement) and, under
a conditico of a loss of the offsite power source, each of the two distribution

syste > will receive pcnor from its associated onsite diesel grnerator unit.

7 qpt
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Each distribution sy: tem (Division 1 and 2) will include 6900, 480, and 120 volt
alternating current 'oad centers to provide power to the associated divisional safety
re'ated loads. Each standby diesel generator will be operated independently and
located in separatec seismic Category I structures with separate ventilation air
intake and diesel ergine exhausts.

The fuel oil storage and transfer system for the diesel generator is partially in the
scope of an applicant utilizing the GESSAR-238 Nuclear Island design; therefore,
interface information was required to complete our review. The eneral Electric
Company has identified the interface information in the GESSAR-238 Nuclear Island
Safety Analysis Report, Sections 1.10 and 8.0, as amended.

With regard to the propcsed Division 1 and 2 standby power sources, we required the
General Electric Compa7 to conform to our position outlined in Standard Review Plan
Appendix 7-A BTP EICSS 2, " Diesel-Generator Reliability Qualification Testing.' The
General Elcctric Company has stated their cornitrrent to a qualification program in
conformance with this positiur.

The General Electric Company has stated that as the detailed design of the GE5SAR-238
Nuclear Island progresses, the diesel generator rating may be revised. The final
sizing of the diesel generator will be based on a rating that will be consistent with
the recommendation of Pegulatory Guide 1.9 "Selecticn of Diesel Generator Set Capacity
for Standby Power Supplies." Since functional requirements of the onsite alternating
current power systen are within the design responsibility of the General Electric

Company and the overall irclementation of this system requires interfaces to include
preliminary design infonation. including logic diagrams, to demonstrate that the
design requirerrents of the total onsite alternating current power sy! tem and the
attendant interfaces (such as fuel storage and transfer system, and applicant supplied
lods) can be satisfactori ty implerented by an applicant utilizing the GESSAR-238
Nucir 3r Island design.

We have reviewed the proposed design for the Division 1 and 2 onsite alternating
current power systems, including the interface information (see Saction P.S of this

supplenent) and conclude that they are acceptable.

8.3.1.2 Division 3/High Pressure Core Spray System Power Svsten

Tre GE55AR-238 Nuclear Island Safety Analysis Report referenced Topical Report

NEDO-10905, "High Pressure Core Scray Power Supply Unit, for the design of the third
division cr. site alterrating current and direct current power systems. The power
systen described in Topical Report NEDO-10905, which is cresently under review by the
staff, is dedicated solely for the operation of the high pressure core spray systen

and associated support systems. We will require that applicants who reference the
GESSAR-238 Nuclear Island irplerent the resolution of that topical report on their

specific application.
n

8-2
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During our review of the GESSAR-238 Nuclear Island, the General Electric Company
pro,:osed to utilize the power supply described in Topical Report NEDO-10905 to
provide power to other Division 1 instrumentation and control systems.

We were concerned that the power system that was proposed as solely dedicated to the

high pressura core spray function was now being utilized for other plant safety
functions. Our nain cc r ern was that the exceptions to Regulatory Guide 1.9, "Selec-
tion of Diesel Generator Set Capacity for Standby Power Systens," in the topical
report for the pcwer supply source (high pressure core spray) diesel generator may
not remain a valid approach for the GESSAR-238 Nuclear 1" alectrical system.

Therefore, the Goneral Electric Company was requested to identify in the GESSAR-238
huclear Island Safety Analysis Report all deviations (such as that noted above) in
the proposed GESSAR-238 Nuclear Island design from the design information presented
in the topical report. In addition, the General Electric Company was requested to

analyze the ef fects on plant safety resulting from these deviations.

The General Electric Company state inat the Division 3 logic power supply (120 volt

vital alternating current) is the unly plant function connected to the high pressure

core spray power system and that this was desirable in order to mahtain divisional

ascignments within the plant, consistent with the design change to d four divis'en
vital alternating current power system. In the proposed design there are no other
plant loads connected to the hinn pressure core spray power system which have func-
tions other than those dedicated to the high pressure core spray function.

With regard to the Division 3 logic po a r supply, the General Electric Company has
3tated that the nornal power supply to the Division 3 vital alternating current power
system will be supplied from the 125 volt direct current bus through a direct current

to alternating current inverter. In addition, the Division 3 battery source for the

Nuclear Island has t,een sized to supply a' I the Division 3 loads (including high
pressure core spray functions and other Division 3 instrumentation and control func-

tiens) for a period of two hours without any aid from the battery charger. Therefore,
the Division 2/high pressure ccre spray diesel generator is not totally depended upon
to supply the power for the Division 3 vital alternating current system during this

period. Fron the results of their analyses, the General Electric Conpaay has concluded

that the voltage and frequency dips during the starting of the high pressure core
spray rotor or Division 3 diesel generator will have no adverse effect on the Division
3 vital alternating current power system.

In Arendrent 45 to the GESSAR-238 Nuclear Island Safety Analysis Report, the General
Electric Company demonstrated a design modification which would disconnect the vital

alternating Current power system from the high pressure core spray alternating current
system during the period when tne above referred voltage and frequency dips occur on
the high pressure core spray alternating current power system. We will require that
the validity of their analysis regdrding this 457ect of the design be der.onstrated as

part of the pre-operational testing of the Division 3/high pressure core spray power

716 283
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. . system in an application referencing the GESSAR-238 Nuclear Island Design. If the
- results of the General Electric Cornpany analyses cannot be satisf actorily demonstrated,

we will require that the General Electric Company institute the above cited design ''

. .

modification and provide the details of the design modification for our evaluation $'
at the final design stage of review. . .

.

1 We Nave evaluated the information submitted by the General Electric Company for this
area of the GESSAR-23" Nuclear Island power system and concluded that the utilization ~ t

of high pressure core spray system alternating current power supply for other Divi-
sion 3 instrumentation and control functions identified in the proposed design will

B

not adversely affect the intended safaty function of the Division 3 vital alternating. , -.

y current pcwcr system.

;.

- Based on the above evaluation and requirements stipulated herein, and the commitrent
, to the topical report re3olution, we conclude that the GESSAR-238 Nuclear Island

' Division 3/high pressure core sprey power system is acceptable.
'

-

NI 8.3.2 Direct Current Pcwer System

p .

The onsite direct current power system uf the GESSAR-238 Nuclear Island will consist
of four redundant and independent 125 volt direct current supplies, each consisting [
sf a battery with an associated charger and direct current distribution system. The

' arpere-hour capacity of each 125 volt direct current battery will be suitable for y
' supplying all safety related loads for a ninimum of two hours without the aid of the

*
battery charger. In additicn each battery charger will have suf ficient capacity for .

steady state operaticn of the connected Icads while maintaining the battery in a - I

*

fully charged state..

.
P

Tho alternating current source for the battery charger of each direct current divi-
?'

sien will be supplied by the asscciated alternating current division with the exct.p-

2ee - tien of the Division 4 direct current system. The source for the Division 4 direct

current system battery charg(r is the Division 2 alternating current system. This ~.. . ,

interdependence had previously been evaluated in conjunction with the GESSM 4 51
' Mclear Steam Supply E sten review (Doclu No. STN 5D-531) and found acceptable..

.

?,on-safety related loads will nnt he supplied by the Class IE 125 volt direct current
.

systen.
,

,
The prcrosed 125 volt direct current pc5.er system is in conf orr ance with the require-

j
-

308-1971,rents of tne Institute of Electrical and Electronics Engineers Standard
.

" Criteria for Class lE Electric Systers for % clear Gererating Stations" and with the.3

recorrendation of Pegu atory Guides 1.6, " Independence Eets.een Redundant Standby (Dn-5

Site) Power Sources and letween Their Distribution Systers, and 1.32, "U,e of IEEE
- Std. 303-1971, Criteria for Class lE Electric Systems fer '.uclear Generating Stations. '

'
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four redundant 120 volt alternating current vital bus systems will be provided to
supply power to the four channel solid state protection system (which includes the
reactor trip system ani enginnered safety features actuation system). The system is
designated the nuclear system protection system power system and will be designed in
accordance with the Institute of Electrical and Electronics Engineer s Standard 308-
1971. Each vital bus will be fed from an associated inverter which, in tur1, will be

supplied by the corresponding direct current system. Also, each bus will be fed
through a 480/120 voit transforrner as an alternate source in case of inverter failure.

We have reviewed the design description, design criteria, design bases, and single
line diagrams for the direct current onsite power system and the associated 120 volt
alternating current vital bus system. We have concluded that the proposed design for
the direct current system and 120 volt vital alternating current system satisfies the
Nuclear Regulatory Comission's requirements, as described above, and is accept)ble.

3.4 physical Independence of Electrical Systems

The General Electric Company has committed to Regulatory Guide 1.75, " Physical
Independence of Electrical Systems,' as the primary design objective for the physical
independence of the plant's e k ;"ical system. We have reviewed the preliminary
design of the electrical system to the guidelines of this Regulatory Guide and concluded
that it is acceotable.

8.5 Interface Requirements 'or the Electric Power Systems

During the review of the preliminary design information on the electrical power sys-
tem, we noted that the General Electric Company had not provided a clear definition
for the electrical power interfaces in the GESSAR-238 Nuclear Island Safety Analysis
Report. We therefore required that they amend Section 1.10 to include a reference to

all applicable interface information in Section 6.0.

The General Electric Company has provided additional interface informatico including
a system by system reference to all applicable preliminary design interface informa-
tion. We have supplemented this information with the additional interface requirements
speci fied in Table 8-1 of this supplement. Table 8-1 specifies the requirements that
an applicant utilizing the GESSAR-238 Nuclear Island design must address in order to
demonstrate that the total plant design (Nuclear Island coupled with balance-of-
plant) conforms to the Nuclear Regulatory Comission's requirements and those require-
ments specified in the GESSAR-238 Nuclear Island Safety Analysis Report for electrical

power systems.

We 've found that the interface information provided by the General Electric Company,
as supplemented with the criteria identified in Table 8-1, provide reasonable assurance
that the electrical power system of the total plant design can be accomplished in a
manner that will validate the assumptions made in tne GESSAR-238 Nuclear Island review.

Based on the above, we conclude that the electrical power system interface specified

7)B 2858-s
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-_ABLE B-1T

INTERFACE ACCEPTANCE CRITERIA FCR ELECTRIC F0WER SYSTEMS

OFFSITE ONSITE ALTERNATING ONSITE DIRECT
POWER CURRENT POWER CURRENT POWER

CRITERIA TITLE SYSTEM SYSTEM SYSTEM

CONTENT OF APPLICATION
TECHNIC AL INFC'R% TION X X X _

TECHNICAL SPECIFICATIONS X X X

10 CFR Part 50 CODES ANU STAND 4RDS X X X

GE'.ERAL DESIGN (SE STANDARD REVIEW FLAN
CRITERIA (GDC), TABLE 8-1 FOR S E CIFIC X X X

APPENDIX A TO GDC & TITLE)
10 CFR Part 50

IEEE g .STITUTE OF ELECTRICAL AND ELECTRONIC ENGINEFRS) STANDARDS

IEEE STD 279-1971 X X

IEEE STD 3C8-1971 X X X

IEEE STD 317-1972 X X

IFEE STD 323-1974 X X

IEEE STD 334-1974 X

IEEE STD 336-1974 X X X

IEEE STD 333-1971 X X

IEEE STD 344-1971 X X

IEEE STD 379-1972 7 X

IEEE STD 3E2-1972 X X

IEEE STD 381-1974 X X

IEEE STD :;4-1974 X-

IEEE STD 257-1972 X X

IEEE STD 453-1972 X

PEGULATORY GUIDE",

(RGs)

PG 1.6 X X

RG 1.9 x

"'i 1.2? X X-

AG 1.29 X (

RG 1.30 X X X

FG i .r X X

,1.40 Xr

-i 1.41 x X x

O 'i 1.4' X X

N 1.53 X X

R 1.62 X

<a 1.63 x ( /

RG 1.E3 X t
'

S 1.70 X X

R1 1.73 y X

M 1.75 X X

's4 iCH T r is '. I C '.l
PDSITICNS (BTPs)

BIP E!CSB 1 X X

BIP EICSS 2 Y

BIP EICSB E X

BIP EICSB ' X X

CTE EICSB ~ X

STP EICSB 1D X i

R!F EICSB ll X

EICSB 17
:ICSE N X '

BIP EIC5B E7 | | I x.

-
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in the GESSAR-238 Nuclear Island Safety Analysis Report can be implemented in a
satisfactory manner and hence are acceptable. We will review the satisfactory

impler.entation of the above interface requirements in each application referencing

the GE55AR-238 Nuclear Island design.
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15.0 ACCIDENT ANALYSIS

15.3 Design Basis Accidents

In the Safety Evaluation Peport we noted that the calculated doses resulting f rom a
postulated fuel handling accident in the spent fuel pool area in the fuel building

(outside containnent) were well below the exposure guidelines of 10 CFR Part 109. It

was noted by tho General Electric Company in the GESSAR-238 Nuclear Island Safety
Analysis Report that fuel handling accidents can also be postulated inside contain-
reent, but that, tecause the containrent is isolated, % 1 dents in the fuel building

would result in higher of f site radiological doses.

Effective contain,ent isolation requires that radiation nonitors prorptly detect an

accidental release and that there is tir:ely closure of isolation valves.

Based on our review, we carclude that for the GESSAR-238 Nuclear Island design a

tirely isolaticn can be effected to linit the activity rel"ased to acceptable levels

We will review the systen layout in detail in the Final Safetj Analysis Feport review

st age to assure that the provisions f or mitigating the consequences of refueling

accidents reet out acceptance criteria in Standard Review plan Section 15.7.4, " Radio-

logical Consequences of Fuel Handling Accidents, (well within the guideline values
of 10 CFR Part ICO) by apprcpriate technical specifications and radiation r.onitor

plece"ent, if necessary.

Since the General i. l ec tric Ccrpany prcposes a syster which can acceptably control at
doses tron tnis postJlated accident dnd since Sny Changes that rav be cew ired at tre
Final Safety Analysis Peport sta ;e are evpected to be of a rinar nature, we u 'cludo

that the proposed design is acccptable.

15.5 Failure o f Inputs from Turbire failding to Peactor Protection S s s te-

In Sg ple ent No. I to the Safety Evaluation Peport, n stated that the failure of theo

reactor protection syste- inputs located in the turbine building coupled with a

turbire bypass syster failure woald result in two-hgur cases of 95 ren to the thyroid
-3and 4.5 ren whole body, assuming a relative concentration value of 1 x 10 seconds per

cubic reter, and course of accident doses of 55 ren to the thjroid and 4.5 rem whole

body, assumirj a relative concentration of 1 J x 10 seconds per cubic r eter. TNse

dose c31cul3tions represented a very conserv3tive upper bound estimate of the doses
*;sociated with this event since we arbitrarily assurej, in the calculation 5, tha t

all of the f uel which e<rerienced boiling transition also relted-

Subsevent to the issuince of M plement No. I to tre Safety Evaluation eport, ther

General Electric Co~pany inf ormed us that they had calcul ated tha t no 2el rel ting

15-1 - qgg,,
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would occur during this event. We have reanalyzed this transient and calculated 6
margin to melt for the fuel during this transient of over 1200 degrees Fahrenheit and
therefore agree with the General Electric Company's assessment.

Accordingly, we have reanalyzed the radiclojical consequences of this event utilizing
the more appropriate assunptions cor.tained in the Appendix to Standard Review Plan
l t.4.9, " Radiological Consequences of control Rod Drop Accident. " (We conservatively
assume that all fuel rods which experience boiling transition will perforate and
release the activ?ty contained in the fuel-clad gaps.)

The resulting two hour doses were 7.6 rem to the thyroid and 0.7 rem whole body,
-3assuming a relative concentration value of I x 10 seconds per cubic meter, and a dose

for the course of the event of 5.1 ren to the thyroid and 0.2 ren whole body, assuming
a relative concentration value of 1 x 10' seconds per cubic neter.

Based on our review we conclude that the probability of this event is low enough to
permit us tc use the conservative accident analysis assumption and ro.mre the offsite

doses to 10 CFR Part 100 limits. We also conclude that the offsite dose consequences

are a relatively small fraction of ic CFR Part 100 limits.

This, therefore, reaffirns oar original conclusions presented in Section 7.2 of
Supple ent No. I to the Safety Evaluation Report regarding the acceptability of
those reactor protection system inputs originating from the turbine building.

'15-2 ,
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APPENDIX A

CONTINUATION OF CHRONOLOGY Of

PADIOLOGICAL REVIEW

Septtrter 20,197E Wa eagues ted add' tional information from the General Electric Conm'.if

on bypass containrent leak 39e.

S e p ter;be r 21-22, 1976 We met with representatives f rom the General Electric Company and

Tennessee Valley Authority regarding the remaining GESSAR-238 Nuclear

Island open i t er.s .

September 30, 1976 The Nuclear Reg;la tory Corrission i s s ued Suppl e("ent 'io . I to the
GESSAR-238 Nuclear Island Safety Evaluation Peport.

Oc tober 8,19 7f, The General Electric Corpany provided us with additional information
reques ted d; ring our Septer.be r 21-22, 1976 meeting.

Octoter 18, 1976 The ninutes of the Septenter 21-22, 1976 neeting with the General

Electric Corpany and Tennessee Valley Authority were issued.

October 18, 1976 The General Electric Company filed Arendment A5.

Noventer 1,1976 We requested additional inferration frcn the General Electric Ccepany
on fire protecticn criteria.

Nowcrbor 3, 1976 The G+ neral Electric Corpany responsed to our Septe'rber 20, 1976-

request for infon ation on bypass containment leakage.

No v e':be r ), 1976 The General Electric Corgany cc: rtitted to the staf f's position en
automa tic depressurization sys t(n tes tabili ty and recircula tion n: .

seal leak 3ge.

Noserter 9,197E The r veral Electric Cor n ny prosided t.s with additional inforration
on the high pressure core spray pewer syster

Navenber 24, 1976 The General Electric Carpany provided us with additicral infarration
on the contain:"ent vacton breaker sizing aralysis.
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APPENDIX E

AD_V I. SOP.Y C OM.M I T T I _E. O.N. .P f A C T O R S A F E.W.P D S - GE N E P.I .C. MA T.T E.R.5- -- - -- -

The Ajsisory Corrittee on Reictor Safeguards (Connittee) periodically issues a report
listinq varicus generic natters applicable to large light water reactors. These are

i toms which the Comitten and the Comnission's staff, while finding present plant

design acceptable, believe have the potential of aJding to the overall safety margin

of nuclear power plants, and as such should be considered for application to the

extent reasonable and practicable as soluticns are found, recognizinq that such

solutions rody occur af ter conpletion of the plant. This is consistent with ou r

continuing efforts toward reducing still f urther the already small risk to the

puolic health and s3fety from r.uclear pche r plan ts. The nost recent such report con-

(erning tresa generit iter's was issued to Conmission Chairman Rowden on noril 16,
1976 in a letter from Committee Chairman D. Moeller.

The s ta tus of sta f f ef forts leading to resolution of all these generic ma+ters is
contained in nur Status Repcrt on Generic items poriodically transmitted to the

Cerri t t ee. The latest such Status "eport is contair+1 in a letter f rom B. Uche to

M. Sender dated January 31, 1977

For n.any of the iter:s we have provided in this recort s;'ecific discussions particu-

larizing for the proposed facility the generic status in the Status Rrport. These

ite :" are listed below with the apprCpriate section numbers of this report where such

discussions are to be found. The group nur herim corresm nt to that in the Aoril 16,

1976 report of the Cory,ittee,

for .hase ite m applicable to the proposed facility which have not progressed to'

w Mre specific acticn can be initiated rele/ ant to individual plants, our Status

Pe[ ort on Geroric Items ref erred to above provides the apprcpriate inf ormation.

Grc. w 11mm ~

1. Turbine Missiles - Section 3.5.3.

2. %nitoring for Excessive or Loose f' arts 'nside the Fressure Vessel - Section
5.?

3. Corron Mode Fail ures - Sec tior. 15.4 and Section 15.4 of Aprendix A.

4 [WR hecirculation Fump Overspeed During a loss-of-foo' ant Accident - Section

5.4.1 o f Appondi x A.

O1-, ) d "f j iE-l | p
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5. Instrunentation to follow the Course of an Accident - Section 7.4 of
Appendix A.

Group ll-A

1. Pressure in Containment following a Loss-of-Coolant Accident - Section 6.2.1.7

of Appendix A.

2 Rupture of High Pressure Lines Outside Containrent - Section 3.6.2.

3. Isolating Lcw Pressure Systems Connected to the Reactor Coolant Pressure
Boundary Section 7.3.2.3 of Appenaix A.

G r_c up_1 1 - B

1. Qualificatien of New Fuel Geometries - Section 1.8.1 of Arpendix A.

2. Behavior of BWR Mark III Containment - Section 6.2.2 and Section 6.2.1 of
Appendix A.

3. Stress Corrosion Cracking in BWR Piping - Section 5.2.1 o f t; rend i x D.

Grau ll-L

1. Fire Protection - Section 9.4.1

2 Design Features to Ccr trol 53botage - aection 13.6.

3. Reac tor '.essel Sopror ts - Section 5.2.1 of Apper< dix D.

4. "aintenance and Inspection of Plants - Section 12.2.

E-?
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APPENDI_X l

B_(B_L_I_0G R! P Hi

' 0T E. : Documents referenced in or use to pre;,are thi s Sa fet y Evaluation Report, excluding
those listr1 in the Preliminary Safety Analysis keport, may be obtained at the source
stated in tho Bibliography or, where no specific source is given, at nost major
public librarie' Corres ondence between th e C <a;Tii s s i on and the applicant (Prelini-

r

nary Safety Analysis -eport, Env i ronn en t a l Peport, and applic, tion) and Comission
Pules and Reg;iatiens and Regulatory G; ides may be inspected at the Comission's
Public Document Rcom, 1717 H S t ree t , '.. W . , Wn hi n g ton , D.C. Corr espondence t.etween

the Corriission an1 the applicant ma/ also be inspected at the Public Dccument Ro m
identified in Sec *. ion 1.1 o f th is repor t . Speci fic documents relied upon by the
corrission's staf f and referenced in this Safety Evaluation Report are listed as
follows:

METEOROLOGY

1. American Peteorological Society: Hurricane Seasco Surrlaries f ron Wea therwise , publi s91

throu ;h February 1975; Weathen ise, Inc., Princeton, N.J.r

2. C ry , G. W. , 1965: Tropical Cyclones of tho North Atl3ntic Ocean. Technical Paper No. 55,
U.S. Depa r t ment o f Cerrrrce , Wea t her BJreau, Washington D.C.

3. Dunlap, 0 V. Prtbabilities of Extreme Sr.owfalls ed Smw Docths, Northeast Pegional
Research Publication, B;lletin S21, ',ew Jersey Agric;ltural Enerirent Station, Rutgers
Un i ve rsi ty , '.ew Brunswic k , New Jerse,

4 Gros s , E . ,1970: The Mticnal Air Pollution Potential forecast Program. ESSA Technical
? erorandum WBTM NMC 47, N3ticnal Meteoroloqical Center, Washington, D.C.

5 Korshaver, J. , "Clinatology of Stagnating Anticyclones East of the Rock y 'dountains,
1036-1970,' NOAA Technical ?'enorandr EFL ARL-34, Air Pesources Laboratories, Silver

Spring, Maryland, 1971.

6. Marshall, J. L. , " Lightning Protection, ' John Wiley and Sons, Inc. , New York , 190 pp.,

1973.

7. National Severe Storns Forecast Centers, 1975: Listing of Tornadoes for the Period

1953 - 1974 National Oce3nic & Atnospheric Administration. Fansas City, Ma.

(Unpublished).

! ..
,) ; , ',
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8. Sagendorf, J. F., 1974: A Program for Evaluating Atmospheric Dispersion from a Nuclear
Power Station. NOAA Technical Memorandum EPL ARL-42, Air Resources Laboratory, '!0AA,
Idaho Falls, Idaho.

9. SELS Unit Staff, National Severe Storms Forecast Center, '' Severe Local Storm Occurrences,
1955-1967," ESSA Technical Merorandum WBlM FCST-12, Of fice of Meteorological Operations,
Silver Spring, Md., 1969.

10. Thom H. C. S. ,1968: New Distribution of Extreme Winds in the United States. Journal of

the Structural Division, Proceedings of the A.merican Society of Civil Engineers - July
1968, pp. 1787-1801.

11. " Tornado Probabili ties,' Mcnthly Weather Review, October-December 1963, pp. 730-737.

12. P. Tattelman and I. Gringorten, " Estimated Glaze Ice and Wind Loads at the Earth's Surface
for the Continuous United States,' Air Force Surveys in Geophysics, No. 277, AFCRL-TR-73-
0664, Eedford, Massachusetts, 1973.

13. U.S. Department o f Comnerce, Envi ronmenta i . 'a Service, "C.imatic Atlas of tne United
States, " Environmental Science Service Administ, + ion, Washington, D.C., 1968.

14. U.S. Department of Ccomerce, Environmental Data Servit , " Local Clima tological Data ,
Annual Summary with Comparative Data - Bristol, Johnson ^ity, Kingsport, Tennessee."

15. U.S. Department of Connerce, En vi rcomental Da ta Service; Storn Da ta . Published monthly,
Asheville, N.C.

16. U.S. Departn t of Connerce, Environnental Data Service: Tropical Storm and Atlantic
Hurricane Articles f rem the Month _ly__ Weather Review; published through December 1973.

GEOLOGY AND SEISMCLOGY

17. King, P. B., 1969, Discussion to Accompany the Tectonic Map of North Ac erica, U5GS -
Departrent of the Interior Publication.

15 Ea rdl ey , A. J. ,1973, Tectonic Division of North Are ica, in Gravi * v and Tectonics, edited
by K. CeJong and R. Scholten, JoFn Wiley Publishing Co."any.

19. King, P. B., 1959, The Evolution of North America, Princeton J"iversity P ess, NE W Jersey,
189 p.

20. Rodgers, J. ,1970, The Tectonics of the Appalachians, Interscience Publishers, Yo rk ,4

271 p.

21. Hadley, J. B., and J. F, Devine,1974, Seismotectonic Map o f the Eas*- , United States,

USGS - Depc rtrent o f the Interior Publica tion MF-620.
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22- Gupta, I. ti., and O. W. fluttle, 1976, " Spatial Attentuation of Intensities for Central

U.S. Earthquakes, dulletin of the Seismological Society of Ancrica , Vol . 66, No. 3,

pp. 743-751.

23. Relationships of Earthquakes and Geology in West Tennessee and Adjacent Areas, 1972,
Tennessee Valley Authority Pe po r t .

24. Dutton, C. E. ,1339, "The Charleston Earthquake of August 31, 1886,' Ninth Annual Report,
1887-88, U.S. Geological Survey, pp. 203-523.

25. Von Habe, C. A , 1975, personn31 cocr:unication.

26. Coffinan, J. L., ar'd C. A. Von Hake, Editors,1973, Earthq;ake History of the United States,

U . S . Depzirt: ent o f Soverce Fuolication 41-1.

27. Coulter, H. W., Waldron, H. H. , and J. F. Devine,1973, " Seismic and Geologic Siting

Cons idcra t ic s for '4uclea r Facili ties ,' Fif th World Conference on Earthquake Engineering,
Ror e , Paper M2.

23 '+,srann , F . , l')S ",, "Ea r 'hqua ke in tens i ty and ! elated Ground Motion, ' unive sity of

im hingtcn rress, Seattle.

'). .au rk , '. M, 1954, Correr ts on Conserva*. ism in Earthquak e Resistant Design.

t mac , M. D. , and A. G. Erady,1975, "On the Correlation of Seismic Intensity Scales'

s''h the eca, o f Recorded Strong Ground ''otion ,' Bulletin of the Seismological Society of

e ri ca , Vol u: e 6 5.

il . Brazce, P. J. (1972). ' Attenuation of Modified fiercalli Intensities with Distance for the
Uni ted Sta tes East o f 106 ' W," Earthquak e ?,otes Vol . 43, pp. 41 -52.

R McGuir+ , R. K. (1977). "Ef fects of Uncertainty in Seismicity on Estimates of Seismit

Hazard fcr the East Coast of the United States," Conference of the Advisory Comitte. on
c tor Sa feguards Seismic Ac tivity Subconm ttee, February 8,1977.-
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APPENDIX G

CHRONOLOGY-REGULATORY REVIEW OF TENNESSEE VALLEY ;UTHORITY'S

APPLICATION FOR CONSTRUCTION PERMITS FOR

PHIPP5 EEND N' CLEAR PLANT UNITS NO. 1 AND NO 2

DOCKET NO. STN 50-553 AND STN 50-554

Octnbcr 1, 1975 Tennessee Valley Authority submits a tendered application con-
sistir.g of qeneral information, Prelininary Safety Analysis

Report, and Antitrust Information.

October 6, 1975 Nuclear Regulatory Comission letter ad/ising that the tendered

applicat|c.i is under review and the review sh.'uld be conpleted by

November 3,1975.

November 4, 1975 Nuclear Regulatory Comissicn letter advising trat the applicaticn

and Preliminary Safety Analysis Report tendered on October 1,
1375 are suf ficiently co :plete to docket.

Noven ber 7,1975 Tennessee Valley Authority application and Prelininary Safet<

Analysis Report for Phipps Bend Nuclear Power Plant, Units ',0. 1

& No. ? dccheted and assigned the numbers Docket STN 50-553 ard

STN 50-554 Incoming letter from Ternessee Valley Authority
transmitting the above was dated November e,1975.

No.er.ber 18, 1975 Nuclear Regulatory Comission letter advising of docket numbers
and enclosing a copy of Federal Register Notice - Peceict of

R plication.

',o wrter 2 , 1975 wclear Regulatory Comission letter to Tennessee Valley Authority

regarding the review schedule for Pnipps Eend.

Decer ter 5.131s 'uclear Requlatory Connissicn letter tn Tennes?"e Valley Authority

transmitting a cortion of Paund 1 Cuestion> (Effluent T re a t: 'e n t

Systens Eranch, Aux ilia ry and icwer Ccnversion 5ystems Eranch,

Structural Engireering Branch, Accident Analysis Grench, Site
Analysis Branch, Geology / Seismology Cranch).

Coce-ber 12, 1975 Tennessee alley Authorit y letter tran;nitting A:wkent No. ' to

reliminary Safety Analysis Peport consisting of resprises tothe e

acceptance rovlew < <stions and the results of slrO 3t70ility

dn ll /ses and f"i sC ellan'' >us te x t chanqes.

G-1
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Janua ry 14, 1976 Tennessee Valley Author 'b letter transmitting distribution list
for correspondence.

January 19, 1976 tuclear Reg slatory Comission letter to Tennessee Valley Authority
requesting additional information.

January 28, 1976 Nuclear Regulatory Commission letter to Tennessee Valley Authority
requesting additional information.

January 30, 1976 Tennessee Valley Authority letter transmitting Amendment No. 2
to Preliminary Safety Analysis Report.

Feb ru a ry 19, 1976 Meeting with Tennessee Valley Authority to discuss hydrology and
reteornlogy.

February 2?,1976 Letter from Tennessee Valley Aut h rity transmitting Amendment
No. 3 to Preliminary Safety Analysis Report consisting of propri-
etarf information concerning cargo carried by Southern Railway.

March 1, 1976 Issue.1 sumary of neeting held February 19, 1976.

March 8, 1976 Tennessee Val.s/ Authority letter transmitting Anendment No. 4
to the Preliminc.ry Safety Analysis Repo -

M?rch 1976 Tennessee Valley Authority letter transmitting working copies
needed for transient flow routing.

March 2 3,1976 Tennessee Valley Authority letter transmitting Anendment No. 5
to Preliminary Safety Analysis Report.

March 17/18,1976 Meeting with Tennessee Valley Authority at site to discuss soil
and foundation engineering.

March 24,1976 Tennessee Valley Authority letter furnishing NJclear Regulatory
Comission staf f sith new addressee.

March 30, 1976 Tennessee Valley Authority letter sut,nitting Environrental Report.

pril 7, 1976 Issued sumary of meeting held March 17-18, 1976.

April 14,1976 Meeting with Tennessee Valley Authority to discuss the antecedents
stoms and hydrometeorological Report No. 45.

4ril 15,1976 Meeting with Tennessee Valley Authority to discuss location of

the perv:arient meteorological tower.

c-2
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April 16,1976 Tennessee Valley Authority letter transmitting Amendnent No. 6 to
the Preliminary Safety Analysis Report consisting of proprietary
information concernirq cargo carried by Southarn Railway.

April 21,1976 Nuclear Regulatory Commission letter to Tennessee Valley Authority
transmitting ccpies of display ad and hearing notice.

April 21, 1976 Tennessee Valley Author'ty letter transmitting Amendment No. 7
to the Prrliminary S sety Analysis Report consisting of text
cnanges, response' to miscel!3neous round-one questions and the

results of the seismic stability evaluatien of Watauga Dam.

April 26,1976 hatice of Hearing published in the Federal Register.

April 29,1976 Tennessee " alley Authority letter transmitting Anendnent No. 8
to the Preliminary Safety Analysis Report consisting of revised
responses to miscellaneous round-one questions.

May 4, 1976 Issued sunnary of meeting held on April 14, 1976 to distass

hydrology.

May 10, 1976 h; clear Regalatory Cornission letter to Tennessee Valley Authority
advising that due to change in Parts 2, 50 and 51 applicant must
mail ar:endments directly to FeJeral, State and local officials.

May 17,1976 h; clear Regalatory Connission letter to Tennessee Valley Authcrity
reTaesting additional i n fo rma t i on .

May 19, 1976 Nuclear Degulatory Conmission letter to Tennessee Valley
a tharity requesting additional in fo rma t i on (2nd round questions).a

May 25,197C Nuclear ReqJlatory Cornission letter to Tennessee Valley Authority
concerning anticipated transients withcut scram.

May 26, 1976 h; clear Regalatory Comnission letter advising that Arrndments
3 and 6 to the Preliminary Safety Analysis Report have been
witr. held from public disclosure as proprietary.

June 3, 1976 Ternessee Valle,' Authority letter enclosing a list of activities

they plan to undertake under a Limited Work Authorization.

cune /, 1976 *otice issued by the Atomic Safety and Licenring Board designating.

Dr. David R Schink to serve en the Licensing Boat d for Phipps

E nd instead of Dr. Richard F. Cole.

71a
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June 11, 1976 Tennessee Valley Authority transmits a report concernin ; the

50-mile regional air flow description which fulfills its response

to Appendix I.

June 21, 1976 Tennessee Valley Authority letter transmitting Amendment No. 9
to the Preliminary Saf ety Analysis Peport consisting of revised

responses to NRC questions and miscellaneous text Changes.

June 2 3,1976 Meeing with Tennessee Valley Authority to discuss the safe
shutdow1 earthquDe for the Phipps Bend Site.

July 6, 1976 Tennessee Valley Authorit y transmi's Ar.endrent *.o.10 to the

Freliminary Sa fety Ana'ssis Report consisting of revised responses
to miscellaneous round-one questions and responses to round-

two questions.

July la, 1976 Tennessee Valley Authority submits the > 1975 Power Annual Report.

July 19,1976 Issued suonary of meeting held June 23, 1976.

August 2, 1976 Nuclear Regulatory Commission letter to Tennessee Valley Authority

requesting a comnitment to installing a loose parts monitor in

each Phipps Bend unit.

'4ugust 9, 1976 Nuclear Regulatory Comnission letter to Tennessee Valley Authority
advising of change in regulations for submittal of required numbers

of copies of Preliminary Safety Analysis Report, Amendments,
Environmental Peport and Application,

uqust 10, 1976 Appeals reetinq with Tennessee Valley Authorit_ to discuss
seismology r'a tters.

August 10, 1976 Draft Environmental Statement issued.

Aug 2s t ll, 1976 Appeals neeting with Tennessee Valley Authcrity to discuss
hydroloqy natters.

Augurt 19, 1976 Tennessee Valley Authnrity letter transmitting Amendment No. 11
concerning of physical protection of the Phipps Bend plant.

Withholding f rom public disclosJre as proprietary infonnation Was
requested by applicant.

August 23, 1976 !annessee Valley Authority letter concerning anticipated transient

without scram for the Phipps bend and Hartsville Plants

August 26, 1976 Issued sumnary of appeals meeting on seismic ratters heid on
August 10, 1976.
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September 1,1976 Order for Special Prehearing Conference issued by Atomic Safety
and Licensing Board. Conference to bt held September 10, 1976.

September 1, 1976 Issued sumary of appeals meeting on hydrology held August ll,

1976.

September 14, 1976 Tennessee Valley Authority letter transnitting Anendment No. 12

to the Preliainary Safety Analysis Peport consisting of mis-

cellaneous text changes, revised responses to Nuclear Regulatory
Comi ssion questions

Septerter if ,1976 Tennessee Valley Authority letter transmitting a revised response

to round-two question 323.17 regarding Sa fe Shutdown EarthquaLe

design acceleration value to be used at Phipps Bend.

Sep t er.ta e r 21, 1976 Order Following Special Prehearing Confcrence issued by the

Atomic Safety and Licensing Board.

Septemtzer 22, 1976 Tenr.essee Valley Authority letter advising of address changes fur

individuals on tha service list.

Sep tert >e r 29, 1976 oclear Pegalatory Conmission letter transmitting a request fo -

Additional Infornation concerning Cuality Assurance.

Septert cr 30, 1976 bclear Per;alatog Ccmission letter concerning fire Protection

Evalu3 tion.

October 21, 1970 iennessee Vallev Authority letter providing a response to %esti-n

413.1 re jarding the qualification of initial test program e"Tlo <ees.

October 27, 1976 Terres sae Vall ej Autr.ori t j letter concerning a schedale for

a r s.e rin ; t F e fire p ro tec t ior. program fcr Ter.nessee Valley

7atrmrity plants.

No ve-t e r 1976 Nuclear Regulatory Cornission letter to all utilities concernin ;

Ind;strial Socurity Plan.

Novecter 15, 1976 Ternessee Valley Authority letter transnitting the 1976 Fower

Annual Report for Tennesse Valley Authorit s

Novecber 18, 1976 Naclear Pegalatory Conmission let.ter req s sting additional
infor~ation - Accident Analysis Branch.

Decerber F, 1976 % clear Pewlatnry Comnission letter rec;arding tre F hipcs Be id

Site Seis" ology.
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Decer.ber 8,1976 Tennessee Valley Authority letter concerning tFe review of
turbine missile risk assessment.

Decerber 17, 1976 Nuclear r egulatory Connission letter concerning fire Protection
Evaluation.

December 23, 1976 Nuclear Regulatory Coamission letter concerning the Phipps Bend
Site Hydrology.

Cecente r 27, 1976 Tennessee Valley Authority letter transmitting Amendment No. 13
to the Prelininary Safety Analysis Report. This amendment
consists of niscellaneous text changes, revised responses to NRC
questions and the information submitte1 by Tconessee Valley
Authority letters, dated 9/16/ 10 El/76,10/26/76 and 11/l/76.

December 29, 1976 Tennessee Valley Authority letter concerning Safe Shutd wn Earth-
quake design acceleration value for the Fhipps Eend site.

December 30, 1976 Tennessee Valley Authority letter concerning the Phipps Bend Site
Hydrology.

January 6, 1977 Tennessee Valley Authority letter advising that two ite > were
erroneously included under the Construction Plant heading in
their June 3, 1976 letter.

March 4, 1977 Tennessee Valley Authority ?etter providing additional information
the central service facili,y substructure, post-preliminarycn

design approval items, and firt stops and seals.

March 15,1977 Tennessee Valley Authority letter concerning site hydrology.

March 16,1977 Nuclear Regulatory Conmissicn I tter concerning evaluation of fuel
handling accident,

March 25,1977 Tennessee Valley Authority 'etter concerning the operating basis
earthquake.

March 23,1977 Tennessee Valley Authority letter concerning flood design.

March 29,1977 Tennessee Valley Authority letter concerning control of exclusion
a re a .

March 31,1977 ,ennessee Valley Authority letter concerning Mark III containment
dynamic loads.
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