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1.0 INTRODUCTION AND r,ENERAL DISCUSSIGN

1.1 Introduction

The Northeast Nuclear Energy Corcany a'.:ing for itself and for the 29 utilities
listed in Table 1.1, filed with the Nuclear Regulatory Comission (NOC or Commission)
an application, docketed on July 12, 1974, for licenses to construct and operate the
proposed Montague Nuclear Pcwer Station, Units 1 and 2 (Montague 1 a' ' 2 or facility).
The above cited utilities have designated the Northeast Nuclear Energy Company as
their ;ent with responsibility for the technical adequacy of the design, construction,
and operation of Montague 1 and 2. The Northeast Nuclear Energy Company and the
29 other utilities are hereinafter referred to as the applicants. The facility will

be located in Franklin County, Massachusetts approximately 3.5 miles east-southeast
of the town of Greenfield, Massacnusetts.

Montague 1 and 2 will utilize the General Electric boiling water reactor (BWR-6) nuclear
stean supply system with the MARK III type containment. The NRC review of the Montague
1 and 2 application was performed in accordance with its custom design review plan.
However, with respect to the nuclear steam supply systems for Montague 1 and 2, since
the applicants have stated that they are the sare as that utilized for the GESSAR-238
nuclear plant and described in the General Electric Standard Safety Analysis Report
(CESSAR) and have incorporated this description in the Preliminary Safety Analysis
Report for Montague 1 and 2, we have relied Dn the evaluation we previously perforred
for the GESSAR application (Cocket No. STN ;0-447).

Sin e the tire the applicaticn was docketed, i.e. , on July 12, 1974, the applicants
have announced No delays, a one-year delay and a four-year delay, in the start of
construction for the Montague Nuclear power Station. Units 1 and 2. The applicants
indicated that this five-yetr delay was the result of a reappraisal of their capital

construction program. The present estimated corrercial operation dates for Montague
1 and 2 are April 1,1986 and January 1,1988, respectively.

We have corpleted our review of this application in all radiological safety areas to
the extent possible at this time. Certain safety ratters remain outstanding. These
racters are described in Section 1.8 of this report. We plan to complete our review

of these outstanding matters, and of any new significant safety considerations that

develop in the interin, during our update re cw. We expect to initiate our update

review about a year prior to when a decision from an Atomic Safety and Licensing Board,
en issuance of construction pemits for the facility, will be needed to permit the

applicants to meet their start of construction date. The applicants have estimated

this date to be in 1979 or 1980. Our update review could tnerefore start as early
as 1978. Since our update review will be completed more than two years from now we

gNYI L(
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TABlf 1.1

LIST OF MONTACUE NUCLEAR F0WER STATION. UNITS 1 & 2 OWNERS

1. The Cennecticut Light and Power Company

2. The Wartford Electric Light Company
3. Western Massachusetts Electric Company

4. Nartheast Nuclear Energy Corpany*

5. New England Power Company

6. Central Maine Power Corrany

7. New Eedford Gas and edison Light (crpany
0 Montaup Electric Corpany

9. Central Verrant Public Service Corporation
10. Fitchburg Gas and Electric Light Company
11. burlingtcn (Vermont) Electric Cepartrent
12. Town of Peading (Massachusetts) Municipal Light Department
13. City of Chicopee (Massachusetts) Municipal Lighting Plant
14. City of Holyoke (Massachusetts) Gas and Electric Departrent
15. Feabody (Massachusetts) Electric Cepartrent
16. City of Westfield (Massachusetts) Gas and Flectric Light Department
17. Town of Shrewst,ury (Massachusetts) Municipal Light Departrent
18. Town of Wakefield (Massachusetts) Municipal Light Departrent
19. Tcwn of South Hadley (Massachusetts) Electric Light Departrent
20. Town of Hudson ("assachusetts) Light and Fower Cepartre .i

21. Marblehead (Massachusetts) Municipal Light Cepartrent
22. Ncrth Attleborough (Massachusetts) %nici"al Light Departrent
23. Holden (Mass 3chusetts) Municipal Light Department

24. Tcwn of Littleton (Vassachusetts) Electric Light and Water Departrent
25. Tean of West Boyl> ten (Massachusetts) Municipal Lighting Plant
26. Ashburhan (Massachusetts) Municipal Light Flant
27. Town of Boylston (Massachusetts) Municipal Light Cep3rtment
28. Paxton (Massachusetts) Municipal Light Departrent
29. Sterling (Massachusetts) Municipal Electric l ? t Cepartrent
30. Templeton (Massachusetts) Municipal Light Plant

+

In addition to being a co-caner of the proposed Mortague Station, the Northeast Nuclear
Energy Cempany is responsible for the design, construction and coeration functions.

0()](p..o-y
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would expect tt * all the outstanding safety matters discussed in this report will

have been resolved. The report we plan to issee upon completion of our update review

should, therefore, describe the resolution of all the outstanding matters discussed

in this Safety Evaluation Peport.

The information protided for our review consisted of the Preliminary Safety Analysis
Peport, including Supplements 1 through 7, contained in Amendments 1 through 14 to
the application. Copies of this report and its amendrnents are available fer public

inspection at the U. 5. Nuclear Regulatory Comission's Public Doc- nt Room,

1717 H Street S.W. , n'ashington, D.C. and at the Carnegie Library, s.enue A, Turners
Falls, Massachusetts 01376.

This report suvarizes the results of our technical evaluation of the proposed Montague

Nuclear Power Staticn, Units 1 and 2 performed by the Comission's staff, and delireates
the scope of the technical ratters considered in evaluating the radiological safety
aspects of the facility. Additional details as to the scope and bases used by the

Comission's staff to evaluate the radiological safety asp cts of proposed nuclear
power plants are provided in the Nuclear Regulatory Comission's Standard Review
P!an, NUPLG-75/087. The Standard Review Plan is the result of many years of experience
by the Comission's staff in establishing and prowlgating standards to enharce the
safety of nuclea facilities and in assessing Safety Analysis Reports. Aspects of the
environmental impact considered in the review of the application in accordance with
10 CFP Part 51, " Licensing and Regulatory Policy and Procedures for Environrental
Prctection" of the Conrission's regulati;ns irplementing the requirerents of the
National Environrental Policy Act of 1969 are discussed in th: Comission's Final
Envirennental Statement which is presently scheduled for issuance in July 1976.

The review and evaluation of the proposed design of the facility reported herein is
the first stage of a continuing review by the Comission's staff of the design,
construction and operating features of Mentague 1 and 2. Construction will be
accomplished under he surveillance of the Comission's Of fice of Inspection and
Enforcement. Prior to a decision for issuance of an c;erating license, we will review

the final design to determine that all of the Comission's safety requirements have
teen met. The facility may then be operated cnly in accordance with tre terms of the
coerating license and the Comission's regulations under the continued surveillanc-
o< the Corrission's Office of Inspection and Enforcement.

Subject to favorable resolution of the outstanding issues discussed herein and
sumarized in Section 1.8 of this report, we will be able to conclude that the pro-

posed Montague Nuclear Power Station, Units 1 and 2 can te cnnstructed and oper'ted
without endangering the health and cafety of the publit. Our detailed conclusions
are presented in Section 21.0 of this repcrt.

qqsw pt@An1.2 Gereral Plant Description ygy

Units 1 and 2 of the Montague Nuclear Power Station wi s t each i ive a nuclear steam

supply system which includes a boiling water reactor of the BWk-6 class with a rated

1-3
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power level of 3579 megawatts thermal. Each system will have 20 jet pumps supplied
by two recirculating water lines, four rain steamlines, and two feedwater lines.
Fuel rods for the reacto' will contain slightly enriched uranium oxide in the form of
sintered ceramic cellets. Some of the fuel rods will contain gadolinium oxide in a
mixture with uranium oxide, also in the form of sintered ceranic pel1ets. The
gadolinium will serve as a " burnable poison", designed to flatten tne power distribu-
tivo and reduce the core reactivity variatio n throughout the core 1;fetime.

The fuel pellets will be enclosed in Zircalcy-2 tubes (cladding) which will be
evacuated, backfilled with helium and sealfd by welding Zircaloy-2 end plugs in
each end. A Zircaloy-4 fuel channel will enclose a bundle of 63 fuel rods in an 8
x 8 array (one fuel rod position will contain a water filled rod). Water flowing
through the core will serve as both a neutron moderator and as a coolant. Movenent
of water and the two phase water-steam mixture through the core will be accomplished
by the driving force from the 20 jet peps (10 per recirculation line), the two
recirculation pumps, and f rom convective forces. Steam from the boiling p- mss in

the reactor core will be separated from the recirculating water, dried in . ;pper

region of the reactor vessel, then directed through the four main steam!1nes to the
turbine-generator system where its energy will be converted into electricity. The
steam will then be exrausted to a condenser located beneath the turbine where the
condensate will be collected and ultimately returned through a clcarup system for
recycling through the reactor vessel and core. The cooling water for the condenser
will recirculate through natural draft cooling towers, with makeup water taken
frcm the Ccnrecticut River. Blowdown from the cooling tcwer, will be discharged to
the Connecticut River.

The reactor ccolant pressure boundary will include the reactor vesses , the recircula-
tion lines, main steamlines, feedwater lines, and brarch lines to their outermost
isolation valves. Enclosing the rcactar coolant pressure boundary (except for
certain penetraticn lines) will be a reinforced concrete cylindrical structure
(drywell). Enclosing this drywell will be a free-standing steel cylindrical struc-
ture (primary ccntainment). Enclosing the primary containment will be a reinforceti
concrete cylindrical structure (shield building or secondary containment). The
function of the drywell is to force most of the steam released during a postulated
reacto' coolant pressure boundary break, through the suppression pool located at the
bottom of the primary containment thus condensing the steam and limiting the
pressure buildup below the primary containment's design pressure of 15 potnds per
square inch gage. Piping restraints will be installed within the containment to limit
the movement of piping during postulated post-rupture movement (pipe whip) so that
safety related components and systems are apprcpriately protected. A hydrogen control
system will be provided to maintain t,e concentration of hydrogen.within an acceptable
range for the duration of all postulated accidents. Short ts , hydrogen buildup
in the drywell will be controlled by a mixing system which will mix the relatively
small drywell volume with the much larger primary containment volume. Long term

..jdrogen buildup will be controlled by hydrogen-oxygen thermal recombiners.
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Isolation of the primacy containment will occur wherever there e ists a potential
for the uncontrolled release of radioactivity.

The reactor protection system will provide the means to protect against conditions
that may cauce fuel failures cr a breaching of the nuclear system process barrier.
This system will initiate a reactcr scram following an abnormal operational transient

or pressure pulse, cr tclicwing a gross fi lure of fuel or of the nuclear systen pro-i

ceos barrier. The reactor protection system will be a highly reliable system designed

to meet the requirerents of the Institute of Electrical and Electronics Engineers

Standard-279.

The primary contairrent will house the reactor and its pressure suppressinn system.
The auxiliary building will house the engineered safety features' auxiliary equipment.
The fuel builcing will hcuse the fuel storage and shipping areas. Operation of the
standbv nas processing systems will produce a negative internal pressure such that the
atmosphere within the shield, auxiliary, and fuel buildings will be filtered and

discharged via these syste's to the plant vent. Other structures such as the turbine
building, diesel-generator building, control building, radwaste building and the
standby cooling towers are described in the a;propriata sections of this report.

Engineered safety features will pro"ide the capability to contain fission produc's

assumed to be released during a nypothesized design basis accident to restrict radio-
activity r eleases to acceptable levels, provide for heat removal for erergency core

cooling, and condense steam within the contcinrent. Details on these engineered
safety features are presented in Section 6.0 of this report.

The radioacti se waste managerent systems will collect, treat, and dispose of radiu-
active waste in a controlled and safe ranner such that the discharges from the facility

will be as low as practicable in accordance with the requirements of 10 CFR Part 50

and well within the limits of 10 CFR P rt 20. Gaseous waste disposal systems will

provide for collection, nenitoring, purification, and holdup of noncondensible radio-
active gases ce suspended radicactive materials. DJring our review of the final
Safety Analysis Report, we will establish technical specifications that require

gaseous ef flutnts to be maintained at acceptable concentration levels before release
from the plant's exhaust, which is located un top of the chield building, Liquid

radioactive wastes will be collected, acnitored, and processed to assure that releases

to the Connecticut River will be within allowable limits. Solid wastes will be
collected, drunred, and shipped to Concission approved offsite burial grounds.

1.3 Interaction Between Units 1 and__2

The Montague 1 and 2 is a two unit facility which has been desigred for nearly
corplete separation of critical safety-related equipment and systens Units 1 and 2
will share two standby cooling tcwcrs. Each standby ccoling tower will consist of
four independent cells with one fan cer cell, all supported above a connon water

storage basin. The twv standby cooling towers will be sized such that each is capable
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of supplying the required cooling capawity for a design b3 sis accident in one unit and
a simultarcous safe shutdoan and cooldoan of thc Other unit. CoJmeCticns will te
provided such that the Unit i standby cooling tower w3ter storage basin can si 'ulta-
neously supply the standby service water pump suction wells fcr bo'l Units 1 ard 2.
The same situation will exist for the Unit 2 standby cooling tower water stcrage
basin. The four f ans in each standby cooling tower will be electrically arranged in

groups of t wo. There are three standby diesel generators for each unit of the facility
one of which is used solely for the high pressure core spray.

Cre group of fans (Division 1) In the Unit I standby cooling tcwer will be supplied
f rom one of the Unit I standby diesei-gererators (Division 1). Similarly, one group
of fans (Division 2) in the Lnit 2 standby cooling tower will be supplied from the
other Unit 1 standbj diesel generator (Division 2). The sare logic will hold for

the Unit 2 standby cooling tower fans. The Unit 1 and Unit 2 standby service water
syste-s will have the capability for discharging to either the Unit 1 or Unit 2
stardby cooling toner.

The radwaste systen for treatment of licuid and solid radioactive wastes will be
shared. Descriptions of these systems are provided in Section 11 of this report.

The operating organization fcr the proposed f acility will provide for coaron r.anage-
rent, service, and technical functions.

Based on our review of the interactions tetween the shared >ysters of Units 1 ard 2,
se conclude that they will not compromise the safety of either unit and are, there-

for e, acceptable.

l.4 Co carison With Similar Facilities

Many of the design features of the proposed facility are similar to those of BWR
plants previously reviewed and approved and rcw under ccnstruction. To the extent
feasible and apprcpriate, we have made use of our previous evaluations daring our
review of those features which are substantially .he sa e as those considered for the
earlier plants. Where this has been dore, tre appropriate sections of this report

will include the identification of the other facilities involved. Dur Safety Evalua-

tion Peports for these other facilities are published and are available for public

inspection at the Ccnnission's Public Document Poom at 1717 H Street, N.W. , Washington,

C.C.

A listing of the principal parareters and features of Yontague 1 and 2 is presented
in Ta bl e 1. 2. The table also provides the corparable features for the River Bend

(Dacket Nos. 50-458/459) and Perry (Occhet Nos. 50-441/dd2) plants. These plants were
chosen for corparison since they have similar SWR-6 reactor and Park III containrent
designs.
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TAL 1.2

C . '. : !i l T- ' i TE;5 , ._ FEATU tL: " _ '.T Ail IC CL"v Aa AC; t ? L A .!5e e

Pa rr eter cr F ea ture " r t 3 se I L R t tr BW lk Perry 1C2

Pated Ther*.31 Pcwer (r ep.,2 tt s the r .a l ) L/) mm b/>
' esign Thernal Four (r + watts tn.:r al; 37.- x;) 3 7 L-:

'et Electrical Oatput (r t ;3 atts trar r ai) Icz. jja lic:
i

Stea flc Fate (po,r. , ;er h; r) 15,J;t,CCJ 12,451,0vu l L , j it> , C0J

Core toolant Flc h a te (; _r~, per ha r) 105,;0J,0;] 4,w0,vCO les,uc0,c00

f eedwa ter Ter 4 +. ra t Jre (tegre es Fa trenr.e i t ) ,J: 4:0 CD
Se r r>a l S t + . Fress re (p a per ,,aare IU4J 104j IC40

ino atecs r re;

Separator + s 1 ;n inle t .,a l i t, 14., 14, 14 . _, ,;

(percent;
a, e r o f .g ae> ,nt clic,

.
-

a, ,

a
-,

_

o ter cf v..3t.le e trol m , l!, las 177

Reactor '.essel iesi p Frry fc 1;;, l<, 1;a

(; uunn ;er spare inch p je,
f eactor vezel M si;n a7. 070 .7

Ie~ pera ture ( ;e; rec s F u r rte reit:
Feattor , sst! Insia a ilt .: L

C l a.I c t e r ( i r:; Les )

wa c t o r ', t s s e l Irside ntiyt ;v cr . LJ
(inchesj

Ler of et i rc ula t ir n Lca s.. & c

c i rc al a t i r:) iara Flca hat a s, s] 3 2,3 r; as,4;J

Recirculaticn Lc ,. InsiJe ci/ 4 m2 cum-
via ett (irt+1 ,

a ter of a . JJ cb 20>

'u ter cf E tea nlires 4 , ,

Steamlire li si@ Direter (irtos) 16 24 Jt

A; ter et Core Spray Mar;ers* 2 < ,

High Pressure Core St ray * * 14tL 1130 132; '1130 14a +113J
Syste- (<pilons per ninate at pc nds er tC0u .00 5010'J00 (C;v'::0

s ;uare incri dif ference)

Pan.p Moti,e Type votar "ator 5'a t c r

(Sepa ra te < -0) (Separa te D-G) (Separate e-3)
Low Press re Core Spraj'* 6000;1 2 501L/1i9 t0&l22

Systen (gallons per minate at ;ceds per
inch difference)

Low Pressure Coolart Injection Systen
.acter of F arps 3 3 3

ficw Rate (g3llons per minute at pounds per 7100120 5050 TO 71C0020

square inch difference)

.

Separate Core Spray for the High Pressure Core Spray System and the Lew Iressure Core Spray Syste-
*.

Trie High Pressure Core Spray Systen serves as a redandant Low Pressure Core Spray System
1-7
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TABLE 1.2] Cont'd)_

Parar:eter or Feature Nnta%e 1%2 River Pend l'.? Perry 1&2

Narber of Autoratic
Lapressurization Systers 1 I 1

Fesid;al Fest P ?r: oval aystem

N;nber of Pu:rps 2 2 2

Flow Fate /rurp (r;a'.lons per minutes per 7100 5050 7100

p rps)
Duty (British thernal .. nits per 45,000,000 35,000,000 45,000,000

Heat Exchanger)

Average Power 56.0 56.0 56.0

Faxir r Pesign Linear Pcwer 13.4 13.4 13.4

(kilcaatts per foot)
Maximur Feat Flus (Eritish therral units 354,100 354,100 354,1C0

per square foot)
Maxim e U0 Terperature (degrees Fahrenheit) 3325 3325 3325

2
2 2111 21 _'.211Minic t.n Critical P wer Fatio

Total Feaking Factor 2.22 2.22 2.22

8x8 Ex8 8xR
fuel Pcd Array

(63 fuel rods) (63 fuel rods) (63 fuel rods)

Fuel Fed Diar:eter (inches) 0.493 0.493 0.493

-
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1-8

y y ,7
.

Y
L L-



1.S !dentification of toents and Cnntractors

The General Electric Company will furnisn the nuclear steam supply syster and
turbine generators for "entague 1 and 2, including the first fuel loadings For

those itens of the facility within its scope of work, Ccneral Electric is acting as
its own procurerent agent.

Stone & 'aebster Engireering Corporation is the architect engineer and constructor.
In this capacity they will be performing all of the architectural and engineering
wcrk, which includes the preparation of engineering specifications and design of all
systems and corponents not supplied by General Electric. Stone & Webster Engineering
Corporation will also construct Montague 1 and 2. In addition, they assist in the

preparation of all license documents.

Other consultants ret 3ined by the applicants to perfern or verify design concepts
for the facility are identified in the Prelinirary Safety Aralysis Percrt.

1.6 S u r._a ry_ o f F r i nc ip a l Ee_v i ef Matters _

This Safety Evaluation Pepcrt sumarizes the results of the tecnnical evaluation of

the proposed Montague 1 and 2 facility perfornwd t'y the Co m ission's staff. Our
evaluation included a technical review of the information ard data subnitted by the
appli ants with emphasis on tne followirg principal matters:

(1) ne evaluated the population density and land use characteristics of the site
environs and the physical characteristics Cf the sitc, including seismology,
reteorologf. geology, and h drology to determine thct these characteristics ha jy

been adequately described and were given appropriate consideration in the plant
design, and that the site characteristics nere in accordance with the Corrission's

siting criteria (10 CF7 Part 100) taking into consiaeration the design of the
facility, in luding the engineered safety features that are provided.

(2) We evaluated the design, fabrication, construction, testi'g, and t gected per-
formance of tFe plant's structures, systems, and c r ponents irportant to safety

to determine that they ure in accordance with the Cornission's General Cesign
Criteria (GDC). Other apLeopriate codes and standards, the Corrission's jvalityr

Assurance Criteria, and other appropriate gJides have teen identified and found

acceptable.

(3) We evaluated tre expected response of the facility to various anticipated operat-
Ing transients and to a broad spec *run of postulated accidents, including high
energy pipe failures cutside the containment, and determired that the potential
consequences of a few highly unlikely postulated accidents (design basis acci-
dents) would exceed those of all other accidents considered. We perforred con-

servatite analyses of these design basis accidents to determine that the cal-
culated :otential offsite doses that night result in the very unlikely event of
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their occurrtrce w0ald be well within the Corrissicn's guidelires for site
accettability as gisen in 10 D R Part 10).

(4) We eval ated tre a;clicarts' plars fcr the ccrdat of plant cperations, includirg
the argnizaticral structure, the tecnnical qualificaticns of carating and
technical s 4 port perscrnel, the reasures taken for indsstrial security, and the
plarning for actions to te taken in the valikely event of an accident th3t right
effect the general psblic. Our evaluation in this area W3s dcsigned to do'_c rrire
that the applicants are technically r;ualit:ed to g erate the facility an1 bas
established ef fective organizations and plans for safe cperation cf the tacilitj.

(b) We e.aluated tre design cf tre syste s provided for ine control of the radio-
ic;ical ef fluents f ro- the plant to deterrine that tr ese systers will te able
to ccntrol the relene of rad 10 active wastes within the limits of the Comission's
rerlaticrs at scecified in 10 CF; Part 20, ard t"3t the plant will te c;erated
in sah a rarner as redae radicactive releases tc levels that are as lcw

r riss icn's repla tions asas is reasorably achievable in accordance with the c

specified in 1C fi? Ta rt 5J.

(C) p are evaluatirr the firarcial data and infceraticn provided by tFe 3pplicants
as recaired t, tre Cemissicn's regulaticrs (Sectica 50.3?(f) of 10 CFR fart 50
and nerdix C to 1C UR Fart 50) to deternire that tre applicants are finan-
ciallj c;31ified to design and ccrstruct tne crocosed f acility. We will report
tre results of our esalaation in a succle ent to this Safety Evaluaticr. t; ort
prior to vansiPaticn of this ratter in the cablic Fearina.

'x to this report) were teldL rir; cur resiew, a orter of reetirgs .see 4 peri
.ith representatives of tre applicants and the a;plicants' ccrtractors and ccrsultants
to discus; varicus technic 31 m3tters related to the facility. We &lso visited the
site to assess specific safety ratters related to the ';ntague ' oclea r Pewer S ta tion.
A r rter cf changes to the facility desi;n were ;roposed by the applicants to
reduce the probability of accidents and to tetter mitigate the consequerces ir tre
event an accident dc% occur. We revieaed t*ese design rodifications ard fo/d
tbe- to be acceptable. S;ecific details are prcsided in aTend*ents to t* e Fre-
liminary Safety Aralysis Peport and in apprcpriate sections of this re;;rt.

l.7 Recuirerents for Future Tecanical Inf erration

recent a;plicatiCrs fcr construction permits for the BWO-6DJring our rt liens C#
class of boiling water reactors, inclcding tre application for the GESS M -23R
Standard 'uclear Island Design, we have identified certain de<eloc m progra~s that
are applicable to these 1 f cerse applications, including the "ontague 1 and 2
applicaticn. A listing of these progra s is pro;ided toica. sg'j'OM

(1) Fuel surveillance progr n (Section 4.2.1)
Instru entation for vibration and loose parts detectien. (Section 4 E)(2) r

n1-10 ,q- ~
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(3) Safety relief vaive surveillance program. (Secticn 5 2.2)
(4) Verification of the Mark III pressure sgpression design. (Secticn 6.2.1.5)
(5) Mark !!! sug ressicn pool dynamics. (Sec ticn 6. 2.1. 6 )
(6) Core spray distribution. (Section 6.3.1)
(7) Study of effects of relief salves blcad%n during various omratin.; ce iditions.

(Section 6.2.1.6)

Ibe above listed programs are aired at verifying the design for the rg le3r stear
supply system for tre EWR-6 : lass of coiling water reactors and the desigr for the
Park !!! containment, and for confirming the associated design margins.

Based on our reviea, we conclude that tne applicants have identified and will have-

perfor ed the developrent program necessary for the design and safe operation of
Pontape 1 and 2 on a timely schedule, and that, n the event that results of acy ofi

this work are not successful appropriate restrictions < operations can be imposed
or proven alternate designs can be utilized to protat the health and safety of the
public.

1.8 Outs tandinL a tte sM

As a result of the applicants' dela_ of the anticipated date for the start of con-
struction to 1979 or 1930, we have identified certain ratters for which our revi(w

dnd Conclusions are to te eeferred to a date closer to a decision on issu2nce of the
construction pernits f or the fucility. These iters are:

(1) Evaluation of the applicants' financial qualification (Section 20.0).

(2) Inspecticn by the 'iRC's Cffice of Inspection and Enforcement for implementation
of the applicants' Quality Assurance program (Section 17.0).

Approximately one year prior +.o a decision on issuance of the construction pernits
fo Montague I and 2, the NRC staff will initiate an update review of the financial
qualifications of the applicants and any new or generic ratters which have safety
significar.me in the design of Montague 1 and 2. Item 1 above will be addressed in a
supplement to this repcrt prior to a decision for issuance of the construction permits.
Item 2 above will be completed when the procurement of equipment covered by the
applicants' Quality Assurance Program has bee" initiated.

We have identified certain cutstanding matters for which our review is not yet cor-
plete 0; the applicants have not provided an acceptable comitnent at this tine.

Based on our review of these matters there is reason 3ble 3ssurance that resolution
by design modification or by establishment of design criteria, will not have a
significant impact on tne design of safety-related systems, structures, and equipment
already reviewed and found acceptable by the NRC staff. We will require resc:ution

-Y
of these matters prior to a decision for issuance of Montague 1 and 2 construction *

7permits. The items in this category are: <

___
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(1) Evaluation of the Anticipateo Transients Without Scran ( ATW!) generic resolution

for Ear s (Section 7.2.1).

(2) Erergency Plan interf ace with Conrcrwealth of Massdchusetts agercies (Section

13.3).

(3) Evaluation of reactor vessel shield wall and reactor vessel supports (Sect'70

6.2.1.3).

In addition to t*e above catters, we have identified certain outstanding items r' .ch

were identified and discussed in our "GESSAR-233 Suclear Island Standar9 nesign"

Safety Evalua+ico Peport, NUREG-75/110, dated December 1975. Thcse issue ai30

apply to the Montagse 1 and 2 nuclear stedn supply systen. We are c' nc'ouing to
review these cutstanding items with the objective of obtaining satisfactory resolu-

tion for each iten. The results of our review and the final resolution for each of
these itens will be documented in a suppiercnt to the above cited safety evaluation

We reautre that our review cn all of these Outstanding natters be completedreport.

and that acceptable resolutions for each iten be documented prior to a decision on
issuance of construction permits fcr Montague I and 2.

The following is a listing and the review statue ;f these outs'anding iters as of
the writing of this report:

Il % reed to eit..ar upgrade the design classification to seismic Category I for
the ccoling water piping to the recirculation purps, or provide an analysis to
show f ailure of the recirculation pump seals will not result in excessive
leakage. This ratter is still outstanding. (Section 3.2.1)

(2) Provide for testability of the autonatic depressurization systen under operating
conditic^s. We expect this matter to be resolved by mid-1976. (Section 7.3.1.2)

(3) The staff has completed its review of the design of the turbine trip sy; ten and
the associated logic, and has found then to be acceptable. Hcwever, the analysis
and consequences of turbine trip events are still outstanding. (Section 7.2.2)

(4) The red control and information systen design has been submitted by General
Electric and is currently under review. (Section 7.6.1)

(5) Resolution of the staff concerns regarding the use and application of austenitic
stainless steel in the GESSAR-238 nuclear stean supply systen is dependent upon
further information to be supplied by General Electric. (Section 4.5)

(6) We will require thet General Electric provide a detailed description,,a schedule
anc' a connitrent to implerent the fast scram test program. (Section 15.2.2)

n-q p. .g d d ,' v Jtv
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(7) We will reouire that the GESSAR-233 application te updated to reflect the current
status of the General Electric resolution to the issue of single tailure pro-
tection for the residual heat removal system during shutdown tooling cperations.
(Sections S.4.E ard 7.3.1.3)

(8) We will require that General Electric provide diverse interlocks on the low
pressure core spray and low pressure coolant injection systers of the GESSAR-233
nuclear steam supply systen to prevent the injection valve from opening in the
presence of unacceptably high reactor pressure. (Section 7.3.1.3)

(9) We have corpleted our review of the environrental and seismic qualification
design criteria for the '. aSAR-238 nuclear steam supply systen and have found
them to be acceptable. However, documentation of the results of our review is

still outstanding. (Sections 3.10.2, 7.8 and 7.9)

(10) The seismic classification of the safety-relief valve piping to the suppression
pool discharge is still outstanding. We will require the pioing to reet the
requirerents specified in Regulatory Guide 1.26 - Quality Group Classifications
and Standards for Water-Stean-and-Radioactive-Waste-Containing Corponents of
Nuclear Power Plants, and General Des 1gn Criteria 1 through 5 or demonstrate
that the ccnsequenca; or a io..., d.,,ipir. a r r- acceptable. (Section 6.2.l.6)

(11) We will requi.e the dynamic system analysis for the Safe Shutdown EarthqJake

loads coincident with a steam line break to assure loads on +he reactor internals
are accep.able be prcvided prior to the decision on issuance of Montague 1 and 2
constru tion permits. (Section 3.9.1.4)e

(12) We will require the five topical reports discussed in Section 4.3.7 of this re-
port be s M itted, reviewed, and accepted prior to a decision on isst3nce of

construction permits.

We require that all of the above ratters be acceptably resolved prior to a decis. on

issuance of construction pernits for Montague 1 and 2 and will report the results of
our review in a supplerent to this Safety Evaluation Peport. The present schedule
for resolutien and docu-entation of the above twelve items is late 1976.
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2.0 SITE CHfRACTERISTICS

2.1 G g raphy and De oy aphy

The Montague site is located in the northern region of the town of Mentague, Franklin

County, Massachusetts which is corprised of five distinct conrunities, Turners Falls,

Millers falls, Lake Pleasant, Montague Center and Montague City. The rcactor site is

1.2 miles south-southeast of the village of Turners Falls (population 5,168), 1.5
miles west-southwest of Millers Falls (population 1,166), and 3.5 miles east-southeast
of Greenfield (population 14,642). Figure 2.1 (Prelininary S<fety Analysis Peport
Figure 2.1.3-1) shows the reactor location with respect to the surrounding centers of
Lopulation. The 1900-acre site is owned by the applicants who thereby possess the
requisite right of control over the activities within the exclusicn area.

Fiqure 2.2, ta an fron a U.S. Geological Survey Map of Montague area, indicates the
site to be in a hilly terrain with elevations ranging between 300 and 560 feet above
rean sea level.

The applicants have specified a minimur. exclusion radius of 2,674 feet (816 reters)

from each of the two units as shown in Figure 2.3. The s vlicants have specified a

low population zone of 2.5 miles (4,022 r,eters). The nearest perranent residents are
approximately 1290 r:eters rirtheast of the reactors. On the basis of a conparison of

the site suitability information subnitted by the applicarts regarding population,

read network, and land use factors within the proposed low population zone for the

Mcntague 1 and 2 with simi ar characteristics of previcusly approved sites, we find

that there are no factors which would preclude the development of adequate emergency
reasures to protect the public therein, provided prorpt notification is rade to those

persons located in the near vicinity of the site boundary, e.g. , in the towns of

Millers Falls, Lake Pleasant, and Turners Falls (see Se-tion 13.3). We find that
this prompt notification, in the event of a serious accident with radiological conse-
quences, is C tible and that the associated reasures car be developed during the

operati- 3 license stage of our review.

Figure 2.4 shows the cumulative population projected for 1980 and for 2020 around the
Montague site. The 1970 population within the low population Zone is about 4,476
using the 1970 census figures, which agrees with the applicants' figures. The nearest
population center (as defined in 10 CrR Part 100) with a present population exceeding
25,000 is Northampton, Massachusetts, 15.5 miles south-southwest fror the proposed
nuclear plant site. The applicants have specified a low population zone of 2.5
riles. In the event that Greenfield, Massachusetts (current populaticn 15,000)

should reach 25,000 persons or more and thus become the population center as defined
in 10 CFR Part 100, the closest boundary of this population center to the facility

Crr* m r<>57 4 (3 <j,.,/sy g2-1
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would te aboo' 3.3 niles due to the location of the Rocky Mountain Park and the
This possible future population center distance of 3.3 c'ilesConnecticut . ,er.

would still be further than approximately one and one-third tir.es the low population
zone distance of 2.5 miles and would comply with the 10 CFR Part 100 gJidelines.

The applicants predict that the population within a 50-mile radius will increase fron
a 1970 population of 1,741,221 to 2,419,337 in the year 2020, an increase of 33
perceC The population projections of the Bureau of Econ;mic Analysis (BEA) for
Economic Areas 4, 5, and 6 (Figure 2.E| are for a population increase of about 35
percent which is similar to the applicants' estimate.

The Connecticut River flows in an east to west direction about 1.6 miles northwest of
the site. At the present time, the land bordering the Connecticut River is lightly
populated with only two significant population groups at Creenfield and Turners
Falls. There are three najor employers within a five-mile radius of the site w ho
employ a total of approximately 1500 people for three shif ts The Connecticut River

is used for pleasure beating, water skiing, fishing, and swirrning. There is no
corrercial water transportation on the Connecticut River in the vicinity of the
Montague 1 and 2 due to the presence of d3ms (without locks) which preclude river
traffic. Fishing activities on the Connecticut River near the site are cocprised
only of sport fishirg. There is no corriercial fishing within that stretch of river
bet een Turners Falls and Holyoke Dam. The public facilities within the 2-l/2 mile
icw population zone include nine schools with a current enrollment of about 2,900
students.

Forests, private, public and semi-public, co prise about 80 percen of the land use
in Franklin County. Fesidential and manufacturim; use are two percent and one percent,
respectively, with farm lands (cultivated and open land) totaling approxi7tely 14
percent of the total nurber of acres in Franklin County. Pecreational land and water
use in the area of Montague i and 2 consists of boating, fishing, hiking, ca ping,
swinning and snorrobile usage. There are a number of recreational areas within a 10-
mile radius of the site. When considered on an annual basis, the average nu-ber of
transients using recreational facilities in the site vicinity is not significant.

We ccnclude that the land and water uses have teen adequately considered by the

applicants and are not critical with respect to the operation of Montague 1 and 2.
Co the basis of the applicants' specified population center distance, nininun exclu-
sion area, and low population zone, our analysis of the cnsite meteorological data
frr 1 which atmospheric diluticn factcrs were calculated (Section 2.3 of this report),
and the calculated potential radiological dose consequences of design basis accidents
discussed in Section 15.0 of this report, we conclude that the proposed exclusion
area, low population zone, and population center satisfy the requirecents of 10 CFR
Fart 100 and are, therefore, acceptable.
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22 barhj Indu s t ria l , T ranspor ta ti_on. , and Militarv facilities

There are nine tank farrs for gasolina, fuel <il, and prepano located in the three to

five-mile annular area from the plant c ite. These tank farms are at d iufficient

distance to [. mclude a hazard to the proposed nuclear facility.

TN Rostcn an j Maine Railroad has a line that passes approxir:ately 1.4 "iles so;t h
and east of the site. The Central ',ermnt Railroad has a lirn that .c in a north-

saath direction on the eastern side of the Connocticut River at out 1.4 niles fron t he
proposed nuclear plant. Figure ?.3 shows the transsortation routes within a three-tile

radius of the site. A four-inch dia~eter low pressure (25 pounds per s;;are irch-

g He) q3s pipeline passes 1.5 miles from the plant site. Eased on the distanc >

invn ved for these routes, we conclaje that transportation accidents involvir, fl e -

m ble q)ses shipp d bi these roans will nat , resent a razard to the uf ety of the

preposeJ racloar plant.

Tre site proposed for Monta pe l and 2 is witnin a mile of the end of tre runway at

t** Turnors Falls %nicipal Ai r; crt. This is 3 general aviation airpart used prirart:y

for instrusticn flights and for rental nd sales c;erations. The t ; wij is M feet

b / h feet, paved wi th an asphilt surface, end with a 3 0/l(0 degrees erientation.

Al thor;n tne airpert is c)pable of handling up to 30,000-po nd airtraft, visual

suraillance of eper3tions t>y the applicants toturen Dece,xr 1473 and Octuter 1974,

strwd that ro aircraf t of cwer 12,500 pound gross neir;ht utilized the airpcrt.

Tho applicants N a prcposed to design all safety related structurcs of Notau se 1

Ind 2 to withstand t"e i"pict of an alrrraf t weignin3 up ta 15,T 1 puunds

IFe presMt and ;rojected traffic at the Turrers Falls Airport is repcrted in ipperdix G
of the Prelimin3rj Safety Aralysis Report and indicates that W percent of the cpora-
*icns (landings cr t3keoffs) during 3 three renth surveillance period aere in a
neight class of less tnan 5,000 pound, A irdicated abwe, no cperations of air-

cra f t weir:ning more than 12,00 pounds were observed between December 1973 and

e tcbor 1974 In a recent letter fren tra Turners Falls Airport, we were inforred
that a Lockheel 18 " lodestar" with a r.a xi=um weir;ht load of 13,503 pounds is currently
stationed at this airport.

0;r criterion reg 3rding the design of a nuclear reactor f acility near an airport
requires that the prcbability of an aircraft stribe on the facility which could

result in radioloqical consequences greater than 10 CFR Part 100 quidelines be less
than ene in ten million per year, and that the facility t,e Nrdened to protect safety
related structures for aircraft which have a strike probability greater than cno in
ten million per year. Eased on our analysis, we find that our criterion is satisfied

for Mantague 1 and 2 as long as there are not rare thin about one hJndred operations
per year of those aircraf t weighing greater than 15,NO pounds. W will review this
matter again prior to corpletion of the construction permit stage of our review to
assure that the prcbability of one in ten million Der year for aircraf t weighing
greater than 15,000 pounds is satisfied.
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2.3 Meteorolon

Inforration concerning the atrospheric diffusion characteristics of a proposed n; clear
power plant site is required in order that a deternination may be made that postulated
accidental, as well as rnutine operational, releases cf radioactive materials are

within f,RC guidelines. Further, regional and local Climatolcgical inforration,
including extremes of climate and severe weather occurrences which ray af fect the
safe design and citing of a nuclear plant at a proposed site, is required to insure
that safety-related plant design and operating bases are within NRC guidelines. The
reteorological characteristics of a proposed site are determined by the staf t's
evaluation of reteorological informtico in accordance with the proced;res presented
in Sections 2.3.1 througn 2.3.5 of the UWC Standard Review Plan , NUREG-75/ C' 7.

2.3.1 Regional Clinatolo2

The applicants have ;;ronded a suf ficient description cf the regional reteorological
ccnditions of igorta'ce to the safe design and siting of this plant.

The climate of northcentral Massachusetts is continental in character, with a large
annual range in terperature and freq;ent, soretir.es rapid, weather ch3nges. Winters
are long and cold while sum ers al. short and warm In surrer, raritir e trcpical air

rasses with origins over the Gulf oi Mexico or Caribbean Sea pr drinate over the
region. Durir.g the other seasons, contirental polar air nasses from Canaj3 are "Ost

frequent over the region. Temperatures of 90 degrees Fahrenheit or higher ray te
reached on abcut 10 days arnually over this region while temperatures of zero Mrees
Fahrenheit or lower nay be expected on ses en days. En 150 days annually, terrerature

of 32 degrees Fahrenheit or lower nay be e,pected. Precipitation is well distributed
throughout the year, averaging about 50 inches annu3lly. During t h e s u'*r e r , precipita-
tion occurs rainly as showers or thundershowers, while daring the other seasons
precipitation rainly occurs as rain or snca associated with large-scale migratory
storn systems noving across the region. On an annual basis, relative v idity averages
around 70 percent.

Severe weather occurrences at the Montague site are associated mainly with o n ce
thurderstorrs or with intense, large scale winter storn systers Tropical storrs or

hurricanes infreq;er.tly affect the site. During the pericd 1955-1967, twenty-eight
tornadoos were reported within the one degree latitude-lcngitude square containing
the site, giving a rean annual frequency of 2.2 and a co puted recurrence interval

for a tornado at tne plant site of 580 years.

There were IC ceports of h3il three-quarters of an inch in diameter or greater in the

one degree latitude-longitude sqJare Containing the site daring the period 1955-1967,
ard 27 wind storrs with wind speeds of 50 knots (58 miles / hour) or greater. Twonty-two
tropical storms or hurricanes have passed within 50 niles of the Montague site dJring
the period 1871 through 1972. The maxirum fastest mile wind speed recorded at Worcester,
Massachusetts, 40 niles southeast of the site, is 16 miles / hour. At Windsor Locks,
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Connecticut. 45 niles south of the site, the axinum fastest mile wind speed recorded

is 70 ni!es/ hour. Freezing precipitation ray be e=pected to occur once or twice each
winter in the vicinity of the site ar.d one severe ice storn (accumulation of coe irch
cr rore) every five years. Hiqh air pollution potmtial (air stagnation) can be
expected to occur en two days annually.

The design basis tornado used for the plant, with a maxirun wind speed of 3f C riles /
hour consisting of a rasimun rotational wind speed of 290 miles / hour and translation 31
wind speed of 70 miles / hour, a maxinum pressure drcp of 3.0 pounds per square inch,
and a ruinun pressure drop rate of 2.0 pou ds per square inch /seconj, conforrs ton

the reconrendations of Regulatory Guide 1.76, Design B3 sis Tornado f or Oclear Power

Plants, and is sufficient for the area of the country in which the plant is located.
The design basis wind is a sustained (fastest mile) wind speed of 90 riles / hour at a
height of 30 feet with a return period of 100 years. We conclude the design basis
tornado and aind are acceptable for the Pontague site.

2.3.2 Local Peteoroiry

The applicants have provided sufficient infor"ation for us to make an evaluation of
the local reteorological conditions of irportance to the safe design and siti n of
this plant.

Long-term weather records from Worcester, Massachusetts show that extre~e maxirun and
mininum temperatures of 102 and -24 degrees Fahrenheit, respectively, nave been

recorded there. At Windsor Locks, Connecticut, the extrere maxiru- te"perature of

record is 102 cegrees Fatrenheit and the extrere mini u- temperature is -26 degrees

Fahrenheit. The naximu- 24 hour rainfall amount of record at Windsor Locks is 12.1
inches and at Wcrcester is 8.7 inches. The r.aximum 24 hour snowfalls recorded at
Warcester and Windsnr Locks are 24.0 inches and 19.0 inches, respectively. Weather
records fro- Turrers Falls, covering a shorter period of record, show that extreme
r.aximum and rinin;n terperatures of 103 and -30 degrees Fahrenheit have occurred.

The raximum 24 hot.r precipitation total recorded at Turners Falls is 4.61 inches, and
the naximum 24 hour snowfall total is 15.0 inches. Thunderstorrs may te expected to
occur on about 25 days annually in the site vicinity and heavy fog (visibility one-
quarter mile or less) on approxinately 50 days. Wird data collected at the 33 foot
leval onsite during the period April 1974 through harch 1975 show that the predoninant
wind flow direction over the site at this level is from the north-northeast, with a
frequency of 11.5 percent. Winds from the east-southeast occurred least frequently
(1.1 percent).

The 70 pounds / square foot weight of snow and ice on the ground u>ed as the design
basis for weights due to snow and ice on the roof s of safety-related structures for
the extrere environmental condition is considered to be sufficient for this site.
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2.3.3 Cnsite Meteorologic;.1 "_easurerents Program

The onsite reteorological reasure ents prcgram has been corpared with the recorrenda-
tiens and intent of Regulatory Guide 1.23-W :te Peteorolcgical Frc<; rams. The staff
concludes that the reteorological reasurements progen has produced data which, in
turn, hase been surrarized to pruvide sufficient meteorological descriptinn of the
site and its vicinity for the purpose of making atrospheric diff upen estimates for
accidental ard routire airborre releases of effluents from the nuclear facility.

A 500 foot high reteorological tc er, erected onsite 7,700 feet south of the proptsed
reactor site, became cperational on September 1, 1973. Wird speed and direction,
te ;erature, and dewpoint are reasured at the 33 and 434-foot levels on the tower.

In addition, wind speed and direction are reasured at the 150 and 325-foot levels and
visibility at the 15-fcot level. In July 1975, additional wind speed and direction

reasuring eouipment was installed at the 70-foot level. Vertical terperature differ-

ence reasurements are made tetween the 33-foot and 494-foot levels, betoecn the 33-

foot and 325-foot levels and bet.een the 33-foot and 150-foot levels. Solar radiation
f rom the sky is ricasured at the 33-foot level. The system conferrs to the recorrenda-
ticns of Pegulatory Guide 1.23 - Onsite Meteorological Programs.

Although data collecticn began cnsite in Eepte-ber 1973, sandalisr> at the reteoro-
logical tcser ir late February 1974 resulted in the lo s of a considerable amount of
dat3 extending well into Varch 1974. The recovery rate for the initial year of data
provided by the applicants therefcre, was telcw the recomrended 90 percent. Subsequent-
ly, the applicants ba se acaired a secord full year pericd of data, collected from
April 1974 through March 1975, with a recovery rate of cver W percent.

The applicants have provided sets of joint freq.ercy distrib2tions of wind speed and
direction by atrcsphere stability class (based on verti;al tercerature difference)
f rom the one-year period ( April 1,1974 to March 31, 1975) of onsite data with a
recovery rate of 96 percent. Cne set of thase distributions was based on the wind

speed and direction at the 33-foot level and the vertical terperature difference
between the 33 and 150-foot levels, and arother en the wird speed and direction at
the 150-foot level and the vertical terperature difference between the 33 and 150-

foot levels. In additicn, the applicants have also provided a r.agnetic tape containing
t*e hourly values of the wind speed and direction at the 33 and 150-foot levels and

the vertical temperature difference between the 33 ard ISO-foot levels for this one

year period of onsite data recced.

An evaluation of these data indicated that although the data collected at the 33-foot
level are representative of atrospheric dispersi;n conditicrs at the site in its

present ccndition, the data ray not adequately represent corditions that would be
ex;ected to exist af ter tree renoval and plant ccnstruction at the site are corpleted.
To resolve this concern, we requested the applicants to provide wind profiles (verti-
cal distributicrs of wind speed with height) using the wind speed data from all
levels on the tower where wind data were being collected. The applicants corplied

q,
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with this request. Af ter reevaluation of this infornation, we concluded that the
wind d3ta collected at the 153-foot level, af ter appropriate conservative adjustrents
were applied, aculd best t erresent post-censtruction atnespheric dispersion conJitions.
These adjustrents were accorplished by assuming a conservative displacerent height of
20 feet (Ore-h3lf the height cf the nearby trees) to represent the ef fects of the
tree canopy, which in turn assures t*3t the ISO-foot winds represent winds at the
130-foot level above ground af ter the trees have been removed. The wind speeds were

then adjusted, using the inforration obtained from the wind profiles, to represent
conditions at the 33-f oot level. These adjusted data were used in our evaluation.

The applicants have installed an additional wind reasuring systen at the 70-foot
level on the tower (30 feet aDove the level of the tree tops) to collect data tc
bettor define the wind flow conditions thit night be e gected once the trees are
renosed. Data ccllection began at this level in July 1975, and will be provided to
tre staf f for evaluation upon completion of an anrual cycle.

2.3.4 Short-tern (Accident) Diffusicn Estimates

Conservative assessment cf post-acciden; atrospheric diffusion conditions have been
rade by us f rom the applicants' netecrological data and appropriate dirfusion r:odels.

In the evaluation of short-tern (0-2 hours at the exclusion distance and 0-8 hours at
the low population zone distance) accidental releases from the plant buildings and
vents, a ground-lesel release with a buildirg wake factor, cA, of 1180 square r.eter
w35 assuned. Based upOn terrain Ccnditions at this site and t ee results of actual
dispersion c.easurements at similar sites, the diffusion model described in Fegulatory
Guide 1.3 - Assu=ptions Used for Et sluating the Pctential Padiological Consequences
of a loss of Coolant Accident for Br iling W$ter Peactor was modified to include
credit f or lateral plum neander under stable atmosp*eric conditions with light wind
speeds. The dispersion r odel also considered the actual site bound 3ry distar.ce in
each of the sixteen 22 1/2' wind direction sectors around the plant and the frequency

of winds blowing into each sector.

The relacive concentration (X/Q) for the 0-2 hour tire period following an >_ddental
release, equivalent to that expected to be exceeded rc nore than five percent of the
tire at the exclusion distance, is 8.4 x 10- secords/ cubic meter. Mis value
occurr ad in the north-ncrtheast direction from the plant at the site boundary distance
of 346 reters. The relative concentrations at the outer boundary of the icw popula-
tion zone (4022 eters) for the various time periods following an accidental release
to the ctrosphere are:

0-8 hours 5.6 x 10~ seconds / cubic reter
-5

8-24 hours 3.8 x 10 seconds / cubic meter
-5

1-4 days 1.7 x 10 seconds / cubic meter
-6

4-30 days 5.1 x 10 seconds / cubic reter

%'Odb
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2.3.5 Long-Tern (PoutiniDi f f usion [s tima tes

Peasonable estirates of aver 3;e atrtospheric dif f usion conditions have been ".ade by
the staff from the applicants' r:eteorological data and appropriate diffusion rodels

as descrit+d in Fegulatory Guide l.lll-Methods for Estimating Atmospheric Trans port
dnd Di spersion of Caseous Ef fluents in Routine Felcases f ro" Light-Water-Ccoled
Reacter, wnich is cut for public corrent. The highest offsite annual average relative

concentration of 5.4 x 10 seconds / cubic neter for vent releases occurs at the site
boundary north-northeast of the preposed reactor complex.

2.3.6 Conclusions

The applicants have provided suf ficient inforration concerning those r<etecrological
conditions which are of igcrtance to the safe design and siting of the facility. The

design basis torn 3D parameters used for the plant conform to the provisicns of

Fegulatory Gaide 1.76 - Design Basis Tornado for Nuclear Power Plants. The applicants'
onsite -eteorological program conforms to the provisions of Regulatory Guide 1.23
- Dnsite Meteorological Program and has produced data which adequately describe site
at ospheric dispersion conditions and which was used by the staff to naLe both con-
servative and realistic estimates cf atmospheric dispersion characteristics for

accidental and routine gaseous releases, respectively, from the plant. The applicants
are espected to ccntinue neteorological data collection at the site during the con-
struction phase. These additional data are expected to provide sufficient : n f orr a t i on ,
concerning the atmospheric dispersion condition at the site as affected by plant
construction, to verify these esticates.

2.4 Hydrology

2.4.1 hydrologic Description

The proposed site is located in Franklin County, Massachusetts, and is within 1.5
niles of the Connecticut River at its nearest pcint. !lant grade is to be 340 feet

rean sea level datum Primary plant structures are to be located on the Montague
Plain at the foot of the Wills Hill (peak elevation 566 feet mean sea level). An

open channel is to t<e constructed around a section of the plant to collect runof f

water from the Wills Hill, and thus eliminete the possibility of fl:' ding frcm this

source,

The proposed site is located on the inside of a bend in the Connecticut River. The

drainage area for the Connecticut River at the Mcntague City gaging station (approxi-
mately two river miles upt.tream of the proposed site intake structure) is 7,P65
square miles. Two tributaries of the Connecticut River near the site are the Deerfield

and Miller Rivers, two an' ten miles, respectively, upstream of the proposed intake

structure.

There are 15 dams on the Correcticut River upstream of the proposed intake structure.

The upstream dams within 50 niles of the intake structure (river mile 117) are the
y; . 3 ' xm
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Turners falls Da- (river rile 122,17,0C0 acre-feet of usable stora je) and tr e Vernon
Dam (river mile 142, 12,000 acre-feet of usable storage).

Lake Pleasant and Green Fend are located approximately one r1ile southeast of the site
and have a surf ace area of 53 acres and 15.3 acres, res;ectively. Togetner trey

corprise one of the three public water supplies for the Town of Monta ge. Tccordinq

to the annua' report of the Turners falls Fire District for the year e' ding Decerter 31 ,
1973, a total of 77,95'),000 gallons of water .3s pr ped fecm the lake and pond in 1973
f or use as dor estic water supply.

b runicipality dranstream of the proposed Mentag;e Station discharge derives its
water s;pply frun the Cannecticut River. The applicants' well survey indicates as

use of grosndmany a3 96 water wells within about two niles of the site. The primary

oater in the aret is for dorestic water supply, z.lthough some ground water is used
for agriCJlture, Ihe MOntag;e Well field, located 2.5 miles south of the site area,
furnishes part of tre nunicipal water supply for the toars of Turnors falls, H llers
Falls, La k e Pleasant and Nntague City.

2.4.2 Flead Potential

Several possible flood-prod;cing scerces wcre discussed by the applicants. Teey
inc'ude a prob 3ble maxim e flood on */e Conrecticut Piver, dam failures on the
Correc ticut River, and local pecLable raxiru-" precipitation at the plant site area
including Wills Hill.

The Connecticut River is subject to severe flooding due to the topography and cli late
of the basin. The applicants have estimated the pectable maxinun flood at the
Montague City Gage (two riles upstrea- of the proposed intake structure) by usirm
(1) the standard project flood calculated by the Corps of Engineers for the Connecticut
River Basin; (2) the probable maximum finod estimated for the Turners Falls Dam
(522,000 cubic feet /secord); and (3) the Deerfield River probable raxi um flood
(79,000 cubic feet /second). The resultant probable ra vi un flood peak discharge
estimate at the Montague City gage w3s 601,000 cubic feet /second with a corresponding

stage of 190 feet rean sea level.

We independently estimated the probable raximum flood no the Connecticut River at the
intak e structure using the conservati,e r:ethod and inf ormation in a report by Nunn,
Snyder and Associates. A probable raximun ficod peak discharge value of 800,000
cubic feet per second (stage of 209 feet rean sea level) was estimated. Since this
conservative probable maximum flood estimate resulted in a flood level more than 100
feet below the elevation of any safety-related structures or equipment, we conclude
that the probable 7ximun flood on the Connecticut River would not be a safety concern.
The failure of one of the upstream dams coincident with a stanvard project flood on
the Connecticut River was determined not to t,e a problem because of the large dif-
ference in elevation between the standard project flced level (about 160 feet rran sea
level) and plant grade (340 feet rean sea level).

307050- -"
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The upplicants eVa Jated the effects of a local probable raxiro precipitaticn en the
plant site area ir< uding Wills Hill, and base proposed constructing an open channel
to collect the runoff from Wills Hill and divert it a ay from safety-related facilities.
T"e applicants' design bases and proposed design of the channel were indepenJently
evaluated by the staff. In Supplemen* No. 7, the applicants agreed to revise their

design either by increasing the depth of the channel by one foot, or by adding a or.e-
foot high levee en the downhill side of tne channel. We conclude that inis d{ sign is
acceptable.

The applicants prepose to protect safety-related structures and equiprent from flood-
ing due to precipitation as severe as the local probable maxirum precipitation on the
plant. The plant yard is to be graded away fron all saf?ty-related structures. The
esterior access to safety-related buildings is to be a H nimum of six inches above
gro nd grade. The osenings to buildings in the area Jetacen the containcent buildings
(anere pording ray occur) are to be a rinimum of 2.5 feet above plant grade. Further,
to prevent panding of water on safety-related structures, the roofs of the structures
are to be sloped and will not have parapets.

2.4.3 Water Sur g

Tte rakeup water intake structure for the proposed Pontague Station will be located
cn the Connecticut River at river mile 117. This makeup water will be pumped to the
cornal and essential sersite water cooling tower basins.

W3ter recessary to snut down the plant under norral or accident conditions is to be

taken via pu-ps located in the standby cooling *ower ps p well structure. The w3ter
is to be pumped from tv.o seismic Category I basins, each with a 14,100,PCO-gallon
capacity. A seismic Categcry I cooling tower will be located above eac. of the
bisins. The b3 sins and cooling towers will be located northwest of the containment
buildings at the base of W;lls Hill. We conclude that the volure of water available
in the basins will be adequate to reet the reconr.endations of Regulatory Guide 1.27-
Ultimate Heat Sink for Nuclear Power Plants.

2.4.4 Ground W3ter

The three major aquifers in tne site area are the Lake Bed Bedrock, and Montague
Wells. The Labe Bed Aquifer forrs the surface of the Montague Plain, and is r:ade up
of medium sand with up to 20' gravel and numerous layers of fire and silty sand.
Ground water in this aquifer exists at depths between 40 and 7] feet. Ground water

in the Bedrock Aquifer within the Wills Hill area is under artesian pressure. The
nearest edge of the Montague Wells Aquifer is located 2.5 miles south of the proposed
site, and consists of boulders, clay, coarse gravel, sand, ard silt.

Ground water movement on the Montague Plain is away fron the site to Green Pond and

Lake Pleasant in the southeast and toward Montague Road in the southwest.
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The applicants do not plan to use grcund water at or rear the site daring plant ccn-
struction cr operation.

The applicants prc;csed that the design water level for ground water-ind Ked hjaro-
static loading for all safety-related structures be plart grade. We ccrclude that
this basis is ccnservative.

The applicants analyzed the effects of a postulated accidental spill of radicactive
wastes into the grcurd water. The analysis is not ccnservatise for the follcwing
reasons:

(1) The effects en the rost critical water supply were not analyzed.

(2) In esti ating the ground water velocities the effectise (not total) porosity
should be used.

(3) Distribution ccef ficients selected from the literature (instead of those ob-
tained fron tests on soils and geologic raterials at the site) were used in the
analysis.

Iterefore, we did net cgree with the applicants' analjsis, and independently esticated
tFe travel time and dilution f actor. If a spill occurs, the closest public water

s_pply would te Green Pond. We estirated travel times and dilution factors fcr both
Green f ond and the rearest down-gradient well and determined that a spill flowing
toward the nearest down-gradf ont u011 would be the critical case. The travel tire to
this well (No. 45 - PSAR, Figure 2.4.13-2), 1.6 miles southaest of the site, was
conservatively estimated to te 20 years. The diluticn factor was estimated to be
about 29,200. The ccnsequerces of this postulated accidental spill are provided in
Section 15.4 of this report.

2.4.5 Corclusions

Based upon our inde;endent review and analj3es, we conclude that an adequate water
supply can be assured for safety-related purposes, ard adequate ficod protection can
te provided for all safety-related facilities. Based on tre analysis in Section 15.4,
we also conclude that postulated accidental spills of racicactive liquids into the

gecundwater will not result in radicnuclide concentrations in excess of the 10 CFP
Part 20 limits at the nearest potable water supoly.

2.5 Ceology and Seismology

The seismology and geology review of this site addressed the geologic history of the
region including physicgraphic, lithologic, stratigraphic and tectonic settings as
well as the subregional and site-specific geology and seismology. In addition to
reviewing data subnitted in the Preliminary Safety Analysis Peport, staf f geologists
and seismologists visited the site and its environs on two occasicns. During those
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visits wo examired the regioral geology, bedrock evocsures, ar.d extensive core torirgs.
We also conferred with local geological experts and the applicants' consultants
ccncerning prcblems of geal jic interpretaticn in the site region. Sere differences
in detailed geologic ir,terpretaticn of tre site area may still exist between the
applicants and local ex;erts, but in our view these dif ferences do not af fect the

site's suitability as tre ;roposed location for the tuc-unit nuclear station.

A great deal of information has teen gathered during the review of this site as well
as other sites in the New Englard area. Since the regional aspects which also apply

to this site have been addressed exteasively in other reviews and safety evaluations,

tr a rain ef fort expended for this site dealt with resolving specific site issues

which riight hawe posed a hazard to safe c;eration of ruclear power plants at this
loca; ion.

The f.arti;ular items of corcern at the Mentagua site were:

(l' The resolutien of prcble s relating to the location and age of last rovement of

the " Triassic Borde- Fault"

2) The potentia' for local surfaco f aulting.

(3) D e deterr.ination of tre safe shutdown earthquake.

We are satisfied that investigaticns perfer ed by the applicants have been sufficient

to adequately assess site geologic conditions in accordance with " Seismic and Geologic
Siting Criteria for '. clear Pcwer Plants, Apperdix A, 10 CFR Part 100. Based on our

review of the available data ard independent discussion with geologic experts famil-
iar with the site regicn, the aforerentioned concerns have been resolved. The refer-

ences indicated ir1 the geology and seismology sections are provided in Appendix B to
this report.

2.5.1 Geology

2.5.1.1 Geologic Setting

Mcntague 1 and 2 are to be located near the junction of Wills Hill (a Triassic-
Jerassic bedrock outcrcp) and the Mcntague Plain (a delta forned in glacial Lake
Hitchcock) approxirately three miles east of Greenfield, Massachusetts. The 1900
acre site is about 60 r.iles north of Hartford, Connecticut, and about 75 miles west

of Boston, Massachusetts. Geologically it is in the northern part of the Connecticut
Valley Triassic-Jurassic Basin of the Piedmont-New England Tectonic Province. The
site is situated on rocks of the Triassic-Jurassic Newark Group which in the site

area consists of interbedded shales, sandstones, siltstones, conglomerates, and
interbedded intrusive diatases and basalt flows. The developrent of the Triassic-

Jurassic Basin and its relationship to adjacent structures provides the distinguishing

geologic characteristic of the site area.
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2.5.1.7 Triassic-Jurassic hsin Faul tirg

The classical struttur 1 interpretatico of the Connecticut talley Triassic-Jurassic
}

Basin evolved from the tork by Ererson and as s a arized by Pof;ers Indicates

that a rajor nornal fault existed at the eastern contact tetne"n the Triassic ced1-
nents and the Pre-Triassic crystalline rock 5 to the east. The a;plicants' early

investigations indicated that evidence for a classical Triassic Border Fault did not
exist and th3t the observed field relationships could te best enlained by the exist-
ente of an unconior-ity. Additional investiqations conducted during our review
brought about a reasonable resoluticn of the alternative interpretations of the data
as they relate to site safety. Three alternative hypotheses to the classical t'ord"r
fnit concept have been presented by the applicants to describe the deselnpr.ent of
tr Lasin: (1) downwarping, (2) develop ont of one or ncre high angle f ault s teneath
the basin ( Tasin-forning faults"), or (3) erosional control of the t asins f orration.
As for the a M olute validity of anf of these hypotheses, 't appears that at pre sent
**ere is insufficient data available to perrit deterrin3 tion of a uniq b1 sin-

t crming r echanism However, we consider that the nost applic3ble hypott esis of the

above as they relate to site safety is one requiring faulting for developrent of the
basin. No large displacerent fault has been fou d to date within the Triassic-
Jurassic Basin itself. The a;marent absence of rajor f aulting and the relatively
urdisturbed stratigraphic relationship would indicate th3t la st r a ver ent on the
inferred " basin-forring" fault (s) would have occurred prior to late Triassic- brassic
time (approximately 190 rilli m years before present).

A major fault zone has been located approxinately cre nile east of the pro;.osed sito
in the general vicinity of the rapped location cf the classical Triassic t,crder
fault. Sore disagreerent remains as to tne ex tent, sense of reverer t, age, and the

total arount of displacement on this fault. However, based on K-Ar radiofvtric
dating of fault zone raterial, no evidence of icvements younger than Jurassic (190-136
million years before present) has been fu id along the "apped f ault zone. The appli-
cants' studies indicate that this fault is a major thrust on which rover.ent is within

predorinantly Paleozoic crystalline terrain. It is contended that the developmnt of
this fault accorpanied compressional activity during tN Paleozolc followed by a
larger episode of norral faultirg. The applicants disms the developrent of this
fault extensively in the application and provide evidence such as th1t given below to
support the above conclusions.

"Small structures observed in cores of the mylonite and the quartz-ruscovin

shist indicate low angle reverse rovement associated with the zone of cataclasis.
The zone is interpretad to be a thrust fault, later, snall high angle, normal
fractures are observed to cut across the reverse features and indicate a later
tectonic event involving east-wost extension. A detailed discussion of the wall
core structure is included in Appendix 2M (of the PSAR).'

"Several radionetric age determinations were rade f or saroles from the different
lithologies in Area 1. Samples of mylonite from the thrust zono give late
Permian-early Triassic ages.'
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PagersI ) in his section on tne Connecticut Valley Synclinorium discusses the A roncosuc
Fiult as a postretar:orpnic f ault that can be tr?ced by the of fset of netamorphic iso-
grads possibly thrusting lower <;rade rocks over olu'r, higher grade rocks. This
fault dips to tre west at fairly low angles (averages 40 degrees). He al" states,

"It is also possible, however, that it is a norral fault, indeed, a large, late

norral fault with similar (titude (alshcugh the dip is steeper) and similar

silicification forrs the eastern boundary of the Triassic basin in northern

Massachusetts and can te trac (d into southern New Harpshire to within a few
k ilo eters (Files) of the south end of the Arr;oncosuc tault, and other late

faults of the sa e kind are known in the intervening area anj raj interconnect

them.

Otter geologic experts familiar with the site region are not in corplete agreerent

with the applicants' interpretation of the geology of the region especially as it
relates to the existence of a " border fault. These experts raintain a streng view

that this structure represents a fault with extensive norral displacenent. It is

clear to us, however, that the applicants base conducted an extensive investigation
program to delineate and to date the t1m of last neve ent of all faulting in the

site vicinity.

These investigations included detailed geologic rapping, an extensive core boring
program, radioretric dating, structural and petrologic studies, and aeromagnetic and
gravity studies. New cbservatiens and interpretations of the geology of the area,
r;enerated by the applicants' study, appear to require an alternative interpretation
to that of the classicnl Triassic Border Fault hypothesis as being respor.;ible for
the formation of the northern Massachusetts section of the Connecticut Triassic-Jurassic
Etsin. It is difficult at this time, however, to completely rule out the possibility

that this faulting is not representative of a Triassic Ecrder Fault system of sore
type. The faulting located to date, however, has not indicated any evidence o' rove-
rent since Triassic-Jurassic time (225-136 rillion years before present) and therefcre

cannot be considered capable in the meaning of " Seismic and Geologic Siting Criteria
for Nuclear Pcwer Plants,' Appendix A to 10 CFR Part 100.

2.5.1.3 Faulting

In addition to the existence of a " border fault, several otner faults are rapped in

the Triassic-Jurassic Basin within five miles of the site. These faults include the
Falls River, Temple Woods, and other unnred faults north of the general site area.

These faults are recognized because of offsets in the Ceerfieid diabase. A maximum
offset of 800 feet for these faults cccurs on the Falls River fault, the most promi-

rent a ong then. The local faults are believed to be related to forcation of the

basin or fracture development in a flow casalt caused by corpaction beneath it. The

applicants describe the occurrence of these faults as they relate to the tectonic

development Of the site area as follows:
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"Nartheast trt=nding o'n-slip f aults with small displact"ents were found to te
corron only in the Turn rs Falls (Falls River Fault) area. Galdstein( sug-

gests that these faults formed conte poraneous with basin subsidentt which
tilted the strata and couj.i have imposed norral notions on sore of the northeast
trending strike-slip faults. Drape folds are assee.iated with the dip-slip
faults; while other soft sediment folds are interpr M ed to have t+en caused by
gravity s1 % ". These sof t sediment structur es indicate that basin subside
cccurred prior to complete lithificatici of the Turners Falls Landstone. The
age of the dip-slip faults appears CCnsistent with Jurassic K-Ar d3tes Cbtained
on gou;e from te small high-angle Sults at other locations (see Appendix 2N).'

"Th(se small, high angle faults rear Waterford, Connecticut yielded K-Ar ages,
)"on illite, of 174 and 175 million years.

Sin:e evidence indicates that these f aults are probably related to the last rajor
tectonic activity associated with the deselopnent of the Connecticut Triassic-Juras;ic
Lasin (225-136 million years befera present) and iney se limited in extent, they are
not considered capable nor hazardous to the safe operation of the Pontague nuclear

plants.

2.5.l.4 Lineavnts

During the course of investigations for this site a nurber of linea ents were located
in the site region by inspection of Earth Resources Technology Satellite iragery.
Further evaluations of these linears indicated that they w_ nost likely representa-

tive of rock juinting patterns and did not reflect the emistence of faultir.q. Field
checks in the area cf a nurber of these linear; indicated no offset in the bedrock.

2.5.1.5 Site Geoloav

The geologic conditions at the site are straighttorward in that there is little struc-
tural corplexity of the bedrock in the site area. The tedrock consists of interbedded
Triassic-Jurassic sa'dstones and conglonerates, partially covered with Fleistocene
tills and deltaic deposits. Extensive trenching to bedrock did not uncover evidence
of faulting at the plant site.

The site bedrock exhibits a variable joint spacing fron two inches to five feet,
Three sets of joints are present: a bedding plane set striking N13*E, dipping 22*E,
a vertical set striking %0*W, and a set striking N2*W, dipping 45'W. Nunerous

slickensides were recognized along favorably oriented jo mts and most likely forred
daring development of the synclinal structure within the northern end of the basin.

Based on our review of the data, we conclude that there is no geologic structure in
tre vicinity of the site that could cause surface displacenent or tend to localize
earthquakes at the site.
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2.5.1.6 Tectonic Provinces

The applicants contend that New tngland is not a single " Tectonic Province" as defined
in Appendix A. They base this on their interpretation of the tectanic history and

structural features of the region. Based primarily on the conclusions and methodology
of Rodgers( ), the site region (200 mile raJius) is subdivided into four tectonic
provinces. These provinces are the New York, Western New England, Central New England,
and South-eastern Provinces. Another province, the White Mountain Plutonic Province

which is proposed to be more relevant in determination of the safe shutdown earthquake

for the site is described by the applicants in the Preliminary Safety Analysis Report
as follows:

"The previously described provinces are related to Paleozoic orogenesis and are
consistent with the conclusions and methodology of Rodgers. A fifth province

can be defined on the basis of Mesozoic tectonic effects which overprint part of

the Paleozoic provinces. This provin a encompasses the region which has been
intruded by alkalic plutonic and volcanic rocks of the White Mountain Magma

Series. Radiometric age dating of these rocks has shown th.t the intrusive

activity continued intermittently throughout the Mesozoic and that some members
are as young as 95 m.y. (174,175) The major " belt" of intrusives extends north-
west from the Maine-New Hampshire seacoast across central New Hampshire. The

province boundaries have been further extended to the west to include the

Ascutney and Cuttingsville Stocks in Vernent. These boundaries encompass al?

known plutonic bodies associated with the White Mountain Mag a Series. The
province trends offshore southeast of the New Hamps. lire coast and includes a

nagnetic high of f shore f ron Cape Ann, Massachusetts. This anomaly is similar to
anomalies associated with known plutons of the White Mountain Magma Series and
is coincident with a pronounced topographic high on the continental shelf.( }"

It should be noted that the applicants Fave recently reevaluated data on the Cuttings-
ville Stock and now consider it to be a Monteregian Hills type of pluton and not part

of the White Mountain Magma Series or Plutonic Province.

In our review, we determined that the proposed site lies within the New England-

Pied,ont Tectonic Province based en larger scale provinces which are more in accord
with those proposed by King, Eardley, ) Rcdgers,(2) and HMley and Cevine for

eastern North Arerica.

2.5.2 Scismology

2.5.2.1 Vibratory Ground Motion Sumary

The historical earthquake activity in the site region appears genocally lower than
that for much of the remainder of New England. Capable faults nau ' been identi-

fied in the vicinity of the site. Based on these findings there is nt cason to

ex;:ect future earthquake activity to be localized in the site area. We conclude,
based on the data reviewed, that the Montague site should be considered to be in the
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New England-Piedmont Tectonic Province. We have also concluded that a Modified
Mercalli (MM) intensity of VII-VIII at the site represents a reasonable and appropriate
safe shutdown earthquake in accord with Appendix A to 10 CFR Part 100. The trend of
the mean of the peak vibratory ground acceleration values corresponding to this
intensity is 0.2 . The spectral centent of the vibratory ground moticn is specified9

by the response spectra at free-field foundation level recorrenced in Regulatory Guide
1.60 - Design Pesponse Spectra for Seisnic Design of Nuclear Power Plants. The
vibratory ground acceleration corresponding to the orerating basis earthquake is
taken to be one-half that for the safe shutdown earthquake.

2.5.2.2 Tectonic Provirces

In arriving at the safe shutdc%n earthqsake, the Montague site was considered to be
located in the New England-Piedmont Tectonic Province. The New England part of the
provirce, as it is regarded here, coincides with the northern Appalachians as described

) ,Rodgers(2) , and Hadley and Devine.(by King (3) , Eardley

2.5.2.3 Ma ximun E a rthquake

'ew England has one of the longest records of historical earthquake activity anywherei

in the United States. The Montague site is located in an area of New England
which, based on historical accounts, is relatively quiet seismically. The nearest
historical earthquakes reported in the vicinity of the site were identified cn the
basis of isolated felt reports at fcncrst, Massachusetts, 8 miles south of the site,
for which no intensity estimates have been given. Several earthquakes, the largest

having an intensity of VIII (MM) } (reclassified to be no greater than VII (MM), see
below) have been reported within the Connecticut Piver Basin. However, these earth-
Guakes have teen concentrated rainly in the southern part of the Basin (more than 50
miles fron the site), and trere is no clear association between the earthqJ3ke activity
and basin-formirg f aults of Triassic age rear and alcng the margin of the basin.

We recognize that different regiors of the New England-Piedmont Tectonic Province
have exhibited different levels of historical earthquake activity. We have relied
heavily on the historical record of seismicity in determining the seismic design for
the Montague site. Several z0res of relatively high seismic activity are discernit,ie:( ,6,8,0

(1) A zcr.e exterdirg from the Boston-Cape Ann, Massachusetts area northward and

westward (Zone A).

(2) A broad region in the vicinity of Ottawa-Montreal (Zone B).

(3) The lower St. Lawrence River Valley northeast of Quebec (Zone C).

(4) A zone at the mouth of the Bay of Fundy (Zone D).

(S) A zone extending from the vicinity of New York City to the southern Connecticut
River Valley northeast of New haven (Zone E).

-, 7
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The degree to which identification of these zones nay have been influenced by popula-
tion density is not clearly understood at this tina. However, the larger earthquakes
of New England, repor ted in the historical record, have been located in these

(1) in Zone A, intensity VIII (MM) near Cape Ann in 1755, intensity VIII (MM)zones:

in Neabury in 1727, intensity VII-VIII (MM) at Woburn, Massachusetts, in 1817, and
intensity VII (MM) at Lake Ossipee, New Hampshire, in 1940, (2) in Zone B, intensity
IX (MM) near Montreal in 1732 and intensity VIII (MM) somewhat southeast of Ottawa in

1944, (3) in Zone C, severa, intensity IX (MM) earthquakes and an intensity X (MM)
earthquake in 1663, (4) in Zone D, an intensity VIII (MM) earthquake in 1869, (5) in
Zone E, intensity VII (MM) earthquakes at New York City in 1737 and 1884 and an

intensity VIII (MM) just northeast of New Haven (East Haddam) in 1791. Experts from
the Dominion Observatory in Canada responsible for assessing intensities of Canadian
earthquakes, have recently investigated data from the 1869 earthquake in the 3ay of
Fundy and, on the basis of their studies, have reassessed the epicentral intensity to
be no greater than VI (MM).( ) The intensity of the 179', earthquake has been re-
evaluated and assessed as a V-VI (MM) by Linehan. Seismologists from the National
Oceanic and Atnospheric Administration, U.S. Department of Correrce, have recorrended
that the 1791 earthqJake be reclassified as intensity VII (MM). In deternining
the Safe Shutdown Earthquake we have accepted these reassessrents as accurate.

Several isolated earthquakes have also been reported outside of these zones. Earth-
quakes in New England outside the zones of high activity have not had reported ink..-
sities greater than VII (MM).(5,6)

Geologic structure in Zone B is indicated by a set of young (Cretaceous) intrusive
bodies which include the Monteregian Hills near Nntreal. The earthquake activity in
the vicinity of Ottawa-Montreal (Zone B) and in the lower St. Lawrence River Valley
(Zene C) also coincides with a region of napped, intense normal faulting, the Ottawa-
Bonnechere graben and related faults and graber,s extending along the St. Lawrence
which have been identified as of post-Early CretaceoJs age.( ' ' This feature
Parks the boundary between the northern Appalachian foldbelt and the Canadian shield.
Much of the earthquake activity in Zone A is coincident with a zone of shallow intru-

sives and associated volcanic rocks of predominantly Jurassic-Cretaceous age. In

determining the Safe Shutdown Earthquake for the Montague site, we recognize the
association between the earthquake activity and structures in Zones A, B, and C.
Based on this association, it is not assured that earthquakes in the vicinity of
Ottawa-Montreal (Zene B) or in the lower St. Lawrence Valley (Zone C) could occur
near the site.

A rare critical prcblem in the Montague review was the establishrrent of the minimum
distance between the Montague site and the structures associated with the earthquake
activity in Zone A and with the zone of intrusives in that area. We therefore re-

QJired that the applicants provide a reasonable basis for determining the limits of
this structural zone. In the Preliminary Safety Analysis Report the applicants have
presented evidence f0r associating the earthquake activity with the zone of shallow
intrusives, defined by the applicants as the White Mountain Plutonic Province, and
have argued that future large earthquakes in the area can be reasonably expected to
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be confined to a region whose perineter circumscribes the r:apped and inferred shallow
intrusive bodies. Tnis zone extends to within about 60 miles of the Mantague site.
However, the historical earthqualie activity extends somewhat beyond this zone to the
southwest. To help resolve this prooiem, the applicants were requested to provide a
map showing the seismic strain release for the area. The strain release associated
with an intensity V (MM) earthquake was considered to represent background level for
New England and values above this were contoured. The map shows that most of the
seismic strain energy released in historical earthquakes coincides with the zone of

intrusive bodies. Two lobes in the strain release contours extend to the south to
distances as great as 30 miles from the zone of napped intrusives but no closer than
about 35 miles from the Montague site. Because the extent of the structures with
which the earthquakes are associated is not clearly defined, we believe a nore
conservative boundary which includes both the intrusives and the hi3torical seismic
strain energy release is appropriate. An intensity VIII (MM) earthquake, correspcnd-
ing to the largest earthquake in Zone A, assured to occur at the nearest approach to
the Montague site of the strain release contours - i.e., about 35 miles fron the site -
results in a site intensity of VII-VIII (MM).

2.5.2.4 Safe Shutdown Earthquake

Tha applicants have proposed to design Mcntague I and 2 for a safe shutdown earth-
qJ3ke ar.Celeration of 0.2 .1

In 1954 'ieu:rann( developed an empirical relationship between ea.thquake intensity

and ground acceleration. More recently Trifunac and Brady have published a rela-

tion between intensity and acceleration which was develcped using rany additional
observations. Trifunac and Brady's data essentially corroborate the relationship
p alished by Neumann. Utilizing either the Neumann or the Trifunac-Brady relation
between intensity and acceleration, the trend of the mean of the peak acceleration
values corresponding to intensity VII-VIII (MM) is 0.2g.

Based on these considerations the applicants' proposed acceleration of 0.2g for the
safe shutdown earthquake would adequately represent a site intensity of VII-VIII (MM).
We believe this analysis is consistent with the guidelines of Appendix A of 10 CFR
Part 100 and leads to the conclusion that 0.2g is a reascnable and a;;propriate
acceleration at free-field foundation level representing tre safe shutdown earthqua6e
for use in the seismic design of Mentague 1 and 2. The design response spectrum

shape is specified by Pegulatory Guide 1.60 - Design Pesponse Spectra for Seismic

Cesign of Nuclear Power Plants.

2.5.2.5 Qerating Basis EartB uake

The design vibratory ground acceleration for the operating basis earthquake is taken
to be one-half the design vibratory ground acceleration for the safe shutdown earth-

quake consistent with the guidelines of Appendix A of 10 CFR Part 100.

d,,4 :
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2.5.3 Stapility of subsurface F3terials.

This section describes the criteria, evaluation of data, analyses and conclusions
regarding thP stability of foJnd3 tion raterials underneath the proposed nuclear power
p! ant structures

All soils below seismic Category I structures will be remcved and excavatiens for all
seisnic Category I structures will !.e into bedrock. Concrete will be used as structural
fill where required for foundation grading. All pockets of decompcsed rock or otner
unsuitable n'aterial will be renoved if encountered at foundation levels.

Tre bedrock in the site area consists of interbedded siltstcr.es, sands!'nes and
conglomerates. The Paci Quality Designation value is cenerally above 80 percent, and
compressive strength exceeds 7,000 poJnds per square irch. The averag, shear wave
velocity is in euess of 5,039 feet por second. Granular backfill arounJ seis ic
Category I structures will be cc'pacted to at least a minimun relative density of -
percent.

Ite galntity of grc /d water flow in the bedrcck i s orall . Water pressure tests s h
th3t the intact rock has a very low per".e3bility. Ground water seepage into tu
<nc3va tion will t e s~all and can bo handled by conventicnal ditch and sump rethods.
M heave probler, are enected d;e to escavation and demitering.

Because all seis .ic Category I structures will be founded cn tedrock, settler ent cf
these structures nill be neglijible. The ra xir'u- teiri r j pressure, d,1f0 ccund; per
ssuare foot, is caly a stall fracticn of the allcwable tearirq pressure. L3teral
earth pressures due to earthcs34 es will te corputed usinl state-of-the-art procedures.
Criteri' for the r:ini r' design factors of safety are 3.0 for bearing cnacity and
1.2 f o r hyJrosta tic uplif t. Eased on these criteria, an evaluaticn of foundation

d3ta and the analyses contair.ed in the applicatien ' including Supplerent 5), the
applicants h)ve concluded that the t+drock is capable of sup;ceting all Icads that
will be ir posed by tre power plant structures under both static and dyna ~ic conditions.

We have reviewed the applicants' criteria, basis of evaluaticn, and analyses and h3ve
ccncluced th3t the applicants' approach is suf ficiently corservative ard that the
bedecck will provide acceptable foundation support.

2.5.4 Slo? Stabilitv

This section descrites Da criteria, evalLatico nf u3ta, analyses, and conclusions
regarding the stability af all slopes, the f ailure of which could adversely af fect
the nuclear pener plant.

The only natural sicpe in the inr'ediate area of the site is Wills Hill northwest of
the plant area. The maximum slope of the hill is 14* The stability of the slope

was analyzed using an assu~ed joint friction angle of 37* and continuity of all
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There is no evidence to indicate that slides have occurred at Wills Hilljoints.

the past.

In addition to the above natural slop 1, a rock cut will be rade between the fuel
buildings and the standby service water cooling towers. Stability analyses were also
made for this slope.

The proposed criteria for nininun design factors of safety are 1.5 for all static
loading conditions and 1.2 for safe shutdown earthquake loading conditions for slope
stability. Based on these criteria, evaluations of data and the analyses contained
in the Preliminary Safety Analysis Report (including Supplement 4), we find that the
proposed natural and cut site slopes will be stable under both static and dynamic
loading conditions.

During constructico, the applicants will inspect the excavated rock cuts and exposed
surfaces will be rapped in detail. In addition, reasurements of joint friction will

Webe made in direct shear to confirn values used in the slope stability analyses.
will review the results of the inspection and reasurerents, along with final analyses,
when the inforration is provided in the Final Safety Analysis Report.

The applicants conclude that, based on the evaluation of data and analyses contained
in the application the slopes satisfy the proposed design criteria for slope stability.
We conclude, based on the information presented, that the applicants' assumptions and

criteria are suf ficiently conservative.

The applicants have agreed to install four to six cer-arent benchrarks to allow for
icng-tern nonitoring of the stability of the rock cut above the fuel buildirgs and
the standby service water cooling towers. We conclude that this renitoring progran
as proposed by the applicants is acceptable and will provide early indication of any
instability of the rock cut.

In surr:ary, based on the inforration available, the staff concludes that the applicants
can design and construct the proposed power plant facilities to satisfy the foundation

engineering requirenents of 10 CFR Part 100.
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3.0 UESIGN CRITERI A FOR STRUCTURES, SYSTEMS, MD COMPCNENTS

3.1 Confortsance with General Design Criteria

The applicants provided in Section 3.0 of the Prelimir.ary Safety Analysis Peport, an
evaluation of the design bases for Montague 1 and 2 wi+h res yct to the NRC's General
Cesign Criteria as contained in Appendix A to 10 CFR Part 50. Based on our review of
the preliminary design and of the propcsed design criteria, we conclude that upon
resolution of the outstanding matters discussed in Section 1.8 of this report, Montague
I and 2 can be designed, constructed and operated to reet the require ents of the
General Design Criteria.

3.2 Classification cf Structures, System and Comporants
3.2.1 Seismic Classification _

Except as identified below, structures, systers, and corponents irportant to safety
that are required to be designed to withstand thc effects of a Safe Shutdewn Earth-

quake and remain fustional have been prcperly classified as seismic Category I
ite s. These plant featJres are those necessary to assure (1) the integrity of tre
reactor coolant pressure boundary, (2) the capability to shut down the reactor and
raintain it in a safe shutdown condition, or (3) the caoability to prevent or nitigate
the consequences of ace.idents which could result in potential offsite exposures con-
parable to the guideline exposures of 10 CFR Part 100.

All other structures, systers and corponents that ray be required for operation of
the facility are designed to other than seismic Category I requirements including
those portions of Category I systems which are rot required to perform a safety
functicn. Structures, systers and co ponents i portant to safety that are designed
to withstand the effects of a Safe Shutdown Earthquake and re-ain furctional have
t een identified in an acceptable cannar in Tables 3.2.1-1 and 3.3.1-2 of the Preli-i-

nary Safety Analysis Deport, e cept for the cool ing lines identified below.

The applicants have classified the cooling lines to the reactor recirculation pu~ps as
ncn-seistic Category I and Quality Group 0; and in response to staff Request 211.1,

the applicants provided the basis for their classification. The response states that

analyses of reactor recirculatio.1 pu p rotor behavior following corplete loss of
cooling w3ter indicates that if the initial cooling water loss d' arm and the subsequent

bearing temperature alara 'about 6 rinutes later) are both ignored, the bearings will
continue to operate another 6 to 10 ninutes before they will suf fer any damage. The
response further states that such damage will not cause rotcr seizure and assuming the
worst possible steel to steel friction, the motor will trip on overload caused by the
added friction. Prelininary review of these results indicates that for this event the

consequences of the cooling water failure would rot result in fuel damage.
3-1 .o
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Ite staff clans furtrer resiew with the applicants of the leakage characteristics of
prirary coolant through the purp seals as a result of assumed coaling M ter failure.
t.s these studies progress, furtrer infer aticn r.ay be required and certain systen
charges co;1d be indicated. We conclude that the potential nature of tre sjsten
charges involved will permit this study and ewaiuatico to be cc"pleted prior tc a de-
Cision on issuance of ccostruction perrits. This ratter is outstandirg and will te
resolved prior tc issuar!ce of a c;nstruction permit as indicated in Sectico 1.5.

Tre basis fc- acceptance in the staff's review has been conformance of the applicants'

desigr.s, design criteria, and design bases for struct /es, systers and corponents
i ;cetant to safety # ith the CCTission's regJlations as set forth in General Design
Cri ttricn 2, and wit' :egulatcry Guide 1.29 - Seis-ic Design Classificaticn, tectnic31
s taf f ;.os i tic es , J r.d i ndu s t ry s ta ndards .

. .t| Jct to tre resol Aicn of the ratter cited above, we ccnclude that +he prce; sed
s tr ctsres, syste.rs ar d cc pcrents that are i~pcrtant to safety and that are designed
to withstand the effects at a safe sh tdcon earthquake and re ain functional and that
ra,e teen prcperly classified as seis-ic Categcry I items in conf or-ance wi th the
c r asicn's regulaticnt, t*e a;plicable regulatcry guide, staff technical positicos,

ar; i r ;us try s ta-da rd s , 3 re a cce;;ta bl e. Design of tnese ite s in acccrdarce with
seir ic ~3te;0rj I r w ire erts presides re=sorable ass;rarce that +% prceo : plant
will cerf;r- in a anrer croviding deg ate s3feguards tc the healt- and tafetv cf
t'e L t,lic.

. 2.2 L. ster .ualitv ror Classifica tier

fecept 35 identified telo.4, fluid system cressure-retaining cnr;;orent, E;crtant to
saf etj will te 1e;ig- ed, f at ricated, E rected ard tested te quality + an krds ccer on-
s /a te altn the irportance of !Fe safety f unction to be perfcer:ed. The aLplicants
h 3 '. e 3pplied a classificatica system (53f-ty r, lasses 1, 7, 3 and c'ther Structures,
S ,tems and ic co- "ts' wnicn curresicrds to t"e Corrission's nsality Gro2ps A, B,C

ard 0 in Regulatcry Gaide 1.26 - % alit, ' o a Classificaticns and Star 13rds for
Water Etea -ard -adicacti ve-u te-Ct ntairirg rcracrents Cf 'aclear %er Ilants to
those fluid containing cc ; aerts r.hich are ; art of tFe reactor coelant pressere
% rd3ry and other 'luid systems iircrtant to safetj W re reliance s placed cn tnese
syste s (1) to prevent c; ritig3te the consebences o' acciJents ani alfunctions
originatira within t e reactor coolant prossare to e di j; (2) to pem t sFutdoao of
*he re ctor and rainterarce of the safe shut 1cwn ccnditions; und (3) to contain
ruicacti.e raterial. hese fluid systems P %e teen classifiei ir an acceptablo
manner in Tables 3.'.1-1, 3.1 5-1 and 3.2.5-2 and on tre syster piping and instrurerta-
ticq d'agra s in tre Treliminarj Safet/ Aralysis Pepcrt, except for the cooling lires
discussed eowe in ? ction 3.2.1.

I"e t:a s i s f or a.cep t ar.ce in the statf's revien has been confo mance of the aLplic3nts'

cesigns, design criteria, ar.d design cases for pressure-retaining ccrpcrents such as
pressure vessels, beat enchang::rs, storace tanks, parLs, piping and val n s in fluid
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syste~s ir portant to safety with the [nreission's regulations as set forth in General
Design Cr iterien 1, the requirements of the Codes specifiod in Section 50.55a of
10 CFR Part 50, and to the provisions of Pegulatory GJide l.26, staf f technical
positions, and industry standards.

The staff concludes that fluid system pressure-retairing Corponent, irportan* to
safety that are designed, fabricated, erected anJ tested to quality standards in
conferrence with the Corrission's regulations, the applicable Pegulatory Guide, staf f
technical positions and industry standards are acceptable. Confarrance with these
requirements provide reasonable assurance that the plant will perferr in a manner
providing adequate safeguards to the health and safety of the public.

3.3 Wind and Tornado Loadings
3.3.1 Wind tnading

All the seismic Catt jorf I structures listed in Table 3.2.1-2 of the Preliminary
Safety Analysis Pepcrt will be designed to withstand the effects of the design wind,
and all seisric Category I systems and com onents located within these structures
will thereby be protected fren its effects Category I syst' s and co porents located
outside the structures and thus exposed to the wind, will be designed to witnstand
its effects.

The design wind specified for the plant has a velocity of 90 miles per hour at an
elevation of 30 feet above grade and is based on a recurrence interval of 100 years.
The basis for establishing these winj parameters was discussed in Section 2.3.1 of
this rep rt.

The procedures that will be usod to transform the wind velocity into pressure loadings
on structures, systers or co penents, and the associated distribution of wind pressures
and drag Coefficients will be in aCCordance witn Asst Ass.1-1972, "euilding code
Pequirerents for Min 1 um Design Loads in Buildings and Othcr Structures.' This

docurent has been previously used and recognized and has been accepted for use by the
NPC staff.

The procedures utilized to deterrine the loadings on seismic Category I structures
induced by th design wind specified for the plant are acceptable si..ce these proce-
dures provide a conservative basis for enc'neering design to assure that the struc-
tures will withstard such anvirunmental forces.

The use of these procedures provides reasonable assurance that in the event of design
basis winds the structural integrity of the plant's seismic Category I structures
will not be impaired and, consequently, seisric Category I systers and corponents
located within these structures are adequately protected and will perform their in-
tended safety functions if needed. Conformance with these procedures is an acceptable

basis for satisfying the applicable requirements of General Design Criterion 2.
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3.3.2 Tornado Loadings

All the plant structures whose failure can directly affect the safe shutdown of the
plant during non-accident conditions, as listed in Section 3.3.2 of the Preli-inary
Safety Analysis Report, will be designed to withstand tornado effects; and all safety-
related systems and components located within these structures will thereby be
protected.

The design basis tornado specified for the plant has 3 tangential wind velocity of 290
niles per hour and a translational velocity of 70 miles per hour. The caxirun pressure
drop associated wi th the tornado i s 3.0 pounds per square inch with a raximun pressure
drop rate of 2.0 pounds cer square inch per second. Further, an appropriate spectrum
of tornado-generated nissiles is also postulated as will be discussed in Section 3.S of
this report. The basis for selecting and establishing these tornado parameters was
discussed in Sectico 2.3.1 of this report.

The procedures that will be used to transform the tormdo wind velocity into pressure
loadings on structures will be in accordance with the MSI A58.1-1972 docurent, cited
above, except tnat the pressure will te applied uniformly over tne full height of the
projected area of the structJre and no gust factors will te applied. The structures
will either be vented cr designed f]r the pressure drop associated with the tornado.
The tornado missiles effects will be determined using procedures to be discussed in
Section 3.5 of this report. The total effect of the tornado on structures, syste~s
and components will be determined by an appropriate cer bination of its individual

effects.

Tornado-generated loads will be corbined with other applicable loads as will be
discussed in Section 3.8 of this report.

Structures that do not require hardening against the tornado will either be located
such that their structural failure will not affect the integrity of structures that
will be designed for tha tornado, or will be designed not to collapse under the

tornado wind load.

The procedures utilized to deternine the loadings on structures induced by the design
basis tornado specified for the plant are acceptable since these procedures provide a
conservative basis for engineering design to assure that the structures will withstand

such environmental forces.

The use of these procedures provides reasonable assurance that in the event of a

design basis tornado, the structural integrity of the plant structures th t have to be
designed for tornadoes will not ne impaired and, safety-related systems and components
located within these structures will be adequately protected and ray be expected to
perform necessary safety functions as required. Conformance with these procedures is
an acceptable basis for satisfying the applicable requirements of ceneral oesign

Criterion 2.
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3.4 Water Le"el (Flood) Desig_n_
3.4.1 Flood Protection

The facility yard grade and the ultimate heat sink cooling tower basins for the
Mentague 1 and 2 site will be located above the design basis flood level, including
wave runup, and, therefore, will not be subject to flooding. The exterior walls and
slabs of all safety-related structures extending below the ground level will be pro-
tected from groundwater by waterproofing. Tnere will not be any exterior wall penetra-
tions below finished grade into compartments which house safety-related equipment.

Seismic Category I structures will not he designed for flood forces because the site
grade exceeds the elevation cf the probable maximum flood from the Connecticut River.
However, since the plant will be located at the base of Wills Hill, runof f water will

be collected in an cpen channel at the base of the hill, and then drained into an

undorground drainage piping network. The required level of plant protection is dis-
cussed in Section 2.4.2.

As a result o' aur review, we conclude that the proposed water level (flood) design
is in accordance with General Design Criterion 2 and Regulatory Guide 1.59 - Cesign
Basis Floods for NJclear Power Flants, and is acceptable.

3.4.2 Cesign Procedures

Certain natural pFenomena, sucn as flood current, and wind wave, that are associated
with environmental forces are not applicable to the Category I structures of this
plant, since the finished grades around these structures are located abuve the prob-
able maximum flood elevations.

The procedures described in the Prelinir.ary Safety Analysis Report and utilized to
deternine the loadings on seismic Category I structures from the finished plant grade
(approximately 3tu feet mean sea level) to their foundations, assuming saturation to
the top of grade, are acceptable since these procedures provide a conservative basis
for engineering design to assure that the structures will withstand such environmental
forces.

The use of these prcced;res provides reasonable assurance that, in the event of
floods, the structural integrity of the plant's seismic Category I structures will

not be impaired and, consequently, seismic Category I systems and co ponents located
within these structures are adequately protected and may be expected to perforn their
intended safety functico if needed. Conformance with these design procedures is an
acceptable basis for satisfying the applicable requirements of General Design
Criterion 2.

. e
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3.5 Mi ssile Protection Criteria
3.5.1 Tornado _ Missiles

We have reviewed the inforration supplied in the application and in the applicants'
letter dated August 1,1975 concerning the analysis of tornado missiTe velocities and
trajectories ard find the results to be acceptable. The applicants have corr:i tted to
require that the follcwing spectrum of nissiles (described in Safety Related Site
Parameters for Nuclear Power Plants, WASH-1361) and impact velocities be used in the

design of Montague 1 and 2.

Missile Si?e* Weight (pounds) Velocity (feet per second)

A-Wood plunk 4" x 12" x 12' 200 420

B-Steel pipe 3" 0, 10' long, 78 210

3chedule 40

C-Steel rod 1" 0 x 3' lcng 81 310

D-Steel pipe 6" R ,15' long, 285 210

schedJ1e 40

E-Stee 'ipe 12" 0, 15' long, 743 210

schedu'' 40
F-Utility pole 13.5" 0 x 35' long 1490 210

G-Autonobile 20 ft frontal 4000 100

area

*(") inches, (') feet, (0) diameter

The design trust consider these missiles as striking in all directions. Missiles A, B,
C, D, and E are to te considered at all eleations and Missiles F and G at all eleva-
tions up to 30 feet above all grade levels within 1/2-mile rf the facility structures
We find this to be acceptable.

3.5.2 Missile Protection

The neneral design objective of nissile protection is to ensure that structures,
systems, and corponents, outside and inside containment whose f ailure could prevent
safe shutdown of the plant, or result in significant urcontrolled release of radio-

Pressurizedactivity be protected against internal y and externally generated missiles.
components and systers such as valve bonnets and hardw3re, retaining bolts, relief
valve parts as well as high speed rotating nachirery are considered potential sources
of internally generated nissiles.

Protection against these potential missiles vill include orienting seismic Category I
structures and corponents outside containment so as to minimize the prob 3bility of
ir, pact, providing missile barriers or shields, physically separating safety-related
systems from non-safety related, and physically separating redundant components of
safety-related systems so that a single nissile could not damage both trains.
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As a result of cur review, we conclude that the applicants' design criteria and bases
for -issile prot 7ction are in accordance with General Design Criterion 4 as it relates
to structures housing essential systems, and Regulatory Guide 1.13 - Fuel Storage
facility Cesign Basis, as it relates to the design of the spent f uel pool syster and
is in accordance with P;gulatory Guide 1.27 - Ultirtate Feat Sink for t.uclear Pc er
Plants, as it relates to the design of he3t sinks and connecting piping and are,
therefore, acceptable.

3.5.3 Barrier Design Procedures

The analysis of structures, shields and barriers to determine the effects of missile
impact, will be accorplished in two steps.

The barrier thickness required to prevent perforation by the missile will t'e deter-
mined in the first step. For steel barriers, the Stanford Research formula will be
used. For concrete barriers the most conservative results obtained by the follcwing

formulas will be used:

(1) Petry foruula.

(2) Ballistic Research Lab forrula (BRLF).

(3) Corbination of the Arran and Whitney fornula and the National Defense

Research Comittee formula.

In the second step of the analysis, the overall structural respcnse of the target
when im acted by a missile will be determined using established rethods of irpactive
analysis.

The load of the nissile inpact, whether the rissile is environmentally generated or
accidently generated within the plant, will be combined with other applicable loads.

All structures which contain safety related equip:,ent will also be designed to with-
stand the loads and effects of a 15000 pound aircraft strike. The applicants plan
to adopt the maximun allow 3ble iJCtility ratios reconnended in the Air Force Design
Manual, " Principles and Practices for Design of Hardened Structures," AFSWC-62-13R,
Decerber 1962. The applicants have indicated in Suppler,ent 7 to the PSAP that the

ductility ratio for any reinforced concrete flexural member shall not exceed 10. We
find this criterion to be acceptable.

The procedures that will be utilized to determine the effects and loadings on seismic
Category I structures and missile shields and barriers induced by design basis missiles
selected for the plant and tha 15000 pound aircraf t strike are acceptable since these
procedures provide a conservative basis for engineering design to assure that the
structures or barriers are adeouately resistant to and will withstand the effects of

$hkhsuch forces.
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The use of these procedures provides reasonable assurance that the structural integritj
of structures, shipids, and bar-iers will not be impaired or degraded to an extent

that will result in a loss of required protection in the event of design ba'.is missile
strikes. Seismic Category I systems and comparents protected by these structures will
be, therefore, adequately protected against the ef f ects of missiles and will perforn
their intended safety function, if needed. COnfor mance with these procedures is an
acceptable basis for satisfying the applicable requircments of Gcneral Design Criteria
2 and 4.

3.6 Criteria for Protection Against Dynamic Ef fects Associated with Postulated Rupture
of Piping

3.6.1 Outside Containrent

Goneral Design Criterion 4 requires that systems and components essential to safety be
appropriately protected against c'ynamic effects, includin] the effects of missiles,
pipe whipping, and discha, ging fluids that r;ay result from postulated rupture of
piping outside the containment. The systems and componen* essential to safety are
those systers and corporents that are required to shut down the reactor and ritigate
the consequences of a postulated piping failure without of f site power. The criteria
require that for the postulated pipe failures, the resulting environnental effect
will not preclude the habitability of the control room, or preclude the accessibility
of other areas that rust t;e occupied during an accident condition, or nuca loss of
function of electric power supplies, centrols, and instrumentation needed to complete
a safety action.

The applicants state that protection against pipe breaks outside containment will
conforn to the guidelines contained in Appendix A, General In f o rma ti on for Considcra-
tion of the Ef fects of a Piping Systen Branch Outside Containrent, of the AEC letter
from Pr. J. F. O' Leary, dated July 12, 1973.

To provide protection of essential systems and components, the plant design will
accorrodate the effects from postulated high energy system piping bred s with respect
to blowdown jet and reactive forces, pipe whip, and environmental conditions resulting
from the postulated pipe break. The applic nts proposed a list, incorporating ten
high energy piping systens, and identified the rethod of protection, i.e., separation,

enclosure, or restraints, afforded. We agree with the contents of the list. The
plant design will also acconnodate the effects from postulated breaks in roderate
energy systems, where necessary, and wil! use the possible corbinations of physical
separation, pipe whip restraints, and suitable enclosures to protect essential equip-
nent in the event of a pipe break. The plant will t1e designed to withstand a high
energy pipe break accident with whatever consequential da age that could occur, plus
a single active failure, and still be capable of achieving a safe shutdown and rain-
taining the reactor in a cold shutdown condition.

As a result of our review, we conclude that the proposed protection against dynamic ef-

fects associated with the postulated failure of piping outside containment is acceptable.

(jfy [g93-8*
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3.6.2 Inside Contair ent

With respect to the systems located inside containment, the Preliminary Safety Analysis
Peport states that the criteria that will be erployed for detennining the systems

which are to be evaluated, the lccations and types of pipirg bre3ks which are posiu-

lated, and the protective mecsures against pipe whip to be providad, will be consis-
tent with the rea;irements of Pegulatory Guide 1.46, " protection Ageinst Pipe Whip
Irside Containrent

The rethods of analysis descrited in the Preliminary Safety Analysis Peport will
edegaately account for the djnamic loadings on systers, structures and corporents
that are associated with pipe rupture assumptions. Use of these methods will provide
adecuate assurance that the containment structure, unaffected system ccmponents, and

those systems irportant to safety which are in close proximity to the systers in
which postulated pipe f ailures are assumed to cccur, will be protected.

For determiration of restraint loading due to the postulated pipe ruptures, the

applicants have corr.itted to utilizing the dynamic analysis procedures described in
GESSAR (Occket Na. SIN SC-047) for that piping included in the r,creral Electric sccpe
of supply.

These procedsres will yield conservative results for tre large clearance, large
defoiration restraints described in Section 3.6.B of the Preliminary Safety Aralysis
Report (i.e., a gap size of approxi*ately six inches) when used with the thrust torces
calculated in accordance with the relationship given in Section 3.6.B of the Prelin-
inary Safety Analysis Prpert. Cesign limits proposed by the applicants in Section
3.6.3.1.5.lB of the f reliminary Safety Aralysis Peccrt for use in the design of the
pipe whip restraints will result in defcrration limits as conservative as our limits
for all nethods and all materials employed. The methods used for formulating the
hydrcdynamic forcing functions induced by pipe rupture and the dynamic analysis for
the pipe whip rction provide an acceptable basis for restraint design.

For the determination of restraint loading resulting frcm postulated ruptures of
piping in the Stcre and Webster scope of supply (all piping not furnished by General
Electric), the applicants have cornitted to use the dyramic analysis procedure:
consistent wi th trose that are acceptable to the staff as delineated in Section 3.6.2

of the NRC Standard Peview Plan, U EG-75/087.

The Criteria used for the identification, design, and analysis of piping systems where
postulated breaks ray occur constitute an acceptable design basis in satisfying the
applicable requirerents of General Design Criteria 1, 2, 4,14,15, 31 and 32.

The provisions for protection against the dynamic effects associated with pipe ruptures
and the resulting discharging coolant provide adequate assurance that, in the event of
tre combined loadings imposed by an earthquake of the nagnitude specified for the safe
shutdown earthquake and a concurrent single pipe break at one of the design basis

3-9 [l! X n , ,%000 adr c t; e _.



br eak locations, the following conditions and safety f unctions will be accorrodated
and assured:

(1) The magnitude of a design basis loss-of-coolant accident cannot be aggravated
by potential rultiple failures of piping.

(2) The reactor emergency core cooling systems can be expected to perfern their
intended function, assuming a single failure.

The applicants have stoted in tre Preliminary Safety Analysis Report that they will

incorporate the criteria contaire in the AEC letter from Mr. J. F. O'Learf , dated

July 12,1973, in their analysis for high energy line breaks inside containment. In

implerer, ting these criteria, the applicants will designate design b3 sis break locations
throughout all high energy piping systems. These postulated break locations will be
chosen on the basis of highest relative st ess, er significant changes in flexibility

of the piping. The protection will be provided against the dynamic effects of postu-

lated pipe breaks ar,d discharging fluids in piping systens containing high energy
fluids and located insi1 the containment will be adeqsate to prevent damage to

structures, systers and ccr;onents to the extent cons 1dered recessary to assare the

maintenance of their structural integrity. Such protection provides reasonable

assurance that the safe shutdown of the reactor can be accomplished and maintained,

as needed.

In addition to the protection provided for high energy systers, for those piping
systers that do not cperate at sufficient te perature or pressure to be considered

high erergy systers, the applicants will postulate sufficient leakage cracks to

assure that essential equiprent ard comporents are protected fron spraying fluid,
flooding and the conseq;ent environmental conditions that may be developed.

The criteria propcsed for the identification, design and analysis of high and ecderate
energy fluid lines inside con,ainment where postulated breaks and cracks ray occur
constitute an acceptable design basis for satisfying the applicable requirerents of
General Design Criterion 4

3.7 Seismic Design

3.7.1 $_eismic Inout

The seismic design response spectra (Operating Basis Earthquake and Safe Shutdown

Earthquake) applied in the design of seismic Category I structures, systems, and
corponents comply with the provisions of Pegulatory Guide 1.60, "Cesign Pesponse
Spect:a for Nuclear Power Plants.' The specific percentages of critical danping
values used in the seismic analysis of seismic Category I structures, systems and
cor;onents are in conforr.ance with Regulatory Guide 1.61, " Damping Values for Seismic
Analysis of Nuclear Pcwer Plants." The synthetic t;me history used for seismic
design of Category I plant structures, systems and components will be adjusted in
amplitude and frequency content to obtain the response spectra that envelcp the
design response spectra specified for the site.

_
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Confurnance with the provisions of Rp;ulatory Guides 1.60 and 1.61 assa es that the
seismic inputs for seisnic Category I structures, systems, and con panents are adequately
defireJ so as to form a conservative basis for the design of such structures, systers
and cor ponents to withstand seis nic loadings

3.7.2 Seis,ic Subsyste- nalysis

tdal response spectrum and time hi stc ry ' .e thod s for mul ti-degree-o f-f reedom sys te "s
will forr the bas >s fo' " alyses of all rajor seismic Category I structures, systen ,

and ar corent s. When +6 . rodal response spectrum method is used, gaserning response

par re ters will te c y binei by tre square-root-of-the-su~-of-squares rethod to obtain

the ta xir e responso The absolutc su" of responses or tm rOdified d';ble su n r ethad

will be used for -ides with cicsely-spaced frequencies.

Three cor;enents of seismic rction will be considered- two horizcntal 21d one ver-

tical. TM total re wense to the three corpcnents of seis-ic ~oticn will te obtained

by this "ethod.

Fleur spectra irputs +5 be ussi for ccsign and test verification of syste 3 and

:oc Wrents will t ce% rated f ror the t i* e histcry r e thod. Effects cn floor response

< ectra of e rected v3 iat!cas nf structural properties and darpir' will be acccanted,

fer tf Cdenirl the rcs;crse spectra pe3Ls by at least +_15 perc en t . Torsional effett-
an; stability auinst overturninj will te cersidered

: )il-stro:ture intera:ticr will rot te corsidered sinco all seismic Cat v ory I struc-

ture, will be s/ ported or s m jtock er on concrete backfill. Na seismic Category I

4' will be us j in this plant.

We conclade tnat the sets"ic sjstem and subsysten anal sis procedur es and criteriay

a opa ed bj tre a;plicants crcvido an acceptable basis for seis-.c design.

3.7.3 Sois"ic Instrurertation

'r installatio" of the specified seismic instru entation in tho reyctor containnentm

structure and at Other seismic Category I structures, system, and togonents cmst i-

tutes an acceptable pecgran to record data on seisric grosnd r>ction as well as d3ta on

tre fre pencj ?.rd a plitude relaticn; hip cf th" seis-ic response of raior structures

arJ syster3 A prc~'* readout of pertinent dit3 at the control roo~ can te expected

to yield suf ficient information to guide the crerator cn a tirely basi > tor the pur-

PDse of evaluating the seismic respcnse in the event of an earthquake. [:ata obtained
f rom such installed seismic instru"E 'tation will te suf ficient to determine that the
seismic analysis assu ptions and the analytical nodel used for the design of the plant
are adequate and tha+ allowable stresses are not exceeded under conditions where

ccatinuation of operation is intended. Provision of such seisTic instrumentation

co plies with Regulatory Guide 1.12-Instrumentation for Earthqunes On this basis we

corclude that the seis"ic instra entation to be provided is acceptable.r
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3.8 Design of Categorj I Structures

3.8.1 Steel Containment

The reactor coolant system will be housed within a free-standing steel cylindrical
shell topped with a torispherical dome and fixed at its bottom into a concrete cat
covered with a liner plate. The steel containment will be enclosed by a reinforced
concrete shield building. The containrent will utilize the Mark III pressure suppres-
sion system which will be relied on to limit the containment pressure and temperature
transients folluwing a postulated loss-of-coolant accident (LOCA).

The steel containrent including all penetrations will be designed, analyzed, fabri-
cated, constructed, inspected and tested in accordance with the rules of Subsection NE
of the ASME Boiler and Pressure Vessel Code Section III, Division 1.

The containment will te designed f or all the various load combinations that are
considered credible, including appropriate conbinations of accident loads and seismic
loads. In addition, the containment will be designed to withstand a post-LOCA flooded
condition in conjunction with an Operating Basis Earthquake (05E). Such a flooding
condition may be required to recover the fuel from the reactor af ter a postulated LOCA.

The materials that will be used in the construction of the crotainment will satisfy

the requirements of Article NE-2000 of Subsection NE of the ASME Section III Code
The bottom region of the drywell walls and support columns that will be submerged in
the suppression pool will be lined with stainless steel.

After the completion of the construction and prior to operation, the containment will
be subjected to a structural proof test.

The criteria used in the analjsis, design, and construction of the steel ccntainment
structure to account fcr anticipated ,cading and postulated conditions that may be

imposed upon the structure during its service lifetime are in conforrance with estab-
lished criteria, codes, standards, and guides acceptable to the NRC staff.

The use of these criteria as defined by the applicable codes, standards, and guides,
the loads and loading ccmbinations; the design and analysis procedures; the structural
acceptance criteria; the raterials, quality control progra s, and special ccnstruction
techniques; and the testing and in-service strveillance rcquirerents, provide reason-
dble assurance that, in the event of earthquakes and various postulated accidents
occurring within and cutside the containment, the structure will withstand the sg -

fied conditions without impairment of structural integrity or safety function. A
seismic Category I concrete shield building protects the steel containrent from the
effects of wind and tornadoes and various postulated accidents cccurring outside the

shield building. Conformance with these criteria constitutes an acceptable basis for
satisfying the applicable requirements of General Design Criteria 2, 4,16, and 50.

[)(,1 ( k3 rt 15 / kt
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3.8.2 Containment Interior Structures

The major contain ent interior structures include the drywell, the reactor pedestal
and shield wall, the refueling pool and operating floor, and various other internediate
floors.

The drywell will be a reinforced concrete cylindrical structure with a flat roof
approximately five feet thick, stiffened by two deep girders forming the refueling
pool. It will completely enclose the reactor vessel and the r(circulation systen.

Its primary function is to divert the steam released in a postulated LOCA to the
suppression pool. Because of the irportance of this function, upon which the proper
functioning of the pressure suppression systen depends, the NRC staff has required that
the dr ywell be treated to a certain extent as would a containment structure. According-
ly, the design and analysis procedures and the loads and load combinations will be
sinilar to what is normally used and accepted for concrete containments. The design
and analysis procedures for the lower vent region of the drywell will be based on
finite eierent techniques to account for the vents. In addition, the staff have re-

quired that the drywell be subjected to a structural proof test at the design pressure
to verify the structural capability of the completed vessel. The applicants have
concitted to such a test. GJard pipes which forn extensions to the drywell will be
designed, constructed and tested in accordance with Subsection hE of the ASPE Section

III Code.

The other interior structures will also be designed for appropriate load combinations
that are considered acceptable to the NRC staff.

The criteria that will be used in the design, analysis and construction of the con-

tainment's internal structures to account for anticipated loadings and postulated
conditions that may be imposed upon the structures during their service lifetires are
in conformance with established criteria, and with codes, standards and specifications

that are acceptable to the h;C staff.

The use of these criteria as defined by applicable codes, standards and specifications;
the loads and loading combinations; the design and analysis procedures; the structural
acceptance criteria; the materiiis, quality control and special construction techniques;
and the testing and inservice surveillance requirements, provide reasonable assurance
that, in the event of earthquakes and various postulated accidents occurring within
the containment, the interior structures will withstand the specified design conditions
withcut impairecnt of their structural integritj or the performance of their required
safety functions. Confornance witn these criteria, codes, specifications, and standards
constitutes an acceptable basis for satisfying the applicable requirer.ents of General
Design Criteria 2 and 4

'
- i | g#I'I
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3.8.3 nther Seismic Catqcry I Structures

Seismic Category I structures other than the containment and its internal structurcs
will be built f rom structural steel and concrete. The structural coc onents will
consist of slabs, walls, beams and colur:ns The design rethud for concrete will
follcw that specified in the ACI-318 Code; and for steel it will folicw tre berican
Insti tute of Steel Cons truction speci ficatiord, wi th appropria te riodi fica tions re-
quested by the staff to account for loading ccnditicns peculiar to naclear pcner
plants

The criteria tha t will be used in the analysis, design ard tonstruction of all the
plant's seismic Categcry I structures to account for anticipa.ed loadimp and posta-
lated conditions that may be irposed utan each structure during its senice lifeti:'e,
are ' conf orrance with established criteria, ard witr c', des, standards, and specifi-

:ations accept 3ble to the 'r E s taf f.

IFe .se of ttese criteria as defired by applicable codes, sta'idards and specificaticrs
the Icada ar'J loading cctbinatiCos, the design and analysis ;rocedures, the structural
acceptance criteria; the caterials, wality centrol and special ccnstruction technives
and the testing and inservice sur,eillarce reqJirements, provide reasonable assurnce
th3t, in the event of wirds, tcrnadces, earthquakes ard various postulated accidents,
the stru t res nill nithstard tra specified design conditicos without irpairnent of

their st N taral integrity or tre ;erfCrracce of their reauired safety forcticns

Confc mance with tM se critcria, codes, specifications, and ctandards constitute in

acceptable t nis for satis #>irg tre applicable require ents of General ; sign Criteri:
2 and 4.

3.'.4 f x nditions

TFe steel ccntainment, its interior structures ard the shield bJilding will be fo u r$ 1

on a concrete r at. Se cat will be aralyzed to determine the effects of the various

cabi"ativrs of loa b exc%ted during tFe life of ti e clart. F Nnd3tions of other

Ca tegory I s tructures n111 also be cons tructed of reinforced coro: rete mats. Suct

p,;.37g r de with ocprc; riatef andations will te de,igned in accordance with tng e

ri fifications to the leading criteria describeJ in Section ".5. of the i'relir:irirys

u fety Analysis Ke; ort.

The criteria that will be used in the analysis, design and c'nc truction of all the

plant's seismic Category ' fc;ndatio^s to account fcr anticip3ted icadirgs and postulat-
ed conditions that r.ay bo impsed upon each foundation durina its c ervice lifetiro,
ccr f orm with established criteria, and with codes, st 3ndards, ar:d speci f ic 3ticns
acceptable to the @C staf f.

The use of these criteria a'. defired by applicable codes, standards end specifications,
the loads and Icading combinations; the design and analysis procedures; the structural
acceptance criteria; tneraterials, quality control and s;ccial construction techniques;

*N'J >)"f U &
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and the testing and inservice surveillance requirements, provide reasonable assurance
that, in the event of winds, tornadaes, earthquakes and various postulated events,
seismic Category I found3tions will withstand the specified design conditions without
imp 3irr:ent of their structural integrity or the perfornance of the reqaired safety
functions. Confcrmance with these criteria, codes, speci fications, and stardards
constitutes an acceptable basis for satisfying the applicable requirements of General
Cesign Criteria 2 and 4

3.9 Mechanical Systems and Components

3.9.1 Dynamic System Analvsis and Testing
3.9.1.1 Vibration Operational Test Program

The applicants have agreed to perform a preoperational piping vibrational and dynamic
effects test program to confirr. that dynamic loadings on piping from operational
transient conditions have been properly accounted for in the design and aralysis of
piping systems and restraints classified as AD'E Class 1 and 2 components. This
pregram will provide adeauate assurance that the riping end piping restraints of the
system have been designed to withstand vibrational djhamic effects dJe to Valve
closures, pump trips and 0;arating nodes associated with the design coerational
transients.

The tests, as planned, wiil develop loads similar to those experienced during reactor
operation. A crimnitment to proceed with such a progrcm constitutes an acceptable
design basi, at the construction permit stage of car review in fulfillment of the
acplicable requirerents of MC General Design Criterion 15,

3.9.1.2 Analysis and Tests of Mechanical Eq;ipment

The aoplicants will perform dynamic testir; and analysis to confirm that all seisnic
Category I mechanical equipment will function daring and after an earthquake of
magnitude up to and including the safe shutdown earthquake, and that all equiprent
support structures are adequately designed to withstand seismic disturbances.

Subjecting the equipcent and their suoports to these dynamic testing and aralysis
procedures provides reasonable assurance that in the event of an earthquake at the
site, the Category I rechanical equipment as identified in the Preliminary Safety
Analysis Peport will continue to function during and af ter a seismic event, and the
co~bired loading imposed on the equiprent and their supports will not exceed applicable
code allowable design stress and strain limits. Limiting the stresses of the supports
under such loadiag corbirations provides an acceptable basis for the design of the
equiprent supports to withstand the dynamic loads associated with seismic events, as
well as operational vibratory loading conditions without gross loss of structural
integrity.

Irple entation of these dynamic testing and analysis procedures constitutes an accept-
able basis for satisfying the applicable requirerents of General Design Criteria 2
and 14

. onmomo.



3.9.1.3 Pregerational Vibration Assurance Program for Peactor Internals

With regard to flow-induced vibration testing of reactor internals, the applicants
have stated in the Preliminary Safety Analysis Peport th3t the first EWR 6 plant of
each size will be considered a prototype design and will be instrumented and subjected
to both cold and hot two-phase flow testing to demonstrate that flow-induced vibrations
similar to those expected during operation will not cause damage. From information
contained in GESSAR (Docket No. STN 50-447), we note that the Perry 1 plant has been

designated as the prototype applicable to EWR/6 plants of tha 'ize of Montague 1 and 2.

Tne preoperational vibration assurance progran as planned for the Montague reactor
intarnals provides n acceptable basis for verifying the design adequacy of these
internals under test loading conditions that will be comparable to those experienced
during operation. The corbination of tests, predictive analysis and post-test inspec-
tion provide adequ3te assurance that the reactor internals may be expected, during
their service lifetime, to withstand the flow-induced vibrations of reactor operations
without loss of structural integrity. The continued integrity of the reactor inter-
nals in service is essential to assure the retention of all reactor fuel assemblies
in their place as well as to permit unirpaired operation of the control rod assy blies
to perrit safe reactor operatien and shutdown.

The conduct of the preoperational vibratior tests constitutes an acceptable basis for
de onstrating design adequcy af the reactor internals in fulfilling the applicable re-
quirements of General Design Criteria 1 and 4 and in conforming with the provisions of
Regulatory Guide 20, " Vibration Measurerents on Reactor Internals.

3.9.1.4 Analysis Methods for LOCA Loadinas

The structural design adequacy cf the reactor internals, including the control rod
assemblies, will be confir ed by the applicants using a dynamic analysis of the
reactor internals, together with the loads ge rated from the unbroken piping loops.
This analysis will be performed under the corbined effects of the postulated occurrence
of a design basis loss-of-coolant accident and a Safe Shutdown Earthquake (SSE) includ-

ing an SSE and a steam line break.

At the final design phase of our review of GESSAR (Docket No. STN 50-447), the staff
will require a ncre detailed description of the analysis and results for the combined
effects of a Safe Shutdown Earthquake and a steam line break. When this requirement
has been satisfied, the dynamic system analysis which will be performed, will provide
an acceptable basis for confirning the structural design adequacy of the reactor
internals and the unbroken piping loops to withstand the combined dynamic effects of

the postulated occurrence of a recirculation lire or a steam line break coincident
with a Safe Shutdown Earthquake. The analysis will provide adequate assurance thu
the combined stresses and strains in the corponents of the reactor coolant systems and
reactor internals, for these faulted conditions, will not exceed the allowable design
stress and strain limits of ASME Section III, Appendix F (faulted limits) for the
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materials of construction, and that the resulting defiections or displacements of any
structural element of the reactor internals will r.ot distort the reactor internals
geometry to the extent that core cooling may be inpaired. The assurance of structural
integrity of the reactor internals under a recirculation line break er a steam line

rupture concurrent with the most adverse loading event (SSE) provides added confidence
that the design r,ay be expected to withstand a spectrum of lesser pipe breaks and
seismic loading events. Compliance with the dynamic system analysis and acceptance
criteria listed above, constitutes an acceptable basis for satisfying the requirements
of NRC General Design Criteria 2 and 4. A topical report providing the analysis and
loads on reactor internals will be subnitted by General Electric about nid-1976. This
ratter will be resolved and addressed in a supplement to this safety analysis report
prior to a decision on issuance of the Montague 1 and 2 construction permits.

3.9.2 ASME Code Class 2 and 3 Corponent s

All safety-related ASME Code Class 2 and 3 systems, comperents and equipment will be
designed to sustain normal loads, at ticipated transients, the Operating P3 sis Earth-
quake and the Safe Shutdown Earthquake within design limits which are consistent with
those outlined in NRC Regulatory Guide 1.48, " Design Limits and Loading Cenditions."
The specified design basis loading combinations as applied to the design of the
safety-related ASME Ccde Class 2 and 3 pressure-retaining corponents in systems
classified as seismic Category I provide retscnible assurance that in the event an
earthquake should occur at the site or other upset, erergency or faulted plant transients
should cccur during norral plant operation, the resulting combined stresses imposed on
the system corponen's are expected to remain within the allowable design stress and
strain limits for the materials of construction. Liniting the stresses under such
luding corbinations provides a conservative basis for the design of the systen
ccrpontnts to withstand the most adverse corbinatians of loading events without gross
loss of structral integrity. The applicants' design load corbinations and associated
stress and deforration limits specified for all ASME Code Class 2 and 3 components
constitute an acceptable basis for design in satisfying MC General Design Criteria 1,
2 and 4 and are consistent with recent NRC staff positions

The criteria used in developing the design and rounting of ASME Class 2 and 3 safety
and relief valves provides adequate assurance that, under discharging conditions, the
resulting stresses are expected not to exceed the allowable design stress and strain
limits for the materials of ccnstruction. Limiting the stresses under the loading

cor binations associated with the actuation of these pressure relief devices provides

a conservative basis for the design of the systen corporents to withstand these loads
without loss of structural integrit/ and impairment of the overpressure protection
function.

Qi F ~1 w
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The criteria used for the design and installation of ASVE Class 2 and 3 overpressure
relief devices constitute an acceptable design basis in neeting the applicable re-
quirements of EC General Design Criteria 1, 2, 4, and 15 and are consistent with

those specified in Wegulatory Guide 1.t)7, " Installation of Overpressure Protection
bevices.'

3.9.3 Component Oyefability Assurance Frozam - Active Pumps and Valves ( ASME Code

Class 2 and 3)

.he applicants have described in the Preliminary Safety Analysis Report their program
to assure the operability of active components, which is acceptable. Active corpo-
rents are defined as those pJ: ps reqJired to f unClion and Valves reqJired to open or
close or close during or following the specified plant condition.

The conduct of the applicants' proposed operability assurance program will provide
adew ate assurance of capability of active purps and valves in s:isnic Category I
systems incluJing those which may be classified as ASME Code Class 1, 2, and 3, to
withstand postulated seismic loads in cortination with other significant loads without
loss of structural integrity, and to perform the " active" f snction (i .e. , purp opera-
tion, valve closure or opening) when a safe plant shutdown is to be effected, or the
consequences of an accident are to be nitigated. Tne specified component operability
assurance procedures constitute an acceptable basis fcr implementing the requirements
of General Design Criteria 1, 2 and 3 for active pumps ar d valves.

3.10 Seismic Qualification of Qtegory I Instrumentation and Electrical EqJiyent

Operability of the instrumentation and electrical equip ent is essential to assure
tne cap 3bility of such equiprent to initiate protectiu actions in the evPnt of 3
Safe Shutdown Earth % 3ke (SSE) as recessary for the operation of engineered safety

. features and standoy power systers. This ratter is disG ssed below.

3.10.1 Store & Webster Sccpe _of Sucp_ly

Tne seismic qualification testing program which will be implemented for seismic
Categcry I instrumentation and elect ical equipment provides adequate assurance that
sJCh egyipnent will function properly durirg the excitation frc7 Vibratory forces
imposed sy the safe shutdown earthquake and under the co-ditions of post-accident op-
eration. The applicants referenced IEEE Standard 34 , 1971 fer the seismic qualifica-
tien of Lategory I electrical equipment, and in addition, their program contains fea-
tures wnich recognize and provide solutions for standard test program implementation
prc bler;s, consistent with Standard Review Plan, Sc. tion 3.10, " Seismic Qualification

of Category I Instrumentation and Electrical Equipment. This progran constitutes an

acceptable basis for satisfying the applicable reqaire-er,ts of General Cesign
Criterion 2.

907080
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3.10.2 General Electric SccTe of Supf y

Proper functioning of Category I instru entation and electrical equipnent is essential
to assure the capability of such equipment to initiate protective actions in the event

C a Safe Shutdown Earthquake (SSE) including, for exacple, oneration of engireered#

safety features and standby power systems. The infor":atico ,. sented in GESSAR
(Docket No. STN 50-447) is consistent with Standard Review Plan, Section 3.10 " Seismic
Qualification of Category I Instrurentation and Electrical Equiprent. Car review of
the General Electric seismic qualification program has been completed, however, docu-
r;entation of our review and acceptance is outstanding This documentation will be
corpleted prior to a decision for issuance of Montague 1 2 construction permits.

The seismic qualification testing prograra to be implemented for seismic Category I
instrumentation and electrical equipment will provided adequate assurance that such
equipment may be expected to function properly during the excitation fron vibratory
forces imposed by the safe shutdown earthquake and under the conditions of post-
accident operation. This program constitutes an acceptable basis for satisfying the
applicable require ents of NRC General Design Criterion 2.
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4.0 REACTCR

4.1 General

The nuclear steam supply systems for "onte _a 1 and 2 include the General Electric
Corpany (GE) boiling water reactors (SWR) which generate steam for direct use in the
stear-driven turbine generators. The design of the Montague 1 and 2 reactor is
similar to that of the GESSAR-233 reactor and to the reactore for the Grand Gulf
Nuclear Station, Units 1 and 2 (Docket Nos. 50-416/417) and the Perry haclear Powe-
Plant, Units 1 and 2 (Docket Nos. 50-440/441). The reactor design for these other
applications has been reviewed and found acceptable by the NRC staff.

The f ael and heat source consists of slightly enriched uranium dioxide pellets con-
tained in scaled zirconium alloy tubes of about one-half inch in diareter. These
fuel rods, which are over twelve feet long, are asserbled into fuel asserblies, each
consisting of 63 fuel rods and one water-filled rod in an 8 x 8 array within a square
cpen-ended zirconian channel box. Seven hundred and thirty-two of these fuel as-
semblies form a roughly cylindrical core.

The core is sup rted in a dored cylindrical shroud inside the reactor vessel. Steam
separators and dryers are rcunted on the shroud dore. Two external, notor-driven,
constant speed recirculating purps inject high-velocity water into the 20 fet pJrps
which are located in the annulus between the shr lud and the reactor vessel. The higo

velocity water from the jet nozzles entrains and 'rparts erergy to additicnal water
from the annular region. The corbined ficw enters t,s botton of the reactcr core ana
boils as it passes upward through the fuel assemblies.

The steam which emerges from the core is separated from the steam-water mixture by

the steam separators and dryers. The steam flows to the turbine-generator through
four 26-inch diameter main steam lines. The heated condensate returns to the reactor
through two 24-inch diameter feedaater lines and is injected into the annulus betweer
the shroud and the vessel.

Control of the fission reaction rate within the core is achieved by the roverent of

neutron abscrbing, cruciform-shaped control rods, anu by variation of the flow rate
through the core, thereby changing the steam fraction and roderator density. Inc -
vidual hydraulic drives permit the control rods to be axially inserted from below the
core to any degree desired or to be inserted fully and swiftly upon receipt of a trip
signal (scran). Core flow rate is varied by the flow control valves in the recir-
culation lines.

/- r-
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4.2 Mechanical Design

4.2.1 Fuel ''echanical Desion

The 8 x > fuel asse~bly consists of 63 fuel rods and one unfueled, spacer-capture rod
in a square 8 x 8 array within a square channel box. The rods are spaced and support-

ed at tre top and bottom by stainless steel tie plates. The rods are also held in
alijm ent by spacer grids located along the assembly. The cladding is ease of fuity
aMealed lircaluy and each rod contains a hydrogen getter. The fuel pellet is a
riqht circular cylinder whose height to dia eter ratio is approximately unity. It is

charfereo and undished and rade of uraniun dioxide at approximately 94 percent of
theoretical density. Gadolinia bearing pellets are used in tha nighest enriched rods
which are distinguished from the rest of the fuel rods by reans cf an extended end
plug design. A Zircaloy channel box contains the fuel assembly and i a load carrying
ree er. It also provides a channel for coolant flCw and control rod moverent. The
channel wall thickness has been increased from the previous 7 x 7 design. The benefit
of the smaller diameter rod design of the new 8 x o fuel, is to reduce the therr.al
perforrance require-ents of the fuel and minimize fuel-pellet rechanical interaction
by use of the chamfered pellets, reduced pellet lengths and annealed Zircaloy clad-
ding. Scre of the main rechanical dirensions and para eters are given in Table 4.2.1
of this report.

The safety considerations in fuel assembly design are raintenance of basic asserb'.y
geometry for adequate coolant passage and preservation of cladding integrity to
contain the fission products within the fuel rod.

In Section 4.2.1.3.5 of the Preliminary Safety Analysis Peport, the applicants de-
scribe the loadings and design limits of the fuel assembly and cladding. They discuss

the engineering design limits in terms of stress, strain, deflection, fatigue life

and creep ruptur' In addition, analytical methods to be used to denonstrate design
adeqJ3cy are described. Such material properties as cladding yield and ultimate
stresses, and other thernal prcperties are given. We reviewed these design bases in
detail and found thzt they provide an acceptable description of design bases for the
8x 8 fuel assembly. Details of our evaluation of the 8 x 8 reload fuel design are

included in Appendix D of the GESSAR Safety ealuation Peport, NUREG-75/110 datedr

Decemter 1975. The only differences between tne 2WR-6 8 x 8 fuel and the reload
8 x 8 fuel are lat the total active fuel length is four inches greater in the EWP-6

fuel and the fission gas plenum length is 0.75 inches o-eater for the EWR-6 rods.
These changes are not significant enough to change our general conclusions regarding
8 x 8 reload f,el given in Appendix D of the GESSAR Safety Evaluation Peport, NUREG-
75/110. In this report, we indicated that the nuclear design of the 8 x 8 reload

fuel assemblies was reviewed by comparing its properties with those of equivalent
7x 7 fuel assemblins and ccncluded the nuclear design of the 8 x 8 reload assemblies
is acceptable.

General Electric performed nechanical tests which included: fuel assembly handling

and shipping tests, channel box removal a:d replacement tests, water lug shear tects

30 ; PSI-
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f uel Asser bl y Data

Overall length, inches 176

Nor.iral active fuel length, inc L 143

f t.el rod pitch, inches 0.640
Space bet een fuel rc:s, inches 0.147
Charrel wall thickress, inches 0.120
Fuel bundle heat transfer a e3, sq;are feet 100.3

Fuel Ecd Data

Patside dia'eter, inches 0.493
Cladjing thick ness. irches 0.034
Fellet cutside dia eter, inches 0.416
Fissico gas plenun lergth, inches 12.00

Fellet irrersion der.sity, gra s/ cubic centi":eter 10.42
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ard fuel asse-bly tending stif fness tests. These tests verified tho ability of the
fuel to Lc handled with no da: age.

'lencral Electric his accu ~ulated extensi e fuel 0;erating experience with fuel having
a range of de sign para +et<'rs that en velopes those of the 8 x 8 f uel . Although the
design of the unfueled spacer-capture rods is new, it is based on expertence with
similar designs. Fuel assemblies with eccentrically 'ocated spacer capture rods have
been successfully operated in the Hrtoldt Eay reacter.

The rethods used by General Electric to calculate the effects of fuel pellet densi-
'ication have t,een previously subritted in Topical Report NEDM-10735. This report

n been resiewod and found acceptable by the !RC staff.t

rods are introducedTo replace the poiscn curtain previously used in EW2s, U0 -Gd Cg3g

into the high enrichrent asse"tlies The thermal cordJctivity of such rods is

slightly lower than that of the CO r ds. However, these rods are expected to
2

rod. A different enJ plug design isoperate at relatively lower power than a UO7
used to distinguish then from ather fu?l rods. We have previcusly reviewed the use
of UO -Gd 0 rods and found then tc be acceptable.

g 2

General Electric tas plans to perform a test of the S x 5 design spacer grid and
spacer-water rod locking arrangerent. In addition, General Electric has a fuel
surveillance progran which is to be condrted on preselectcd 8 x 8 fuel asserblies
d; ring refueling oJtages of operating plants.

We plan to review the results of the above surveillance program during %r review of
the Montague 1 and 2 Final Safety Analysis Peport. Also, a stress report should be
provided for e3ch component together with safety r:argin.

A calculation of cladding strain based on an e pirical forrula together with gross
direter reasure ents taken fron an irradiated rod burst test was subritted in a
Topical Report (NE00-lC505, vay 1972). An update f this topical report as well as
a re-analysis and evaluation will t:e required as new information becomes available.

Based upon the above testing and operatirg experience, we conclude that the proposed
rechanical design criteria for the fuel are acceptable for Montague I and 2 at this
construction permit stage of our review.

4.2.2 Reactivity Control Sycters

Reactor power level can be controlled either by neverent of ccotrol rods or by
variation of the reactor coolant recirculation system flow rate. Certain fuel rods
will also contain full length and others partial length gadoliniur oxide, a burnable
poison, to supplerent the roveable control rods in controlling the core reactivity
throughout the core life. A standby liquid control systen is also provided as a
backup shutdown system. ,.

h i 100\
,

,

4-4

'
w



Control rods (177 in mber) are used to bring the reactor through the full rangt of
power (fron shutdown to tull power operation), to shape the reactor power distribu-
tion, and to corpensate for changes in reactivity resulting from fuel burndp. Each
control rod drive has separate devices for control and for rapid insertion (scra-).
Tne drives have a corr.cn supply pump (and one parallel spare pump) as the hydraulic
pressure source for normal operation and a comen discharge volu~e for scrar
operation.

A control-rod-ejection accident, to be distinguished fron the rod drop accident, is
precluded by a control rod housing support structure located below the reactor
pressurt vessel, similar to that installed on the other large General Electric
rec. _ co rs . This structure limits the distance that a ruptured control rod drive
housing Could be displaced, so that any resulting nuclear transient would not te
sufficient to cause fuel rod failure.

As indicated above, reacter power can also be controlled thrcugh changes in the
prir.ary coolant recirculation flow rate. The recirculation flow control system can

automatically adjust reactor power level to station load derand whenever the reactor
is operating between approsicately 65 prcent ana 100 percent of rated power. The

recirculation flow control system is designed t; allow- either ranual or automatic
centrol of reactor pow.r. This nethod of reactor power level control has been satis-

factorily dercnstrated in other reactors.

The standby liquid control systen is available to pump a sodium pentaborate solution
into the reactor vessel. See Section 4.3.3 of this report for further discussion of

this system. This system is designed to bring the reactor tr a cold chutdown con-
dition from the Tull power steady-state operating condition at any tine in core life,
independent of the control rod system capabilities. The injection rate of the

systen is adequate to corpensate for the effects of xenon decay.

% the basis of our review of the control rJd, flCW control and standby liquid control

systens design, and the supporting evidence accumulated from operation of similar

systems in other General Electric reacters, we conclude that these systems will
satisfy the functional performance requirements and are acceptable. The details of

the proposed design for the new rod pattern control system, which will allow use of
ga ged rod notion, have not yet been submitted by Cer,eral Electric for our review.
See Section 7.6.1 for further discussion of this system.

4.3 Nuclear Design

The BWR-6 reactor core for each unit of Montague 1 and 2 consists of 732 fuel asse -

blies and 177 control rods, arranged as shown in Figure 4.1-1 of the Preliminary
Safety Analysis Report. A planar view of the fuel lattice cell is shown in Figure

4.2-3 of the Preliminary Safety Analysis Report. The fuel lattice cell consists rf

four square fuel assemblies and a cruciform shaped control rod. A fuel assembly has
an 8 x 8 square array of rods, 63 of which are fuel rods; the 64th rod is a water-
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spacer rod. The cruciforn shaped control rc '> contain 76 stainless steel tubes (19

tubes in each wing of the cruciform) filled ~1th vibration compacted toren arbide
powder. Mc& rator/ coolant water occupies all Jace not taken up by fuel reds, control

rods, and structural material. All of the water gaos between fuel asserblies are of

the s re size. Some of the witer gaps, which do not include a control rod, are

provided with gJidc tubes fo; both fixej and rovable neutron flux detectors. Guide
tubes are located in the space near the corners of two adjacent fuel asser.blies.

There are a nu"ber of nJteworthy features of the fuel lattice cell which are appli-

cable to the first fuel cycle. These are: (1) the fuel rods are of four dif ferent

uranium-235 enrichnents, (2) the average enrich &nt of the uranium-235 isotope in the
f uel twndle is 2.07 percent by weight, and (3) a nu-ber of fuel rods will incorporate
an axially varying distribution of gadolinia.

We hase reviewed and evaluated the nuclear design bases for the Montague reactors

The design bases consist of both safety design bases and power generation design
bases. The gereral requirerents of the safety design bases are: (1) that sufficient
negative reactivity feedback te provided to prevent fuel damage as a result of

at;norral operational transients; (2) that nuclear characteristics as reqJired be

exhibited to assure that the reactor has no inherent tendency toward divergent or

limit cycle operation; ud (2) that the excess reactivity of the core be limited
suf ficiently to assure that the reactivity control systers are capable of raking the

reactor subtritical with the highest worth control rod f ully withdrawn. The general

requirements of the power generation design bases are: (1) that sufficient reactivity

be provided to reacn the desired burnap for full power operation; (2) that continuous,

stable regulation of core excess reactivity be allowed; and (3) that suf ficient
negative reactivity feedback te provided to facilitate norral raneuvering and control.

In addition to the gmeral safety and power generaticn bases, the Montague 1 arid 2 units
are designed to meet a numoer of specific design bases. These are listed below:

(1) The power reactivity coefficient must always be negative.

(2) The roderator void reactivity coefficient must be negative.

(3) The Dcppler reactivity coefficient must be negative.

(4) Cuitrol rod operating patterns and withdrawal sequences nust be specified so
that individual control rod worths are sufficiently low to prevent damage to the

reactor system in the event of a rod drop accident.

(S) The maximun control rod withdrawal speed must not be greater than 3.6 inches per
second.

(6) Control rod withdrawal increments rust be limited 50 that a rod novement of one
increment does not result in a reactor period which cannot be managed by an
operator.

4-6 g
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(7) The poaer generation rate must be controlled so that the linear teat generation
rate of 13.4 h ilcwatts per f uot is r:ot en ceeded and so that tFo minin ' critical

powor ratio is not lest than 1.21, the C;erating 'i t for the plant.

(d) Suf ficient burn 3ble poisen rust be included in the nuclear design to ensure that
the stutdown requirements can be ret throughout the core life.

(9) The back up shutd::an syster rust be capable of making the reactor subcritical at
a tercerature of 20 degrees Centigrade. It rust be capable of inserting at iaast

600 parts per million of natural Lorcn between a mini ;n rate and a maxinun rate of

6 to 25 parts per million per minute.

Based on our review, we conclude trat the nuclear design bases are acceptable, since

thev are in conforT ante with General Eesign Criteria 10, 11, 12, 26 and 27.

4.3.1 Fc arr Distritation

'a'e nave reviewed and evalJatFd thC information presented on poner eistrib; tion. Tre

power distributicn is a furctico not only of the nuclear design, but also of the

re3ctor operating state. Conse;uently, an infinite nurter of power distributions are

Lcssible for tne Yantag e I a-d 2 reacters. Constraints are placed on the power
distribution in order to limit the lirear heat generation rate to less than 13.4

6ilcw3tts per fcot and to keep the mini s- critical pcwer r3 tic above 1.21, the

c; era ting licit. Target peaking facters for these design linits are aiven in Table

4. 3.1 of this report. Tne e:erating conditions are periodically ronitored to ensu er

cc pliance w'th the design limits.

The incore neutron rcnitoring system is composed of the Source Range Monitcring sub-

system, the Inter ediate Pange Monitoring subsysten, tho Local Power Pange Monitoring
subsystem, the Average Fower Pange ?>cnitoring subsyste , and the Traversing Incore Prote
r.Lsysten. The Startup Pange Monitoring range varies f rom the minimum source power

-3
l e',el to a bout 1 C ercent of full power. T*e Interredia te Range Monitoring cover t ror
10' to 20 rercent of full pcwer. The Local Power Pange cnitoring range saries fron au

few percent to 150 percent of fJll Roaer. The Averacje Iower Range Vonitoring profide a
continuous indication of average reactor Ecwer f rom a few percent to 150 percen*. of rated
reactor pc er. The A,erage Pcwer Pange ":nitoring subsystem is based on a staset of the
Local roaer Range Mcnitoring detectors. The Trasersing Ircore Probe subsysten is used to
calibrlte the Local F wer Pange Mcnitoring and to provide detailed data on axial flon

distributions.

A discussion of power distributions in boiling water reactors is giver in A;pendix 4A
of the Preliminarj Safety Analysis Report. Appendix 4A indicates that the General

Electric design rethods are captble cf adequately representing operating reactor
states. The design methods are corpared with reasured data for both gross and local

power distributions. The ef fect on power distributions of rod patterns, fuel bJrnup,

ficw variations, void distribution, xenon, hot and cold reactor conditions, and load
following are discussed. The errors and uncertainties associated with the analytical
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E-esign Feaking Facter
Faxir um F ael E;ndle to Averaae f uel E;ndle 1.43

Axini reak-to-Average 1. 0

Lccal reak-to-Aserage 1.13

Total reak-to-Average 2.22

W3ttr-to-Fcel .olor e Patio 2.50

Uranium Weight ;er candle (pc/ds) 415

P,<ir Core Reactivi ty , All Pods in (Kgff) <0.9ES

Core Peactivity, Strerr;est Pcd 'ht (Kg77) s0.99" ti- a,

Reactivity of Movable Control ' ads, Cold ('K) 0.17

t ar.le of Feactisity Ccef ficients
Fuel Co;pler Ccefficient ( k/k/"F) -1.2 to

-!.3 x 10'
"cderator Void Ccef ficient ( * k /k/. void) -1.0 to

-1.6 x 10~

_
_. - - _ - -
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rethods are also discussed ard have been accounted for in ttie evaluation of f uel
performance with the precess cor pater.

We conclude that the discussions of the power distribution in Section 4.3 and in

Appendix 4A of the PSAR are acceptable provided that questions and concerns arisir]
f rom the staf f review of Appendix 4A on the GESS AR docket are satisfactorily resolved.
These questions a e directed teward the statistical analysis of reactor data in
establishing and accounting for errors and uncertainties. These questions are t'eing
addressed in Topical Report MD0-2034D and resolution of our concerns will be accom-

plished as a part of our review of that topical report. Pesolution cf this r.atter

need not be corpleted prior to a decision on issuance of the MontagJe I and 2 Construc-
tion perrit but will be supplied in the Final Safety Analysis Report.

We conclude that the information presented concerning the ronitoring of pod, dis-
tributions is a ceptable and the ratters discussed above can be provided in the

Final Safety inalysis peport.

4.3.2 Peactivity Coefficients

We have reviewed ar.d evaluated the information presented on reactivity coef ficients.
It'e rost important reactiv ty coefficients which determine the stability and dynamici

behavior of the N otagse 1 and 2 reactors are the Doppler reactivity coefficient, the
roderator void resctivity coef ficient, and moderatcr ter perature reactivity coef fi-
cient. The power rea tivity coefficient, which is associated with stability to tower

oscillations due to xenon and other causes, is a function prinarily cf the Doppler
and moderator Void reactivity Coefficients.

The Doppler reactivity coef ficient is a reactivity change associated with the Dcppler
broadening of absorption resonances of a material and is caused by changes in tempera-
ture. The Doppler reactivity coefficient is r.egative for the Montague reactors The

absolute magnitude of the coefficient increases with both increasing noderator tem-
perature and increasing void fraction because the resonance escape probability is
inversely proportional to the water to fuel ratio. The Doppler reactivity coef ficient

also becomes more negative as a function of fuel burnup cue to the buildup of plu-
tonium isotopes. Values of the Doppler reactivity coefficient are given in Table

4.3.1 of this report. In various transient analyses, the Doppler reactivity coeffi-

cirnt is taken to be -0.126 cents per degree Fahrenheit and is multiplied by a design
conservatism factor of 0.9.

The Montague 1 and 2 reactors have a large negative moderator void coefficient of
reactivity and a moderator temperature f.oefficient of reactivity which is truch smaller

in magnitude. The coefficients are cbtained from partial derivatives of the infinite

multiplication factor and neutron leakage as a function of control fraction * with

*The control fraction is defined as the ratio of the length of control rods inserted
into the reactor to the total inserted length of all of the control rods.
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respect to the variables of tenperature er void content with the reactor near criti-
cal, Of the two, the moderator temperatcre coefficient is less significant and plays
a role only near the inlet region of a %t operating reactor where the void content is
s r.a l l e s t . This coefficient may becore slightly positive near the end of the fuel
cycle. lhe strong moderator void coefficient of reactivity, on the other hand, gives
the Nntague reactors a nuM;er of important characteristics such as: (1) the capa-
bility of using coolant flow control for load following; (2) the inherent ability to
self-flatten the radial power distribution; and (3) stability to xenon induced spatial
power oscillations. Values of tne void reactivity coefficient are given in Table
4.3.1 of this report. In various transient analyses, the noderator void coefficient
is taken to be -11.5 cents per percent void fraction and is rultiplied by a design
conservatism factor ranging in value from 0.9 to 1.25.

We have reviewed this inforration and conclude that the discussion in the Prelininary
Safety Aralysis Report of the reactivity coef ficients is acceptable. We find that
the irportant prompt (Coppler) and void reactivity coefficients are neg3tive through-
out a fuel cycle. We further conclude th3t the absolute nagnitudes of these Coef fi-
cients are sufficiently large to ensure the stability of the Montague 1 and 2 reactors
during power operation.

4.3.3 control Requirerents ar.d Control

1:e have reviewed and evaluated the inforration presented on control requirements and
control. The excess reactivity designed into the initial core is controlled by a
control rod systen supplemented by the use of a burnable poison, gadolinia, in a

fuel pellet butnumber of fuel rods. The gadolinia is uniformly distributed in a U0p
has an 3xial distribution within a fuel rod. The reactcr is designed to perrit the

energy extracticn of 12,000 to 19,000 megawatt days / ton averaged over the initial
core loading and depending on the initial uranium enrichment. The excess reactivity
is needed to compensate for reactivity losses due to moderator heating and boiling,
fuel temperature increases, equilibrium and peak xenon, samarium poisoning, fuel

depletion, and other low cross section fissian product poisons.

The control rods provide a number of important operating functions. They are a means
for: (1) rapidly decreasing the core reactivity during a reactor trip by being
driven into the core; (2) bringing the reactor into the power operating range from
either cold or het shutdown conditions by planned rod withdrawal; (3) compensating
for fuel depletion by planned rod withdrawal, and (4) shaping the power distribution
by selective movement. The control rods are capable of shutting down the reactor

(K < l.0) throughout the entire first fuel cycle for the rost limiting condition,
eff

that is, for the reactor at 20 degrees Centigrade and for the highest worth control
rod stuck out. The uncertainty associated with the calculatior of the shutdown
nargin was estimated by General Electric to be about 0.005aK.

Control rod withdrawal sequences are selected prior to operation in order to optimize
core performance and to achieve low individual rod worths. The maximun controlled

4-10
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r ate of reactivity additien during startup is 0.00ll!K/sec. This valuo is based on
tre withdrawal of an in-selaente rod assuming a total rod acrth of 0 01 1K, a peak.

increc ental rod worth of 0.00B3 ' h/ inch, and a maximum rcd ;eed of 3.6 inches

per second. Peactivitj Jdjilion rates are ccnsider3bly redsced at hot Operating
corjitions fr< thase under startup ccnditicr.s 9 to tFe ef fec ts of soiJ forN tion

and redistritmtion as 3 red i s wi tNraan.

The < cntrol of the reactor is r>ot coly dependent opi tFe no or ent of control red,
t ut also upc" charges wnich occur in ,aricus system paia"eters. Eecaa w tre pre'sare

rhan ;es c3used to turbire load char.ges woJld tring abaat reactor roaer ct3rles in a

direction c;posite to c"ances in turbire load, the reactor is operated as canstant
pressure device. The plant oJtput is increased or derrfased by Changioq the re_1ctor
circclatin; witer flow rd/or moving the centrol rods. is indicated ;revic Aly.
reacter startup from cold or oct conditicns is acco'plished by wi thdraainq contr cl
rads and keepirg the retirculating aater flow at a fixed value. Tne reactivity
difference tet ren the tot standby corditicn (5 percent power, 3d per cont ficw), a s
& fired bj rereral Flectric, and the cold critical conditico are 0. M JK e j 0.N1 -

for teponing and em! Of cycle, res;ecti velj. Trese teactivity differences ir_l w

te Leratu o, void 5 A t'in, and none c Ni n ;c s . Ej adjustirg tht recircalating water

fica, tne reactar p .nr can Fo v vied over approsi% teh M ,ercent of the p er
r a r. 3 The p%3r c h e ;e pr V Kej by varf1'l the recirculating water flaw is rearly
uniforr ar! is based cn curm d veloped d arin g the reactor startup phase ahi-h corre-
late r%cter pcser and flow for varicus control rod pitterns. Ccntral rod chan #s uy
als to made in tFe ; <er rin;e in conj.nction with cn3nges in the retirculatinq v.dter
fica; b ever, ! c.11 f c Il cair ; us ally acccplisted tj varying recirculatin ; w3ter'

flew. Eritial scwei 1 2turbarc 2 such as trose ccu ed by anon r edistrib; tion, cre-,

ecial c cntrol ;rcble- Tre large regative power coef ficient rrevices >trongcrct r es

< h r e c. t 'roirl of such jisturtances or oscill3tionc

Tr > " mta ;se 1 and 2 reactors ncorpcrate a stardby liquid cc-trol syster to satisfj
tnr ro pire e nts of M recal Design Criterion 26. This sjstem is capatle of injectira
a catural baron solution at t'e rate of 6 to 25 parts per -illion rer rirmte and can
bring the system coolant to a concentration of at least 600 parts per millico. Based
en the re.ictisitj worth cf the bcron, this livid control syste , indE, .ndently cf anf
ccrirol rod action, is ca;able cf shatting d>n tre reactar to ?O degrees Centigra 9
f rcm full ;e m r throu ? oat the hel cjcle.

Wo concluje th3t the d1*,cussiCn of the Centrol regaire"ents and Centrol is 3CCeptable.
ae fir.d t"3t there is sJfficient shutdown margir throughout t^e fuel cycle, ne agree
with the applicants that spatial power disturbantes will bo lstrcnl y da ped by the

lar;c negative power ccefficient. We conclude that pcwer cr anges by centrol rod mo,e-
ment and/or charges in retirculating water flow can te ade in an acceptable anner

with respect to ef fects cn the pcwer distribution. WE further Conclude that aequate
control of tre excess reactivity exists tnroughout tre fuel cycle. Finally, we conclude
that a second sbatd;wn control systen require ent is s3tisfied by the stardDf lig;id
control system.

-



4.3.4 Control Pod Patterns and Reactiv1t g arths

We have reviewed and evaluated the inforcation presented on control rod patterns and

reactivity worths. We find that specified rod withdranal sequences are designed to
limit rod worth so that the drop out of any control rod from the fully ir=serted po-

Thesition results in a peak fuel entha.py of not riore than 280 calories per gram
selected rod pattern at any time will satisfy thi3 requirerent on the peak fuel enthalpy
if the incre ental control rod worth is restricted to no rrore than 0.01 M even if the
rod drop velocity rcaches its maximum value of 2.79 feet per second.

As contrasted to other power producing reactors, the rod withdrawal sequences for a

boiling water reactor are cor plex. In the startup range, the control rods are withdrawn

to 50 percent control rod density leaving a checker-bcard pattern. Once a control rod
has t;een selected for withdrawal in the startup range, it is withdrawn from its fully
inserted to fully withdrawn position. The maxirun in-sequence rod worth always occurs
when the first control rcd of an in-secuence group is withdrann. Tre ~axirun cut-of-

setence control rod worth will occur as follows (1) all the control rods of an in-
sequence group have been withdrann; (2) a single rod from the next in-sequence group is
witNrun; and (3) the coerator NLes a single error by withdrawing the out-of-sea;ence
control ad jacent to the ir-se~ pence control rod wi thdrawn ir- Step (2). The withdrawal
of control rods durirg startup is perforced in conjunction with pecr.issives from the

red pittern control system, a systen designed to preclude the withdrhal of et t-of-
sencrce control rods. The raximun control rod wortn, as controlled by tre prescribed
patterns in this system, are given in Figares 4.3-2a and 4.1-2b of the Preliminary
Saf ety Analy;is :eport for No dif ferent 1%els of burrup.

In the puer ran;e, crce a c eckertoard control rod configuration has teen achieved,r

the concept of in-sequence and cut-of-sea;ence control rods is no longer reanirgful
since all interior control rods will nave approxim telj the same reactivity worth. Ite

worth of an interior control rod is about 1.5 k/k in tre het operating state; however,

tFe amo;nt of reactivity which can be added d;e to a drcpping control rod is restricted
since enly partial withdratal of all the remaining rods in groups occurs. Control rod
withdranals in tre power rance are also restricted to li-it the total power peaking
factor. Control rcd patterns are varied from tire to ti~e to raintain uniform barnup
in each fuel asse-bly. In the power range the worst sirgle operator error is defined

as the selection and full withdrawal of the ~axi um worth control rod. This results in

tao rethods for inserting potentially hign reactivity into the reactor. The first
rethod is by withdraaal of the high worth rod itself and ?te second rethod is by having
an adjacent rod drive being completely withdrawn but witn its control blades decoupled
and re~aining in the fully inserted position. This decoupled blado then falls out of
the core.

In the startup range, the N ximum in-sequence and out-of-sequence controi rod worths
are cu puted by reans of f ull core, three group, two-dirensional, XY dif fusion calcu-r

lations, Homogenized cross sections are used for each fuei bundle. These cross sec-
ticos are generated by using the General Electric standard lattice design rethods for
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the controlled cr uncontrolled fuel bundle. The ef fects of the axially distributed
gadolinia are included in the XY diffusion Calculations by using average cross sections
and axial bucklings obtained from one-dirensional, three group, avial diffusico
calculations.

In the power range, the centrol rod cal .ulations are af fected by the forraticn of stea,
voids in the moderator. The maxi ~u~ control rod worth is calculated by neans of three-
dirensional XYZ dif fusion theory for a control rod fully inserted or fully withdrawn
for a constant void distribution. The initial void distribution is obtaine i f rom a
three-dimensional coupled nuclear-thernal hydraulic calculaticn with the ma xir um worth
out-of-seouence control rod fully inserted.

We conclude that the informatien presented on control rod patterns and reactivity
worths is acceptable. Although the control rod patterns and withdrarial schemes are
quite corplex, we find that the rod pattern centrol systen and the nuclear instru-en-
tation can limit the worth of a control red and the power peaking factor. Finally, we
conclude that the restrictions on tre rod patterns will limit the incren "tal control
rod north to approxirately 0.01 13 and that no dro; ped rad would produce a peak fsel
enthalpj of 280 calories per grc even if the r od were drepped at 2.79 teet per socon J.

4.3.5 Criticality of fuel Asserblies

W :, ave reviewed and evaluated the applicants' criticality analyses of tFe fuel asse-blies.
The criticality aralyses were performed assu~ing a higher-tF3n-norral averaga f uel
enrichment and also assuming that there are no control rods or gadolinia. For the dry
condition, the rultiplication factor, K is 0.50. In the fuel handling facilities,

eff
two fuel bundles give K 0.74, and four bundles s 0.90. Sixteen to twertyff gf7

fr(sh fuel bundles with gadalinid present represent a critical array. Procedural
controls prevent personnel from arranging four fuel bundles in a square array. See
Section 9.1 of this report for f urther discussion of fuel criticality.

We conclude that the discussion on criticality of fuel assemblies is acceptable. We
find that the procedural controls outlined in Section 4.3.2.7 of the Prelininary
Safe'y Analysis Report are suf ficient to prevent K fron exceeding 0.90 under normal

eff
conditions of fuel handling and storage and 0.95 for abnormal conditions.

4.3.6 Vessel Irradiation

We have reviewed and evaluated the inforration presented on reactor vessel irradiation.
A one-dimensional, discrete ordinates transport code was used to calculate the neutron
fluence at the pressu e vessel assuming continuous reactor operation at rated power for
40 years. A radial power distribution representative of conditions throughout the life
of the plant was used. Axial power distributions were calculated. The calculated

fluence at the pressure vessel for neutrons of energies above ene nillion electron volts
l8is about 2.3 x 10 neutrons / square centimeter.

()s} + . ; f g{~.L2 -| self }
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Frem car revics of tr e a;plicants' ethods e-plejed ar.j cescrited in Section 4.3.2.9 of
tH Pr elimir.ary Sa f et f Ar alysis Pe;crt, a conclude that th" calculated neutron fl a.ce
at tre pressure vessel w311 has ' en tonservatively estirated.

2.3.7 cral tical Metr ej

The Msic calculational precad,res used by General Electric for cereratinl neutron
sec tions are p 3rt cf its so-called La ttice i hvsics "ndel . In tnis model, thec ro se

" vj-gro ;> f ast v j reconance energy cross sections are ce puted tf a GAM-type of
pregr3 The fist erergie, are treated by rultilrcun integral collision prchabilitie'
to at m 't tcr retrical effects in fast fission, resonance c u rq, crcss sections

4

3 r.: c 31cul 3 t ~d b y us" , the intermediate reson3rce a;;ro i ation with erergj-and-
sition- # pen %nt Carcoff factors included. Ite t hcr al crosi ,ections are ccrputed

,

Ss a IPE "_6-ty; e of p rc]ra- This Lrograr acco/ts fcr tne spatially varjing ther~al
,. trum tFrr g out 3 fuel b# dle. Tiece calculaticas were performed fer an ex+ensive

natit of p 3 ram ters ircluji, g f uel enrict:"ent and distributicn, fuel 3na 'ojirator
't ,eraturas, Lurrup, voids, void histcrj, t% presence or 3bsence of adjacent rentrol
ru s, and g hlin1s cana ntration and distriNticn in tr fuel r e; As part of tre

lattic p r y c i c s 'V ' 1, t h ree 4
" r , t m ji a nsieral )y 11ffusion raiculaticns for ent

fc,r fuel *undle , +-re p e r f o r e d . l. .: c s l fue rod pos rs, as well as single-banJler

rith tr oithuat a control red prosent } = s t ra';e cro s wct .cns, oereu die
-

or fc s r '

<''ct iatej tj this *mj

sin 1 e or fcur " .Mle a ver aged rxatron c ross _ >c tion, nhich were 0btainej trci the1
'

La+tice hjs ks "^ 9 oere useJ in eithur +s]- cr +nre>-di en;icnal diffusien calculati as.

" -di ensicn11, H calculation, ere usuallj per fer~ ed in *b ee , w.ns at a li e axial
1ccation to -etiin ycss p>cr distributicrs, reitti vities, aM a erace tnree arcup

in m e-dirensional axial calculaticrs. Ite three-neatrnn crc-is s ec t i c: r , for on

51onal diff a on calcuiatices av 1.5 erer y croc s and can couple neutron andJi r

t erral hyJraulic Fe< rena. Inese three-dirensinnal calculaticns are perf ne ed usir.g
N 3xial nojes and I radial ntde per fuel N rdle resultirg in about 14,r00 to 20,C00-

spatial rn $ c tcw er, at tre design stage v "etricai ' retry ' useu to re Lce tFe,
,

size of the calculation. Inis three-dirvrsional calculatien provi des tre rest sinulaticn
of a toilir] w 3ter re3ctor an j yields gross three-d bensicral ; ower distributicns, void
jistribaticr-, ccntrol rcd cositicns, reactivities, eip ovalues, and also average cross
't_t<0ns for use ir '"e cne-dirensional axial calculaticns

The cn -c'rersional pisl calculations are 5,3ce-tire jif fusico calcalaticns whi:h are
.uupled to a si qle cnancel therral-hjdraulic rmdel. This uial calculation is used to
generate tm scra~ reittivity functicn for various core coerating states. Thi s ore -
d'censional sp=ce-t' 2 code has 'een co pared tv General Electric with ret;lts 't3 ired

, sing the industry stardard ccde, hISLE.

Ice Do;'pler, "cderator said, and rcderator temperature re3ctivity coe'ficients were
< enerated in a rudimentar y "arrer frco data obtained f rcn the Lattice Ihysics Hodel.
,

Tre effective delayed neutrcn f ractien and the prorpt rode reutrcn lif etire were
Osqj'4 a..%.Ju3-14 u

,

* ~/ L . 3\



cor pated using the cre-dir:ensional space-tire code. The power cnefficient w3s obtained
t j aspecpriately co bining the moderator void, ' oppler, and oderator te perature
reactivity coefficients

The response of a boiling water reactor (EWR) to anj in tced cower oscillations is
discussed in Gerecal Electric Topical Report APED-5652. The effect of spatially
varying xenon concentrations s, the stability of a BWR is specifically discussed in

Ger.erai Electric Topical Peport APED-E640. These studies show that a [WP is st3ble to

any rencn-induced power oscillations because of the damping effect of the lar:Je,
negative, spatially varjing void coef ficient-

Appendix 4A of the Pceliminary Safety Analysis Peport gives a considerable a" cant of
infor~ation on the co parison of calculated local and gross power distributions with
r easured data. The factors which influence the power distribution are discussed as
well as uncertainties in the reasurerents and calculations. Houever, Saction 4. 3 of
the Preliminbry Safety Analysis Peport does not provide any comparisons of calculations
of r with re3sured data for hot and cclo conditions and with and without equilibriumgff

xenon and samarium present. Corparison with oxperirental data of calculated control
rod worths in the cold condition, shutdown rargins for various conditions, the rP)ctivity
worths of the distributed gadolinia, and reactivity coefficients for various conditions
is similarly lacring.

We conclude that the discussicn of the an3iytical rathods in icate that they represent
the current state-of-the-art. We find acceptable the General Electric comnitrent on
the GESSAR-233 Nuclear Island Standard Design, Docket No. STN 50-447, which also

appe3rs on the Montag;e docket as co ritments by the applicants, to provick? topical
repcrts in the following areas:

(1) The lattice physics methods verification.

(2) Lattice physics methods verification.

(1) SWR simulator.

(4) BWR simulator methods verification.

(5) The void and Doppler reactivity coefficients.

We will require that the topical reports on the above five natters be reviewed and

accepted prior to the decision on issuance of the Montague 1 and 2 construction permits.

4.3.8 Sunnary of Evaluation of Nuclear Design

The applicants have described the computer programs and calculational techniques used
to predict the nuclear characteristics of the reactor design. The staff concludes that
the Gereral Electric connitrent on the GESSAR238 Nuclear Island Standard Design, Docket
No. STN 50-447, which is also a conritment by the applicants on the Montague docket, to

,
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providt topical reports to doconstrate tFe ability cf these analyses to predict reactivity
and physics characteristics of the Monta pe plant is acceptable. Cur revi 4 and acceptance
of these topical reports will be corpleted prior to a decisien on issuince of the
N ntague 1 and 2 construction permits.

To allow for changes of reactivity due to reactor heatup, changes in c;erating cond1-
tions, fuel burnup, and fission product buildup, a significant amount of excess
reactivity is designeo into the core. The applicants have provided substantial
infornation relating to core reactivity for the first cycle and have shown that rems
have teen incorporated into the design to control excess reactivity at all tires. The
applicant! have s'c n that sufficient control rod worth is available to shut dawn the
reactor with at least a one percent 9 /k subcritical margin in the cold condition at
any tire during tho cycle with the rest reactive centrol rod stuck in the fully with-
drawn position.

On the basis of our review, we conclude that the applicants' assess ent of reactivity
control re w ire crts over the first core cycle is suitably conservative, and that
adelu3te regative worth has been provided by tre control syster to as <.rc s rutacen

capaLility. Peactivity control requirements will be reviewed for additional cycle , as
this information becores available during the operating license sta';e of our review
ne also conclude that nuclear desMn bases, features, and linits hase been establisned
in contornance with the requirerents of General Design Criteria 10, li,12,13, 20, 25,
26, 27, and 23,

4. 3. 9 Ccntrol Rod Syste- Structural Kiterials

The rechanical properties of structural materials selected for the control rod system
cor:poren ts sati sfy f ppendi x I of Section III of the ASVE Code, and Part A of Section II
of the Code, and the staff positico that the yield strength assumed for cold worked
austenitic stainless steel shoJId not exceed 90,000 posnds per squ3ro inch.

The centrols irposed upcq the austenitic stainless steel of the systw conforr to the
provisions of Feulatcrj Guides 1.31, " Control of Stainless Steel Weldinq anJ 1.44,
" Control of the Use of Sensitized Stainless Steel. Fabrication and heat treatrent

practices perforried in acccrdance with these provisions, as supplenented by inforr.ation
f rom the der.onstraticn tests in progress, provido added assurance that stress corrosion

cracking will not occur during the design life of the ccrponent. The corpatibility of
all raterials used in the control rod systen in contact with the coolant satisfies the
criteria of N3-2160 and NS-3120 of Section III of the ASME Code. Both r,artensi tic and

precipitation-hardered stainless steels will be given te-pering or aging treat ent in
acCordance witn staff positions. Tre provisions for cleaning and cleanliness control
are in accordance with the provisicns of Regulatory Guide 1.37, " Quality Assurance

Requirements for Cleaning of fluid Systens and Associated Co porents of Water-Cooled
Nuclear Power Plants" and ASI Standard N45.2.1-1973, " Cleaning of Fluid Syste s and

Associated Components for Nuclear Fower Plants.'

-
'
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Ccnformance with the Codes, standards and fie:Jiatory G; ides enticned above, and with

the 'sC sta f f positiens or, allowable ra virum yield strerqth of cold worked austenitic

stainless steel and minimuo ter perirq or aging te", oratures of r arter.sitic and

precipitatien-hardened stainless steels, constitutes an acceptable Lasis for satisfying

the requirements of General Jesi<;n Criterion 26.

4.4 Thernal and H/draulic D9sion

The therral and hydraulic characteristics of the mnta pe I and 2 reactors are the s3 e

as those for the GE55A?-233 Oclear Island standard Cesign, Docket No. STN 50-447

design which has been reviewed at the preliminary Design A;' proval stage by the MC
staff. The design basis for the core for steady-state operation, operatior.al tran-

sients, or load-following raneuvers cr abnormal transients are:

(1) No fuel d rage.

(2) No undamped oscillations or other hydraulic instabilities.

(3) The maxim e line3r heat generation rate should r,it perrit fuel centarline nelting,

a sum 3ry of the thermal-hydraulic parreters for Mentage 1 and 2 are given in Table

4.4.1 of this report.

lhe core and fuel design basis for steady-state oper ation are the minirum critical

power ratio and linear heat generation rate. Tnese limits have teen defined to provide
margin between the steady-state o' 3 rating condition and any fuel da" age condition to
accorrodate uncertainties and to assure that no fuel dara]e will result even during the

worst anticipated transient conditicn at any tire in life. Specifically, the minimum

critical power ratio operating linit is specified tuch that at least 99.9 percent of

the fuel rods in the core are expected not to experience boiling transition during the

most severe abnorral operaticnal transient. The steadj-state operating li it for

minimun critical power ratio is 1.21 and the peak linear heat generation rate is 13.4

kilcwatts per foot.

GETAB, the General Electric Thermal Analysis Basis, is used to establish the thermal-
hjdraulic limits for the Montague reactors. Thc ther al-hydraulic parameter used for
reactor design and cperation is the critical power ratio, which is defined as the ratio
of the critical bundle power to the operating bur.dle power. In GETAB, the uncertainties

associated with the parameters affecting steady-state bundle power are treated statisti-
cally in order to satisfy the criterion that, durir a transient, 99.9 percent of the

rods in the core will not experience boiling tra m iticn.

Incipient center melting of the uranium dioxic pellet will occur in a linear heat
gereration rate range of 19 to 21 kilowatts g r foot; this is higher than the peak
linear heat generation rate during any abnormal operating transient.

, - 5' 7 /
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T_/ F L F 1.4.1. -

s1 psy Dr i m : w,L Hir-f,!'t Ir, Fr.etyL T[ E2s

F3ted Pcwer (regawitts theral) 3579

Design Power ( eq3 watts therral) 3758
6

Steam Flow (10 ounds per hour) 15.316
6Cor e flow Pate (10 pounds per hour) 105

Syster Pressure (pounds per square inch atnospFere) 1040

M erage Poner Dens i ty (k ilew ti.ts per li ter) 56

Maxiou Linear Power (k ilcwat ts per fect) 13.4

Maximum Feat Flux (Eritish therral units per hour
sqare foot) 354,000

Mani~e. U0 Te Terature (dogree Fahrenheit) 3337
2

Core Inlet inthalphy (British thernal unit per pound) 527.8

Total Peak irg Facter 2.22

nne:,n0oo c .:

4-18
-

i 5 P

_



Three types of stability are considered in the design of boilin7 water reactors. They

are: (1) reactcr core (reactivity) stab"lity. (2) channel hydrudyn3mic stabili ty aM
(3) total systen stability. Two rtability criteria are offered to demonstrate the

stability of the syste ; the decay ratio, N/x and the darping coefficient Tneg,
dec3y ratis should te less than ore and the damping ccetficient greater than zero. The

Mant m e Preliminary Safety Analysis Report presents val 4es typical of a boiling water
reactor.

The scope of our ther al-hydraulic design review included the design criteria and
therral-hydraulic perf orrance. The applicants' ther-al-tydraulic analyses were per-

for ed using analytic 3l rethods and correlations that have teen previously reviewed by
the staf f and found acceptable.

The staf f concludes that the ther al-hydraulic des:gn of the core conforrs to the

Corr'ission's regulations and to applicable Pegulatory Guides and staf f :echnical
positions and is considered acceptable for the construction perntt stage of our review.

In Section 4.4.3.5 of the Frelini.ury Safety Analysis Peport, the applicants present
typical values of stability ard hydrodynamic perf arrance and reference calculations
that predate Gcneral Electric's intrtduction of the EWR-6 design.

4.S Feactcr Internals Materials

The raterials for construction of corporents of the reactor internals have been

identified by specification and found to te in conformance with the requirements of the
A5"E Code, Section III, Appendix I.

The raterials for reactor internals that will be eeposed to the reactor coolant have

been identified and all of the raterials are co patible with the expected EW environ-

rent, as demonstrated by extensive testing and satisfactory performance. General
corrosion on all raterials is expected to be neglionle.

The controls imposed on reactor cociant chemistry provide reasonable assurance that the
reactor internals will be adequately protected during operation from conditions which
could lead to stress corrosion of :he materials and loss of component structural integrity.

Based on our review, we find that the controls ir' posed upon the fabrication of reactor

internals constructed of stainless steel satisfy the provisions of pegulatory Guides

1.31, " Control of Stainless Steel Welding" and 1.44, "Centrol of the Use of Stainless
Steel.' Although the applicants take certain exceptions to these guides, the controls
imposed on stainless steel welding, including the ferrite content of filler raterials,

have proven adeqJate for producing welds without evidence of fissuring. The applicants
have agreed to demonstrate the adequacy of current welding cc-trols by conducting tests
to determine the ferrite content of prodJction welds and to evaluate the degree of

,ensitization in welded type 304 and 316 stainless steel. Material selection, fatirica-

tion practices, examination procedures, and protection procedures performed in accordance
with these provisions provide reasonable assurance that the austenitic stainless steel
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used for reactor internals will be in a retallurgical condition which precludes
susceptibility to stress corrosion cracking during service.

The use of the naterials proven to be satisfactory by astual service experience and
conforr:ance with tre provisiens of these Regulatory Guides constitute an acceptable
basis for satisfying the requirenerts of General Design Criteria i and 14.

4.6 Louse Parts Monitor Systen

Occasionally, miscellaneous items such as nuts, bolts, and other small iters have
become loose parts within reactor coolent systems. In addition to causing operational
inconvenience, such loose parts can damage other cogonents within the system cr be an
indication of undue wear or vibration. For the past few years we have required r,any
applicants to initiate a progran, cr to participate in an ongoing prograa', the objec-
tise of which was the develepr.ent of a functional, loose parts monitoring systen within
a reason 5ble time. The applicants have indicated that they are following the General
Electric progran for jevelo ment of a loose parts monito-ing systen and have connitted
to install a '.cose parts r:eni toring systtn in the Pontague 1 and 2. We conclude this

is acceptable for the ccostrection permit stage of our review.

4.7 Gross failed-Fuel W;nitor

for sr e tire we have been requiring that nuclear poner 71 ants include a syste- to
gerrit detection of any pctential gross fuel failures in the core. Ibe purpose for
such a systen is tnat it would allow for corrective action following a postulated
gross f uel f ailure to prevent furthe r damage to the core.

The Montague 1 and 2 design includes a radiation rcnitoring systen with detectors en
the four stean lines to detect, alarn, and isolate the stean lines if a grcss fuel
failure were to occur. We find this design is the sa e as on previously approved
boiling water reactor dasigns ard is acceptable.

Grn O}P4 aposf .L t if's
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5.0 REAn CO Cf'OLAV SYSTE"

5.1 Ey rn esc ripti onr

The principal corpor,ents of the reas ter coolarit syster are the reactor pressure
vessel, the reacter recirculation system, the rain stean and feedwater lines, and
the pressure relief syste- These ite,s form the rajor components of the reactor

: coolant pressure boundary. The pressure boundary also contains porticns of the
reactor core isr:12 tion ccoling systen, the residual heat renoval systen and the
reactor water cleanup systen_ portions of these syster s as well as other piping
th1t exterds from the reactor vessel cut to the secen3 caterr.ost isolation valve are
censidered to be within the reactor coolact pressure boundary.

5.2 Integrit s of tre Peactor Conlant Pressure Ecar d y_ry_
5.2.1 Pesign of Peactor Coalant Fressure Bo indary Cogonents

The design loading continaticns sp%.iled for 45ME Code Class I corporents bne been
apprcpriatels categorized with respect to the plant conditiens identified as norral,

upset, energency or faulted. The design limits prcLosed by the applicants for these

plant conditicns are consistent with the provisiens of Pegulatory Guide 1.48, " Design
Limits and Loajing Corbirations for Seismic Category I Fluid Systcr Components.
Ccnf ormance with the pr:,isions of Regulatory Guide 1.Os for the design of the con-
ponents will prcvide reascrable assurance that, in the event an earthquake should
occur at the site, or of other systen upset, emergency or faulted conditicns, the

resulting corbired stresses i posed on the system corponents will not exceed the
allowable design stress and 3 train limits for the raterials of construction.

Li~iting the s tresses and strains under such loading corbinations proviJes a basis:

for the design of the system corponents for the most adverse loadings postulated to
occur during the service lifet'me without loss of the system's structural integrity.

The design load corh|naticns and associated stress and defor-ation limits specified
for ASME Code Class 1 corponents constitute an acceptable basis for design in
satisfying the related requirerents of General Design Criteria 1, 2 and 4

C ode Pep ire-ents5.2.1.1 m _liance with r

..

We have reviewed the materials selectica, toughness rcquirements and extent of
materials testing proposed by the applicant < to provide assur'nce that the ferritic
materials used for pressure retaining corponents of the reactor coolant pressure
boundary will have adequate tcughness under test, nornal and transient operatico.

All ferritic materials will meet the toughness requirements of the applicable
edition of the ASYE Boiler and Fressure Vessel Code, Section III, as specified in

() tJ <ti t t .f g y ryte t,,
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10 CFR 50.r5a. In W1ition, raterials for the reactor vessel will satisfy the

criteria of A;pendix G, 10 CFR Part 50.

The f racture toaghness tests and procedares req; ired t>y the AS"E Soiler and Fressure
Vessel r de, Section III, as au rented ty Aprendix G, 10 CrP Part 50 fcr tne reactoro

vessel irovide reasor,3ble assurance that ade % dte safety cargins against the possi-
bility of ncnductile behavior or rapidly prcpagating fracture can te established for
all pressure retaining cor pnnents of the reactor coolant pressure toundary.

5.2.1.2 C;on liance with 10 CFR Fart 50, Section 50.55i

Conponents of the reactor coolant pressure boundary as defined by the rules of 10 CFR
Part 50, Section 50.55a hase been properly identifier and classified as ASME Section
III, Code Class I c wpor,ents in the applic3 tion. These cc ponents within the reactor
coolcnt pressure boundary will be constructed in accordancn with the requirerents of
the applicable codes and their addenda as specified by the rules of 10 CFR Part 50,
Section 50.55a, Codes and standards. The staff concludes that construction of the

components of the reactor coolint pressure boundary in confor"ance with the C3 mis-
sion's regulations provides reasonable issurance that the resulting quality standards
are corr ensurate with the importance o f tr e sd f ety function of the reactor coolant
pressure beundary and is acceptable.

5.2.1.3 A mlicoble Code Class

In Table 5.2.3 of the application, the applicants have identified the ASVE Code Cases
whose requirements w.ll be applied in the construction of pressure-retaining ASMC
Section III, Code Class I corponents within the reactor coolant pressure boundary
(Guality Group Classification A). The Code Cases in Table 5.2.3 are in accordance
with those Code Cases in Pegulatory Guides 1.84 and 1.85 and are acceptable to the NPC
staff. The staf f concludes that Corpliance with the requirements of these Code Cases

in confomance with the Comission's regulations is expected to result in a component

quality level corrensurate with the importance of the safety function of the reactor
coolant pressure boundary and is acceptable.

5.2.2 Osercressure protection

The press;re relief systen prevents overpressurization of tne reactor coolant pressure
boundary under the rest severe operational transients and limits the reactor pressure
during nemal plant isolation and load rejections. The valves of the pressure relief

system also are part of the automatic deoressurization systen, which is a subsystem of
the emergency cc: cooling system, described in Section 6.3.
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ire pressare relief sjsten consists c? 13 dual p;rpcse safety / relief valves. All are
::ounted on tre rain steam lires within the primary contairrent drywell between tne
reactcr vessel and tre isolaticn v319es. All safety / relief valves discharge thresgh
piping, directly to the s;ppressi:n Eccl. The valves are all spring-loaded with tre
set pressures in the range from 1135 ta 1:05 pounds per square ir;h g3ge. At 103 per-
cent uf tne set pressere of the v51ves, the valses have a combined capacity ub31 to
112 percent of rated stean flow. The valves are also actuated at relieving set pres-
sures witnin the range of 1105 to li h pounds rer sqsare ircn gage. Rese valves
w.tain aaxiliar) N."3 tic actuators and can be operated either ts Satrati; or
r- cte ran al controls at any pressare abcve atrosphcric. Fcr overpressure relief, 3e

; r. ssare sal tch on ea;h salve initiates the precati; act,at0r at the relit sing set
grtssure. Lignt of tne valves can te vel ~3t1: ally acts 3teJ bj a si731 frcr the
sut natic depressari:3 tion systen Each of these valvt.s is equip;ed with a pne ratic
a n>1Jlater and a crea valve in the 54 ply lire so that the valve can te actuated
user if tre p w ati; sz ply fails.

abilitj of the press;re relief system to prevent overpe essurization of the reactor.t

c:;la t ; res sre car.jary is esalacte; 3sseir] that (l) trie clant is cperating at
sign ccr jiti;rs (105 cercent of rated stcr flow an ' a reactcr vessel dcme cressure

f la-o puds per s gare inch gage); (J) t6 e rcst se ere Operatioral tr3rsient c:: Lrs
(cicssre of t'_ rain stc3'- ' i r. e isolatico salves); (3) the uire;t scra, sigral frrn
in salve Ositicn saitc^cs tails ar.d scram is effected bj the fastest irdirect s;r r
si jnal (nigh restr;n fl ui; n d (4) ne relief valve is inoperat:ve.

? o,erpetss re f r;tection repert which will recsent the rcsults Of arslyses of cver-
pressare transients e.ch as t;rbire trip withcat tjpass i steam to the carderser vd
clos re of all 31n . tea, is-latic .alves will be sabmitte.! at the cperating licsnse
resiew stage. n is overrre3nra protect 10n report will decnstrate that the design
" > met tne acct; tan:e criteria set fo-th in Section 5.&. cf the AC Stardard Review
Dian.

A mall fraction af tre press re relief valves at scre cla-ts nave inadvertently
o -ned dJrinj certair transients. An evale3ti0n of these iradsertent operings irdi-
catts that the pctertial e<ists for the sa e remnism to prevent these valves frcr
_ cn t r.g wnen requ i red . Even thCJgn these failJres have r:t resulted in overpressuri-
;ation or cc pronised the integrity of tre react;r containment syster, they do repre-
ant a deviation fr the anticipated perf0rnan;e of an essential safety system (cver-
pn nurt relief systed trat h3s safety 1 plications s :n as excessive vessel ccold;wn
<ste, ir.creascd pr obacility Of coolant loss and potential for a corron rechanism
c Lsing failure to oper Changes in design, equiprent, inspection and testing can be
r aje to ir. prove tne safetj and safety / relief valves' perfer-ance.
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A new valve design will be used fcr Pantague 1 and 2. The safety / relief valv. to be

used on these and similar plants will be balanccd type, spring-loaded safety valves
provided with an auxiliary power actuated device which allows orening cf the valve
even when pressure is less than the safety-set pressure of the vahe. Valve perble^s
on operating plants were associated principally witn rultiple stage pilot rcerated
safety / relief valves. These newer, power epcrated safety val'ces or;.lo/ significantiv
fewer roving p3rts wetted by the stea', ard are thare'ere considered an ir ; ro ve" en t
over the previously used valves.

Design details and drawings of the v51ves have been provided to the '.RC staff. In
addition, appropriate " bench" test data have been providaJ to verify i pros >d per-
fomance. The General Electric Company intend, to aintain a surveillance progra-
ence the new valves tecone operational en any plant. Elsed on our review of tt e
rew safety relief valve design and tr.e surveillance prcgra pro;.osed by the Gereral
Electric Corpany, we cerclude the safety relief alve desian for Nntaa;e 1 and ? is
a c c ep ta bl e .

5.2.3 Materials Specification and to atibilitv th Peactor Inolant

The materials used for ccostruction c' car penents of th. reactor coolant pressure
toun bry have been identified by specification, and found to be in confor ance with
the recuirements of Section II! cf tFe it"r k da

lhe catorials cf tcnstra ticn that will be eer esed to the reactor coolant hne been
identified and all of the raterials are cormatible with the egettej erd rem ent, as
dercnstrated t,j entensive testing and satisf at+ cry perf emance. Gcreral corrcsicn o'
all naterials e.; cept carbon and low alloj steel will te negligible. Conservative
corrosion allow!nces have teen provided fur all exposed surfaces of carton and lcw
alloy Steel in accordance with the recjirer:ents of the nSMr Ccde, Section 111.

Further protecticn against corrosien prcbler s will te provided by centrol of the
chemical environ ent and corposition of the reactor ccolant. The controls i ; osed on
the fabrication of stainless steel and the anticipated results of deronstration tu'
in progross te show conformance to the ;rovisions of h ;ulatory %ide 1.44, Co" trol

of the Use of Sensitized Stainless Steel, provide reascrable assurance that co ;;o-
nents will be ade w attly protectea during operation fror corditions which could lead
to stress corrosicn of the r.aterials and loss of structural integrity of a co penent.
The raterials of construction are corpatible with the themal insulation used in these
areas and are in confor 'ance with the reconrendations of Pegulatory Guide 1.36,

Nanretallic The mal Insulation for Austenitic Stainless Steel.

90710G

t
*P ~/;-5-4 t

. . . . _ . _ _



Conforrace with the recemendations of the Pegulatory Guide and the use of materials
of proven perforrance coistitute an acroptable basis for satisfying the applicable

require:.ents of General Design Criteria 1 and 14

5.2.3.1 Fat ric3 tion and procoe sing of ferritic Materials

Materials selectica, toughness requirenents, and extent of raterials testing propcsed

by the applicants provice assurance that the ferritic raterials used for pressure

retaining components of the reactor coolant pressure boundary and Code Class 2 ansi
Class 3 components will h3ve adequate toughness under test, nori al operatior, and
transient conditions. TFe ferritic raterials are specifiej to reet the toughness

req;irerents of the ASE Code, Section III and applicable '.RC staff irsitions In

addition, materials for the reactor sessel are specified to reet the additional test

requirenents and acceptarce criteria of Arcendix G, 10 CFR part 50

The f racture toughness tests and procedures required by Section 111 of the ASN Code,
as aug ented by Appendix G, 10 CFR Part 50, fcr the reacter vessel, and the staff
Losition on Code Class 2 and Class 1 corronents provide reasonable assurance that
adequate safety margins agairst the possibility of nonductile behavior er iepidiy

t repag3 ting fracture can be estaci tshed for all pressure retaining corporents.

The results of the f r3cture toughness tests to be perfcmed in accordance with the
AEME Code and '.K regulaticrs prmide ade% ate safety urgins during cperatina,

testing, maintenance, and postulated acci knt conditions. Corpliance with these Ccde
provisions and NPC regulations and positions canstitutes an acceptable t: asis for
satisfying the requireront, of General b sign Criterion 31.

The ccntrcls imposed on weldir:g prehe3t temperature are in ccnfomance with the
provisicrs of Peplatory Guide 1.50, " Control of Preheat Terperature for Welding Lnw

Allo r Steels.' Those centrols prcvide reasonable assurance that cracking of corpo-

rents rade from low alloy steels .zill not < ccur during fabrication and rinimize the
possibility of subse w nt cracking due to recidual stresses being retained in the

weld ent.

The controls imposed on electr aslag welding of ferritic steels a e in acccrdance with
the recorrendations of Fegulatory Guide 1.34, "Centrol of Electroslag Weld Prep-
erties, and provide assurarce that welds fabricated by this process will h w e high
integrity and will have a sufficient degree of toughress to furnish adequate safety
cargins during operating, testing, raintenance and postulated accidont conditions.
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; 2.3.2 f i.t. r i c_a.t.i_o_n_ a _n 1_P r_.
*

_ s i.r i _:. f. _ t_e_n_i t__i_c _'._t_a i_n_l e s < e t e_"_l. . ,

_ _ _

Itt centrols ir; osed o cn crm, orents (mstructed of antenitic stainless steel ccnfom

to the provisicr:s of -eg;litery ;ai Jes 1. 31, "ren t rol s o f 5'ainl es s " t eel Weldi r.q ' ar.1

1.M. "Centrol of the Use of '." sitized Stainless Shel . !Pe applicants ha ve a';rre t

to & enstrat" tFe aiequicy of current weldinj centrols Fv co 'actirrg tests to deter-

"ir, the ferrite tnntent of prLouttien welds and to G alvate tFe &qre< of sensiti-

zation in Olded t, e . a " f 31 f, tiinless steel. TFe esa inatic' of *abilar prod-

scts sill te p er'or ' in acccrdirce witn the r ec orr enda t i c o , cf , nlat :ry In i .*e

1. i r , ,nSstracti,'5 i > n i r. ) t i e n o f T o t u l a r f r c acts "aterial seletticr fatrica-'
,

tinn practice,, eu :in3ticr ; rac ed trc< , ed protec tirn Frori fures perferaad in y r-

brc' with these n : ur endatias ; ro s 5 reae.cnable ase arance that the i n tenitic

stairl s steel ir tr e reactor c"Jlant pressure bo;n1ars will te free fro Ut

c rac king (mic rof i ssures) ml in a r etalls.rgical conJiti( n Aich p etluf , ncoti-3

Lility to > tress ca n sion track in j ring ser < ic e, er t err a nc e wi'h these ;;1atcryc
2

. i 'o s e c n ', * i t u t e 5 an a c C e; t a t;l e ba s ' '- for rertirM tre r.' jirerent'. at 9 er 11 iii;'2 ,

f. r i t e r i a 1 1"1 14.

5. 3.3 "_ .nty l of M u W - elief D vicr4 Irl m 1)

N triteria a -"d ir je s -1; pin ; t% f. sign ar? in -r a ,t ir of f MF [. l a s , 1 sa fet y in :r

relict salwe? ;. r r . i J a: ite assurarce that, % 9r d i s c h a rg i n e; con !i t i nns , ' rr-s .

rt ;lting st'a r e' !re e ,+ctr* m.! to e ceel the alloa ble design stre g and +e3in

11 its tcr tre ateriils c f rstructicn. L imi tir s the s t re'se' der the lo id'r2 ,

cc tinati ,, ncncittH with '', actuatian of these r- < c .ro relief desic , ; re s i 9 a

..rvative : ssis ' ' < t9 si: nf tre '*"m cc"r < rts to wit ttani W sr ' ; i .1,>

wite ,t Ims n# stractaral !ntelrity and i~ , air int nf **e everpre ' are ; rote:t 1<.

t, clicn.

The triteria as :Gr tF - 5 sip anj in? lllation cf"W Class 1 over; ressare relief'

devices tonstititc ,n .e c c t ; ! 3 t'l e Ssign b? sis ir s t ti s t jirg the '::plic 3ble require-
,; n t of -Crereral ' sign frita rii l,?, 1, i; ori 15 and are consistrnt with those

.. ified in - r;litcry G;1de I.f7, " Inst 111atic at 0 .o *cresrure Protection ( N icesa

2.2.:.4 'r ervice Testirg

' > e- ure that all Wi Cc ' Class I, 2 and 3 ru e and sai.es will t.. in a state of

craticral readiress 's ; erfor r.ecessary sa fety functicrs thro icheut tre life of

it> plant, tre applic ants r ave agr cej to cont >r' a test t rm;re which will incl;de

incline preser vice tr stirg an d v<:-ic11t irservico testirg. Such a f r~; ram will

:rovide fcr Loth functional testirq of the cor re rerits in tho 0;3erating state and for

wit;31 inspection for leaks and other signs of distress.

*
.
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The applicants base stated that the insersice test prcgran for all Cede Class 1, 2 an j
3 puups and valves will reet the requirerents of the M''E Cede. Section XI, as defired
in the pr oposed rules, f ederal Register, talv e 39, No.199 Septerter 30, 1974
Srecific details of the testing program will te evaluated d; ring the o;eratirq license
sta';e of our review.

Corpliance with the referenced code requirements constitutes an acceptable basis for
satisfying the applicable portions of General Design Criteria 37, 10, 43 and E.

5.2.4 Ir wrvice Insyection Procram

to ensure that no deleterio;s defects develcp daring service, selected welds and weld
heat-af fected 70nes of Code Class 1 Systers will be inspected periodically. The
applicants have statr'd that the design of the reactor coolant syster incorporates
prosisions for access fcr inservice inspections in accordance with Section XI of the
, WE Eoiler and Pressare Vessel Codo, and that suitable er;uipnnt is being considored
to facilitate the re ete inspection of those areas of the reactor vessel not readily
accessible to inspecticn perscnrel.

5.2.5 ;eatter Coolant Pressuro Nd irv t o n a ne "e t ec t i on ,sfs tg

The leak a go detection system preposed for 1"D age to the contaim ent will in: luce
diserse leak detectico rethods, will have sufficient sensitivity to reasure small
leaks, will identify the leM 3Se source to the extent practicai, and will to provided
with suitable control roor 31a m s and readouts. TFe major cm pononts of tre syste")
are the contain"ent atmosphere radioactivity nonitors, the containment su~p ronitoring
system and the ceniensate flew monitoring system. Indirect indication of leakage will
te obtained from the centain ent tressure ard teg erature indicatcrs.

The design of the leakage detection systen proposed to detect leakage from corponents
and piping of the reactor coolant pressure boundary are in accordance with the pro-
visions of Pegulatory G;ide 1.45, "teactor Coolant Press r oundary LeC age Petecticnc

Systems, and provides reason 3ble assurance that any str z tural degrad3tien resulting
in le9 age daring service will be detected in tre to per-it corrective actions to be
taken.

Crpliance with the provisims of Regulatory Guide 1.45 ccestitutes an acceptable
basis for satisfying the rt ,uirements of 'JC General Design Criterion 30.

5.2.6 Peactor Vessel Material surveillance Pro 3rai

The toughness properties of the reactor vessel beltline raterial will be renitored
throughout service life with a raterial surveillance prcgrar that will "eet the

9Tu G .7 : n&t5-7-
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requirements of frerican Society for Testing Materials Standard E-lE5-73. This ;ro-

gram also corplies with Appendix H of 10 CFR Fart 50 excpt that capsule holder brack-
ets will be attached to the vessel cladding. We have reviewed the design fatricaticn
and attactent of the capsule holder brackets. The design, analyses and fabricaticn
of the capsule holder brackets are ir acccrdance with the require ents of the ASPE
Code Section III and additional non-destructive testing will be conducted to ensure

the integrity of the reactor vessel cladding and base retal in the areas v ere the
brackets are attached. Based on the information provided concerning the design,
fabrication and inspection for the installation of the capsule holder brackets we
conclude that the attachrent of the capsule holder brackets to the sessel cladding is
accept 3ble and will rot result in degradation of the reactor vessel base retal.

Changes in the fractare toughness of the raterial in the reactor vessel beltiine
caused by exposure to neutron irradiation will te assessed by a material surveillance
progra-' conforning to the redirerents of ASTM E 185-73 and Appendix H, 10 CFR Fart

50. Compliance with these require-ents will ensure that the surveillance prograr
constitutes an acceptable basis fcr ncnitorir; irradiation induced changes in the
fracture toughness of the reacter vessel material, and will satisfy the requirer <ents
cf M C General Cesign Criterion 31.

5.2.7 Operating L1mitations

The plants will be operated in accordance with Ascendix G to Section III cf the AS"E
Boiler and Pressure Vessel Ccde and Apperdix G,10 CFR Part 50 to rinirize any pos-

sibility of rapidly propagating failure. The use cf Appendix G of tne ASME Boilcr and
Frcssure Vessel Code as a guide in establishing safe 0;;erating limits, using results
of the fracture toughness tests perfor-ed in accordance with the Code and with VC
regulations, will ensure adequate safety rargins during operation, testing, main-
tenance and postulated accident ccnditions. Corpliarce with these Code provisions

and h;C regulatiors, provides an acceptable basis for satisfying the requirerents of
NFC General Design Criterion 31.

5.2.8 Feactor Vessel Integrity

We have reviewed all factors ccntributing to the structural integrity of the re3Ctor

vessel and we conclude that there are no special considerations (Corrission Memorandum
ard Order in the Matter of Consolidated Edison Corpany of New York, Indian Point Unit

'0. 2, Dc cket No. 50-247, Octcber 26,1972) that rake it necessary to consider pntential,

vessel failure.

The bases for car conclusion are that the design, traterial, fabrication, inspection
and quality assurance requirements will conform to the rules of the applicable edition
of the ASME Soiler ard Pressure Vessel Code Section III.

307~10
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The strirgent fracture teaghtess req;irccents of the A5ME Code will be satisfied.
Also, operating limits on ter perature and pressure will f e established in the technical
specifications for this plant in accordance with the ASMT Bailer and Pressure Vessel
Code. Section III, and Appendix 3,10 CFR Part 50.

The integrity of the reactor vessel is assured because the vessol:

(1) Will t>e designed and fabricated to the high standards of quality requirej t,y the
AS"E Boiler and Pressure Vessel Code and pertinent (cde Cases;

(2) Will be made fran r.aterials of centrolled and dernnstrated high quality;

(3) Will be subjected to extensive inspection and test:ng to pr1 vide substantial
assurance that the vessel will not f ail t=ecause of rater |al or fabrication
deficiencies;

(4) Will L.e operated under conditions and procedures and with protective devices that
provide assurarce that the reictor sessel design conditions will not be exceeded
during norral operation or during upsets in operation, and that the reactor
vessel will net fail unJer the conditions of any of the postulated accidents; and

(5) Will be subjected to , cnitcring and periodic inspection to determine that the
high initial quality of the reactor vessel has not deteriorated significantly
under the service conditions.

5.3 Ther-al Hydraul_ic System Design

5.3.1 Analvtical W thods and Data

The analytical rethcJs, ther od namic data and hydredynaric data used are the same as/

those used in the GESSAR application and are acceptable to the NRC staff. These are
also discussed in Section 4.4

5.3.2 Load Following Characteristics

A boiling water reactor systen as a result of its inherent load following charac-
teristics, is able to follow load demands over a substantial range without requiring
operator action. The power can be controlled over approximately a 25 percent power
range by flow control. Because of the negative void co1f ficient, load following is
accorplished by varying the reactor recirculation flow. To increase power, the
recirculation flow rate is increased thus sweeping voids from the roderator and
increasing core reactivity. 3s reactcr power increases, more steam is forred and

the reactor stabilizes at a new and higher power level with the transient excess
reactivity balanced by the new void forr.ation. Conversely, when less power is
required the recirculation flow rate is reduced. The resultant forr.ation of nore

()(I''s'14im> _ st .u
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voids in the rcderator autonatically decreases the reactor power to that corren-

sura te with the new and reduced recircula tion rate.

The transient effects of such events as full or partial less of coolant flow, load
changes, coolant purp speed changes, and startup of an inat tive loop are discussed
in Section 15.2 of this report.

5.4 [c 7onent and Subsystem Cesign

5.4.1 Peactor Pecirculation System

The reactor recirculation system consists of two 'ocps external to the reactor
vessel, within the drywell, tF3t provide for automatic loid following capJbility
over the range of 75 to 100 percent of rated power The loops provide the piping

path for the driving f.ow of water to the 20 reactor vessel jet pu-ps. Each loop

contains cre high cap 3 city (constant speed) motor-Jriven purp, a ficw control valve,
two rotor operated gate valves (for pu~p maintenance), and a bypass around the

discharge gate and flew control valves. In each loep, subcooled water leaves the
vessel in a 22-inch suction line and enters the suction of the recirculation purp.

The water is discharged at a head of 865 feet and a flew rate of 35,400 gallons per

mir.ute. The flow control valve nornilly varies the flow rate ever a rarge from 75 to
100 percent power. The water from the recirculation pumps ficws to 20 (10 per loop)
jet pu"ps which are located in the reactor vessel and accelerates a portion of the
flew in the annulus. The water that is in the annulus is returned to the recircu-
lation pu p through the suction lines. There are various systen intericcks on the
flow control valves and bypass valves to assure th3t adeq; ate net positive suction
head will be available and thus protect tne purp fron bearing or cavitation damage.

During their revieu of light water reactors, the AdvisCfy connittee on Peactor Safe-
guards listed the potential for missiles resulting fror. recirculation pump notor
overspeed as a generic concern requiring resolution satisfactory to the NPC staff.
A decoupling device will be installed on the shaft bet een the purp and the motor
such that in the ewent of a loss-of-coolant accident, the overspeed of the motor dJe
to the "turbining" of the pump will not generate missiles which could cause the loss
of any engineered safety feature. We have reviewed the design information and find
it acceptable.

5.4.2 Sain Steam Line Flof Pestrictors

Each steam line is provided with a venturi-type flow rettrictor within the drywell

(between the reactor vessel and the first nain iteam line isolation valve). The
restrictors limit ficw to 200 percent of the rated flow, should a main stean line
treak occur outside the primary containment or downstream of the restrictors. The

f$ kh [ 5 O, .C.'.~
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purpose of the restrictor is to limit the coolant blowdown loss prior to isolation
valve closure to reduce (1) the probabilities and corsequences of fuel failure, and
(2) the forces on the reactor internal structure during blowdown. The restrictors are
designed and fabricated in accordance with the ASPE Code, Section III and are
acceptable.

5.4.3 Main Steam Line Isolation Va'ves

Rapid acting isolati:n valves are lccated on each steam line on each side of the
primary conta inment. On receipt of various signals from the plant protectior system
these valves close and isolate the reactor from other pc > tions of the plant. At the
same time isolatun ccurs, the same signals from the plant protection systen are sent
to .arious backup and erergency systens so that they autoratically function as _

described in Sectian 6.3.
_

The analysis of a sudden, complete steam lire break outside the containment is
described in Chapter 15 and shows that the fuel clad is protected and the calculated
accident doses are within 10 CFR Part 100 guidelines if the isolation valve closes
in 5.5 seconds cr less. We find this to be acceptable.

5.4.4 Peactor Core Isolation Cooling System

The reactor core isolation cooling systen is a backup, high pressure source of reactor
coolant that will operate independently of the norral alternating Nrrent power supply.
Its operational purpose is to provide an alternate source of reactor coolant into the
reactor vessel and to provide sufficient coolant to remove residual heat following
reactor shutdcwn and loss of feedwater flow, without requiring depressurization of the
reactor. The system censists of a purp driven by a steam turbine, taking stean from
one of the main steam lines upstream of the isolation valves and adjacent to the
reactor. The pump takes suction from either the condensate tank or the suppression
pool and discharges it to the reactor vessel through a head spray nozzle. The systen
is designed to seismic Category I and Class I standards and is capable of beirg tested
while the reactor is in operation. It has also been classified as an engireered safety
feature but it is not part of the emergency core cooling system.

The reactor core isolation cooling system includes the piping, valves, pump, turbine,
instrumentation, and controls used to raintain water inventory in the reactor vessel
whenever it is isolated from the main feedwater system. The high pressure core spray
system Povides a redundant backup for this function. The scope of review of the
system for Montague 1 and 2 includes the piping and instrumentation diagrams, equip-
rent layout drawings, and functional specifications for essential components.

The drawings, component descriptions, design criteria, and supporting analysis have
been reviewed and have been found to confom to applicable General Design Criteria and
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to appropriate Fegulatory Guides and technical positions. The reactor core isolation
cooling and the high pressure core spray system have been found capable of transferring
core decay heat following a feedwater isolation and reactor shutdown, from the reactor
to the suppression pool, so that the core ninimum critical power ratio does not
decrease below 1.07 and the pressure within the reactor coolant pressure boundary does
not exceed 110 percent of design pressure. This capability has been found to be
available even with a loss of offsite power and with a single active failure. The
staff concludes that the prcposed design of the reactor core isolation cooling system
conforms to the Conmission's regulations and to applicable Pegulatory Guides and staf f
technical positions and is acceptable.

5.4.5 Residual Heat Renoval Systen

The residual heat removal system is designed for two prircipal normal modes of
cperation besides the safety-related mcdes. For normal usage, the system functions
to remove reactor decay and residual heat during either a rernal shutdown or following
isolation of the reactor. In one safetj-related mode of operation, the system pro-
vides low pressure coolant injection to restore and maintain the coolant inventory in
the reactor vessel after a postulated loss-of-coolant accident. In the other safety-
related mode of c;eration, the system provides a containrent spray for condensiaq
steam in the containment during the post-accident period. These safety-relatcd modes
of operation of the system are further discussed in Section C.3 of this report.

The system consists of two heat exchargers, three main system purps, and asscciated
valves, piping, controls and instrumentation. The main system purps are sized on the
basis of flow required during the low pressureinjection rode of operation, which is
tre mode requiring the maximsn flow rate. The heat exchangers are sized on the basis
of their heat reroval duty folicwing a loss-of-coolant accident.

Two 1; ops, each consisting of one heat exchanger and ore prp and auxiliary equipment,
are physically separated fron each other in the reictor building. A third loop, also
consisting of a pump and associated piping, can purp service water directly into the
reactor, if necessary.

Doring reactor isolation, the residual heat removal system can be operated in the
ccrdensing mode to cordense reactor steam; hence, the system can also operate in
ccnjurction with the reactor core ; solation cooling systen. With the reactor iso-
lated, reactor stean nomally is directed to and condensed in the suppression pool
via the relief valves and the reactor isolaticn cooling turbine exhaust piping.
HoweJer, the suppression pool terperature under these conditions is limited so that
in the event of a postulated design basis loss-of-coolant accident the water temperature
rise would not cause the pool temperature to exceed 170 degrees Fahrenheit during the
reactor blowdown. The condensing mode of operation relieves the burden on the

suppression pool by transferring a portion of the steam gererated by decay heat to the

$mre g i g1 inA t

'
e 5-12 ,

,H it ,

s



. . . - - - - . , -
,

service water. The condensate is either dumped to the suppression pool or returned to
the reactor vessel through the suction of the steam-turbine driven pumo. Shortly after
shutdown, both he3t exchangers are used to handle essentially all of the decay heat.
After about 1-1/2 hours, the capacity of one heat exchanger is adequate and the other
may be transferred to the suppression pool ccoling rede, which utilizes the heat ex-
changer to cool the suppression pool water Ly transferring heat to the service water
systen. This mode can be used in conjunction with the condensing node or to provide
for long-tem suppression pool cooling following a postulated loss-of-coolant accident.

The shutdown cooling mode and a reactcr vessel nead spray mode are operated during

normal shutdown and coolaown. Reactor water is diverted from one of the recircu-
lation loops, througn tne system p e ps and heat exchangers (shell side) where heat
is transferred to the residual heat removal service water (tube side), then the

cooler rea. tor watec is returned to the reactor vessel via one er both rec.rculation
Icops. Part of the cooled reactor water flow is diverted to a reactor head spray
nozzle where it maintains saturated conditions in the vessel head volure by condens-
ing the steam generated by the hot vessel walls and internals. The systen is protected

against overpressurization by relief Valkes and Can be automatically isolated to
protect the core fron low water level in case of a break in the system piping.

The scope of our review of the residual heat removal systen included the piping and
insirumentation diagrams, equipment layout drawings, and performance specifications
for essential components. Our review also included the applicants' proposed design
criteria and design bases, and their analysis of the adeq;acy of those criteria and
bases and how well the design conforms to these criteria and bases.

,

Based on our review of the drawings, component descriptions and design criteria, we
find that the residJal heat removal system is similar to those previously reviewed by
the staff. The system does not meet the intent of General Design Criteria 19 and 34
which requires shutdown from the control room with the ass ced nost restrictive

single active failure. The applicants have proposed alternate procedures for pro-
viding shutdown cooling in the event that the normal residual heat renoval system
does not function. These procedures and other proposals are being reviewed by the
staff on a generic basis for the BW-6 class of plants. The applicants have agreed
to incorpo-ate the generic resolution of this issue, which will be developed during
our continuing review of the CESSAR application, into their design. he will require
that this matter be resolved to our satisfaction prior to a decision on issuance of

construction permits and will describe its resolution in a supplement to this report.

b.4.6 Re_ actor Water Cleanup System

a.4.6.1 System Description and Evaluation

The reactor water cleanup system will include a separate system for each reactor.
Each system will consist of two mixed bed filter /demineralizers (Powder), each having
a design Capacity of 77,000 pounds per hour, which will be run in parallel.
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Two isolation valves in the system will close autor.atically on a signal fron the
reactor coolant pressure bcundary leak detection system to prevent the loss of cool-
ant and the release of radioactive naterial from the reactor vessel. These valves
will also operate if the standby liquid control system is activated or if the outlet
ter;erature of the nonregenerative heat exchangers exceeds a preset level.

The design of the valves is such that they can be operated nanually. Reverse flow
isolation will be provided by at least one check valve in the system or feedwater
piping.

Flow will ce maintained in the filter /demireralizers in the event of low flow or loss
of flow by separate holding pumps provided for each filter /demineralizer unit Resin

loss will be prevented by strainers on the outlet of each filter /demineralizer unit.

Those system com.corents whicn will be within the outermost isolation valve boundary
will be desigred to Quality Group A and seismic Category I requirements. Those

components outboard of the outermost isolation valve boundary will be designed to
Quality Grcup C and non-seismic requirements. The isolation valves will be designed
to Quality Group A and seismic Category I requirerents.

5.4.6.2 Evaluation findings

The reactor water cleanup system will be used to aid in maintaining the reactor water
purity and to reduce the reactor water inventory as required by plant operations.
The scope of our review of the system included the system capability to reet the
anticipated needs of the plant, the capability of the instrumentation and process
controls to ensure operatian within the reconrended lirits defined in Regulatory
Guide 1.56-Maintenance of Water Purity in Boiling Water Reactors, and the seismic
design and quality group classifications relative to Regulatory Guides 1.26 and 1.29.
Our review includ d piping and instrumentation diagrams and process diagrams along
with descriptive inforration concerning the system design and operation.

The basis for acceptance in our review has been the conformance of the applicants'
design and design criteria to the Cnnnission's regulations and to applicable regu-
latory guides, as referenced above, and to applicable staff technical positinns and
industry standards.

Based on the foregoing evaluation, we conclude that the prooosed design for the
reactor water cleanup system is acceptable.

fi
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6.0 _EtoINEEPED SAFETY FE ATURES

6.1 General

The purpose of the various engineered safety featcres is to provide a complete and
consistent means of assuring tit- the public will be protected from eacessive ex-

posure to radioactive materials, should a major accident occur in the plant. In

this section of our report, we discuss the reactor containment systen, the energency
core cooling systens, and the provisions for maintaining the habitability Of the
control rcon af ter postulated accidents. Discussions of other engineered safety

features are provided elsewhere in this repert, as related to the partir.;ar systers

they directly serve. As will be seen, certain of these systems have functions for

normal plant operations as well as safcty-related functions.

Systens and components designated as engineered safety features are designed to be
capable of perforning their function of assuring safe shutdown of the reactor under
the adverse conditions of the various pcstulated design basis accidents described in
Section 15 of this report. They are designed to seismic Category I standards and
they must function even with a cocplete loss of offsite power. Components and

systems are provided with sufficient redundancy so that a single failure of any

component or systrn, will not result in the loss of the plant's capability to

achieve and maintain a safe shutdown of the reactor. The instrumentation systens
and energency power systems are designed to the sa e seismic, redundancy, and
quality requirements as the systers they serve. These instrumentation and onsite
porer systems are described in Sections 7 and 8, respectively, of this report.

6.1.1 Engineered Safety Feature Materials

Tne rechanical properties of raterials selected for the engineered safety features
satisfy Appendix I of Section III of the ASYE Ccde, and Parts A, B, and C of Section

II of the Code, and the staff positicn that the yield strength of cold worked

stainless steel shall be taken to be less than 90,000 pounds per square inch.

controls on the use and fabrication of the austenitic stainless steel of the
tens satisfy the provisions of Regulatory Guides 1.31, " Control of Stainless

steel Welding" and 1.44, " Control of the Use of Sensitized Stainless Steel.' The

applicants have agreed to detcnstrate the adequacy of welding procedures by con-
ducting tests to deternine the ferrite content of production welds and to evaluate

the degree of sensitization in welded type 304 and 316 stainless steel. Fabrication
and heat treatment practices performed in accordance with these requirenents provide

added assurance that stress corrosion cracking will not occur. The controls placed
on the concentration of leachable impurities in nonmetallic thernal insulaticn used
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on austenitic stainless steel corponenets are in accordance with Regulatory Guide

1.36, " Nonmetallic Thermal Insulation for Austenitic Stainless Steel .'

The applicants have stated and we agree that the absence of chemical sprays elimin-
ates the necessity of considering deleterious corrosion of structural elements
located inside the containment systems or the generation of hydrocen nas from

corrosion reactions

Conformance with the Codes, Regulatory Guide retorrendations and positions rentioned
above constitute an acceptable basis for satisfying the requirerents of General
Design Criteria 35, 38 and 41.

6.2 Containment Systems

The cnntainment systems for each of the units include a reactor contaiment struc-
ture, containment heat removal systens, containment isolation system, corbustible
gas control system, a shield building surrounding the prir,ary containnant and a
standby cis treatment system. The design of the containment systems for Montague 1
and 2 is referred to as the Mark III design. Other recently reviewed plants have
utilized the Mark III design, the first being the Grand Gulf Nuclear Station, which
is now under construction. The GESSAR-238 Nuclear Island Standard Design also

incorporates the Mark III design as do the Allens Creek, Clinton, Perry and River
Bend plants. The design for Montague 1 and 2 is particularly related to River Cend,
as both designs were provided by the Stone & Webster Engineering Corpcration. A
comparison of the principal containrent parareters for Montague 1 and 2, River Bend
and GESSAR are summarized in Table 6.2.1.

Issues raised with respect to the Montague 1 and 2 design included generic itens
originally discussed during our reviews of the previous plants with Mark III cot-
tainments. Grand Gulf was the first plant to be reivicwed by the u aff and during
its review, the basic analytical approach and design margins were establisncj and
the scope of the large-scale Mark III test prom as determined. Based on
successful resolution of these issues, the G; . J1f dc.1gn was found to be accept-

able pending final validation of the analytical nodel with large-scale test data.
The River Bend analysis was similar in concept, but used an analytical model devel-
oped by Stone & Webster. This approach, for example, includes consideration of con-
tainment heat sinks which were tot included in previously reviewed Mark III designs;
however, we found the use of teat sinks acceptable as a result of our detailed
review. As discussed in the River Bend Safety Evaluation Report, the Stone & Webster

analysis was found to be acceptable with the inclusion of a 30 percent margin on
drywell pressure. A similar aporoach has t:een taken for Montague 1 and 2. In

addition, the staff now has available in the CONTEMPT corputer code, the capability
for calculating the pressure-temperature response of a Park III containrrent. The
results of our independent calculations were used to confirm the applicants'

analysis.
yW ( .14 OuO
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TABLE 6.2.1

CESIGN PARAMETERS

River Bend _ GESSAR Montague

Drywell Volume, cubic feet 247,000 274,500 274,600
Drywell Const uction Reinforced Reinforced Reinforced

concrete concrete concrete

Containment Volume, cubic feet 1,120,000 1,168,000 1,375,000
Contair.i.ca t Cons truc tion Steel shell Steel shell Steel shell

Drywell Design Pressure, pounds per
square inch difference 25 30 26

Containment Design Pressure, pounds
per square inch gage 15 15 15

Reactor Power, reg 3 watts therral 3015 3753 3758

Number of Vents 129 120 141

Vent Diameter, inches 25.25 27.5 27.5
Total Vent Area, square feet 449 480 569

Suppressico Pool Volune, cubic feet 126,600 163,700* 159,000
Break Area (DBA), square feet 3.275 3.94 3.94

Break Area / Vent Area .0073 .0082 .0069
Initial Blowdown Mass Release, pounds

mass 506,600 609,000 609,0C0

Initial Blowdarn Energy Release, British
6 6 6themal units 328 x 10 334 x 10 334 x 10

Vent submergence, feet 7.5 7.5 6.5

* With upper pool dump,
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6.2.1 Containnent Functional Dcsign

The containment system is divided into two major subvolumes, a drywell enclosing the
reactor system, and the pritery containment surrounding the drywell and containing
the suppression pool. The containment and the drywell volumes are connected through
the suporession pool by an array of horizontal ven's in the drywell wall. The
suppression pool serves as a large heat sink in the unlikely event of a design basis
loss-of-coolant accident to condense steam released from the reactor plant.

The primary containment is a free-standing steel structure consisting of a vertical
cylinder, domed tcp, and a flat base. The net free volume of the primary contain-

6ment is 1.375 x 10 cubic feet and the design pressure is 15 pounds per square inch
gage. 10 satisfy its design basis as a fission product leakage barrier, the primary
containment is designed for a leak rate of 0.275 percent of the volume per day at
8.52 pounds per square inch gage.

A low pressure structure called the shield building, surrounds the primary contain-
rren t . Its purpose is to provide an enclosed volane in which most of the fission

product leakage f*cn the primary containment following a postulated loss-of-coolant
accident can be held up and filtered prior to release to the environment. Our

evaluation of the shield building design is included in Section 6.2.3 of this

report.

Located within the nrimary containment is a substr 4cture, called the drywell, which

encloses the reactor and reactor coolant system. The drywell is an unlined concrete
structure, enclosing a ret free volune of 274,600 cubic feet and designed for a
differential pressure of 26 pounds pee square inch difference. The purpose of the

drywell is to channel the steam released from the reactor system during an unlikely
loss-of-coolant accident through a horizontal vent system matrix to the suppression
pool for condersation. While not a fission product barrier, the drywell must be

free of gross leakage for adequate performance of the pressure suppression feature
to assure proper channeling of the steam to the suppression pool.

Since, for the '' ark III design, the containment completely surrounds the drywell,
high energy lines penetrating the drywell must pass through the containrent and
shield building volumes. These lines are designed to low stress levels and high
quality standards to minimize the probability for rupture inside the containment but

outsidE the drywell. As an additional margin, the applicants have provided guard-
pipes on high energy lines extending from the drywell through the containment to the
shield building. The guardpipes will be designed to the pressure of the enclosed
process line.

Because the pressure suppression concept relies upon a controlled channeling of
steam through the suppression system, the possibility of bypass paths must be
minimized. Our evaluation of potential bypass sources and containment bypass
capability is discussed in Section 6.2.1.4 of this report.
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The suppression pool is a 360-degree annular pool located in the bottom of the con-
tainment and retained between the containmert wall and the drywell weir wall. The
weir wall is a 360-degree reinforced concrete wall located inside the drywell and
approxinutely 33 . -hes fran the drywell wall. At a normal water height of 18 feet,
the volume of water in the suppression pool is 159,000 cubic feet. The suppression
pool serves both as a heat sink for postulated transients and accidents and as the
source of cooling water for the Prergency core cooling systems. In the case of
cperating transients that result in a loss of the main heat sink, energy would be
transferred to the pool by the discharge pipir.g from the reactor pressure relief or
safetv valves. In the event of a loss-of-coolant accident within tne drywell, the
horizontal vent systen in the drywell wall would provide the energ/ transfer Dath.

Located in the vertical section of the drywell wall and below the suppression pool
water level are 141 vent holes of 27.5 inches in diameter and arranged in 47 circun-
ferential columns of three vents. In the event of a loss-of-coolant accident the
pressure will iise in the drywell due to the release of reactor coolant, and force
the level cf water down in the weir annulus. When the water level has been de-
pressed to the level of the first rce of vents, the differential pressure will
Cause air, steam and entrained Water to flow from the drywell into the suppression
pool. The steam will be condensed in the pool and the air driven from the drywell
will be con. pressed in the primary containment. The net effect could result in
approximately a 4 pound per square inch rise in average containuent pressure. Peak
drywell differential p' essure is c31culated by the applicants to be 19.6 pounds per
square inch difference.

Figure 6.2.1 illustrates the drywell and containment pressure response as a function
of time following the design basis loss-of-coolant accident. In Figure 6.2.1, the
short term containment response is shown in terns of two regions; one representing
the volume between the suppression pool and the hydraulic control units flocr, and
the other representing the re"ainder of the containment volume. This two-node
rodeling of the containrent is discussed further in Section 6.2.1.1.

Following the initial phase af the accident, containment and drywell pressure will
continue to rise due to the input of core decay and sensible heat to the suppression
pool. The long-tern pressure rise will he limited to 8.52 pounds per square inch
gage by operation of any one of the redundant containment heat removal systems as
well as the ef fect of the containment passive heat sinks. Therefore, in the
pressure response analysis of this type of containment, two limiting conditions must
be considered; the short-tern drywell differential pressure and the long-term con-
tainment shell pressure. Our evaluation of the applicants' analytical methods for
each of these time periods (i.e. , both long and short term) is discussed in
Sections 6.2.1.1 and 6.2.1.2 of this report. The General Electric Company has
also corpleted small-scale tests and is performing large-scale tests to support the
Stone & Webster Mark III short-term analytical model. Our review of these test
programs is also discussed below.
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__ 6.2.1.1 Short-Term Pre ssure Fesponse

__ For containnent analysis, a modified LOCTVS computer program, as described in
:- "LOCTV5 - A Conputer Code to Cetermine the Pressure and Terperature Response of
--

Pressure Suppression Containments to a loss-of-Coolant Accident, SWD-2 and supple-
--

cents, was used. The progran perforns numerical integrations principally of the
=- nass and energy conservation equations, and also of the malentum conservation equa-

g tion as required to determire flow rates between nodes. LOCTVS was written by
--

Stone & Webster Engineering Corporation to simulate behavior of the pressure
-- suppression containment systen, the reactor coolant system, the containment heat
_ sources and sir,ks, and the containrent heat renoval systen. The program has been

modified to allow computation of the unique vent clearing phenomenon associated
with the Mark III concept. The .nalytical approach used for thc3e modifications

__ was submitted as part of the River Bend Station, application Docket Nos. 50-458/459,
and will be further documented in a future topical report by Stone and Webster.

_
The rodel of the vent systen is a six-control volume nodalization representing the
vertical weir annulus cnd horizontal vents. Conservation of rass and morentum is
applied to each control volume to deternire fluid accelerations and vent clearing

__ tines. An additional node is used to simulate the suppression pool. Turning loss
'' coefficients are applied in a manner sinilar to the General Electric app-cach to

account for changes in flow path direction and area. The loss coefficients current-
_

ly used in the model are derived from generally accepted data. Stone & Webster
"- intenJs to verify these coef ficients during the large-scale Mark III testing program.
E
h

{- In addition to the calculation of sent dynamics, LOCTVS also contains the capabil-
ity for blowdown calculations. The prir.ary system is rodeled as a single node with

''
the water inventory considered as a pure stean volume and a pure liquid volume
creating a distinct interface between phases. For the postulated rupture, the
frictionless Moody critical flow codel is used to compute the blowdown rate,

h
Using the LOCTVS program, the applicants have calculated the short-tern drywell
pressure response for both a postulated nain steam line ureak and retirculatirn line

--

break. Similar to previously reviewed Mark III designs, the postulated main steam
line rupture was found to be the limiting break.

_

l For the postulated double-ended rupture of the main steam line, the blowdown is
divided into two distinct phases. Initially the blowdown is pure stean. However,

- as the blowdown begins to depressurize the systen, the liquid level in the reactor
vessel swells to the elevation of the steam nozzles. At this tine, the blowdown
changes tc two-phase due to the entrained liquid. Peak drywell differential pres-
ture can be sensitive to the level rise tire since two-phase blowdown yields a
greater rate of eteam addition to the drywell than steam only blowdown and also

h- intrc6tces liqu.d water into the vent flow. Both of these effects increase drywell

[}(][}/j[jj[{3__ pressure.
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For the Montague containc.ent analysis, Stone & Webster has computed a level rise
ti%e of about one second. Eased on this caltulation, the peak drywell dif ferential
pressure is computed to be 19.6 pounds per square inch difference.

Following the postulated design basis loss-of-coolant accident, the drp ell pres-
sure will rise and accelerate the water in the vent annulus. At abcut 0.9 second,
tre first row of vents will be cleared of water and a mixture of air, steam and

water will flow into the suppression pool. The water will continue to accelerate
downward resulting in ciearing of the second row at about 1.17 seconds and the
third row at about 1.64 seconds. The peak drywell dif ferential pressure occurs at

1.17 seconds (main steam line break) and is a result t' ,uf ficient vent area being

uncovered to reverse the pressure transient.

The applicants have stated , hat the drywell will be designed for an internal
pressure of 26 pounds per square inch difference which provides a nargin of 32
percent above the peak calculated value. Both the NRC staf f and its consultant,
the Aerojet NucleJr Corpany, have reviewed the analytical nodel used f or the dry-
well pressure response calculation. We have also performed our own calculations of
the drywell pressure response using the CONTEMPT-LT computer code Our results

confirm the validity of the applicants' analysis. Based on this confirration, our
review of the applicants' analytical model, and our consultant's recomnendations,
we conclude that the proposed drywell design pressure is acceptable.

As shown in Figure 6.2.1 the short term containment response is calculated for two
regions; the volume between the suppression pool and hydraulic control unit floor,
and the re ainder of the containient volume. This represents a recent modificationm

to the LOCTVS cade which was required to describe the flow restrictive effect of the
flcer. For Montague 1 and 2, this floor blocks 50 percent of the annulus area
between the drywell and containment walls and could restrict the flow of non-condensibles
during the initial blowdown phase. The applicants calculate a containment pressure
rise of approximately 7.5 pounds per square inch telow the floor. At this time,
however, the applicants have not submitted the details on the revised LOCTVS nodel,
or justification that may be appropriate in terms of relevant test data from the
large-scale Mark III test facility. We will review this information at the or; era *ing
license stage of review since the applicants have comitted to increasing the avail-
dble flow area at the flonr if required to maintain a 30 percent pressure cargin for
the drywell design pressure. We conclude that this cc,nitment to naintain the 30
percent pressure margin for the drywell design is acceptable for the construction
permit stage of our review.

6.2.1.2 Long-Term Pressure Response

Following the short-term blowdown phase of the accident, suppression pool tempera-
ture and containment pressure will increase due to the continued input of decay and
sensible heat into the containment. During this time period the erergency core
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cooling systen pucps, taking suction from the suppression pool, will have reflooded
the reactor pressure vessel up to the level of the main steam line nozzles. Sub-

sequently emergency core cooling systen water will overflow out the break and fill
the drywell up to the tcp of the weir w311, establishing a recirculation flow path
for the coolant.

After 10 minutes following the accident, the containment cooling node of the
residual heat reroval systen is activated and suppression pool water is circulated
through the systens heat exchangers, establishing an actise energy transfer path to
the service water sy.iten and ultim5te heat sink. In addition to the residual heat
removal systen, passi <e heat sinks within the containment were considered as a heat
rejection r.echanism. This is similar to the method of analysis used for River
Eend.

Fcr the long-tern analysis, the applicants have conservatively accounted for
potential post-accident erergy sources. These include decay hea t, sensible hea t,
pump heat, and retal-water reaction energy.

Sased on the abowe assumpticas, the applicants have calculated the pe3k contairment
pressure to te 8.5 pounds per square inch g3ge. The design pressure of the con-
tainment is 15 pourds per square inch g3ge which allows a 76 percent margin above
the peak calculated ,alue. On the basis of our review of the applicants' analysis
and the pressure rargin, we conclude that the containment design pressure for this
plant is acceptab!e.

=

The drywell structure is designed for an external pressure of 20 pounds per square
inch differer.ce. We have revie..ed the drywell design eyternal pressure and find
that it is acceptable since it represents an upper linit on possible external
pressu es by assuming ccmplete depressurization of tFe drywell with the containmentr

at its post-blewdown pressure of about 20 pounf s pe square inch atmosphere.

6.2.1.3 Subca-partrent Pressure analysis

Within both the dejwell and containment, internal structures form subcompartrents
or restricted volures which are subject to differential pressures following postu-
lated pipe ruptures. In the drywell there are two such volures; the anr.ulus formed
by the reactor vessel and the biological shield, and the drywell head region which
is a cavity surrounding the reactor pressure vessel head. In the containment the
various corponents of the reactor water cleanup systen are located in individual
c omp a r tmen t s .

The applicants have submitted the results of calculations of pressure differentials
across the walls of these subconpartrects. We ha/e perforced similar analyses for
the drywell head region and reactor water cleanup systen compartrents. Our cal-
culations confirn the applicar ts' results with the exception of the drysc!1 head.
We . Je that our c11culated recults represent reasonable estimates of pressure
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differential across walls of compartments based on current calculational techniques.
In its letter dated October 14, 1975 the applicants provided adiitional analysis of
the drywell head subcompartment peak pressure difference based on an increased vent
from 11 to 13.1 square feet. We have reviewed this calculation and find it, with'

the increased vent area, to be acceptable. The applicants have provided a descrip-
? tien of modeling and methods to be used to obtain the pressure loads imposed on the

[ reactor pressure vessel and the biological shield wall for a pipe rupture within
the vessel shield annulus. We find the modeling and methods to be used acceptable.

| However, we will require the applicants to provide, for our review, the final
results and loads to be used for the design of the vessel supports and shield wall

, prior to corpleting the construction permit stage of our review. The final design
loads will be reported in a supplement to this report.

j 6.2.1.4 Steam Bypass of the Suopression pool
_-

There are three potential sources of steam bypass of the suppression pool associated
with the Mark III containrent design used for the Montague Nuclear pcwer Station.

; First, since the drywell is of reinforced concrete construction, the potential
exists for cracking of the drywell structure under accident loading conditions.,

This will allow direct leakage of blcwdown steam to the containment volume. Second,
the design of the combustible gas control systems could allow the opening of direct
flow paths between the drywell and containtient for the dilution of hydrogen.
Although these systens are designed to 0:errte after blowdown is complete, residual
steaming in the reactor vessel will continue after blowdewn due to the addition of
decay and sensible heat to the coclant. This energy could be added directly to the
containnent atmosphere. Thirdly, the reactor water cleanup systen is located
within the primary containnent but outside the drywell. This system has high
energy pipe lines, connected to the reactor prinary system, which will not have
guardpipes. Therefore, postulated ruptures in these lincs would result in binwdown
of reactor coolant directly to the containment atnosphere withcut benefit of energy
absorption in the suppression pool,

i
2 In the case of postulated reactor water cleanup systen pipe breaks, the applicants

have provided design features to terminate the blowdown prior to exceedirg thea

design limits of the containment. Isolation valves are provided on the system;

i
suction line which will automatically isolate the systen fron the primary reactor
system. In addition, a flow limiter is provided in the suction line to limit the

' rate of blowdown prior to isolation. Backflow from the feedwater line is prevented
! by redundant check valves in the reactor water cleanup return line. The applicants

j have calculated that the containment pressure response assuming a reactor water
~

cleanup pipe rupture would be less than one pound per square inch gage, wh'ch is

j below the containment design pressure af 15 pounds per square inch gage.

5 As described in Section 6.2.5, operation of the combustible gas control system
would resu' in a direct flow path between the drywell and the containment. Al-

though inadvertent opening of a single mixing system line is within the bypass

8
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capability of the containment, actual operation of the whole system should be
p evented until the rate of bypassing is within acceptable limits. The applicants
have provided appropriate interlocks for the mixing systen that will prevent inad-
vertent actuation of the hydrogen mixing system for 10 minutes after an accident.
This interlock is a tirer which will prevent actuation of the mixing systen for 10
minutes following an accident. Our review of the break spectrum effects as a
function of time indicates that for small breaks the drywell pressure ray exceed
the containment pressure for longer than 10 minutes. The ap,licants have reduced
the size of the mixing system piping to six inch dianeter piping so that inadvertent
operation of the mixing system will not exceed the allowable bypass capability of
one square foot and satisfies this requirement for the small break as well as the

large break. We conclude this design change is acceptable.

Possible bypass leak age paths f roi1 the drywell to the outer containment have bec,
cor,sidered in our review of the ' lark III containment. The CCntrol of such bypass
paths is w portant to ensure that the design pressure of the containrent is rat
exceeded for postulated design basis accidents. In regard te bypass leakage that
could be associated with potential crackirg of the drywell or other sources around
penetrations, we talieve that containments of the Mark III design should have an
allowable bypass capability of about one square foot (A/. 7) for the spectrum of
reactor toolant systen break s. The term ( A/.T) is the area of the bypass divided t'y
the square root of the pressure drop lors coefficient. The allowable bspass area

is considered to be that leabage area between the drywell and contain-ent which
would result in containment pressurization to design pressure following a postulated
loss-of-coolant accident. The applicants have proposed a design which provices a
bypass capability of about one square foot ( A/.7). The capability is based on a

200 degrees Fahrenheit per hour reactor cooldawn rate, operatien of one containment
ccoler, and consideration of the available Containment heat sinks. The selected

cooldown rate is initiated if tre containrent pressure exceeds five pounds per square
inch gaga at 10 rinates af ter a pastulated accident.

Two air coolers powered fron separate diesels, will be used to aid in the condensa-
tion of bypass stean. The systen will t;e automatically activated by loss of offsite
power, drywell high pressare, or reactor low witer level signals.

The applicants have made a Corritrent to perform a leaf 39t test of the drywell at
design pressure prior to plant operation, and low pressure leakage tests of the
drywell periCdically dJring plant lifetiPe. The applicants ha,e d'; reed to establish
the acceptance criterion for th" tests based on the r easured ir 9 we beinq less

than the leakage correspanding to a flow path cf about 10 percent of the allowable
A/ TT at the test pressure. We find this comitment acceptable for the construction
permit stage of our review.

6.2.1.5 Test Program

The General Electric Company is presently cond0cting a large-scale test proqram to
verify the performance characteristics of the " irk III containc?qt. Large-scale
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testing was started in Noverber 1973 following completion of a two-year small-scale
test program.

A total of 67 small-scale tests have been perforned since June 1971. The test
arrange: rent sinulates a Mark III containment with a volumetric scale of a g ro x ima t e-
ly 1:2000. Srall-scale test data have been reported in Mark III Confirratory Test
Pro.jram Progress Fxport ,' hE0M-10848 and " Mark III Analytical Investigatic'ns of
$nall Scale Tests Progress Peport, hEDM-10976. The intent of these tests was
basically proof of principle of a horizontal vent system and also a prelir.inary
checkout of the vent clearing model. Correlations tetween test data and ana!ytical
predictions for vent clearing times indicated reasonable agreement in this scale.

The large-scale test progran utilizes a facility which simulates a segment of a
Mark III containment. The r.ominal voloretric scale factor of the facility is 1/130

with the exception of the vent system and suppression pool. Vent system test
sections in full, cre-third, arj one-ninth scale are used with correspondingly
scaled pool sections in the various stages of the test program The criainal
character of the program was to be a confirratory exercise to verify the short-tem
analytical rodel described in Section 6.2.1.1. The scope of the program included

testing beyond design basis conditions to investicate the margins avai'able in
pressere suppression syste s. Additional "etenomena' tests are also planned (i.e.,
vent interaction) to cnnfirn that their ef fect had teen adeqJately treated in the

analytical redeling.

A derivative of early tests, howe.er, w3s the abservation that centainment structures
cculd te s# ject to significant surpression pool hydrodjrsic loads darinq bicwdown
(see Section 6.2.1.6). This hs resulted in several additional tests whose objec-

tive was to generate design basis loafs to te incorporated in the design of the
af fected containcent structures.

Eleven large-scale test series have teen co"pleteJ to date. Discussicos of these
and future test serim are presided belcw. A list of completed tests is provided

in Table 6.2.c

(1) Series 5701 - 570}
The prircary cbjective of these tests an to verifj short-term analytical
mcdels for horizcntal vents Tests were run with cne, two, and three vents

open (ur, plugged) fur three scaled break aveas (50, 100 and 20 percent of the
design bases accident break) and centerline subrerp nces of two to 12 feet.
Stcr.e & Webster is currently checking their rcdes against the reasured test
results.

(2) Series 5705 & 5706
Eleven air blewdewn tests were perforred using <ne full-scale (27-l/2 inches)

test section with one of the three vents plugged. Impact targets were located
above the test facility pool. Tests were run with subnergences of six te 10
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TABLE 6.2.2

LAPGE SCALE Tf5TS EOMPLETED

. No. of
Test ';eries Blowdown Ver.t Scale Tests Prima ry_Cbj ec t i ve Do c umen ta tion

5701 Steam full 21 Vent Clearing NE DM-1337 7

5702 Steam Full 17 Vent Clearing 'EDO-20345,

5703 Steam Full 3 Vent Clearing NEDO-20533

5705 Air Full 4 Pool Swell NED0-20550
5706 Air Full 7 Pool Swell NEDE-20732P

5801 Steam 1/3 19 Pool Swell NEDM-13407F

5802 Steam 1/3 3 Foo' Swell NEDM-13407P

5303 Wa te r 1/3 2 Pool Swell NE DM-13407F

5604 Sieam 1/3 5 Pool Swell NEDM-13407P

5805 Steam 1/3 51 Impact Loads NEDE-1342EP

T 5806 Air 1/3 12 Pool Swell NEDE-13435P
C
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feet and pool surface to target clearances of four to 18-1/2 feet. The objec-
tives of the tests were to obtain scoping data regarding pool dynamic response
and irpact loads en structures located above the suppression pool. Air blowdown
tests were required to achieve air charging rates into the pool which were
representative cf an artual plant. We find that the test results provided an

early indication of the range of pool swell and the magnitude of irract loads
on small structures.

(3) Series 5801 - SR04
Twenty-nine tests were run using the ore-third scale vent test section (vent
area scaled) with a one-third scale suppression pool (pool area scaled). The
flow restriction at the hydraulic control unit flcor was also r:odeled. The

objectives of these tests series were te reasure froth impingement loads on
the floor and two-phase pressure drop across the floor, and to deternine pool
swell motion characteristics. Our review of tnis test data is currently in

progress.

(4) Series 5805
This test series utilized the same facility arrangenent as Series 5801 - 5804
and included pipes, I-beams and grating situated above the pool. The objective
of this series was to measure pool impact loads en representative containment
structures. The results of these tests were recently subnitted to the NRC and
are Currently under review.

(5) Series 5R06
Twelse air blowduwns were run in this test series utilizing the same facility
arrangement as Series So01-5804 The objectives of this series were to deter-

mine pool notion characteristics for large air rass fraction vent flows and to

compare these one-third scale restits with the previous full-scale air test

results. The results of the;e tests were recently submitted to the NRC and
are currently under review.

Integration of the pool dynamics test results into the Pantague containment design
is discussed in Section 6.2.1.6. Additional large-scale tests are planned as
discussed t,elow:

(1) A series of liquid blowdown tests will be conducted to indicate comparability
to steam blowdowns.

(2) A series of small break tests will be conducted to investigate pool stratifica-
tion and vent chugging effects.

(3) Tests will be performed with the suppression pool at an initial elevated

temperature to determine steam cendensation characteristics under such conditions,

p g.- .: 10
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(4) A multi-vent series will be run employing a test section of three columns of
three, nine-inch vents (one-ninth scale by area) to consider possible vent
interactions.

As discussed in Sections 6.2.1.1 and 6.2.1.2, we consider the basic design and per-
formance of the Mark III containment system to be well established based on our
review of the analytical r.odels and the available margins incorporated in the
design. Pool dynamic loads are a localized phenomenon which have received additional
consideration as discussed in Section 6.2.1.6.

In several recent reports concerning EWR plants with Mark III containments (e.g. ,
Perry and River Bend, the Advisory Committee on Reactor Safeguards corrented on the
progress of the ccnfirmatory test program. In particular, the Committee emphasized
the iTportance of developing analytical models based on c first principles approach
which can be used in conjunction with empirical test results. The applicants have
indicated that the resolution of this issue on River Bend will be equally applicable
to Montague 1 and 2 since Stone & Webster is performing the containment analyses for
both plants. We are continuing osr review of this retter with Stone & Webster on a
generic basis. We will review this matter as it affects Montague 1 and 2 during the
operating license stage cf our review.

In summary, we consider the remaining Mark III testing to be confirmatory in nature;
we will require that the tests and our evaluation of the test results be completed
prior to issuance of the first operating license for a Park III plant.

6.2.1.6 Pool Dynanics

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 sup-
pression pool. They are related to (1) pool response to the postulated loss-of-
coolant accident and (1) pool response due to relief valve operation, generally
associated with plant transient conditions. These phenorena are described in nore
detail below.

Accident Pool Dynanics Following a postulated loss-of-coolant accident in the
drywell, the drywell atrosphere will be compressed 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 systen and injected into the suppression
pool, approximately seven to ten feet below the surface. The steam component of the
f1cw mixture will condense in the pool, while the air will be released in the pool as
high pressure bubbles. The continued addition and expansion of air causes the pool
volume to swell resulting in an acceleration of the surf ace vertically upward. Due
to the effect of buoyancy, air bubbles will rise faster than the pool water nass and

()fl ' No a f .u? 'y 4ji
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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

notion of the pool water nass, structures forning the suppression pool toundary,
structures located within the pool, and structures located above the pool could t,e
subject to hydrodynamic loads.

Pelief 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

pool. These same structures can also be subject to loads which acconpany extended

relief valve discharge into the pool if the pool water is et an elevated tenperature.

This effect is known as steam quenching vibrations.

A letter was sent to the appliconts dated April 22, 1975, which describes potential

loads due to pool dynamics and which requests a description of the manner by which
these loads were considered in the containment design. With regard to relief valve
dynanics the applicants have submitted inforriation describing vent clearing loads
based on a Stcne & Webster analytical nodel. We will require the applicants to

submit the remainder of the requested infnrration en relief valves includina a

description of the analytical nodel and its experimental justification. With

regard to accident pool dynamics the applicants have made general reference to the
GESSAR docket f or resolution of our concerns with the qualification th3t significant

variations in the Montague design from that of GESSM will be addressed separately.

We have concluded that in some instances the design loads were inacequately sub-
stantiated by test data or were based on what the NRC staff considered to be a non-

conservative interpretation of the test data. We based this on our review of the

information given in General Electric quarterly progress reports issued through
April 1975 for the Mark III Confirmatory Test Progran. Accordingly, in order to
assure that the results of the ongoing test progran in the area of pool dynamics
are properly factored into the Montague 1 and 2 design we will require that this
area be resolved prior to issuance of construction pernits. We advised the applicants
of this and the application was revised to reflect the fellowing actions for

resolution of this area.

The applicants as part of the principal architectural and engineering criteria for
tFe design of Montague 1 and 2 have connitted to the course of action specified
below for the resolution of the NRC staff's pool dynamic concerns:

(1) Small Structures located at Elevations Less Than 19-1/2 Feet Above the Suppression
Pool Surface

The applicants have made the following comitment:

These structures will either be (a) located at elevations greater than 19-1/2
feet above the pool surface or (b) designed to load profiles and associated

R" ,}, G, b, oid
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time histories specified by the NRC staff (see Figures 6.2.1.6(a) and f 2.1.6(b).
The applicants may also provide the NPC staff with additional test data (which
is currently available) to justify the General Electric impact load versus
tir:e profiles for small structures (e.g. , piping and beans). If these profiles
cannot be substantiated to the satisf action of the NRC staf f, these structures
will be designed in accordance with options (a) cr (0) citod above.

The NRC staf f finds this connitrent acceptable based on (a) it is technically
feasible to locate these structures at higher elevations where pool effacts
are negligible and (b) sufficient test data have been nade available in NEDD-
11314-08 (preliminary), Information Report, Park III Containnent Dynamic
loading Conditions, to enable the NRC staff to conclude that the specified
load profiles and associated tire histories for small structures at their

current location are acceptable.

(2) Small Structures located at Elevations Greater Than 19-1/2 Feet Above the
Suppression Pool Surface

The applicants have provided the connitnent that snall structures located at

elevations greater than 19-1/2 feet above the pool that could be exposed to
froth impingerent will be designed for a load of 15 pounds per square inch and
associated time history (see Figures 6.2.1.6(a) and 6.2.1.6(b).

The NRC staf f finds this corrlitrent acceptable since the specified design load
and associated time history are adequately supported by the test data in NEDO-
11314-03 (preliminary) and it is technically feasible to design such structures
to the specified criteria.

(3) Structural Protuberances fron the Crywell and Containment Walls

The applicants have provided a connitrent to extend these structures (e.g.,
the traveling incore probe station and airlocks) into the suppression pool.
These structures will be designed for coincident loads due tG air bubble
(equal to peak drywell pressure) and pool drag (based on a pool swell surface
velocity of 40 feet per second).

The NRC staff finds this connitrent acceptable since the design loads are
adegaately supported by the test data in NEDO-ll314-08 (preliminary) and it is
technically feasible to design such structures to the specified loads.

(4) Expansive Structures

The applicants have provided the cccritment that expansive structures (e.g. ,
the rain stein line pipe tunnel and the hydraulic controi unit floor) will be

located at elevations greater than 19-l/2 feet above the suppression pool
surface. Expansive structures located at elevations between 19-1/2 feet and
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30 feet above the pool will be designed for a froth impingerent load of 15

pounds per square inch and associated time history (see figures 6.2.1.6(a) and
6.2.1.6(b) and a flow pressure differential of 11 po;nds per square inch. The

applicants may also provide the NRC staff with adJitional information to

justify the pool dynamic loads applied to these structures to support locating

then at elevations lower than 19-l/2 feet above the surpression pool surface.

However, should they be unable to justify such designs to the '.RC staf f, they
will locate these structures at elevations gre tter than 19-l/2 feet above the
pool surface and design these structures for *he loads and associated tir.e
history cited above. At present, the Pontague 1 and 2 design does not include
any expansive structures located at elevations lower than 19-1/2 feet above

the pool surface.

We find this co"ritrent acceptable since the specified loads and associated tire

history for expansive structures at elevations greater than 19 l/2 feet above

the pool are adequately supported by the test data in NED0-ll314-08 (prelimi-
nary) and it is technically feasible to design such structures to the specified
loads witt'out affecting any other aspect of the Montague design.

(5) Safet1 elief Valve LcadsR

The applicants have provided the connitment that those structures which retain

or are within the suppression pool will be designed for relief valve vent

clearing loads based on the wencher design (currently under review by the NPC
staff $ as this design is beirg used for the Montague 1 and 2. The applicants
will provide the '.RC Staf f with additional information to justify vent clearing

loads for the quencher design. However, such loads rust be reviewed and

approved by the W staff prior to their use in the Mcntague 1 and 2 design.

In the event that the vent clearing loads for the quencher design are not
accepted by the NRC staff, the applicants will design these structures for the

relief valve vent clearing loads based on the ramshead discharge and calculated
using the analytical model as described in NEDO-20942-P. In-plant tests will
be performed on Unit 1 to confirm the adequacy of these lcads. If the applicants

can justify to the c.atisfaction of the NRC staff that similar tests conducted
on ancther Mark III design confirn the adequacy these loads, these tests

will not need to be perforned on Mcntag;e 1 and 2.

We find this connitnent acceptable since the analytical nodel appears to
adequately predict relief valve clearing loajs for a ramshead discharge. We
also conclude that alternate designs such as quenchers are technically feasible
to reduce the vent clearing loads if necessary. The in-plant testing to be

perfomed on Montague Unit 1 is anticipated to be confir~atory in nature, and

should design changes be required they could also be accorndated by a revised
discharge design.

,,c
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(6) Asyv etric loads

The applicants have provided a comitment to evaluate asyrr:etric loads based on:
(a5 the relief valve lead cases listed in Section A8 of NED0-11314-08 (prelimi-
nary); and (b) the unequal bubble load profile specified in Section 6.1.3 of
SED 0-11314-08 (preliminary).

We find this comitment acceptable since the specified load cases are adequately
conservative and it is technically feasible to design such structurer to the
speci fied loads.

(7) Other Structures

The applicants have provided a connitment to eliminate structures in the

containment design which are not included in one preceding categories unless
the design of such structures can be justified to the satisfaction of the NRC

staff. In such cases, they will provide the NRC staff with additional justifi-

cation to verify the bases for specification of the pool dynamic load versus
time history applied to those structures. Should they be unable to demonstrate
to the MC staff that such loads are adequately consersitive, these structures
will be elininated such that the design configuration of atfected structures
conforr s to *he basic Yark III design as typified by the Grand Gulf design.
At g resent the calm mporting the rain ster 1 tunnel are the only structures
in the design which fall into this category.

v.c find this ccTitnent acceptable since the proposed alternatives are technically
feasible as indicated by the Grand Galf design.

'f 1 Other pool Dynanic loaJs

The applicants have provided a corritnent that for pool dynamic loads not
specifically addressed in the above criteria they will use the types, magni-
tudes, and corbinatictis of loads identified in NE00-ll314-C8 (prelininary) as
a basis for esaluating the st u tural design of affected centainment structures.

't find this connitrent acceptable since the design loads are adequately con-..

servative and it is technicF ly feasible to design such structures to the
specified loads

(9) Schedule

'

Tre applicants have provided the corr.itrent that construction of affected

structures will not be initiated until at least 1979. They will defer initia-

tion of construction of those structures for which review of additional
information by the MC staf f is requested until such inforration has been
reviewed and approved by the MC staf f. This schedJle will perrit Completion

of construction of Unit I at or before Fall 1935.
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We cor.clude that the applicants' comitment provides reasonable assurance that

the staff review of any additional information that the applicants may provide

can be accomplished without impacting the applicants' latest date for corple-
tion of construction of the Montague Nuclear power Station. However, the
applicants do not require construction pernits before 1979. All concerns

involved should be conpletely resolved well before then. We will require such

resolution prior to issuance of construction pemits and will describe the

final resolution of thesa natters in a supplement to this report.

In sumary, we have reviewed the applicants' program and have concluded that the
principal architectural and engineering criteria for the design of affected compo-

nents and structures have been adequately described.

Based on our review of the proposed Montague 1 and ? design and our review of these
same areas of Grand Gulf (Docket hos. 50-416 and 50-417, currently under construc-

tion), we reaf fim our conclusion th3t any changes which nay be required as a
result of our review are technically feasible without compronising safety. Such
changes could include, as aporopriate, relocation, local strengthening, or protection
by incorporation of structures to preclude direct impingement of flow.

In addition, the staff has reviewed the corrents of the Advi ory Comittee on

Reactor Safeguards on the Mark III containment design. The Committee's conrents
are contained in its report on the River Bend Station. These same coments are

also contained in the Connittee's reports to the Connission on other BWR-6 applications.

Stmcifically the Ccmittee stated that a nere basic understanding of certain

ph nonena such as ved clearing, vent interaction, pool stratification, and dynamic
and asymetric loads on the suppression pool and other containment structures is
required. It further stated that the research and development progra"1 should be
expedited so that all design related issues are fully resolved prior to corpletion

of construction of af fected portions of the plant. In respcnse to these conrents,

the NRC staff has expedited its review of these pFenonena and has actively pursued
this ratter with the applicants to ensure compliance with the Connittee's

recomenda tions.

In addition, the Comittee in its kiver Bend Station report, as well as in those
for other BWR-6 applications recorrended that the independent rodels developed by

the NRC staff and its consultants ' .be used to evaluate the sensitivity of key

design parameters, and to elucidate additional effects noted in the experimental
programs such as oscillatory phenomena. '

The NRC staff is continuing with its development of an independent nodel to analyze
the Mark III containment and fully expects to satisfy this aspect of the Comittee
reconrendation with respect to the Mark III containment.

g.p)s ,. s * ; QJ\ iMG
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We consider the remaining Mark Ill testing and analytical prograns to be confirratory
in nature and will reqJire that these programs be completed prior to concluding our
evaluation of the first application for an operating license for a Mark Ill plant.
We believe that the concerns expressed by the Advisory Connittee on Reactor Safe-

guards are per tinent and rerit additional evaluation. However, in our judg7ent,
they will not affect the design bases for the Montague 1 and 2 containments. We
conclude that the inforration which has been developed te date relating to their
concerns is sufficient to demonstrate the adequacy of the present design for the
construction permit stage of our review.

6.2.2 Containment Heat Renoval

The containrent cooling node of the residual heat removal systen is used to renove
heat f rom the suppression pool and to linit long-tern containrent post-accident
terperatures and pressures. The system consists of two heat exchangers and three
pumps. Two heat exchangers and two of the three pumps form two independent loops,
and each loop is physically separated and protected to minimize the potential for
single failures causing the loss of function of the entire systen. The third pump
is located in a separate roa1 and can be connected to either loop. The system is
designed to seismic Category I criteria.

Operating in the containment cooling node, the purps take suction from the sup-
pression pool, pass it through the heat exchangers, and direct the cooled water
either back to the suppression pool or into the reactor vessel. The locations of

suction and return lires in the suppression pool facilitate nixing of the return
water with the total pcol inventory before the return water becomes available to
the suction lines. Strainers are provided on the suction line inlets.

The applicants have stated in the application that adequate ret positive suction
head is available at the pump inlets assuming the suppression pool is at its post-
drawdown level and raximum terperature, and with no credit taken for any incr:ase
in containment pressure. These assumptions are consistent with the provisions of
Regulatory Guide 1.1 - Net Positive Suction Head for Erergency Core Cooling and
Containment Heat Perosal Systen Pumps, and are, therefore, acceptable. Provisions
are made in the containnent heat removal system to permit inservice inspection of
system components and functicnal testing cf active coEponents.

We conclude that the containment beat renoval system can be operated in such a

nanrer as to provide adequate cooling to the containment follcwing a loss-of-
coolant accident and that it satisfies the requirements of General Design Criteria
38, J9 and 40.

The applicants have also evaluated the potential for debris to clog emergency core
cooling systen suction lines. fach pump draws water from the suppression pool
through its own suction line and strainer assembly. Tne applicants have shown that
the potential for emergency core cooling systed or containment heat removal systen

''''#'t'fg() ? '. "-
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degradation due to plugging of the screens is ninimal for the following reasons:
(1) all insulation in the drywell will be of such type that it mininizes the
possibility of it breaking away from piping and being carried through the dryuell
vent system into the pool; (2) since the suction inlets are located about three
feet above the pool bottom and since the scr een surface area is large, resulting in
low approach velocities, there is little potential for drawing debris, either f rom
the pool bottom or surf ace, to the vicinity of the inlet lines; and (3) a 50 percent
plugging of screen surf ace area can be tolerated without significant consequences
to system performance. We find this to be acceptable.

6.2.3 Secondary ''ontainr ent Functional Design

The secondary containment syster includes the structures and ventilation systens
used to collect and process radioactive leakage from the primary containment in the
event of a loss-of-coolant accident. For the Montague 1 and 2 the secondary contain-
reat structures consist of the shield building, tne auxiliary building, and the
fuel building. Tcgether these structures conpletely enclose the primary contairrent.
Following an accident, leakage into the shield building and auxiliary building will
tt cellected and filtereJ by the standoy gas treatrent systen prior to its release
te the environment. Leakage to the fuel building will be collected and filtered by
the fuel building exhaust air systen.

The standby gas treatrert systen consists of two 100 percent capacity fan and
filter trains with flow rates of 25,000 cubic feet per ninate per train. The fuel

tuilding exhaust air systen consists of two 100 percent capacity faa and filter
trains with a rated flow of 10,000 cubic feet per minute per train. Both system

are designed to seismic Category ! criteria and redundant cceponents ar: separated.
When actuated, these systens will maintain tne seconN ry containrent pressare to a
value below atmos;;heric. Thus all leakage into the seccndary containrent volume
will t e routed through filters prior to release to the atmosphere.

During normal operation the annulus leak collection systen naintains the arrulus at
a pressure of -3.0 inches water gage Upon the receipt of an accidcnt signal this
leak collection system will shut down and the standby gas treatrent syste": will be
activated. There is a time delay in the operation of the systen (ano the fuel
building exhaust system) while the fans are loaded onto the emergency diesels and
attain rated speed. During this time period, the pressure in the annulus will rise
dJe to inleakage and heat transfer frOn the primary Containment shell. In addition,
drawdown of the auxiliary and fuel buildings will not have occurred. Under these
conditions there is increased potential for exfiltration dJe to winds. In the
submittal of Octot'er 14, 1975, the applicants comitted to provide the results of an
exfiltration analysis in the Final Safety Analysis Report if the auxiliary and fuel
buildings measured leak rates are determined to exceed 100 volume percent per day.
We find this acceptable foc the construction permit stage of our review.

h.[[
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Although tre pri ary cantair.rert is ccepletely enclosed bj tre secondary contaitrent,
there are systers which teretrate both the c rir 3rj and seconjary centain ent t0and-
aries treating [ctential piths tFrough which ra tinactivity in the primary ccntainment
could bypass the ieakalo collection and filtration systems of tre secerdary ccntain-
r++t. i ncher of these lines (cntain Ehysical h3rriers or design provisicrs which
can offettively elirinate ledago, such as w3ter seals, closej seismic (ate ^ cry I
piping syste" ,, or ,ent return lines to a terti alled region, ite intc ;rity of those
btrriors is assuref en the tasis of the seismic and quality classification of the

syster T h+: criteria by which polential t ypass leM age paths are deterrived have
t een set f orth in b anch Technical Positim CSB f;-3, Tetemiraticn of Ejpass Lc uage
Faths in P;31 (cntairrent Flarts.

In treir letter 11te1 N ril 21, 1976, the applicant s prc<i@d the triteria and

justificatic,n of a tjpass leM 3;c of 2.5 percent of tha containment design led age
rate (0.275 percert per day). We fird the criteri6 and j2stificaticn of potential
tj;3ss ledage paths are in accordarce with the above Eranch Technical Fosition CSB
h-3 and the 2.5 percent t,ypass leakage limit i3 acceptable and conclude the secondary
ContJinr ent design is acCODtatle.

6.2.4 Gm t a i n e n t isnlaticn System

The design cbjectise of the contair ent isolation systen is to allow the norr'al or

e~ergency passage of fluids through the centain ent boundary while preserving the
ir<te;rity of the ccntainrent bo;ndary to p revent or limit the escape of fission
produc ts f rom a postula te j Icss-of-coolan' accident. The applicants have specified

t*e dosign Laso and design criteria, as v ell as the isolation valve arra%ements

usej for isolation of primary contairr ent per.etrations.

Isolation of tre containment will te acccolishe1 by autoratic isolation of all

fluid systers rm trating the containrent that do not serve accident consequence
liniting functic Fluid lires which rust re ain in service following an accident,

for safety reasens are provided with at least ^ne remote ranual valve. The contain-

ent isolaticn system has been designed to the *5"E Code, Section III, Class I ar
2, and has b'ren clasified as a seismic Category 1 systers.

Bised on e;r review, we concluue that the design of the contain ent isolation
syste"'s is acceptable ard satisfies General Design Criteria 54, 55, 56 and 57.

Instrurent lires that penetrate the contain''ent were assessed in accordance with

tre provisions of Fegulatory G;ide 1.11 - Instrument Lires Peretrating Primary
Feactor Centainrent. TFere are no instrument lines which are part of the protectico

system that penetrate pri ary containrent. Instrument lires that are not part of

the protection syste"1 and which penetrate containrent have automatic isolation

valves inside ard outside the containment. Instrument lines which connect to the
reactor coolant pressure boundary are equipped with 1/4 irch diareter orifices
inside the drywell to restrict coolant release in the esent of a break in cne of

these lines. Based on our review, we conclude that the design of the instrument
lires satisfy the provisions of Pegulatory Guide 1.11 and is acceptable.
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're applicants have crosifej in their letter dated April 21, 1976 i dectriptico of
tre yeraticn of the drynell and containrert sentilation syste- Each of the

r ecorr er f a titns set f orth in Crarch Technical Fosition CSB F-4, "Contair.c ont T argirq

2 ring '.Oru l Il W eration, Fa <e t oen addressed by tre applicants aN justifi-

my enceptirn. .e base revie ed the desi.;n and the e=ceptic oscation ; rm it! f a r

to t r e re S T M d it i'.' , c i rar.ch Iechnical pcsitico CSP L-4 and ccnclu1e the design

is acceptable,

s t i t.le fa s f r n t rni6.2.5 f- 5

roll wirJ a ,nstulated loss-of-ceolant accident, hjfrogon "ay accu ulate within the
result af r etal-eter reactinn tetsen the fuel claddirl and theU ntairrert n3

re ktor coolant art radioljtic decorcosition of the post-iccident crergency cooling
Tr e a; plicants ba.e analyzed the prod ;ctirn and accumlation of hydronen fromvo te r .

tt e atme sources usirq the r;uidelircs of Franch TecFnical Fcsition CSB f-2, " Control
of Co%stible G1s (cocentrations in Conta W ent following a loss-o GCoolant Acci-

ont. It e as plitant s have pro; oned a redundant hjdregen -ixing systen and red;ndant
dreyn concentration within the centainrert tohydrt gen reur bir.ers to limit the h f

percent. i Nckup, centrolled purge systen for the contain ent istelc. tour volu .

also prusided in acccrfece witn Cre ch Technical Insitico CSE 6-2.

Do FMccos n nixir] s y s t e" is prosided to purge the ivdragen that r.ight t e produced
aithin the drywell to the lart;er contaim ent volare, thereb/ diluting its cencentra-
ticn. The syste'r utilizes tuo 6-inch inlet lines, each containing t ] valves in
series , an1 too 6-inch c atlet lires , eich containirq tua alves and a f00 standard
c Aic feet per ninate cv pressce in series Operatien of the mixing systen would

not t e required for abeut ten hours follcwing a postulated accident at which tire
it would te ' v;311y actuated by the cperatcr. The genetration size was selected
so that an c;en mixing systen line would still be within the bypass capability of
the containment. Appcepriate interlods have teen incorporated in tFe nixing
syst.m to prevent its initiaticn tntil the rate of by;3ssing during its operation
is within acceptable linits.

The hydrogen recerbiner system is a [.crtable systen consisting of two therral
recor biner uni ts. One of the units will be located at the "ontague site and the
other unit at the Millstore 3 site. The reqaired redmdancy for the systen will te
achieved by transporting the recombiner unit from the unaffected site. Ferranent
piping and connecticns which are physically separated in the auxiliary baildirq
will te provided for two recorbirers in each of the wnugue units.

The applicants have stated that prototype testing of the recorbiners to demonstrate
their operability will t.e perfomed. We will review the testing program res its
at the operating license stage of our review. We will also require that the appli-
Cants prOside in the rsAa tre transportation and installation proceeures to ee-on-
strate that the redandant recombiner can be provided within the nost limiting tire
frame (approximately 15 days).

On-# 30v U t JL'1 4
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6.2.6 fontainrent leaka;e Testing Irogram

ih "antag se containr ent design includes the provisions anj fe3 tares re essary to

satisfy the testing rew irement> of s pen ii x J, 10 CFR rart 50. Tre josi r if t"c

containment penetrations arJ 1 solation valves r+ rrit incivil 31, periodic Ir n a

r ate testing at the pressure s;ecifioi in Ap;erdie ?, 10 cr; Fart :3. Uclu ; ir

th' prcposej progr3- of leakaje rate testing are thaso ;enetraticns that F lwe

resilient stal s, e.g. , air 1cck s, equipment ha ttres , and fael transfer tsros

lhe proposed centair"ent ledk3ge testing program cDralies with the recaire"er.ts o#
Appendip J,10 CFR rart 03- Sach co"pliance provides eje'; aa te assurance th 3t ccn-

tairc ent leak tight integri;y can be verified tnro;g* cat the service lifet + arj

that the leakage rates will te periodically ctecke3 daring service, on a ti-el,

basis to raintain sacn leakages within tho sWc1fied limits.

Miintainir.] containment leakage rates within such li-its provides resscrable assu r-

ance that, in the event of any radiosctivity release within the contain"ent, tre

loss of 'he containcont a t:.osphere thro ; ? leakage Eatns will nct te in e= cess cf
the accept 3ble limits s;ecified for the sitei e., the deses will be witnir 11 Ci;

Fa rt 100 limi ts. Cc"pliance with the regairer e of Apperji J con > tit;tes a"n

acceptable bas;s f ar sa tisfying tre reaairer ents of Criteria 52, 53, ar j . of tre

Streral Design Criteria.

6.3 Evrgenrv Core Coolin L jstoS

6.3.1 Snte" rescrigtion

The subsysters cf the emergency core cooling syste- rovide for e cegency cocer

cooling during those postulated accidents wrcre it is ass;~ej that "echanic31
failures occur in the primary coolant system pipirg, resalting in the Icss of

ccolant fron the sessel at rates greater than the available ccolant makeaD C3E3 city

us ing normal c peratirg e7;ip"ent. The subsyste", are provided in suf ficient r / rer,

and with adequ3te independence, diversity, reliability, and redanjance that, e,en

if any sirgle active component of the systems f ails darirg a less-of ccala"t

accident, adeqa3te cooling of the reactor core will be maintaired.

The system consists of two high pressure systers and two lca pressure syste s. T r,e

forrer are the high pressure core spray system and the a;tocatic depressurizatico

system. The latter are tFe low pressure core spraj system and the low press ,
ccolant injection system, which is or.e of the modes of cperation for the resi;.

heat removal systen. The system for Montague ! and 2 are functionally identical to
that of the GESSAR-238 N; clear Island Standard Design.

All carponents of th.i energency core cooling system are initiated by a high dry ell
pressure signal or a reactor vessel low water signal, except for the automatic de-
pressurization system. Initiation of autoratic depressurization system requires

coincidence of both of these and a third signal, indicating pressure at the discharge
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of at leJst Cre low pressure e^ergency Core Conling systen prp. Ihe system is

desigred to gr' vide ado pate ccre cooling and to limit the peak fuel rod cladiing
ten erature for the co'plete spectrum of bre3L sizes 3nd locaticns up to ard in-
cludir.g the design bisis loss-of-coolant accident.

The emergency core cooling systen can c;.erate inferendently of the of f site electrical
power by using power from the onsite diesel generator and batterj systems. All
evaluations have been nade assuming that only onsite electrical power is available.
In addition, system pe-formance capability has been shown to be adeTHte assunirg a
failure of any single active corpor ent witnin the systen. This single failure cri-
terion Ms been applied in additico to and coincident with the assurM loss of of f-
site power.

The high pressure core spray system consists of a single notor-driven centrifugal
pu ,p anJ associated system piping, valves, controls and instru entation. The
systen is designed to operate from of f site power or fron a its own generator.
Suction is taken from the conde sate tank or the suppressiCn pool and piped to a

spray sparger over the core (via two entry points at the shroud). Nozzles spdced
around the sparger will spray the witer over the top of the core and nta the fuel
as5erblies. The system is designed to function over the entire range of reactor
coolant systen pressures and bre3k sizes. For small breaks, the system will naintain
the required reactcr water level. For intermediate breaks that da not depressurize
the reactor vessel rapidly, the systen will depressurize the vessel. For large
breaks, rapid depressurization occurs and the systen cools the core in the spray
coolirg mode until suf ficient inventory is accunulated to terminate the transient

The pump characteristics are selected to satisfy req; ire-ents for both high pressure,
low flow rate deliveries for small breaks, and low pressure, high flow rate deliver-

ies for large breaks. When the cooling systen is activated, the initial flow rate
is established by reactor system pressure. As reactor pressure decreases, the flow
rate will increase until the full core spray flow r3te is achieved when the dif fer-
ential pressure tetween the reactor vessel and prinary containment reaches 200
pcunds per square inch. The pung is designed to deliver 6110 gallons per minute at
200 pounds per square inch difference and 1465 gallons per ninute at 1140 pount
per square inch difference, and h3s a shutoff head of 1370 pounds per square inch

difference.

The automatic depressurization systen is designed to redJce the reactor pressure so
that flew from the low pressure coolant injection and Icw pressure core spray can
enter the reactor to copl the core and limit the fuel cladding temperature. The
system utilizes eight of the 19 safety-relief valves in tha pressure relief systen.
Aatomatic opening of these valves requires coincident signals of reactor vessel low
water and high drywell pres;;re along with a high discharge pressure indication on
any low pressure coolant injection or low pressure core spray purp, but only af ter
a timer delays operation of the autonatic depressurization systen relief valves for
two minutes. If the operator deternines that the initiation signal is false or
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dep essurization is not required, the ti:er raf te recycled. The autoratic depres-

suriza tion system i s edundant to the high fressure core spray and is cnly required
if the high press;re core spray cannot maintain reactor water level following an

accident. As with the nigh pressure Cnre spray, the depressuriz3 tion function of

the automatic depressurization systen is not required fcr large treaks.

The low pressure ccre spraj system consists of a motor-driven centrif ugal purp
(that can be po ered by either norral of fsite power or the standby ac power system);
a spray sparger in the reactCr vessel; and piping, valves, instrurentation and

controls to convey water from the suppression pool to the sparger.

The high pressure core spray system operating in the low pressure mode serves as a
redundant core spray loop to the Icw pressure core spray loop. The Icw pressure
core spray system protects the core in the event of a large break in the reactor

coolant pressure bosndary and when the cioh pressure core spray is unable to r,ain-
tain the required reartor vessel water level. Such protection eAtends to the small
break in which the automatic depressurization system or high pressure core spray
has operated to lower the reactor vessel pressure to the operating range of the
high pressure core spray. The low pressure core spray pump is designed to deliver
6110 gallons per minute at 122 pounds per square inch difference and has a shutof f
head of 289 pounds per square inch difference.

Since the nu-ber of fuel asstrblies and the diameter of the core has changed relative
to previous designs, spray distribution tests will be perforced on a simulation of

the GESSAR reactor to assure that an adequate amount of spray reaches every assembly.
These tests will also be applicable to the Montague reactors. General Electric

states that no significant differences are expected from other core geonetries

previously tested for spray distribution. General Electric is to provide the results

of these tests in a topical report when they are completed. We will review that

report prior to the operating license stage of review. This approach is acceptable

for the construction permit stage of our review for Mcntague 1 and 2.

The low pressure coolant injection system consists of three motor-driven centrifugal

purps (that can be powered by either normal of f site power or the standby, onsite
alternating-current power systen), associated piping, valves, controls and instru-
ren ta tion . Each pump injects water i.am the suppression pool through a nozzle in
the core shroud into the space between channel boxes over the active core. The

suppression pool suction, vessel injection nozzle and connecting piping for each
pump are separate and independent. Two of the purps also function as residual heat
removal system pumps. These two pumps receive power fron different alternating
current power buses. One of these buses also supplies power to the third low
pressure coolant injection pump, and the second bus supplies power to the low
pressure core spray pump.

The low pressure core spray systen provides cooling water following all los of
coolant accidents except those resulting from small breaks that can be controlled by
the high pressure core spray system. The low pressure coolant injection systen

rg : s w r S ,--
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is redundant to the low pressure core spray systen Each low pressure coolant

injection purp delivers 7100 gillcos per ninute at 26 pounds per square inch

dif ference and has a shutof f head of 225 pouds pe r sqJare inch dif ference.

As in the previous plant designs, the Montague design has the capability to use the
low pressure coolent injection purps to spray water into the containrent. Diversion
of these purps af ter a loss-of-ccolant accident is autoratic when required. In

previous designs, an ir,terlock prevented diversion of the pu ps if the vessel waterr

level w3s t>elow 2/3 the active core height. In the proposed arrangerent for this
plant, this interlock will not t;e provided but instead an interlock preventina pur p

diversion to containment spray until 10 ninutes af ter an accident will be provided.
General Electric has presented an analysis of the perforr.ance of the erergency core

cooling system over the corplete spectrun of breaks assuming that two law pressure
coolant injection purps are diverted fron core cooling tc containnent spray 10

minutes after an accident occurs. We have reviewed the informatico submitted and
have determined that the perforrance of the emergency core cooling system is not
significantly af fected by the transfer of two pumps from core cooling to containr ent
spray. We conclude that the proposed transfer af ter 10 ninutes is acceptable.

We raised a concern regarding the overall role of ranu31 actions required to mitigate
the consequences of a loss-of-coolant accident of GESSAR-233 Nuclear Island Standard

Cesign. General Electric has agreed to provide the necessary information for our
review prior to the tire that final designs are available. We consider this con-

nitnent by General Electric to be acceptable for the construction permit staae of

ontague 1 and 2 because of the applicants' connitrent to adopt theour review for u

GESSAR resolutions.

In our letter of May 1974 to General Electric, we identified certain outstanding

issues concerning or related to the erergency core cooling systen. These issues
will be resolved on the Montague docket in our review of the Montague Final Safety
Analysis Report. The subjects covered in our letter of May 1974 were: (1) a list
and uescription of the purpose of pre-operational and startup tests of certain

(rntly emergency core cooling) systems; (2) justificaticn of applicability of

referenced reports to EWR-6; (3) description of rethods used and results of blowdown
load calculations on reactor internals; (4) a list.of all erergency core cooling

system rela *ed valves operated by containrent isolation signals; (5) details of the
calculational rethods used to show that net positive suction head requirements of
e-ergency core cooling systen are ret; and (6) quantitative details of the main
steam line radiation detcctor's ability to detect failed fuel. The resolution of

these itens will bd discussed during our review of the Montague Final Safety Analysis
Report. Resolution of these items is not required at this construction permit stage
of our review. Accordingly there is reasonable assurance that any related safety
questions will be resolved at the operating lic.ense stage of review.

vK1 ( o.l o
WP

o
6-30

-|;y &_-_*

,

e i . . . . .



.. _ . _ _ . _ _ _ e-__

6.3.2 Perfe mance Evaluation

In Section 6.3.3 of the application, the 3pplicants pro <ide an analysis applicable
to Montag;e 1 and 2 which coq. lies with the requirements of Section 50.46 ani
Appendix t to 10 CFR Part 50. The analysis was rerfor-ed using evaluatico rodels
as described in NECE-2CM 6 (draft) sutritted in fugust 1974, and the Pefill/Peflead
Calculatico (supplen nt to the SAFE code description) transmitted to the staff by
letter, G. L. Gyurey to V. Stello, Jr., dated Peced er 20, 1974. General Electric

has subnitted an ad1itional report by letter from G. L. Gycrey to . Stello, Jr.
dated August 25, 1975, that discusses the way in which the PEFLOO 'adel is used in
the analysis of bcilin; water reactors with in-shroud low pressure coolant injec-
tion. The badground of the staff review of the energency core cooling systen
models is described in the staff Safety Evaluation Peport issued in cernection with
Order dated Dececter 27, 1974 for operatirg jet purp boiling water reacters. The
bases for acceptance of the principal portions of the General Electric Evaluation
Model are set forth in the staff's Status Peport of October 1974 and the suppie ent
to the Status Feport of Nove-ber 1974 which are referenced in the Safety Evaluation
Forort , da ted Decer ter 27, 1974 Ic7ther, the Decenter 27, 1974 Safety Evaluation

Pepct t on operating plants, tM ''!t;s Regrt and its supplement describe the basis

ir r the staff's acceptance of tfe o.aluation mcdel. The General Electric evaluatien

r'odel in cor,bination with the plant specific para ~eters constitutes an acceptable
evaluation in confo mance with Appendix K to 10 CFR Part 50 and is applicable to
the Montague Nuclear Iower Station.

L'uring the course of our review, we concluded that additional break sizes should be

analyzed to substantiate the break spectrun curve. 'We also requested that other
break locations (i.e., stean line, feedwater line, and core spray) be studied to
substantiate that the limiting break location was the recirculation line. As part
of the loss-of-coolant accident analysis, additional EWR-6 single failure sensitiv-
ity analyses ,. ' perforred to evaluate the etfects of a single failure that could
cause any manually centrclied electrically operated valve to rove to a position
that adversely affects the energency core cooling systers. The analyses showed
that these failures are less severe than those considered for the energency core
cooling systen analysis.

We also investigated the effects of flooding of the contain ent caused by a postulated
loss-of-coolant accident. By letter, dated August 11, 1975, General Electric sub-
mitted the results of a study on erergency core cooling systen valves within the
containment. The results show that all valve rotors which rust be operable during
and af ter a loss-of-coolan+ accident are located autside the containment and will not
become submerged due to the occurrence of an accident. Therefore, neither the short-
tem requirement nor the long-tern cooling capability is affected by subrerger.ce
effects. The applicants have referenced the GESSAR-238 Nuclear Island Standard

Design as the lead plant design concerning the erergency core cooling system and

will incorporate all approptiate changes made to GESSAR-238 huclear Island Standard
Design by amendments to the Montague 1 and 2 dochet.

QW 91 = gvu(.e}q6 .13

.

lir ec :
-

_ .. _



Tne results of the 4pendix K calculation for entag;e I and 2 show a peak cladJingv

temperature of 2160 degrees Fahrer.heit; a peak local oxidation of two percent, and a
maxirun core average rretal water reacticn of 0.25 percent for the worst large brejk
assu~ing a failure of the low pressure ccolant injection diesel. A peak cladding
temperature of 1680 degrees Fahrenheit at a treak area of 0.3 square feet assuming
the f ailure of a low pressure core spray diesel; and a reak cladJing tercerature of
approximately 1520 degrees Fahrenheit at 0.1 square feet assuning a failure of the
high pressure core spray diesel, were calculated for the inter ediate and small
breaks (based on flat local peaking).

We have reviewed the evaluation of emergency core cooling system perforrance sub-
mitted by the applicants for Montague. I and 2 and conclude that the evaluation w3;
performed wholly in conformance with the requirenents of 10 CFR 50.4E(a). The
system per'orr:ance assures conformance with: (1) the peak cladding terperature
limit of 2200 degrees Fahrenheit; (2) the maximun clad 1ing oxidation limit of 17
percent of total cladding thickness before oxidation; (3) the raximum hydrogen
generation core wice limit of one percent cf the total metal in the cladding thickress
before oxidation; (4) the core georetry reraining amenable to cooling; and (5) the
long-tem cooling requirenent of maintaining acceptable core temperatJres and decay
heat removal.

An evaluation was not provided for emergency core cooling systen performance during
reactor operation with one recirculation loop out of service. Therefore, reactor

operation under such conditions will not be authorized until the necessary analyses
have been performed, evaluated, and deternined to be acceptable by the staf f.

With reg 3rd to our concern relating to recirculation valve closure dJring a loss-
of-coolant accident, we have reviewed this on a generic basis on the GESSAP-238
Nuclear Island docket (STN 50-447). The results of the sensitivity study which
considered this event were submitted to the staff by letter from A. J. Levine to

V. 5tello dated April 25, 1975. The results show that the consequences of the
single failure are less severe than the other single failures considered and are,
therefore, acceptable.

In sunnary, we conclude that Montague 1 and 2 reets all of the criteria of
Appendix K to 10 CFR 50 and is acceptable.

The above evaluation of Montague 1 and 2 was made for that design which does
not include the prog t relief trip. If our review of the prompt relief trip, which

is ongoing, finds the system function to be required, then the evaluation will also

have to include review of the prompt relle. trip effects on the emergency core
cooling system perfornance prior to a decision for issuarce of construction pernits.

Further discussion of this matter is provided in Section 15.2.

30H48
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6.4 Habitabil_ity_Syst m s

The energency protective provisions of the control ro m related to the accidental
release of radioactivity or toxic g3ses are evaluated in this secticn. Pelevant
portions of the centrol roon ventilation syste are described briefly here, an1 are
descrited and evalu3ted rore fully in Section 9.4

6.4.1 Padiation frotectinn Provisions

The a;plicants propose to reet General Pesign Criterion 19 by use of concrete
shielding and by installing two renote fresh air inlets to provide an assured
source of clean air for pressurization. In addition, the desir;n incorporates a
redandant 2,000 cubic feet per minute charcoal filter train that processes the rake
up air to further ensure a habit ele environment within the control roon zone.

The systen will consist of a split inlet arrangerent where tne make up air is taken
f ron one of three sources, the normal inlets, located on each of the control build-
irgs, an inlet 1000 feet northeast of Unit 1 containment, and an inlet 1000 feet
South of Unit 2 containrent. Each of the remote inlets will be approximately 175
feet inside the nearest security fence. 4diation detectors will ronitor each inlet.
Upon receipt of a high radiation signal from a normal air intabe, an alarn will be
somnded in the control room. The norral inlets will be automatically isolated while
the r ake up air supply will be taken from the too renote inlets and will be auto-
ratically diverted through the charcoal filter. The rercte inlet which exceeds a
preset conta ination level will be prevented from opening by a remissive type
interlock.

We have estinated the doses to the control roon cperator af ter a design basis loss-
of-coolant accident. In our analysis, we assumed that the operating inlet was
periodically exposed to contamination due to delay in manual operation as follows:

Time Peried After Feriod of
Accident E cnsure (Hours)5

0 - 8 hours 2.0
8 - 24 hours 0.5
1 - 4 days 0.5 per day
4 - 30 days 0.5 per day

The object of this analysis was to evaluate ranual operation of the inlets versus
automatic operation. Our preliminary analysis indicates that ranual selection may
result in excessive contamination of the control roon. For this reason, and to
also eliminate the necessity of diverting the operator's attention in an energency
situation, the applicants have modified the systen so that inlet selection would be

autor.atic based on radiation indications at the remote inlets. The present darper
configuration ofthe renote intakes does not meet the single active failure criterion
in that if a damper fails cpen, isolation of the contaminated inlet cannot be
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accotplisted. iicaever, the locatinn of trese da";ers will perr"it an cperator to
ranually oserrile a failed da per without leaving the fressurized area. We find tnis
acceptable,

We cor.clade tr a t the radiation protection sy<'em for the centrol roo area is
acceptable ard reets the quidelir'es of Critericn 19 o' the General Desir,n Criteria.

6.4.2 Tnxic Cas r'rotection Provi. ions

The applicants have indicated that no chemicals will be stored on Cr in the vicinity
of the site that would pose a potentially hazardous cor:dition inside the control
roon if accidentally released. Chlorir+e will not te stored cn the site. !.'o conclude

that special protective provisions against toxic gases are not repairei.
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7.u I..STRUMENTATION AND CONTROL

7.1 General

The proposed desigts fcr the instrumentation and control systers were reviewed
utilizing: (1) the Cc rlission's General Design Cr;teria (July 1971); (2) the
varioJs Ihstitute of Electrical and Electrcnics Engineers Standards including the
"Critcria for Protection Systm s for e clear Power Generating Stations" (IEEE Std
c79-1971); and (3) the applicable Regulatory Cuides for Pcwer Reactc's, as the
Lases for evaluating their adeqJacy. Specific docun-ents relied on in our review
are listed in Appendix 0.

The applicants have chosen to utilize the instrumentation and control design for
the Gereral Electric toiling water reactor as described in the General Electric
Standard Safety Analysis Report for the CESSAR-233 Nucicar Island Standard Design
and have incorporated the applicable GESSAR docketed infornation into the Montague
Freliminary Safety Acalysis Report via blue pages. In addition, tne applicants
have chosen to ajcpt the resolutions achieved or to be achieved by General Electric
and the nRC staf f on the GESSAR-230 doc'.ct (STN 50-447). Therefore, the review of

the protection and control systems was accomplished by corparing the design prcposed
for the Montague units with the design proposed for the GESSAR-238 design for which
a Preliminary Design Acproval was is'. 3d in December 1975. This comparison, co~bined
with tne applicants' connitrent to adopt the resolutions achieved en the GESSAR-233
cocket, allowed us to proceed with a review which corcentrated on those aspects of
the proposed design which are unique to the Montague facility. The specific areas

of continuing review effort en the GESSAR-238 docket are outlined in the following
sections of this report and in Section 1.8. We expect all outstanding matters on
GESSAR-238 to be resolved near the end of this year. Further, since construction
permits for Montague 1 and 2 are rot needed Lefore 1973, we intend to issue a
supplenent to this report that resolves all outstanding matters near that time.

7.2 Reactor Trip System

The design of the Montague reactor trip systen is to be identical to the design of
the GESSAR reactor trip system. The GESSAR reactor trip system is a new design
proposed by tne General Electric Company. The NRC staff is conducting a review of
the proposed preliminary design as part of the post-Preliminary Design Approval for
the GESSAR-23d docket. The conceptual design for the reactor trip system consists
of four identical divisional logic channels with each of these four channels re-
ceiving input signals from four sensors per monitored variable. Each of the four
sensors associated with each monitored variable provides an input signal to each of

the four divisional logic channels through isolation devices. The divisional logic
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channels utilize "2-out-of-4" coincidence logic for each set of four sign 11s to

gererate a trip signal, i.e., whcn 2-out-of-4 signals fer a giv-n input variable

excccd the trip set point, a divisional logic output sign?l is preduced. The division-

al lojic output signals are the input signais f or the actuator lajics which control
the electric power for the scre pilot solenoid valves The actuator logics utilize

"l-out-of-2 taken twice" logic to initiate a re3ctor trip by de-energizing the scra-

pilot solenoid valves. The conu ptual design arrangement described abme is illustrated
in F igures 7.2-3a through 7.2-3f of the Montague application.

The manual scram logic and back-up scram valve logic will be "1-out-of-2 taken twice"
as used in previous boiling water reactor plant designs The f unction 31 arranger ent

of the solenoid-operated pilot scram talves, he solenoid-operated back-up scra",
valve, and the air-operated scram valves will also remain tho same as in previous
plant designs.

The preliminary design cf the reactor trip system for Montague 1 and 2 and QSSAR-2 A
is presently under review and all outstanding itens associated with the reactor trip
system are expected to be resolved during this review which is expected to be cor pleted
by the end of this year.

Based cn the applicants connitment to adopt the final resolutions developed on
GESSAR-238, we conclude that an acceptable design of the reactor trip systen will be
available prior to the need for construction perr:its. We will report on the resolution
of these resolved ratters in a supplerent to this report.

7 ?.1 Anticipated Transients Without Scr.1

The NRC staff's requirements with respect to anticipated transients without scram are

provided in the staff's technical reports, " Anticipated Transients Without 5 cram for
Water-Cooled Power Reactors,' WASH-1270 dated 1973 and " Status Peport on Anticipated

Transients Without Scran for General Electric Peac tors" dated Decer ber 9,1975. The

applicants have been sent a letter requesting that the staff's positions provided in
the above Decent er 9,1975 status report be addressed for the Montagut; I and 2 and
submitted for our review by June 30, 1977. We are continuing our review of this
matter and will require that any changes that are indicated to be nceded be incorporated
into the Mantague 1 and 2 designs.

7.2.2 Safety Interfaces with the Pc3ctor Protection Systec

In response to our request regarding certain reactor protection syster' trip signals
that are derived fron the pressure regulator and turbine control systen, the appli-
cants responded that the steam bypass valve position switches have been deleted
(from the reactor protection systen) by General Electric. We are pursuing the
significance of all turbine related inputs to the system on the GESSAP-238 docket.
The applicants have connitted to adopt the resolution achieved on GESSAR-233 with
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re"prd to tre use and qualification of the turbine related reactor trips. The

staf f finds this corritrent acceptable since it will per-it a firm desicn to be

approved prior to a decision for issuance of constructicn perrits for Montag;e 1 and
2. We will discuss appro ul of the design in a supplement to this repnrt.

7.3 E rg neered_ Ja _fety f ea turo Systams

Tte design of the instr umentation and control systems for the engineered saf)ty
features actuition systers is to be identical to the instrumentation and control

design for the GESSAR-238 systems. The design proposed by General Electric for
GESS*? is functionally the sane as that of previcus plant designs except for a few
dos i en c hanges . Fcwe',e r, tho inst rur enta tion and control hardware (i .e. , the actua-
tors, logic and senscrs) is not sinilar to any previous plant design. Therefore,

tt? staf f his deterrired that a review of the proposed preliminary design should be

a part of the post-Freliminary Design Approval review teing conducted for the

GESSAR-238 dacket.

As stated in the GESSAP-233 Safety Evaluation Report, the proposed conceptual

design was reviewed and found acceptable. The preliminary design is presently under
review. Areas of concern are to be resol ved during this detailed review. We find

the dpplicants' corcitment to adopt the resolution developed on the GESSAR-238

docket acceptable. This corritrent will permit a firm design to be approved prior

to a decision for issuance of construction pernits for Muntagne 1 and 2. We will

discuss approval of the design in a supplement to this report.

7.3.1 Erernoncy Core Conling Syste-s
7.3.1.1 Hip Pressure Core Spray _ System

lhe instrumentation and control syster> for the high pressure core spray system for

Mentague 1 and 2 is identical to tne GESSAR-233 system. The prelininary design is
presently under review. However, the rajor areas of concern between the staff and

General Electric have been resolved.

E3 sed on the applicants' corritrent to adopt the GESSAR-233 resolution, we conclude

that the proposed instrurentation and control system for the system is acceptable.
This comriiteent will permit a firm design to be approved prior to a decision for

issuance of construction permit for Montague 1 and 2. We will discuss approv3l of the

design in a supplecent to this report.

7.3.1.2 Autnaatic Depressuriza tion System

Tne instrunentation ard control system for the automatic depressuriz3 tion system
for Montague 1 and 2 is identical to the GESSAR-238 design. The rajor areas of
staff concern are generic issues and resolution during our review of the preliminary

design on the GESSAP-233 docket is required by the <taf f. This review is presently

under way.
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Gased on the appi nts' corr.itr.ent to adopt the resolution achieve 1 on the

GESSAR-238 docket we conclude that the proposed instrunentat inn and control system

for automatic depressurization systen is acceptable. This com'1i tment will per-it a
firr design to te approved prior to a decision for issuance of construction per":its
for Montague 1 and 2. We will discuss approval of the design in a supplement to
this report-

7.3.1.3 Low Pressure Ccre Sprav and Low pressure Coolant Iniection Sy_ste9

The instronentation and control systen f or the low pressure ccre spray system and
the low pressure coolant injection node of operation of the residual heat rerov31
systeea is identical to that of the GESSAR-238 design. The ra hr areas of concern
are being resol',?d dwing the detailed review of the prelininary designs for these
systems

Eased on the applicants' corritrent to adopt the GESSAR-238 resolution, we conclude
that the proposed instrurentation and control syst(- far the inw pressure coolant
injection and low pressure core spray is acceptable. This cornitrent will permit a
firm design to be approved prior to a decision for issuance of construction ;errits
fcr Montaque 1 and 2. We will discuss approval of the design in a suppler =Jnt

to this report.

7.3.2 Containment and Reac tor Vessel Isnlation Control Sy_ stem

The instrumentation and control systen for the centairrent and reactor vessel
isolation control s, sten is identical to that of the GESSAR-238 design. The rain
steam line isolation portion of this system is also identical to the GESSAR-233
d(sign and the specific control arrargerent for these v31ves is being reviersed in
the course of our review of topical report AIED-57EO, " Design and rerforrance of

General Electric Eoiling Witer Reactor Main Steam Isolation Valves *

Based oa the applicants' corrite:ent to adopt the GESSAR-233 resolution and to in-
corporate trie resolution developed during our review of the above cited topical
report, we conclude that the proposed instreentation and control system for this
system is acceptable. This cormitment will permit a firm design to be approved
prior to a decision for issuance of construction perrits for Montague 1 and 2. We

will discuss approval of the design in a supplement to this repoi t.

7.3.3 Corbustible Gas Control

The original systen proposed for the control of combustible gas (hydrogen) inside
the containment was unacceptable. The system relied on operator action within a

relatively short period of time af ter an accident and the staff required such
action to be auto"'atic. The latest proposed system is designed with allowance for

new hydrogen concentration versus time predictions. Based on a recently revised
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guidance (Rcgulatorf Guide 1.7-Control of Cor S stible Gas Concentrations in Containr.ent
following a Loss of Cualant Accider,t), the are mnt of tire allowed until actuation is
requirei has been er. ended to approximately 10 hours. Therefore, nanual initiation

is acceptable.

Based on the above criterion ar4d the f act that the systen is similar to other

boiling water reactor designs, the staf f concludes that thc system is acceptable.

7.3.4 Standbv Gas Treatrent Systen

The standby gas treatrent systen is an engineered safety feature which serves to
limit the release of particalate and gaseous radioisotopes within the guidelines of
10 CF R Part 100. The proposed systen will have fail redundancy and will be automati-
cally initiated by the same signals which initiate the core cooling function (i.e.,
low reactor water level and high drywell pressure), and in addition, by high ra di a ti or
signals in various plant areas.

Tre applicants have stated that the standby gas tre3tr:ent systen will function in a

rar.ner similar to the systen for the River bend Station. Eased on the information

presented and the comparison with River Eend, the staff finds the proposed syster,

ot.u ptauer.

7.3.5 Au r i l i a ry_S uppo r t S y s t ens

The auxiliary support systers to the engineer;d safety feature systens for Mentacue
1 ar.d 2 consist of:

(1) Standbj service watec systen (including portions of the reactor plant com-
ponent cooling w3ter systm and the chilled water syster.

(2) Ultimate heat sink systen.

(3) Centrol building atmosphere control systen.

(4) Centainment ventilation system

(5) Standby generatcr support systen

(6) Erergency core cooling systers fill system.

The instrumentation and control systers for these systems were reviewed to deter-
mine that each has sufficient redundancy and independence to provide the required

su; port to the enginc-cred safety features system. Each system was corpared with
similar systems in rther plants including those which are currently under review or

those for which construction pemits hay ( been issued.
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ine staf f ccncludes that the design of tr,e instrumentation end control systo for
the auxiliary suppcrt systers conform to all applicable replations, guides, branch

technical positions, ard industry standards and are acceptable.

1.3.6 k;13 tory _ Guide 1.53 - Application of the Single-Failure Criterion to O clear
fmr Plant Protection Sysens_

With reference to IEEE Std 379 "IEEE Trial Use Guide For the Application of the
Sir.gle failure Criterion to Nuclear Power Generating Station Protection Systers ,
the applicants have stated their interpretation of tre statement ' .any and all
cocinations of non-detectable failures" in IEEE Std 373-1972 Paragraph 3(3). In
the applicants' explanation, there is a staf f concern over the possibility of not
detecting certain f ailures. Specifically, the applicants state that " operational
tests of final actuation using parallel wiring would not detect a single failure of
one leg of the parallel circuit since the unfailed legs of the parallel circsit
would maintain circuit function." The staf f believes that interpretation can be

used to develop acceptable designs. We will review the electrical wiring details
at the c M o ung lb.ense stage of our review to assure that the safety criteria are
not violated.

7.3.7 Testing of Engineered Safety Feature Systems and Auxiliary Support Systems

In the original application subnittal, the applicants proposed to test the auto-
r atic responses of all engineered safet/ features systems periodically with the
exception of the standby service water systen. The applicants stated that the
testing of this systen would aJversely affect the plant. In response to a staf f
request for justification of this exception, the applicants revised the design to
allow periodic (on-line) testing of all engineered safety features systems in-
cluding the standby service water system. Based on these changes, we find the
prcrosed test provisions acceptable.

7.1 _ Systems Required for Safe Shutdown

7.4.1 Reactor Core Isolation Cocling Systen

The instrunentation and control system for the reactor core isolation cooling
system is identical to the GESSAR-238 system. In response to a staff position, the
dpplicants have identified this system as an engineered safety feature systen as
did General Electric for the GESSAR-238 docket-

Based on the applicants' comitment to adopt the GESSAR-238 design, we have con-
cluded that the instrumentation and control for this system is acceptable.

7.4.2 Standby Liquid Control Systen

The instrumentation and control system for the standby liquid control system is
identified as being similar to the Zirrer design. This system is also the same as
the proposed GESSAR-238 design. %7hh
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The applicants have chosen to utilize the design provided on the GESSAR-233 docket
and therefore, we find the system acceptable.

7.4.3 Safe Shutdown From Outside the Control Poon

General Design Criterion 19 requires that nuclear power plants have the ability to
achieve reactor shutdown coincident with an evacuation of the main control room.
We have reviewed the applicants' prcposed methods for implerenting these require-
ments including the provisions to prevent a possible compromise of divisional
circuit scparation and unauthorized access to the panel.

We find the applicants' proposed methods to be in accordance witn the requirements
and therefore acceptable.

7.5 S3fet,v Polated Display Instrumentation and Indication of Bgtss_

We hsve been reviewing on a generic basis the requirerents for display instru entation
to diagnose the plant's status during the course of an accident. It is anticipated

that these require'ents will be further identified and defined in a forthcorir>g

regJl3 tory gJide on the subject. Pending issuance of tre regulatory guice, we require
that the post-atcident instrurentation for Montague 1 and 2 be quaiified for the

apprcpriate accident environment. We will require thdt all safety-related instrumenta-

tien be: (1) redondant with at le3st one channel recorded; (2) energized from onsite
Enwer supplies anJ; (3) in corpliance with the applicable requirerents of TEEE
Std 279-1971.

The applicants have docu ented their intent to conform to these require ents and

theref cre, we find these design criteria acceptable for the constructian pennit

s ta je of our review.

Ear review of the provision fcr indicaticn of bypassed or inocerable status condi-

tions of plant safety systems utilized the recorrendations of Pegulatory Guide
1.47 - Bypassed and Ir> operable Status Indication for Nuclear Pceer Plant Safety
Systens. The applicants have stated tneir intention to conforrr to the Reg;latory

Guide, although a preliminary design has not been provided. We conclude that the
cc!nitment is acceptable and there is reasonable assurance that the applicants can

develop an indication systen that conforms to Fegulatory Guide 1.47,

7.6 Other In strurwntatien S ysters Peq;i r ed for Sa fety

ine applicants have identified the following instrumentation systeis as being iden-

tical to those in GESSAR-233. GELSAR-Pla in turn identifies these syste-s as bein;
similar to those in recent boiling water reactor plants that have been autrorized
for construction,
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(1) Pefueling interlock.

(2) Peactor vessel instrumentation.

(3) Frocess radiation.

(4) Area radiation.

(5) Reactor water clean-up.

(6) Leak detection system (portion).

(7) b clear steam supply system computer system.

(8) Neutron monitoring.

We are presently reviewing these systems on tne GESSAR-238 docket as post-Preliminary

Design Appoval matter! The staff is making an effort to review these systems with
a minimum amount of reliance on previous boiling water reactor plant design re-
views. The results of our post-Preliminary Design Approval review of the abeve systems
will be included in a suppler.ent to the GESSAR-233 Safetv Evaluation Peport.

The applicants' cor:nitrent to accept the generic resolutions on GESSAR-238 in these
areas is acceptable. This co nitrent will permit a firn design to be approved
prior to a decision for issuance of construction permits for Montague 1 and 2. We

will discuss approval of the design in a supplement to this report.

7.6.1 Rod Contrnl and Information

The proposed BaR-6 rod control and information includes a new rod pattern control
systen and a rod position indication syste- The staf f is in the process of re-

viewirg these systems in detail on GESSAR-233 because of the safety significance

given chem in limiting the consequences of a rod drop accident.

The applicants have included the systems in the group of instrumentation and
control systems which are to be identical to the GESSAR-238 systems. The staff
finds this approach acceptable for the construction permit stage of our review.
This corunitment will permit a fim design to be appro.ed prior to a decision for
issuance of construction pemits for Montague 1 and 2. We will discuss approval of

the design in a suppler,ent to this report.

7.7 Control Systens Not_P gJired for_ Safety

The applicants have stated that the feedwater ccntrol systen, the recirculation

flow control system, and the pressure regulation control system are similar to

'
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those in previously acceptable boiling water reactor plants, and in additicn, are to
be identical to the GESSAR-238 systems. We conclude, therefore, that these designs
are acceptable.

7.8 Seisnic Qualification

The applicants state in Section 3.10 of the application that seismic Category I

instrumentation and electrical equipment will be designed to withstand the ef fects of
the safe shutdown earthquake without functional impairrrent. All Class IE equipment

will be qualified in accordance with the requirenents of IEEE Std 344-1971, and Branch
Technical Position Electrical Irstrumentation and Control Systems 3 ranch-10 in Appen-
dix 7A of the Standard peview Plan. We conclude that these connitaents provide assur-

ance that the proposed equipment important to safety, will be seismically qualified in
an acceptable manner.

7.9 E n vi ronr en talial i fic a ti on_

The applicants have stated that Class IE enuiprent will be qualified in accordance

with IEEE Std 323-1974, but that exceptions to the aging requirements for certain
equipment may be necessary due to state-of-the-art problems such as lack of data or
analytical techniques and inability to obtain competitive bids. The applicants

prepose that in these cases, prior qualification can be utilized and that one of the

f;.110 wing methods singularly or in conbination will validate the qualification of that
equiprent:

(1) Analyses based upon environmental tests.

(2) Operating experience (taking into consideration inservice inspection ) periodic
tests, and preventive maintenance.

(3) Type tests using qualitative aging techniques (e.g. , environrental cycling and
operational cycling elevated stress techniques).

(4) On going or pacing tests.

The applicants' corriitment to IEEE 323-1974 and to provide to the staff prior to pro-
curenent of Class IE equiprent justification for any specific exceptions on aging, is
aCCeptabie.

7.10 Turbine Overspeed Protection _

We have reviewed the applicants' proposed turbine overspeed protection system. The
overspeed protection systen is conprised of redundant rechanical hydraulic and electro-
hydraulic channels. Physical separation between redundant channels is pro'. ided and
there are provisions for periodically testing the system while the plant is at power.

We have concluded that tha provisions f or turbine overspeed protection are acceptable.
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8.1 IntrodJClien

The Comission's Central resign Criteria 17 and 18, PegJlatory Guides 1.6 - Indepen-
dence E'etween Pedundant Standby (Onsite) Power Sources and Eetween Their Distribution

Systen s and 1.9 - Selection of Diesel Generator Set C3pacity for Standby Power
Supplies, and IEEE Std 303-1971 were utilized as the primary bases for evaluatin; the
ade bacy of the electric power Systems for the Pentague 1 and 2. Specific docu"ents

used in the review are listed in Appendix 0.

d.2 _O f f s i te Power Sy s ten

The main switchyard for Montagse 1 and 2 ccnsists of a 345 kilovolt ring bJs that is
to te converted to a treaker-anJ-a-half arrangment upon completion of Unit 2. The

switchyard will provide teminal f acilities for the outputs of the rain generators of
toth units, four offsite transnission lines, and two lines each of which will serve
the two system staticn service trinsfor ers of each of the two units. The fcar
offsite transmission lines to the switchyard are to be rcJted to mininize the likeli-
hood of a simultaneous failure.

The system station service transfomer s (two per unit) provide the preferred of f site
power source for the two units. In dddition, the rain generatcr of each unit is
connected to two unit station service transforrers to provide power during norral
o pe ra t i o n .

The station service bus systen for each unit will consist of four 13.8 kilovolt buses
and two normal 4.16 kilovolt buscs which serve the non-safety auxiliary loads, and
three standby 4.16 kilovolt buses which serve the safety related loads. The four

13.8 kilovolt buses are fed from either the unit station service transforters or the
system station service transformers. Thus each 13.8 kilosolt bus is fed from the
normal and preferred ofisite source. Auton:atic switching to the preferred source is
provided on failure of the normal scurce. The two norral 4.16 kilovolt buses are fed
similarly but also are provided with a circuit from the sh;tdown transforver. This
circuit is physically and electrically independent from the other circuits to meet
the requirements of General Design Criterion 17.

The original submittal for Montague 1 and 2 contained provisions for this alternate
offsite source to be from a single shutdown transformer shared between the two units.
In response to a staff request, which pointed out the requirenent that loss of this
transforrer would require shutdown of both units within a short period of timG, the
applicants elected to provide a separate shutdJwn transfoner for ?ach unit and
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thus elim'ute any possible concerns about sharing. This arrangerent provides each
normal 4.16 kilovolt bus with a feed from the normal source, preferred source and

alternate offsite source.

The three standby 4.16 kilovolt buses are fed from the two normal 3.16 kilovolt buses,
with one normal 4.16 kilovlt bus feeding one standby 4.16 kilovolt bus and the other
normal 4.16 kilovolt bus feeding two 4.16 kilovolt standby buses, one of which is the
high pressure core spray ystem bus.

We have reviewed the applicants' plans for testing the of fsite power system and find
that the requirer:ents of General Design Criterion 18 are satisfied.

We conclude that the design of the offsite power system source reets the requirerients
of the applicable regulations, guides, technical positions and industry standards and
is acceptable.

R.3 Onsite Power Systems

8.3.1 Al ternating-Current Standby Pcwer Source

In the event that all sources of normal and of fsite power are lost for a unit, the

auxiliaries essential to safe shutdown are supplied by standby diesel generators.
There are three standby generators for each unit. Each standby generator is connected
to one of the three 4.16 kilovolt standby buses to which the safety related systems are
i.onnected. The loads are grouped and identified by the applicants as Division I, II
and III loads. Each standby generator set is operated independently of the others and
is, except for testing, disconnected from the utility power system. There is no sharing
of standby generator between the two nuclear units.

Each standby generator is physically independent, of the other generators. Each generator
is located in a seismic Category I structure which is designed to withstand earthquakes
and to protect tne standby generators against the ef fects of tornadoes, floods, hurricanes
and tornado generated nissiles.

The high pressure core spray generator set (Division !!!) is presently under generic
review by the NPC staff in conjunction with General [lectric Topical Report NED0-
10905, "High-Pressure Core Spray System Power Supply Unit.' The staff has concluded

that NEDO-10905 is presently not acceptable for qualifying the high pressure core spray
standby generator. General Electric is in the process of satisfying the staff's
cancerns regarding this topical report. The applicants when notified of the status of
the topical r eport review agread to adopt that generic resol ition of the outstanding
concerns that is developed in the course of our review of the above cited topical
report. This coreitment will permit a firm design to be approved prior to a decision
for issuance of construction permits for Montague 1 and 2. We will discuss approval of

the design in a supplerent to this report.

t.
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The applicants have stated, in response to a request by the staff, that should the
Division I and II standby generators be of a type not previously qualified for standby
power service at a nuclear generating station, they will be qualified in accordance

with the following which meets the staff's position in this regard.

(1) At least two full-load and margin tests will be perforced on each standby generator
set to demonstrate the start and load capability of the units with sone nargin in

excess of the design requirements Proposed full-load and margin testing will tie

evaluated on an individual case basis to take account of the differences in unit
design.

(2) Prior to initial fuel loading, at least 300 valid start and load tests will be

performed with no nore than three failures allowed. At least 90 percent of these
start tests will be made fron design cold ambient conditions (design hot standby
conditions if standby tempecature control system is provided) and 10 percent from
design hot equilibrium terperature conditions. This would include all valid tests

perforned offsite. A valid start and load test is defined as a start from the

specified temperature conditions with loading to at least 50 percent of continuous

rating within the required time intervals, and continued operation until temperature

equilibrium is attained.

(3) A failure rate in excess of ont per hundred tests will require further testing as
well as review of the systen d sign 6dequacy.

The standby generators will be used for supplying power only to the loads on the standby
power systen except as necessary to load the standby generators for periodic testing.

The fuel oil storage and transfer facility for each diesel generator will be designed

to provide sufficient fuel oil for at least seven days of continuous operation of the

diesel carrying the full energency load of the associated generator.

Based on our review, we conc!ude that the design of the standby alternating-current

poaer systen reets General Design Criteria 17 and 18 and Fegulatory Guides 1.6 and 1.9
and is therefore acceptable.

8. 3. 2 Direct Current (D-C) Pcwer System

There are a total of five ungrounded,125 volts safety related direct-current battery

systems; two systems for Division I, two systens for Division II, and one system for
Division III. There is also a direct-current ungrounded non-safety related systen.

Each systen includes a battery charger, a lead acid battery, a battery distribution
switchboard, a subordinate battery distribution panel, local and control room instru-
mentation, and alarm facil. ties. Safety related chargers are powered from the standby

power system of their own division.
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The chargers, distributicn switchgear, and certain subordinate equipptnt such as un-
interruptible power supplies, will be located in separate ventilated, temperature

controlled rooms shared with other itens of electrical equipnent. Each of the batteries

will be located in a separate ventilated temperature controlled roon. The enclosures

for safety related equipnent are designed to seismic Category I criteria. The other
electrical equipment in the room will be safety related equipment and of the same
division.

Battery room temperatures will be raintained between 60 and 80 degrees Fahrenheit.
Therefore, temperature coepensations of battery capacity is not req; ired.

Each battery has the capacity to supply all its connected safety related direct and
alternating-current vital loads for a mininun of two hours upon interruption of
alternating-current power supply to the battery charger.

Additional independent direct-current service power is provided for the unit switch-
yard.

Based on our review, we conclude that the design of the direct-current power system

reets the applicable regulations and is, therefore, acceptable. There is ore area of
the direct-current system which is presently under continuing post-Preliminary Design
Approval review on the GESSAR-238 docket. The staff has requested that General Electric
provide the independence requirements for the battery division which supplies the
reactor protection systen and engineered safety features system. The appl'. cants have
provided sufficient direct-current systen capability but the area of the independence

requirenents has not been addressed because of the above cited continuing review. When
resolutien is achieved for GESSAR-238 in this area, the apalicants have agreed to adopt

the same requirerents and design, since the direct-current system is not in the General
Electric scope of supply for this application. We conclude this is acceptable since
this will permit a firm design to be approved prior to a decision for issuance of
construction permits for Montague 1 and 2. We will discuss approval of the design in a

supplement to this report.

8.4 Physical Independence of Electrical Systeis_

The applicants have identified the reconnendations of Pegulatory Guide 1./5 as the
primary design objectives for physical independence of the plant's electrical systen.
In addition, in those areas where tests or analyses are used to demonstrate confornance
to the recommendations of the guide, the applicants have conritted to specifically
identifying the area and providing the results of the tests and/or analyses as part of
the Final Safety Analysis Report.

We find the design criteria and the above connitnent acceptable for the construction
pernit stage of our review.
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8.5 Electrical Fire prevention and Control

In response to a sta f request regarding fire protection an.] ccntro!, the applicantsf

prcvided a description of the plant's fire stops and seals and also a description of
the fire detection and protection systea and eqaip"ent.

The design criteria fur the fire stops included the following:

(1) A fire rating consistent with the fire rating of the penetrated wall, floor, or
ceiling.

(2) Suitability to peretration georetry and arrange ent.

(3) Corpatibility with cable and insula tion r:a terials.

(4) Ability to withstand maximun required pressure on either side of the penetration.

Althcagh sor7 of the design requirercnts are presently under development, the appli-
Cants have stated their intent to incorporate all applicable recorrendations and
requirements which result from present and ongoing studies.

The proposed design criteria and developrental program, with the corrittent to incor-
parate the resulting study, rectrrendations and requirer"ents into the design, are
generally acceptable for the construction permit stage of review. However, since a
decision on issuance of construction permits for Pontague 1 and 2 will probably not be
reached until at least 1979, we intend to keep this matter open for further in-depth
review as the results of on-going studies develop. We will report en the final
resolution of this ratter in a suppler;ent to this report.
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9.0 AUXILIARY SYSTEMS

The auxiliary systers necessary to 'ssure safe plant shutdown capability include the
follcwing: the standby service water system, pertions of the reactor plant corponent
cooling water system, the ultirate heat sink, the control building ventilation system,
portions of the containment ventilation system, the tiltration portion of the fuel
bailding ventilation system, portions of the standby generator ventilation system,
the standby generator and supporting systens, and the fire protection system.

The aux'.liary systens necessary to assure the safe storage, handling, and cooling of
the fuel include the fuel handling systen, the new and spent fuel storage systems,
the fuel pcol cooling and cleanup systen and the fuel building ventilation syster.

We have reviewed other auxiliary systers whose f ailure would not prevent safe shutdown
but could, eith?r directly or indirectly, lead to potential release of radioactivity

to the envirorcent. These systers include the equiprent and floor drainage systen
and the rain steam isolation valve ieabage control systen.

We have also reviewed the design of those auxiliary systens wnose failure would
_.

neither prevent safc shutdown nor result in potential radioactive release. Ttese
include non-safety portions of the corponent cooling water system, the rakeup water
treatment systen, the condensate storage facilities, the plant service w3ter system,

the compressed air systen, the process sampling system, the ventilation systems for
non-safety related areas, and the conrunication and lighting systems. Failures of
the above systers will not a f fect the capability of safety-related systems to ef fect
safe shutdown. We ccncluJe that the preposed desiqns for the above systems are
acceptable.

9.1 Fuel Storago and M ndling

9 l.1 Vw fuel Storam

The new fuel storage racks will provide for dry storage for approxirately 30 percent

of a full core load. The outer structure of the storage racks will te desiqned to

preclude the inadvertent placement of a f uel assc-bly in the rack closer than the
prescribed spacing. The storage racks will be designed so that the marirun effective

rultiplication (Keff) will rot exceed 0.95 in the event the new fuel area were flooded
with water.

TFe new fuel stcrage racks will be bolted together and surrorted from the pool wall.

Tre fuel racks will be designed to withstand the i~ pact of a dropped fuel asserbly.
The new fuel racks will be desiqred to seismic Category I require-ents.
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We have reviewed the adequacy of the applicants' prcposed design criteria and design
bases for the new fuel stcrage f acility to assure raintenance of a subtritical array.

We conclude that the design criteria and design bases are in conforrance with Gereral
Design Criterion 62 and the staff positions of PegJiatory Guide 1.13-Fuel Stcrage
Facility Design Basis including the positions on seismic design and nissile protec-
tion and are, therefore, acceptable.

9.1.2 S pe r. ;. Fuel Storage.

Spent fuel storage space will te provided in the fuel storage pool and in the contain-
rent upper fuel pool. The fuel storage pool will contain storage space sufficient

for about 160 percent of a full core fuel lead. The containrent makeup pool will

contain temporary storage space fcr an additional 25 percent of a full core. The
swnt fuel in both the fuel storage pcol and the ccntain"ent makeup cool will be
covered with 33 feet of water. The spent fuel racks will be designed to provide
protection against damage to the fuel and to prevent tue assemblies fron being
stored in other than the prescribed locaticns. The maxir ul value for the effective

multiplication of 0.95 will not be exceeded under any concitions.

The fuel pool will te designed to seismic Category I re wirerents. The facility will

be designed to prevent the cask hand;ing crare fecm traveling over or in the vicinity

of the pool, thereby precluding darage to the stored spent fuel in the event of a

dropped cask.

We have reviewed the adepacy of the applicants' proposed design criteria and design
bases for the spent fuel :torage facility to assure raintenance of a subtritical array

during all nor al, abnorral, and ac ident conditions. We conclude that the design of

the spent fuel storage faciiities will be in conforrance with the requirements of

General Design Criterion C2 and the positions of Regulatory Guide 1.13, including the
pnsitions on seismic design and missile protection, and in conforrance with Branch
Technical Position APCSS 9-1 witn respect to crane travel over the pool and are,
therefore, acceptable.

9.1. 3 Spent Fuel Pool Cooling and Cleanus System

The spent fuel poo' cooling and cleanup system is desigred to renove the decay heat
from the stored spent fuel elements, maintain purity and clarity of water in the spent
fuel, cask storage pool and the fuel transfer pool. The spent fuel cooling sys>.em con-
:ains two seismic Category I trains which normally dissipate heat to the component
cooling water system or the standby service water system and, under emergency condi-
tions, to the residual heat renoval systen heat exchangers. Lach train of the fuel

pool cooling system will be des qned to remove the decay heat generated by the non"al
stcrc]e load of the spent fuel in the pool and raintain the pool water temperature

belcw 125 deg ees Fahrenheit. The maximun possible heat load obtainable will be the

decay heat of the full core Icad of fuel at the end of a i;el cycle plus the remaining
decay heat o' the spent fuel discharged from previous refuelings. The residual heat
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renoval systen in this case, may be operated in conjunction with the fuel pool cooling
system to maintain the pool temperature below 125 degree Fahrenheit. Ncreally, the
system will be isolated from the fuel pool cooling system by manually cperated valves.
Makeup water from the .ondensate storage tark will be provided to the spent fuel
storage pool . ReLndant trains of the seismic Category I standby service water
system will be used as a!ternative sources of makeup water in case of failure of the

normal raieup system.

We reviewed the adequacy of the applicants' proposed design criteria and desic;n bases
for the spent fuel pool cooling and cleanup systen to assure centinuous coolir.g during
noreal, abnormal, and accident conditions. We conclude that the design criteria anf
design bases are in ccnformance with General Cesign Criterion 44 and the positions of
Regulatory Guide 1.13-Fuel Storage Facility Design Basis, including the positions on
seismic design, missile protection and availability of assured makeup water syste"'s
and are, therefore, acceptabie.

9.1.4 Fuel Handling Systen

The fuel hardlirg system will be desigred to safely handle fuel assemblies from
receipt of new fuel to shiprent of s;ent fuel. The system will be desigred to conduct
all spent fuel transfer and storage operations a der water to ensure adequate shield-r

ing during refueling.

The arrangrent of the fuel handlir; area will include a 125-ton overhead crane for the
handling of the spent fuel shipping cask with a five-ton capacity auiliary haist. The
design of the spent fuel shipping cask crane will be of tne gantry type, seisTic
Categoiy I. A five-ton crane and the general purpose grapple will be used to handle
the fuel. An aralysis was perfor ed to evaluate the ef fects of a vertical or tipped
decp of the spent fuel cask in the cask storage and v.ashd0wn area. It was fo;nd that
the travel of the spent fuel cask handlirg crare will te limited tj physical arrange-
rent from carrying the spent fuel cask over the spent fuel storage pcol. The dranings
also indicated that no saf ety-related equipment will be located rear the Cask storage
corpartrent or r ear the spent fuel cask handling area, thus, ro damage to spent fuel
could result froc an accidentally dropped cask.

ae han reviewed the adequacy of tne applicarts' proposed design cr1teria and design
bses ta assure safe eneration of tne f uel hardling system during nurral, abr.crral and
accident conditions. We conclude that the design c-iteria and design hnes are
acceptable.

9.2 9 tor Systecs_
9.2.1 Station (ervico Water S stri

Tre station service water system for each unit will consist of both a rcrr.al service

water systen and a standby service water system. The a;plicants statt that there

G.A / ~f[fT' ~will be no crossover of service water systers between units.
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ibe normal service water systen is designed to provide cooling to toth safety-
related and non-safety related plant auxiliaries. TFe safety-relatcd auxiliaries are
tne control roon chillers, the residal heat rmoval heat exchangers during norral
shatdewn generatcrs. The non-safety related auxiliaries are the turbine plant cmpo-
nent cooling water heat exchangers, the reactor plant coponent cooling w3ter heat ex-
changers, and the plart wa ter chillers. The w3ter source for the normal service
water system is the cooling tcwor basins of the circulating water systen. "ake-up

witer will be su; plied f rom the Connuticut Piver. TFe safety-related and non-safety
related portions of the station service water systen are separated by redundant
automatic isolation vJ1 es on both the supply and return lines.

Et.ch unit will have independent seisric Category I standby service water systens.
These systen corbined with the ultimate heat sink will provide for the dissipation of
residJal heat f rom one Unit during a plant shutdown while tFe second unit could be ex-
periencing e design basis accident. The standby service water system will supply
cooling water to the residaal heat receval heat exchangers, standby gererators, reactor
plant curgonent rooling witer heat exchangers, and the control roon air conditioning
chillers. The standby service water systers will te a redundant systea containing
two 50 percent cqacity pris in each train. Each system will take its cooling water
supply from one of two standbj rooling towers and will discharge back to tre sa-e

tower.

Electric power will be supplied frcr! eitrer offsite or separate and redundant cnsite
standby power sources. Either ore of the standby service ater pros will be suffi-
cient to handle the cooling requirements of any corbination of components recessary
to safely shutdown cre unit following an accident, with the exception of tFe residdal
heat reroval heat exchanger. When this exchanger is required the second standby

service water purp will be U5ed.

Based on our review, we find th3t De station service water syster design criteria and
teses are in conformance with General Design Criteria 44, 45, and 46. W conclude,
therefore, that the proposed system is acceptable.

9.d.? Peactor Flant Compenent Cooling Water Systen

The reactor plant component cooling water systen provides coolirg water to reactor
auxiliary components during all nor al redes of operation and during a loss of offsite
gewer. During faulted conditions, standby service water will be provided by seismic
Category I desigred ccnnections to those corponents of the systen that are essential.

AJtonatic valves in series with check valves cn the inlet side with double automatic
valves on the return side to the standy service water systen will isolate the safety-
related seismic Category I components from the non-safety related components.

This system is a closed loop consisting of three 50 percent capacity parps and three
50 percent capacity heat exchangers. During nornal operation, only two component
cooling water system purrps and two component cooling heat exchangers will be required
to handle the heat removal loads. The third purp and third heat excharger w.ll be
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on standby and will provide for redundancy. During normal conditians nakeup water
will be suppliad from the condensate makeup and drawoff system to the expansion tank.
Emergency makeup water will be provided f rom the seismic Category I portion of the
service water system.

The safety-related portions of this system will either have full capacity redundant
components or be designed so that any two of three components will be available to
perfom their functions. The system will be monitored for radioactive inleakage.

Based on our review, we conclude that the reactor plant component cooling water
design criteria and bases are in confomance with the requirements of General Design
Criterion 44 regarding the ability to transfer heat from safety-related components to
the ultimate heat sink under normal and accident conditions. We further conclude
that the system design criteria and bases meet the requirements of General Design
Criteria 45 and 46 in regard to system design for periodic inspections and tests,
including functional testing and confirnation of heat transfer capabilities. We,

therefore, concluu that the proposed system is acceptable.

9.2.3 Ultimate Eeat Sink

The ultimate heat sink will consist of two 100 percent capacity cooling tesers and
storage facilities. The system will be designed to seismic Category I requirenents
and in accordance with Position 2 of Pegulatory Guide 1.27 - Ultimate Feat Sink for
Nuclear Power Plants. The cooling tower fans will te mounted in a stack designed to
withstand tornaco "issiles in accordance with requirerents in General Cesign Cri-
terion 4 In the event of a loss of offsite power, the power required to operate
each set of two standby cooling tower fans will be supplied by Cne of four site

'

st3ndby 9enerators, in a cordance with requirements in General Cesign Criterion 44
The water inventory lost due to natural evaporation daring normal plant operating
canditioro will be made up to each basin from the site normal rakeup water system.
The applicants' analysis of the water inventory is based on the assumption that one
unit experiences a loss-of-coolant accidtnt while the other unit is undergoing
nor al shutdown and cooldown. The standby service water system will be recirculated
to the ultimate heat sink for a period of 30 days, assuming no makeup water is
available. We have reviewed this analysis and find that the water in storage will be
sJffiCient to dssure that evaporation and wind drift loss dJring the J0-day period
will not reduce the water inventory of the basin to an unacceptable level.

We have reviewed the applicants' proposed design crite t U design bases for the
ultimate heat sink necessary to dissipate hea'. under cent conditions. We con-
clude that the design criteria and design baser hioence of the positions of'

i

Fegulatory Guide 1.27 and, therefore, find t' _fs's acceptable.

9.2.4 Plant Chilled W3ter System

The plant chilled witer system will be designed to provide 44 degrees Fahrenheit
chilled water to cooling coils reqJired to dissipate reat loads from equipment
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located nfined areas. The cooling coils to be located in the con *ainrent,

aaxiliary, and fuel tuilding will be safety-related but the coil located in the

turbine building will not.

As a result of our review and, baseo on the applicants' proposed design requiring
that: (1) piping that connects to the cooling coils that are safety-related will be
designed to seismic Category I criteria, in accordance with requirements in General
Design Criterion 2, and will be supplied with water from the standby service water
system; and (2) double automatic isolation valves will te provided en the supply and
return piring between the non-safety related and safety-related portions of the plant
chilled water systen, in accordance with requirements in General Desiqq Criterion 5,
we find the system acOctable.

9.2.5 Control Building Chilled Uater Syston

The control building chilled water systen will be designed to provide 44 degrees
Fahrenheit chilled water to the cooling coils used for space cooling and dehumidi-
fication. The system will be required to operate during normal shutdown and post-
accident conditions without loss of any safety- elated function.

Tte system will be fully redundant and designed to seismic C.itegory I requirerents.
The system will consist of three 100 percent capacity water chillers, three chilled
vitcr circulation pr three condenser water recirculation purps, and two expansien,

ta.:s.

The cundensers will be connetted to the standby service water systen to ensure that

the systen safety function is ret in the event of loss of norral se sice w3ter system

water supply. All the equiprent associated with the systen will be located in the

control building, a tornado protected, seismic Category I structure.

Based on our review, we conclude that the desiqn criteria and bases for the chilled

water System of the control building are in confornance with General Design Criteria
2, 5, and 54 and are, therefore, acceptable.

9.3 Process Aus:liaries
9.3.1 Equipment and Floor Drainaje System

The equip;ent and floor drainage systen will acca'rodate drains fron the containment
tuilding, the auxiliary building, the fuel building, the radwaste building, 4nd the
turtine building. Drainage in these buildings will collect in sumps before t!eing
transferred to the appropriate system. Crains from potentially radioactive sources
will be routed to either the main condenser hotwell or the radioactive liquid waste

system depending on the conductivity of the water.
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Drains from areas or compartmer.ts containing engineered safety feature equipr:ent will
be separated from the remainder of the system. All sumps will contain two full size

pumps. Level switches will provide autcmatic su"'p pump operation and lesel alarm.

All eriergency core cooling system equipment and reactor core isolation coolant system
cubicles that are located in the lowest level of the auxiliary building will be

watertight compartments, serviced by their own independent floor drainage sumps and
pumps. Each sump will house duplex pumps and be of sufficient volume to handle

normal leakage. Since there will be no openings at the lower level of the cubicles

and cubicle piping penetrations will be sealed, the cubicles cannot be flooded if the

surrounding area is flooded. Redundant engineered safety feature equipment will be
located in separate cubicles to ensure safe shutdown capability should one system
become inoperative.

Safety-related equipment in the fuel building, the standby generator building and the
control building will be protected from flooding by watertight compartments. We find
this acceptable.

Based on of our review, we find that the system is adequately designed to prevent

flooding in areas containing safety-related eqJipr:ent and, therefore, we conclude
that the system is acceptable.

9.3.2 Main Steam Line Isolation Valve Loakage Control System

The applicants in Section 9.3.6 of the application have comitted to provide a main

steam line isolatian valve leakage control system which will be designed in accord-

ance with the guidelines in ReqJlatory Guide 1.96 - Design of v in Steam Isolationa

valve Leakage Control Systems for Boiling Water Nuclear Peactors. Since the pre-
liminary design of this system has not been completed, we requested and the applicants
agreei to design this leakage control system in accordance with the Pegulatory Guide
1.96 and any revisions issued up to the tire the design is submitted for our review.

Eased on the present availability of an approved leakage control system for boiling

water reacters, we conclude the applicants' comitment to rrovide a system dcsigned

in accordance with Pegulatory Guide 1.06 is acceptable.

9.4 Peating, Ventilation and Air Cnnditionindystems

The engineered safety feature ventilation systen is required to raintain a controlled

environment in areas containing equip.ent that must rer'ain nperable during a design
basis accident and continue to function during post-accident conditions. To assure

its availability, these systems will be designed to seismic Category I criteria, will

be pcwered from emergency buses, and wili be supplied with cooling water from the
standby service water system. The following locations will contain engineered safety

feat;re equipuent: the standby stevice water pur p house; the diesel generator rooms,

the e-ergency core cooling systen pump roers, the fuel building, the centrol building;
and the containment. The star.dby service sater purp house will ha cooled by power
operated roof vents and will be heated by electric space heaters. The abave
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engineered safety feature equipment ventilation systers are discussed telew except
for +he ccrtairrert ventilation systen which is discussed in Sectden 6.2.3 and 6.2.4

9.4.1 Control Building Systen

The control building heating, ventilation and air conditioning systen will be designed
to maintain the control roon, electrical auxiliary rooms, cable spreading room, battery

roons, and engineered safety feature heating, ventilation and air conditioning equip-
ment room, within the themal and air quality limits required for operation of plant
controls and uninterrupted safe occupancy of those areas that have to be occupied
during normal operation, shutdown and post-accident conditions.

The cortrol room system will consist of a normal air-conditioning systen and a stanty
cooling and filtering system Ouring accident corditions, the control room and the
essential stan ty systen will be automatically isolated from the normal non-seismic
Categorj 1 system by redundant seismic Category ! isolation valves.

The standby control room system and those portions of the control building systen that
are used to maintain the cable spreading roms, switchgear rooms, battery rooms and
the engineered safety feature heating, ventilation and air conditioning equipnent roon
within envircnrental design limits will be designed to seisnic Category I requirements
and each will censist of two independent 100 percent capacity systems.

These systems will be designed to maintain the control rcon and the balance of the
building under positive pressure. Missile protected, outside air intakes will be
provided for the standby and for the ncrmal systens. Redundant smoke and radiation
detectors will monitor the outside air supply with alarms in the control roon The

radiation detector will also autonatically isolate the outsice air supply and start

the standby heating, ventilation and air cenditioning and air filtration system.

We have reviewed the proposed design criteria and bases and find that the proposed
systen design reets the requirerents set forth in General Design Criterion 19, in
regard to the capability for operaung the plant from the control roon during normal
and accident conditions. The : fore, we conclude that the systen is acreptable.

9.4.2 Auxiliary Building Ventilation

The auxiliary building ventilat:e n systen will be designed to provide normal venti-
lation for the energency core cco:.ing systen pump rooms and all other areas in the
auxiliary building and maintair ~agative pressure in the auxiliary building, includ-

ing the emergency core c 30 ling systen pump rooms.

Two seismic Category I isolation dar pers will be installed in series to isolate the
normal outside air intake ducts and the exhaust ducts fcr this sys*en. These iso-

lation darpers will be closed upon detection of high radiation in the area. The

W8e .
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exhaust air subsystem will function during all operating modes including accident
conditions. The system will consist of two 100 percent capacity exhaust fans. One
fan will be on standby and will start automatically upon failure of the operating fan.
The exhaust air flow will be monitored continuously for radioactivity by two dete: tors
which will automatically, upon detection of high radiation level or during a loss-of-
coolant accident, close the supply air dampers, shutdown the supply fans and divert
the exhaust air to the standby gas treatnent system thus automatically isolating the
auxiliary building. During accident conditions, the building air supply fans will be
automatically stopped, intake dampers will be closed and the exhaust fans started by
the standby electrical power sources.

The system will include a fan coil unit for each erergency core cooling systen equip-
rent area. Each fan coil unit will be capable of naintaining tha room terperature
below 150 degrees Fahrenheit. The fan coil will be powered from the emergency bus
serving the associated emergency core cooling system equipnent. The cooling coils
will be supplied with water from the control building chilled water system which in
turn will be cooled by the standby service water system. The fan coil units will be
designed to meet seismic Category I requirements.

Based on cur review and evaluation of the applicants' proposed design criteria and
design bases for maintenance of a suitable environ ent for essential equiprent and to
prc:lude the unacceptable release of contaminants to the environment dJring nor"dl,
abnorral, and accident conditions, we conclude that the system is acceptable.

9.4.3 Fq_e_1 Euilding Ventilation

The ven!'lation systen for the f uel building will be designed to raintain the building
"

space temperature between a ninican of 60 degrees Fahrenheit and a maxir'um of 104

degrees Fahrenheit. The supply air subsystem will be designed to function during
nonmal operating conditions enly. The exhaust air subsysten and the recirculation air
subsysters will function during normal operating and accident conditions. In the
evcnt of a fuel handling accident or if high radiation is detected in the fuel build-
ing, exnaust air will be automatically diverted through a charcoal filter train.

The erhaust air subsjstem will include two fully redundant charcoal filter trains, and
tuo 100 percent capacity exhaust fans, cne operating during norral operation and one
on standby. The exhaust air fans will be connected to the normal station service

power supply and to independent standby buses. Curing normal cperation the exhaust
air will be nonitored centinuously. During spent fuel h3ndling opc 'ations, exhaust
air will be diverted through one of the charcoal filter trains as on administrative

procedure, thus ensuring no radioactivity releases in the event of a fuel handlirg
accident.

The recirculation air subsysten will be designed to seismic Category I criteria, and
will provide the principal cooling mode for all operating and accident conditions
This subsysten will redJCe the exh3Ust air flow rate from the bJilding af ter a fuel

; - , , - ,
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handling accident to ensure that the release of radioactivity will be maintained
within acceptable limits. Two seismic Category I isolation darpers will be installed
in series to isolate the normal outside intake duct, for the fuel buildir.g ventilation

systen.

Based on our review of the fuel building ventilation system, we conclude that the
proposed system is acceptable.

9.4.4 Standby Generator Roon Ventilation.

The standby generator room ventilation system will be designed to ventilate and to
maintain room temperature between 50 and 104 degrees Fahrenheit. The portions of the

systen whose function is to control the room temperature, are safety-related and will
be designed to seismic Category I criteria. Each standby generator room will have its
own ventilation sy-tem which will operate independently of the others.

Each subsystem for maintaining room terperature will consist of a nissile protected
air intake opening; a 100 percent capacity air supply fan; supply, recirculation, and
exhaust ductwork; dampers, and a missile protected exhaust opening. Each fan will be
po.,ered by the corr 31 station power supply and the standby generator that it serves.

TM corbustion air supply and exhaust systens are not a part of the diesel generator
roon ventilation system. Each standby generator will be provided with separate cnn-
bustion air supply and engine exhaust systems which will be designed to seismic
Category I criteria. The diesel engine exhaust will be located approximately 10 feet
above the roof and approximately 50 feet away from tho corbustion air intake, thus
assuring that the exhaust gases will not affect the quality of the combustion air.

Based on our review, we corclude that the system capacity and design criteria can

satisfy their designated safety fur.ction and are, therefore, acceptable.

9.5 Other Auxiliary Systems

9. 5.1 Fire Protection System

The fire protection system will provide fire protection capability in those areas cf
the plant where a fire hazard may exist. This systsm will be designed to: (1)
provide a reliable end adequate supply of water to meet any protable demand with a
sufficient number of strategically located yard fire hydrants and small, fire hose
connections in the areas of fire potential thrnt hout the plant; (2) provide portable
fire extinguishers of the proper types throughuut all plant areas; (3) provide fixed
automatic sprinkler or deluge systens in areas ot fire potential greater than those
that can be extinguished with portable or manual equipment; (4) provide fire and snoke
detection and nooitoring systens for the switchgear area, battery room, control room,
cable penetration area and all other areas where the danger of the ; ire exists; and
(5) provide chemical extinguishing systems where automatic sprinkler or deluge systens
are not appropriate. Non-toxic gaseous extinguishing naterials will be used in areas
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normally occupied by station personnel. The system will be designed to comply with
the Standards of the National Fire Protection Association.

The plant design will emphasize fire prevention by using non-combustible or fire
resistant materials to the greatest extent possible. The integrity of vital areas,

components and systems will be assured through redundancy, physical separation, and
engineered fire barriers.

Water for fire protection will be supplied from two fire water storage tanks ahich

will receive makeup from the Connecticut River. This system contain, two fire pumps,
each with a capacity of 2500 gallons per minute (one diesel engine driven, the other
electric motor driven). An underground yard water loop will surround the entire
station and provide water to hydrants, the interior fire hose piping and autonatic
sprinkler or deluge system. Valves will be provided for isolating portions of the
system when required.

The penetration and isolation valves for the line supplying water to the reactor

building hose stations of the system will be designed to seismic Category I criteria.
All other portions of the system will be non-seismic Category I. However, all fire

protection piping containing water in the vicinity of any engineered safety feature
equipment will be seismically analyzed to ensure that allowable design stresses will
not be exceeded.

Air foam fire protection systems will be provided to protect the condenser pit areas

and the fuel oil tanks. These systems will be nalually actuated.

A flooding carbon dioxide fire protection systen will be pecvided for the following
area: (1) normal switchgear roons; (2) the two standby switchgear rooms; (3) the high
pressure core spray switchgear room; (4) the cable chase areas, (5) the exciter
housing of the rain generator; and (6) the relay and computer areas. Actuation of the
fixed carbon dioxide system will be autonatic except in the computer roon where the
system will be nanually actuated.

The control room in the control building will be equipped with hand-operated portable
carbon dioxide and pressurized water fire-extinguishers and portable breathing appa-
ratus. A fire outside the control roon will not preclude continued control room

habitability beCaJse multiple control roon air intakes with smoke detectors are

provided. In the unlikely event that a fire within the control roon recessitates the

evacuation of the ccntrol roon, the reactor can be safely shutdown from a remote

location.

5 oke detectors will be monitored on an annunciator panel in the control rcon to alert
personnel of a possible fire situation in the following areas: normal and standby
switchgear rooms, cable chase areas, relay room, computer roon, cable tunnel in tur-
bine building, control building air conditioning equipnent roon, containment at
strategic cable areas and heating, ventilation and air conditioning equipment rooms.
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In surr;ary, based on our review to date the overall fire protection system for
Montague 1 and 2, we conclude that the design criteria and bases meet the requirements
of General Design Criterion 3 and therefore, forms an adequate basis for acceptance.
However, as a result of generic investigations and guidelines being developed by the
staff on fire protection systems, further requirements ray be imposed on Montague 1
and 2 to further improve the capability of the proposed f.rt protection system to
prevent unacceptable danage that may result from a fire. Any additional requirements
or rodifications resulting from the abuve studies will be reported in a supplement to
this report.

9.5.2 Standby Generator Fuel Oil Storage and Transfer Systems

The standby generator fuel oil storage and transfer systems will be designed to
provide suf ficient storage of fuel oil to allow operation of each emergency diesel
generator for a minimum of seven days. The system for each unit will be designed to
seismic Category I requirenents and consist of three independent trains, one for each
diesel generator. Each train will include a storage tank and two purps. The entire
fuel oil storage and transfer systens, except for the storace tanks which are under-
ground, will be located in a tornado protected structure.

The systems will be designed to perform their function when required for the following
coMitions: loss of offsite power coincident with failure of one standby generater;

loss of offsite power coincident with c.dintenance outage or failure of one fuel oil
transfer pump ass ciated with each standby generator.

Based on our review, we conclude that the capacity of the systems and the design

criteria satisfy the requirerents of their designated safety function and are 'here-
fore acceptable.

9.5.3 Generator Auxiliary Systems

The diesel generator auxiliary systems will include the diesel generator cooling water
system, diesel generator starting system, and the diesel generator lubrication system.

The diesel generator cooling water system will be designed to maintain the temperature
of the diesel engine within a safe operating range. This system will be a closed
cooling system and the heat will be rejected to the service water system. When the
engine is idle, the engine water will be heated by immersion heaters to keep the
engine warm and ready to start and accept loads within the prescribed time interval.
The system will be designed to seismic Category I requirerents.

Each diesel generator will be provided with two separate and independent compressed
air starting trains Consisting of an air compressor and starting air storage tank.
Each tank will be capable of providing five starts without recharging from the diesel
generator compressors. Except for the compressors, the starting air system will be
designed to the requirements of seismic Category' I criteria.

u'.',Y "' *1 0O - '
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Each diesel generator will be provided with a lubrication system designed to supply
lubricating oil to the diesel generator system. The systen will circulate lube oil
through the engine for heating when the engine is idle and for cooling when the
engine it operating. The system will be designed to seismic Category I criteria.

Based on our review, we conclude that the design criteria and bases ineet the require-
ment of their designated safety functions, have the needed capacity and are therefore
a cc ep tabl e.
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10.0 STEAM AND POWER LONVERSION SYSTEM

10.1 Turbine Generator

The turbine electro-hydraulic control systen will control the speed of the turbine
(1800 revolutions per ninute, rated) by modulatino the turbine inlet steam control
valves to regulate the steam flow to the turbine.

The turbine control system will be designed to trip the turbine under the following
conditions: tur bine overspeed, loss of condenser vacuun, excessive thrust bearing
wear, reactor trip, generator electric trip, loss of hydraulic fluid supply pressure,

low bearing oil pressure and manual trip from the control room or at the turbine.

The turbine generator will be provided with two independent overspeed protection
systers, an electrical overspeed trip device and a echanical overspeed trip device.

The redundant overspeed trip devices will trip the turbine at approximately 110 per-

cent of turbine rated speed by closing all the turbine inlet valves. Based on the

design of and the redurdancy in the turbine overspeed protection system, we conclude
that the turbine will be protected from excessive overspeed.

We reviewad the adequacy of the applicants' proposed design criteria and design bases
to assure safe operation of the turbirie generator under normal, abnorral and accident
conditions. Based on this review, we conclude that the design criteria and design
bases are acceptable.

10.2 Turbine tiissiles

The applicants have arranged the two turbine units in a peninsular orientation with

respect to their respective reactor containment buildings. All seismic Category I
structures will , e concrete exterior walls with a minimun ,hickress of 30 inches.

In addition, the turbine generators will te flanked on either side by one-foot thick

concrete cubicles which house the moisture separator reheater units.

We find that the proposed plant design, with respect to potential turbine missiles,

is acceptable.

10.3 Main Steam Supply System

The steam generated in the reactor will be routed to the high pressure turbire by
reans of four main steam lines. Each main steam line will contain two main steam
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isolation valves and one shutoff valve. The portion of the main steam supply system

from the reactor through the outemost containment isolation valve to the r,ain steam
shutoff valve will be designed to seismic Category I criteria.

The main steam isolation valves will be designed to close en loss of pneumatic pressure
so the valve operator and will close within 5.5 seconds, including the actuation
instrument delay following a condition requiring isolation. An accumulator for each
isolation valve will provide pneumatic pressure for valve closure in the event of a
f ailure of the nomal air supply system. The valves will be designed to close for
the condition of the maximum mass flow rate in either direction in the event of a
double-ended steam line break. Redundancy of isolation valves in the main steam
lines satisfy the single failure criterion and will present complete bicwdown of the
reactor syste,i in the event of a steam line break outside the primary containment.

Based on our review, we conclude that the rain steam supply system design criteria
and bases are in confor-ance with the . 'gle failure criterion, the seismic design
position of Regulatory Guide 1.29 - Seismic Design Classification, and the valve
closure time requirsments and are, therefore, acceptable.

10.4 Other Features of Steam and Fewer Conversion System

10.4.1 Circulating Water System

The circulating water system will iurnish the main steam condenser with cooling water
f rom the natural draf t cooling tower at a total design flow rate of 625,000 gallons
per minute. We have reviewed the consequences (flooding) resulting from a failure of
this system in terms of the effects on the safety-related equipment of the plant. A
circulating water line expansion joint rupture ray result in pump runout. The
potential of failure of the expansion joints is minimized by designing the joints to
withstand the pump shut off head. The concenser will be connected to the circulating
water piping using expansion joints located between the condenser 6.d the motor
crerated butterfly valve on both sides of the ccndenser. An enclosure will be built
around the condenser expansion joints to contain and minimize leakage, should an
expansion joint fail. The enclosures will be sized so that expansion joint f ailure
will not result in flooding of the area. Ore level switch with an alarm in the
centrol room will be provided for each expansion joint protective enclosure to alert
the operator of excessive leakage or expansion joint failure. Limit switches will be
presided on the water box butterfly valves to minimize the possibility of expansion
joint rupture due to pressure surge resulting from purping against a closed valve. A
failure in the circulating water system or the condensate system large enough to
cause flooding will be detected by high level alar-s in the turbine room sumps and
condenser pits. The alarm will alert the operator to take action in isolating the
equipment or shutdown of the system. There will te no safety-related equipment in
the turbirle building that can be affected by flooding. MakeJP Water to of fSet Cooling
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tcwer evaporation, drift losses and blowdnwn will be purred from the Connecticut
River. The system will te designed to non-seismic Catecory I criteria.

We reviewed the adequacy of the applicants' proposed design criteria and design basos
to assure safe operation of the circulating nater system durinq nornal, abnorral, and
accident cOndi tions. Based on this review, we conclude that the design criteria and

design bases are acceptable.

10.4.2 Condensa te Der.inoralizer Systen

The condensate demineralizer systen will be designed to raintain the condensate at
the required purity by renoval of contaminants. The systen will be capable of
purifying condensate up to a maximun flow rate of approximately 12,300,000 pounds
per hour. The systen will be designed to provide " reaction" tire to take corrective
action or initiate a unit shutdown in the event of massive leaks, such.as corplete

failure of a condenser tube. Standby equipnent will be provided to preclude diffi-
culties in handling radioactive waste when the systen is operating at non,al influent
concentrations. An ef fluent strainer in the piping from each icn exchanger will
protect the system against massive discharge cf resin in the event of an underdrain
failure. Conductivity alarms will be provided to alert the operator to off-normal
conditions and the resin condition will be monitored in accordance with the provisions

of Pequlatory Guide 1.56 - Maintenance of Water Purity in Boiling Water Reactors.

Cased on cur review, we conclude that the condensate denineralizer systen will be

designed to adequately perforn its function and is acceptabic.

10.4.3 Turbine Disk and Fotor Inteority

The probability of f ailure of a turbine disk or rotor at speeds up to design over-
speed can be minimized by the use of suitable raterials, adequate design, preservice
spin tests, and preservice and inservice inspections. The applicants have described
a program for assuring the integrity of turbine disks and rotors by the use of
suitable raterials with adequate fracture toughness, suitable design practices,
preservice spin tests, and preservice and inservice inspections. We have reviewed
the proposed provisions, and conclude that they provide rea onable assurance that the
turbine disks and rotors will r-' fail during normal eperation, including transients
up to five percent above the anticipated speed resulting fra, a loss of load. We
find this to be acceptable.

10.4.4 Oteam and Feedwater Systen Materials

The mechanical properties of materials selected for Class 2 and 3 components of the
steam and feedwater systems will satisfy Appendix I of Section III of the ASME
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Boiler and Presure Vessel Code and Parts A, B, and C of Section II of the Code. The

fracture toughness prolerties of the ferritic naterials will satisfy the requirements
of Articles NC-2300 and ND-2300 of Section III,1974 Edition of the ASME Code.

The controls that will be irrposed upon the austenitic stainless steel are in confor-
mance with the provisicns of Regulatory Guide 1.31, " Control of Stainless Steel
Welding," and 1.44, " Control of the Use of Sensitized Stainless Steel .' The appli-
cants have agreed ta demonstrate the adequacy of current welding controls by conduct-
ing tests to detemine the ferrite ccntent of production welds and to evaluate the
degree of sensitization in welded type 304 and 316 stainiess steel. Fabrication and
heat treatrent practices perfortned in accordance with these requirements will provide
added assurarce that stress corrosion cracking will not occur during the design life
of the plant

Conformarce with the Codes and Fegulatory Guide recorrendations cited above consti-
tutes aa acceptable basis for assuring the integrity of steam and feedwater systems,
and for meeting the requirerents of General Cesign Criterion 1.
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11.0 RADI0 ACTIVE MSTE MANAGEDT

11.1 Surr.a ry Description

Units 1 and 2 will share the liquid and solid radioactive w3ste canagement syste s and

will have separate and identical gaseous radioactive w3ste nanagement systems. These
systems will be designed to provide for controlled handling and treatment of liquid,
gaseous and solid wastes. The liquid radwaste systen will process liquid wastes from
equipment and floor drains, coolant Irakage, condensate demineralizer regenerant liquids,
ultrasonic resin cleaning wastes and decontamination and laboratory wastes. The gaseous
radwaste systen will provide holdup capacity to allow for decay of short-lived noble
gases that are taken from the rain condenser of f aas syster and treatrent of ventildtic/1
exhausts through high efficiency particulate air filters and charcoal adsorbers. The
radwaste systers will be designed to reduce releases of radioactive raterials in ef fluents
to the as low as reasonably achievable levels in accordance with Section 50.34a of 10
CFR Part 50. The solid waste system will provide for the solidification, packaging and
storage cf solid radioactive wastes generated during station operation prior to their
shipment offsite for burial. Solid packaled wastes will be shipped to a licensed

facility for burial.

In our evaluation of the liquid and gaseous radraste systems, we considered: (1) the
capability of the syster s for keeping the levels of radioactivity in effluents as low

as reasonably achievable, based cn expected radaaste inouts over the life of the
plant; (2) the capability of tre syste-s to raintain releases below the linits in

Section 20.106 of 10 CFR Part 23, during periods of fission product leakage at design
levels from the fuel; (3) the capability of the systers to reet the processing demands
of the station during anticipated operational occurrerces; (4) the cuality group ard
seismic design classification applied to the system design; (5) the design features
that will be incorporated to ccntrol tre releases of radioactive raterials in accordance

witn Gereral Design Criterion 60; and (6) the potential for gaseous release due to
hydrogen eglosions in the m3in condenser offgas treatrent syste-

In our evaluation of the solid radwaste trewent system, we considered: (1) systen
design objectives in terns of expected types, volumes and activities of wastes processed
for offsite ship: rent; (2) waste packaging and its cenfornance to applicable Federal
packaging regulations; (3) provisions for controlling potentially radioactive airborne
dusts during baling operations; and (4) provisions for onsite storage prior to shipping.

In car evaluation of the process and effluent radiological ronitoring and sampling
syste-s we considered the systems' capability to; (1) nonitor all norral and potential
pathways for release of radioactive naterials to the enviromnent; (2) control the
release of radioactive raterials to the environment; and (3) monitor the perfarnance of
process equiprent and detect radioactive naterial leakage between systems
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In the Final Environrentol Staterent for Montague 1 and 2, scheduled to be issued in
August 1976, we will report on our evaluation to determine the quantities and activi-
ties of natarials that will be released in liquid and gaseous wastes, or shipped
offsite as solid wastes for burial. In t!.at evaluation, we considered waste flows,

waste activities, and equipment operating performance, including anticipated opera-
tional occurrences, that are consistent with an assumed 30 years of normal plant
operation. The liquid and gaseous source terms listed in Tables 3.3 and 3.4 of the
Final Environmental Statenent were calculated using the BWR-GALE Code described in

Draft Regulatory Guide 1.CC, " Calculations of Releases of Radioactive Materials in
liquid and Gaseous Effluents from Boiling Water Reactors.' The principal parareters
used in these calculations, along with their bases, are given in Appendix B to Draft
Regulatory Guide 1.CC.

Eased on the following evaluation we conclude that the liquid, g3seeus and solid
raddaste treatrent systers and associated process and effluent radiological ronitoring
and sampling systens are acceptable and that the effluents concentrations will reet as
low as reasonably achievable levels in accordance with 10 CFR 50.34a, Section II.A,
II.B and II.C of Appendix I to 10 CFR Part 50, and the alternative to Section II.D of
Appendix ! as provided in tne Annex to Appendix I as amended (September 4, 1975). The
applicants hase chosen the alternative provided in the Annex and, therefore, no cost-
benefit analysis pursuant to Paragraph II.D. has been perforred.

11.2 Sy_ sten Description and Evaluation

11.2.1 Liquid Radioactive W3ste Treatrent System

The liquid radioactive wsste treatment system will consist of process equiprent and
instrumentation necessary to collect, process, nonitor and recycle or dispose of
liquid radioactive wastes. The liquid radioactive wastes will te r-^cese on a tmtch

basis to pernit optirum control of the disposition or cccocccd w;,.es. Prior to beiroe

recycled or released, sarples of p rocessed vastes will he analyzed to determire the
types ar,d arounts of radioactivi ty present. Based on the results of the analysis, the
wastes will be retained for further processing, recycled for eventual reuse in the
plant, or released under centrolled conditions. Liquid radioactive vistes will be
segregated based on their origin and processed through either the waste Collector
subsysten, the flcor-drain subsyster, the regenerant cherical subsystem or the phase
separator subsyster All laundry will te shi; ped of fsite to a corrercial laundry, and
there will be no laundry facilities at the plant site. The pr ncipal ccrpcnents rakingi

up each of these subsystems, along with their principal design para eters, are listed
in Tabic 11.2.1 of tnis report.

The design capacities of the waste collector subsyster; demineralizers will be 20,000
gallons per day. The design capacities of b0th the ficar drain subsyster and re fre-
c'7t chemical subsystem evaporatcrs will t,e E8,000 gallens cer d?y. There is an

interconnectiwi Letwccn the ficar drain subsystem and regenerant chemic al subsystem so

that the evapnrator in each system will provide the redundancy to the other. We
calculated the average expected waste ficws to the waste collector, floor drain and
regenerant chemical subsysters to te 29,300, 6,301 and 1,700 gallons per day, respectively,
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TASLE 11.2.1

DESIG7 PARAMETERS OF PRINCIPAL CCMPONENTS
CONSIDERED "G?IDWASTE SYSTEM EVALUATICN

Ca paci ty Cuality
Components No. Each Grcup (1)

iiain Condenser Of fgas Treatrent Systel

Sac <ificial Adsorption Beds 2 - C

Catalytic Recoctiner 2 - D(Augrented)

Charcoal Tanks 0 7.5 tons C

Other Coi::ponents Upstream of

Sacrificial Adsorption Beds - - C(Augmented)

Other Cor.ponents Downstream of

Sacrificial Adsorption Beds - - C

Liquid Rad *aste Systen

Waste Collector Tanks 6 25,000 gallons D(Aug~ented)

Floor Crain Tanks 4 25,000 gallens D(AugmenteJ)

25,000 gallcns D(Aug ented)Fegenerant Neutralizer Tanks +

Waste Sa,ple Discharge Tanks 3 25,C00 gallons D(Aug ented)

fhase Separator Tanks 4 5,000 gallons D(Augmentea)

Recoverj Sample Tanks 4 25,C00 gallons C(Augmented)

Evapora tor Cottons Tarks 1 300 gallons D(Augmented)

Radwaste E mineralizers 6 200 ;allons per
minute D(Augmented)

Waste Evaporator 1 40 gallons per
minute D(Aug"ented)

Rego.erant Evaporator 1 40 gallons per
minute D(Augrented)

Solid Radwaste p sten

Filter Sludge Halding Tank l 1,500 gallons D(Augmented)

Waste Sludge Tank 5,000 gallons D(Augmented).

Tl j Quality Group C components will be of seismic Category I design and Quality Group D con-
ponents wili be of non-seismic design.
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from each reactor. The difference between the expected flows and design Capacity will

provide adequate reserve for processing surge flows. We find that the system capacity
and system design are adequate for reeting the demands of tV station during anticipited
operational occurrences.

The li^uid radwaste system will be 'ocated in a seismic Category I structure. The
.

seismic and quality group classifications of the equiprent, which are consistent with
our guidelines, are listed in Table 11.2.1. The systems will also be designed to

control the release of radioactive materials due to overflows from tanks outside con-
tain:ent by providing level instrunertation which will alarm in the :ontrol room, and
by means of curbs and retention walls to collect liquid spillage and retain it for
processing in the liquid radwaste syster. We 'ind that these provisions will be
capable of preventing the uncontrolled release of radioactive materials to the environ-
rent. We find the applicants' proposed systen design to be in accordance with Branch
Technical Position E.f fluent Treatment Systerm n anch 11-l, and to be acceptable.

We have determined that during normal operation, the proposed liquid radwaste treatment
systems will be capable of reducing the release of radioactive materials in liquid
effluents to approximately 0.21 curies per year per reactor, excluding tritium and
dissolved gases, and 28 curies per year per reactor for tritium.

Based on our evaluation, t"e release of radioactive raterials in liquid effluents will
not result in an estimated annual total body dose or dose connitment for any individual
in an anrestricted area greater than 3 rillirem per year or critical organ doses greater
than 10 millirem per year, in accordance with Section II.A of Appendix I to 10 CFR Part
50.

The estimate of radioactivity in liquid effluents from the site, exclusive of tritium
and dissolved noble gases, will be less than 5 curies per year. The total body and
critical organ doses have been estimated to be less th.3n 5 milliren per year fron the
site. This meets the requirements of the alternative to Section II.D of Appendix I for
not performing the ccst-benefit analysis as provided in the Anrex to Appendix I.

11.2.. Gaseous Radioactive Waste Treatment System

The gaseous radioactive waste treatrent system will be designed to process gaseous
plant wastes based on the origin of the wastes in the plant and the expected levels of
rddicactivity. The gaseous waste treatment system will consist of a process offgas
syster and building ventilation systems that will control the release of radioactive
raterials in effluents to the environment. The principal co"ponents of the system,

along with their principal design parameters, are listed in Table 11.2.1.

This systen will be designed to Collect and delay fission product noble gases removed
from the condenser by the air ejectors at the condenser design air in-leakage rate, In

the process offgas systen, the gas flows through a hydrogen recorbiner, a condenser, a
noisture separator, a sacrificial adsorption bed and a drjer. This portion of the

307185
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systen will consist of two separate trains of equiprent which provides 100 percent
redundancy in the processing of the gaseous wastes. From the dryers, the gaseous
wastes will flow into a set of eight charcoal beds with a total of f n , ns of activated
charcoal arranged in two identical trains of four beds each and refrigerated to zero
degreas Fahrenheit. The trains can be operated in series or in parallel, in addition,
either train may be isolated while the other handles full flow. Operating in this
manner, tha system will have ade ;uite capacity to allow operation during periods of
equipment d antime.

We find that the system capacity and the system design will be adequate for reeting the
demands of the station during normal operations including anticipated operational
oc c u rre ac e s .

The system design includes hydrugen analyzers upstream and downstream of the recorbiners
which will initiate an alarm so that appropriate action can be taken to ensure that
hydrogen concentrations are maintained well below the flarrable limits. The input
stream to the reco-biners will be diluted with steam to raintain hydrogen concentrations
at less than four percent. The syster' will be designed to maintain its interity in
the event of a hydrogen explosion.

The portions of the system upstream of the isolation valve preceding the sacrific!al
charcoal beds will be designed to Quality Group D (aug ented) ard non-seismic Cate

cf

I, and will be located in a non-seismic Category I structure. The rerainder of tFe
syster, which will include tne charcoal adscrber tanks, will be designed to Quality
Group C, seistic Categcry I, and will be located in a seismic Category I structure. We

find the system q;ality group and seisnic design classification, and the design provisiens
incorporated to reduce the potential for hydrogen explosion to be acceptable.

The plant ventilation systems will be ' signed to induce air flows fror gotentially
less radioactive contaninated areas to areas having a greater potewial for radioactive
contamination. Ventilation exha;sts from the fuel building, Mcluding the radw3ste and
f uel handling areas, will be processed through high efficiency particulate air filters
and charcoal adsorbers prior to release. ','entilation sir fro- tte auxiliary building
will normally be released without treatv nt. The a plicants propose to use the standby
9as treatnent system to treat effluents from the auxiliary building in tM event radiation
reasure ents exceed a predeterrired level. We find the applicants' proposed design te
be acceptable.

Ventilation air from the radsaste building will be processed through high ef ficiency
particulate air fiiters prior to release. Ventilation exhaust from the contain ent
building and from the drywell will be processed through high efficiency particulate air
filters and charcoal adsorbers prior to release. Ventilation exhaust air from the
turbire building will be released without treatment.

We have determined that the prorased gisecus ra haste treatrent systers and plant
ventilation systems will be capable of reducing the release of radicactive raterials in

Q.sy~sOUt..[h_,h,,
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gaseous effluents to approximately 4,000 curies per year per reactor of nobla gases and
0.31 curies per year per reactor of iodine-131, 63 curies per year per reactor of
tritiun, 9.5 curies per year per reactor of c rbon-14, 25 curies per year per reactor
of argon-41 and 0.036 curies per year per reactor of particulates.

Based on our evaluation, the release of radioactive raterials in gasecus effluents will
not result in an esticated annual air dose greater thun 10 millirads per year for ganna
radiation, 20 millirads per year for beta radiation, or a dose greater than 15 millirads
per year to any organ for radiciodine and radioactive particulates in accordance with
Sections II.B and II.C of Appendix I to 10 CFR Part 50.

The effluents from the site will not result in an annual gara air dose greater than 10
nillirads, a beta air dose greater than 20 millicads, a release of iodine-131 greater
than I curie (per reactor), or a dose to any crqan fron radioiodine and radioactive
particulates released greater than 15 millirem, in accordance with the alternative to
Section II.D of Appendix ! as provided in the Annex to Appendix I.

11.2.3 Solid Paduaste Treat ent System

Ihe solid re %3ste treatment system will be designed to collect and process wastes
based on their physical form and need for solidification prior to packaging. " Wet"
solid wastes, consisting of spent denineralizer resins, evaporator bottors, filter

_ a.a3n, wii! ce combined with a solidifying agentsludges , and fil te,- hewd i:_

and a Catalyst to form a solid natrix and will be sealed in shipp ng containers. Dry
solid wastes, consisting of ventilation air filters, contaminated clothing and paper,
and miscellaneous items such as tools and glassw3re, will be compacted into 55-ga'lon
steel drums. Miscellaneous solid wastes, such as irradiated primary systen components
will be handled on a case-by-case basis based on their size and activity. Expected
solid waste volumes and activities shipped of fsite for each reactor will be 42,000
cubic feet per year of Net" solid waste containing an average of 0.1 curie per cubic
feet and 4 400 cubic feet per year of " dry" solid waste containing less than five curies

of activity.

Container filling operations will be controlled renotely fron consoles lccated outside
the container fill area. Filling operations will have interlock features to prevent
overfilling of a container. The dry waste cocpactor will be vented directly to the
radwaste building vent.

The solid raduaste systems will be located in a seismic Category I 'tructure. The

seisnic design and cuality group classifications of the epipnent, which are consistent
with our guidelines, are listed in Table 11.2.1.

Storage facilities for up to 25 containers (50 cubic feet, ecchi of solid radicactive
wastes will be provided at grade level in the radwaste building. Based cn our estimate
of 42,000 cubic feet p" year per reactor, we find the stcrage capacity adewate for
reeting the der 3nds of the station. Wastes will be PJckaged in 50 cubic feet containers
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and in 55-gallon steel drums in accordance with the requirements of 10 CFR Part 20,10
CFR Part 71 and 4g CFR Parts 170-178, and shipped to a licensed burial site in accordance

with NRC and Departrent of Transportation regulations.

11.3 Process and Effluent Radicl.ogical Monitoring and Sampling 5_ysters

The process and effluent radiological ronitoring and sampling systems will be designed
to provi6 infornation concerning radioactivity levels in systers throughout the plant,

to indicate radioactive leakage between systems, to monitor equipment performance, and
to monitor and control radioactivity levels in plant discharges to the environment.
Certain liquid and gaseous streaos will be continuously nonitored for radioactivity.
Monitors on selected ef fluent release lines will autoratically terrinate discharges

should radiation levels exceed predetermined values. Table 11.3.1 indicates the pro-
posed locations, types of continuous ronitors to be used, and the monitors which will
provide for automatic termination of discharges. Syster s which are not 3"' enable to

continuous ronitoring or for which detailed isotopir analyses are required will be
sampled and analyzed in the plant laboratory.

We have reviewed the locations and types of ef fluent and process r.onitoring and samplirq
to be provided. Based cn the plant design and on the continuous nonitoring locations
and continuous and intermittent sampling locations, we conclude that all norral and
potential release pathways will be monitored. We have also determined that the sampling

and monitoring provisions will be adequate for detecting radioactive material leakage
to normally urccntaminated systens and for ronitoring plant processes which affect
radioactivity releases. On this basis, we conclude that the ronitoring and sampling
provisicns satisfy the requirerents of General D? sign Criteria 13, 60 and 64 and the
guidel! es of Pegulatory Guide 1.21 - Measuring, Evaluating and Reporting Radioactivity
in Solid Wastes and Releases of Padioactive Materials in Liquid and Gaseous Effluents
from Light-Water-Cooled Nuclear Power Plants, and are acceptable.

11.4 Lvaluation Findings

nur review of the proposed liquid, gaseous and solid raddaste systers included system
capabilities to process tre types and volu~es of wastes expected during normal opera-
tions including anticipated operational occurrences in accordance with General Cesign
Criterion 60, the design provisions incorporated to control releases of radioactive
raterial due to leakage overficws or hydrogen explosion in accordance with General
Design Criterion 60, and the quality group and seismic design classification in con-

forr,ance with the guidelines of the Effluent Treatment Systers Erancn Technical Position
ETSB 11-1. We have reviewed the applicants' systen descriptions, process flow diagrams,

piping and instrumentation diagrams, and design criteria for the components of the
radnaste treatrent systems and for those auxiliary supporting systers that are essential
to the operation of the radwaste treatment systems. We have performed an independent
calculation of the expected releases of radioactive materials in liquid and gaseous

effluents based on the calculational methods of Draf t Regulatory Guide 1.CC.cf el' * { f.)'CJ)e,%) i s.u a
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TABLE 11.3.1

PROCESS AND EFFLUENT RADIOLOGICAL MONITORING SYSTEM

Stream Monitored

LJqa i d_*

Component Cooling Water Loops

Service ilater Discharge

Liquid Radaaste Discharge +

Cooling Tower blo.down Discharge

_Ge s * *

Offgas Discharge +

Containr:ent ard Drynell Ventilaticn Exhaust +
Radcaste Building Vent

AJxiliary Building Vent +
FJel Bailding Vent +
Turbine Evilding Vent

Plant Exhaust 02ct
Clean Stear- (auxiliary steam reboilers)

.

All liquid strea~s will be mcnitored for gross garra activity

**
All gas strea s will te r:onitoreo for noble gas (beta or ganna);
other fonns of radioactivity are sanpled for laboratory analysis.

*These r.onitors provide arnanciaticn and automatic closure of isolation valves
terminating releases or diversion to alternate systems when the radiation level
exceeds a predetermined valve.

f't ? )'4 .! %.?(.T
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Our review of the process and ef fluent radiological nonitoring and sa pling systens
included the provisions proposed for: (1) sampling and ronitoring all plant ef fluents
in accordance with General Design Criterion 64; (2) providing automatic termination of
effluent releases and for assuring control over discharges in accordance with General
Cesign Criterion 60 and Regulatory Guide 1.21; (3) sampling and ronitoring plant waste
process streams for process control in accordance with General Design Criterion 63; and
(4) conducting sampling and analytical programs in accordance with the guidelires of
Reg Gotory Guide 1.21. The review included piping and instrument diagrams and process
fica diagrams for the liquid, gaseous, and solid radwaste systems and ventilation
s5 stems, and the location of monitoring points relative to effluent release points on
the site plot diagran.

We conclude that the liquid and gaseous waste treatment systems and the ventilation
systems will reduce radioactive effluents to as low reasonably achievable levels in
accordance with Section 50.34a 10 CFR 50, Appendix I to 10 CFR Fart 50, and the Annex
to Appendix I to 10 CFR Part 50.

Bared on the above described evaluation, we conclude that the proposed radwaste treatr.ent

and process and ef fluent radiological nonitoring systems are acceptable. The basis for
acceptance has bcen conformance of the applicants' desians, design criteria, and design

bases for the radioactive waste treatmen, and ronitoring systen to the applicable

regulatiens and guides referenced above, as well as to staff technical positions and
industry standards.
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12.0 RADIATION PROTECTION

12.1 Shielding

The applicants' design objectives are to ensure that: (l) radiation exposure levels
will be kept as low as reasonably achievable; (2) the criteria specified in 10 CFR Part
20 and other applicable regulations will be met during normal operation including
anticipated operational occurrences; (3) the guidelines specified in 10 CFR Part 100
will be met during postulated accidents; and (4) exposures to plant personnel will
be within the requirements of General Design Criterion 19, in the unlikely event of
an accident. These objectives are consistent with our acceptance design objectives.
In meeting these cbjectives, the applicants have had the benefit of their experience
in operating the Millstone Nuclear Power Station, Unit 1, along with their architect
engineer's experience in designing other nuclear power stations.

In response to our request, the applicants have: (1) stated a clear management
policy to maintain occupational exposurt:s as low as reasonably achievable; (2) iden-
tified the specific corporate structures related to responsibility for implerentation
of that policy; and (3) specified in detail those facility and equipment design
considerations directed to assure its accomplishment.

The applicants are connitted to ensuring that plant ope ations are conducted in such
a manner as to maintain personnel occupational radiation egcsum " leu as reasonably
achievable, in acccrdance with Regulatory Gaida %G u.iurmation Relevant to Pain-
taining Occupational Radiatina E/.#re As Low As Is Reasonably Achievable (Nuclear
Power Reacter) inis objective will be achieved through administrative exposure
contrcl procedures, adequate work planning, and safe practices in all activities
related to unit operation. The general arrangements and shielding provisions
are in accordance with Regulatory Guide 8.8, and are designed to provide levels
of exposure to operating personnel that are as low as reasonably achievable.

Wnenever possit;1e, piping systens that will contain radioactive material will be routed
so as to minimize exposure to plant personnel. This procedure will include: (1)
separating high radiation level from low radiation level piping for maintenance
purposes; (2) Jse of shielded pipes in low radiation level areas if routing through
the area cannot be avoided; and (3) avoiding the routing of high radiation level
pipes in corridors. High radiation level equipnent will be located away from high
usage personnel traffic ways in the containrent, turbine build Lg, auxiliary building,
and rad *aste building. Typical high usage passageways are the control roons, the
outside doorways, the stairways, and the elevator. Provision will be made for shield-
ing of major equipment during inservice inspection, maintenance, and instrumentation

calibration. Motor operated or diaphragm valves will be used on high level radiation
piping where practical to assure low exposure to personnel at control stations. To
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prevent radiation streaming, penetrations will be oriented so as not to pass through
6 shield wall in a direct line with equipment or other piping with a high radiation

source. Effort will be made to locate processing equiprent and systec s in such a
manner as to minimize the need for shielding. Labyrinths will be used to eliminate
streaming from equipment. To the extent posible, instruments and valves requiring
surveillance and maintenhnce will be located outside of high radiation areas.

All plant areas will be classified into rediation zones. There will be six such zone

classifications, all based on limiting personnel occupation time in radiation areas,
thereby maintaining occupational radiation exposures as far below the 10 CFR Part 20
limits as reasonably achievable.

The applicants' calculations of source terms are based on the General Electric data
on operating plants over the past decade. The radionuclides included are those
considered significant to one or more of the following criteria:

(1) Plant equipment design.

(2) Shielding design.

(3) Understanding system operation and perfcmance.

(4) Meesurerent practicability.

(5) Evaluating radioactive material releases to the environment.

The design basis ncble radiogas source tem was established at an annual average rate
of 0.1 curies per second (t=30 minute), using 1970 and 1971 KRB and Dresdec 2 date to
model the nuclide mixture. For halogens, the design basis source term was based on
700 microcuries per second of iodine-131. Design basis concentrations in the coolant
were conservatively estimated from experience. The applicants have provided the
location, size and shape cf significant sources of radiation in the auxiliary building,

radwaste building, fuel building, turbine building, and containment structure.

The basic rcdiation transport analysis method used for the applicants' shield design
is based on the Discrete Ordinates and Point Kernel rethods. The design approach is
similar to tnat described in the topical report, " Stone and Webster Radiation Shield-
ing Design and Analysis Approach, which has been reviewed and found acceptable by
the NRC sta f f. The applicants used inforration gained from operating stations to
improve mathematical and physical models. The assumptions used in their shielding
calculations are conservative and are acceptable to the staff.

The applicants' area radiation monitoring system is designed to: (1) monitor the
radiation levels in areas where personnel may be required to work; (2) alarm when

the radiation levels exceed preset levels to warn.of abnormal radiation levels in
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dreas where radioactive material may be present; and (3) provide a continuous record
of radiation levels at key locations throughout the plant. In order to reet these
objectives, the applicants plan to use thirty area monitors located in areas where
personnel may be expected to remain for extended periods of time. The above objec-

tives and location criteria are in conformance with 10 CFR Part 50 and Part 70. The

area radiaticn monitoring system is equipped with two checking systems to test the
integrity of the system, local and remote audio and visual alarms, and a facility
for rentral recording.

A'. low as reasonably achievable design concepts will be used throughout the design and
construction of the plant. Penetrations in shield walls will be nade as high or the
wall as practicable to minimize personnel exposure. All radioactive field run
process piping will be positioned to limit exposure to plant personnel. Where
recessary and practicable, interice surfaces of piping and ductwork will ce designed
to minimize contamination buildup. Changes to layouts will be reviewed with regard
to radiation exposure, maintenance, operability, and access.

The applicants have based their estimate of annual man-rem exposure on their ex-
perience from currently operating boiling water reactors, their own operating ex-
perience, and improve ents ir, design of systers to maintain in-plant radiatior
levels as low as reasonably achievable. Their estinate of 430 ran-rems per year for
the two Montaque units includes some maintenance personnel exposures, but does not
include contractor personnel exposures.

This exposure level is associated with nor al cperational exposures such as from
routine plant raintenance, rcutine plant operaticn, irservice inspection, radioactive
waste handling, te 'lical services functions, and from refueling, maintenance and
cperations. Our i4 dies c. currently operating light water reactors show that they
average 400-500 can ,em per unit annually, with 50 percent of this exposure being due
to major raintenance activities. The applicants' exposure estirates are consistent
with our figures and the staff's as lcw as reasonably achievable policy. We, there-

fore, find them acceptable.

12.2 Ventilation

The applicants' proposed ventilation systems will be designed to provide ventilation
air for the station's buildings and to ensure that airborne concentrations to which
personnel may be expcsed are well below those specified in 10 CFR Part 20. The

applicants intend to reet these objectives and raintain personnel exposure as low as
reasonably achievable by: (1) maintaining air flow from areas with little or no
potential radicactive contamination to areas with progressively greater potential
radioactive contamination; (2) maintaining certain areas at slight, subatraspheric
pressures to avoid the release and/or spread of airborne radicactive material to
other areas; and (3) maintaining as low as reasonably achievable airborne concentrations
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by psing sufficient airflow rates in all areas. These cesign criteria are in accord-
ance with those given in Regulatory Guide 8.8 and are, therefore, acceptable.

The containment ventilation system will be capable of redJcing the halogen concentra-
tion tu approxinately one r.aximum permissible concentration wFenuer containrent entrj
is required. The air filtration system in the contral room will be designed to limit
radiation exposure to control room personnel in accordance with General Design

Criterion 19. The ventilation system features mentioned above, and others presented
in Section 9.4 of the Prelimir.ary M.fety Analysis Report, meet tne applicants' design
objectives and are acceptable.

The maximum expected radioactive airborne concentrations inside major plant buildings
due to equipment leakage were considered in our review. The bases for these leakage
calculations are given in Section 11.3.6 of the Preliminary Safety Analysis Report and
are in accordance with Regulatory Guide 1.42-Interim Licensing Policy on As Low As
Practicable for Gaseous Radiciodine Peleases from Light-Water-Cooled Nuclear Power

Plants. The airborne radioactivity monitoring system sampleis will be located wher-
ever airborne radioactivity can exist, or wherever routine access by operating person-
nel is expected.

In Section 12.2.6 of the Preliminary Safety Analysis Report, the applicants provide
estimates of the inhalation and subrersion dose rates to plant personnel in major
plant buildings. These dose rates are derived from the applicants' airborne radio-
activity source terms. Using reasonably conservative occupancy times, the applicants
provide estimates of peak con;entrations and annual doses from in-plant airborne
radioactivity. We find these results to be acceptable.

12.3 Health Physics Program

The applicants' stated policy is to raintain personnel radiation exposures within
the provisions of 10 CFR Part 20, and other applicable regulations, and beyond that,
to keep them as low as reasonably achievable in accordance with Regulatory Guide 8.8.

The applicants' Technical Supervisor will be resconsible to the Assistant Plant
Superintendent. He will have overall responsibiilty for reactor engineering, corputer
engineering, chemistry, instr mentation and controls, and r2diation protection.
Directly under him will be the Radiation Protection Supervisor who will be responsi-
ble, with the assistance of five health physics technicians, for all radiation
protection aspects of the plant. It will be the responsibility of this group to

evaluate radiological conditions of systen operations, establish procedures to be
followed for the protection of all plant personnel, ensure that all applicable
Federal and State regulations are met and that the required radiaticn protection
records are adequately maintained. The proposed implementation of this program is
in accordance with Regulatory Guide 8.8 and is acceptable.
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Some of the methods to be used in the radiation protection program to minimize
personnel exposures include minimizing time spent in radiation areas through work
planning and administrative controls, periodic scheduled radiation and contamination
surveys in all plant areas, and periodic review and evaluation of radiation and
contamination levels, personnel exposures, and the e-fectiveness of the radiation
protection prograa.

The radiation protectiun facilities will include access control checkpoints, change
and decontamination areas, health pnysics station, chemical laboratory and counting
room. We find that these facilities are sufficient to maintain occupational radia-
tion exposures as low as reasonably achievable.

For radiation protection purposes the applicants propose to use protective clothing,
respiratory equipment, air sampling equipment, portable radiation measuring instru-
ments, calibration sources, counting room instrumentation, area monitors, airborne
activity monitors, laboratory equipnent, and special shielding materials. We find
that tne applicants will be able to raintain occupational radiation exposure as low
as reasonably achievable using this equipment.

All planc personnei will be required to wear o film badge. Those individuals not
restricted to the office area will also be issued a direct reading dosimeter. Neutron
film badges, neutron dosimeters, and alarming dosimeters will also be provided
for personnel when necessary. All radiation exposure information will be processed
and recorded in accordance with the require ents of 10 CFR Part 20.

Based on the information presented in the application including the applicants'
responses to our requests for additional infornation, we conclude that the applicants
intend to implenent a radiation protection program that will maintain in-plant
exposures within the applicabic limits and will keep occupational radiation exposures
as low as reasonably achievable.
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13.0 CONDUCT OF CPERATIONS

13.1 O_rganizational Structure of Applicants

The Nortreast O cle3r Energy Company, acting as agent for the owners, is responsible
for the design, construction, and operation of the h ntague Nuclear Power Station.
They are a subsidiary of Northeast Utilities. General Electric Company will be responsible
for the nuclear steam supply systens and Stone and Webster Engineering Corporation will
provide engineering and ccnstruction services.

Northeast Utilities Services Company, another subsidiary of Northeast Utilities, will
irplement Northeast Nuclear Energy Company's responsibilities for the design and con-

, struction of the Montague Lclear Pcwer Station. Within Northe h t Utilities Services
Cor pany, the overall direction of the *;roject will be implenented by the Manager,
NJclear Project, who is responsible t] the Vice-President Engineering and Construction.
Quality Assurance aspects of the project are discussed in Section 17.0 of this report.

The proposed organization for facility operation will consist of a technical staff of
approximately 163 persons for two unit operation, under the direction of a Plant
Superintendent and an Assistant Plant Superintendent. Peporting to the Assistant Plant
Superintendent will te: an Operatic,s Supervisor responsible for the day-to-day activi-
ties of the operating shifts with a staf f of oppr oxi'ately 52 persons, a Maintenance
Superviscr responsible for all rechanical and electrical naintenance within the plant
with a staff of approxinately 43 persons; a Technical Su;ervisor responsible for pro-
viding technical support, 'ith a staff of approximately ;8 persons; and a staf f of.

approximately 10 technical assistants. Peporting directly to the Plant Superintendent
will be a Training Coordinator, and a Quality Control Group headed by a Quality Control
Supervisor. This is a conventional type of plant organization for plant c?erations
The shif t crew for each unit will consist of five perscns, one of whom will be a
licensed senior operator and two of whom will be licensed cperators.

The applicants have stated that the qualification require ents of staticn personnel
will reet the requi e ents set forth in ANSI N18.1-1971, " Selection and Training of
Nuclear Power Plant Perscnnel.' This reets the NRC staff recorrendations sta ted in
Pegulatcry Guide 1.8, " Personnel Selection and Training.'

Technical suppcrt for the plant staff will be provided primarily by the Systen ProdJction
Ocpartnent of Northeast Utilities Services Company.
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We conclude that the applicants have established an acceptable techr.lcal org3nizaticn
to implement their respcreibilities for the design and construction of the Pontague

Nuclear Power Station and that the proposed plant orginization, the proposed quali-
fications of personnel, and the proposed plans for offsite technical support are

acceptable.

13.2 Training Programs

The Plant Superintendent will have everall responsibilit for the conduct and ad-

ninistration of the station trairir; program. A Tra. ',emt edinator wit 1 be re-

sponsible for coordirating all cias2s of training; howeve , responsibility for
preparation of detailed training oragrams will rest with individJal dep4rtment
heads

The applicants state that the cbjettives of the training progr: 2re:

(1) To train a staff to operate and maintain the nuclesr uaits safely, y pen 1 ably,
and econenically.

(2) To crepare the technical service ', orps for their functions necessary to

support ai.d assure safe operation.

(3) To prepare shift supervisors and centrol room personnel for the hRC csalifica-
tion examinations fcr reactor operator and senior reactor optrator litenste

Pertions of the training program will be similar to the program ut"1 at Millstone,

Unit 2. Instructors used in tre training progran will be qualified "trs of the

in-house supervisory and technical staff, Northeast Utilities 5 t vices (o 4mnc (nji-

neering staf f, and f rom the General Electric Company and other sendor or consultant
specialists as required.

It is anticipated that rost of the participants in the licensed operator training

program will possess a wide variety of previous nuclear training. These personnel
will receive training consisting of the following discrete segments: Site School
(formal onsite classroom lecture series): Practical Peactor Operation; Peactor
E.inulator Training; Test ar.d Plant Procedure Preraration: and Corronent and Syste"
Tests / On-the-Job Training.

Paintenance and technical staff personnel w'll receive training in certain specific

skills. All station personnel will receivo General 'e plojee Training consisting of a

continuing program covering plant organization, emp'r <ee benefits, corpany policies,
station security require-ents and conera' plant familiarizatien. In addition,
before an e~ployee is assign.ed to full time duties, he will be given a radiological
Fe31th and safety cour;e. This training will be supplemented by radiation erergency
exercises and fire drills, resuscitation and respiratory equipnent retraining, and

Radiation Protecticn Manual review.

13-2
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Ceslete records of all training administered will te maintained.

Ite information subnitted by the applicants relative to the proposed traf ning program
is satisfactory at this construction permit stage of our review to provide reason-
able assurance that qualified individuals will be available for the preCperation
test program, for operator licensing and for fuel loading.

13.3 Emergency Planning

The applicants have described their preliminary plans for coping with erergencies
In the Final Safety Analysis Peport they will identify and evaluate a spectrum of
accidents which might occur during the operation of the nuclear plant and which might
affect plant personnel and/or rerbers of the public. Actior levels will be selected to

ds5ure that prot 0Ctive reasures are initiated when neCessary. The shif t supervisor
will direct the ir pler;entation of the Erergency Plan in accordance with detafled
ecergency procedures. The normal operatir,g crew will be qualified to perform those
actions necessary ts impler-ent the f rergency Plan. Offsite personnel will augrent the
cperating crew, as required. In Emergency Control Center where emergency team re-bers
report for assignrent will be establisted. The applicants have identified the notifi-

cation responsibilities within the orqanization to ensure prorpt and ef fective comruni-

cations in the event of an emergency.

Initial contacts and arrangements will be nade with the following agencies: Massa-
chusetts Departnent of Public Health; "assachasetts Civil Defense; Massachusetts State

Police; local police arJ fire departr:ents, a local aTbulance service; the Erergy
Research and Developrent Administration Brockhaven Area Office; Franklin County Public
Hospital; Farren Memorial Hospital; and Yankee Atomic Electric Corpany. The Massachusetts
Cepartrint of Public Health has the primary responsibility for planning for radiological
er.ergency response in the environs of the plant. The State Police will institute

protective reasures as required, including evacuation of the public from any affected
ared.

The applicants have perforred peeliminary analyses to confirm the practicability of
taking protective measures, including evacuation, within and beyond the site bound-
ary durin] the expected 1iretire of the plant. This effort is incomplete at this

time, however. The a;pli; ants are actively working with the State of Massachusetts
in the development of detailed response procedures for the Montague site. Trese
include tethods for the notification of the population-at-risk, and for physical

evacuation, if necessary, of persons in the environs around the Montague Nuclear
Station.

Two first aid rooms will be equipped with the necessary iters to provide emergency
first aid to injured personnel. One roon will be designed to handle contaminated

individ;als. Arbulance service will be available locally. In addition, two company

vehicles can be used for transfer of injured persowal to a hospital. Preliminary
arrangerents have been initiated with two crea hospitals to treat contaminated
iniury cases.
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All plant operators, technical and raintenance personnel will receive training in

caergency procedurcs. Exercises are planned to familiarize each rerber of the plant
staff with tne Erergency Plan and in particular, each individual's innediate action

and respcnsibilities during a radiation emergency. A training program covering
certain aspects of radiological em rgencies and site familiarity will be nade avail-
able to those of fsite agencies whose services may be required in energency situations.

The plant will be desir;ned and will incorporate features to assure the capability of
plant evacuation and of reentry to nitigate the consequences of an accident, includ-
ing radiation emergency alarrs, comrunicaticns systems, and evacuation routes. The
plant control rcom will t.e designed for continuous occupancy during and followira
the nost severe accidents as analyzed in Section 15 of the application.

As stated above, the analyses to confirm the practicability of taking protective

reasures in the ensircns of the plant are not yet co~plete. The staff defers
raking a finding as to tne acceptability of the applicants' er.ergency planning pro-
gram until this informaticn is available for review. We will address this ratter in

a supplement to this report as indicated in Section 1.8 of this report.

13.4 Feview and Audit

Tne applicants hav described their preliminary plans for review and audit of plar.t
oper3tions in Section 16.6 of tFe application. We conclude th3t these plans satisfy the

the provisions descrit,ed in /NSI N18.7-lg72, "Ad-inistrative Controls for Nuclear

Pcwer Plants, and are acceptable for the construction pernit stage of our review.

13.5 Plant Procedures and Plant Fecords

Operating, r3interance and testing activities will he co' ducted in accordance with
aLproved, writ +.en procedures. All station procedures de< eloped will 'reet, as a
r. i n i ' , the provisions of egulatory Guida 1.33 - Coality Assurance Program pequire-,

r ents and , NSI N18. 7. Procedures will be reviewed by the Plant Operations Peview
Corrittee and approved b, the Plant Luperintendent.

f r ucedures und to support plant operation will be targeted for completion a nininun

of three months pricr to fuel loading with Administrative Control Procedures target-

ed for corpletion a minirun of one year prior to fuel Icading.

The infor-ation s & itted relative to these subjects is acceptable for the cor-

struc tion permit s ta of osr review.
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The applicants have stated ttat plant records will be r'aintained in accordance with
Section XVII of Apperdix B to 10 CFR Part 50. We conclude that these record keeping
provisions are acceptible.

13.6 jnd_;strial Security

The applicants have provided a general description of plans fcr protecting the plant
against potential acts of industrial sabotage. Provisicns for the screening of
er'ployees at the plant, and for design phase review of plant layout and protection
of vital equipm nt b3ve been described. We find that they confom to Regulatorye

Guide 1.17 - Protection of Nuclear Power Plants Against Irdustrial Sabotage. We conclude
that the applicants' arrangements for protection of the plant against acts of industrial
sabotage are satisfactory for t' is construction permit stage of our licensing process.

00200
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14.0 INITIAL TE5i" AND OPERATION

The initial test program for Montague 1 and 2 will be ccnducted by the applicants.
Personnel of the applicants will receive technical direction and support from the
nuclear steam supply system vender (General Electric Company) and architect-engireer-
constructor (Stone and Webster Engineering Corporation). The applicants have coiritted
to develop and execute the test pregram in accordance with Fegulatory Guide i.63,
"Preoperational and Initial Test Programs for Water-Cooled Power Reactors." The ap-
plicants' plans for the program are acceptable and should provide far verification of
the functional adequacy of the facility. The details of the test program will te
reviewed by the staff dJring the operating license stage of oJr review.

We conclude that the applicants have r.ade acce,) table plans for the staf fing, develop-
ment and conduct of the initial test ?rograms.

OJ Cy rm g me c a1
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15.0 ACCICENT A',ALYSIS

15.1 General

Two basic groups of events pertinent to safety are separately evaluated in this
section. They include the abno mal operational transients and the accidents. In

order for the analysis r f events in either group to be acceptable, it is required
th1t an accurate model of the reactor core be used, and that all appropriate systems

whose operation (or postulated misoperation) would af fect the event be included. For
the transients, the analytical results must show no fuel damage and no damage to the
reactor coolent pressure boundary. For accidents, which are far less prcbable,
analysis results are allo'ed to snow some fuel damage. These are analyzed to determine
the extent of fuel damage expected and to assure that reactor coolant pressure boundary
damage, beyond that assumed initially by the accident, will not occur.

The acceptability criteria of the analytical results fo- the transients are that no

danage occurs to the fuel cladding (a suf'icient, but not necessary, condition to
reet this requirerent is that minimum critical power ratio renain above 1.07), and
that peak reactor vessel pressure does not exceed 110 percent of the design pressure

( ASME Codes , Section III, Class I are ret if n_slear system pressu. e remains below
1375 pounds per square inch gage, which is 110 percent of the 1250 pounds per square
inch gage design pressure). These two requirements denonstrate, respectively, that
the first radioactive raterial barrier (the clad) and the seco, d barrier (the pres-
sure vessel) are protected during abnormal operational transients.

For design basis accident analyses, which evaluate situations that require func-
tioning of the engineered safety features (including containment), it is necessary
only to demonstrate that the second barrier (the pressure vessel) is protected. This
is accomplished by ensuring that peak fuel enthalpy rrmains below 230 calories / gram.
This limit conservatively assures the absence of any destructive pressure pulses due
to fuel vaporization, thereby assuring minimal core damage. The cladding nust remain
essentially intact (even though some perforations are allowed) if a coolable geometry
is to te maintained.

15.2 Abnormal Ope _ rational Transients

Abnormal operational transients are the result of single equipment failures or
single operator errors that can reasonably be expected during any mode of operation.
The applicants have provided analyses of various abnormal operational transients in
the application. These analyses include such events as process system control ralfunc-
tions, inadvertent control rod withdrawal, turbine trip, loss of electrical load, and
variations in operating parameters.

'' '
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Eight nuclear system parameter variations are listed as pctential initiating causes
of challenges to the integrity of the fuel cladding and to the reactor coolant
pressure boundary. These parameter variatiens in the analyzed transients are as
follows:

()) Nuclear Systm Pressure Increase. Transients analyzed in this group included
loss of load events such as generator trip, turbine trip, loss of condenser

vacuum, closure of cne or all of the main steam line isolation valves, and

malfunction of the reactor primary system pressure regulator.

(2) Peactor Water _Te_qyrature Decrease. These transients included events that
might cause a power surge by reduction of the reactor primary coolant water
terperature. They include malfunctions of the feedwater control system in a
direction to increase feedwater ficw, loss of a feedwater heater, shutdown

cooling malfunction, and inadvertent activation of an auxiliary cold water
systen.

(3) Peactivity Ir.sertions. These transients included rod withdrawal transients
from zero reactor power, hot critical condition, and from full power; fuel
assembly insertion errors, and control rcd removal errors during refueling.

(4) Pelctor Water Inventory Pecrease. These transients included events leading to
a decrease in the inventory of reactor prinary coolant such as loss of auxili-
ary power, loss of feedwater, pressure regulator failure in a direction to
cause decreasing reactor system pressure, inadvertent cpening of a safety /
relief valve, and opening of condenser bypass valves.

(E) primary Coolant Flow Decrease. These transients included failure of one or
more recirculation pumps or malfunction of the recirculation flow control
system in a direction to cause decreasing flow.

(6) peactor Coolant Flow Increase. These transients included events that might
increase the recirculation flow and thus induce a positive reactivity increment.

They included a ralfunction of the recirculation flow controller in a manner to
cause increasing primary coolant flow and the start-up of a recirculation pump
that had been on standby.

(7) Core Coolant Te wrature Increase. The transient analyzed in this category was

loss of shutdown cooling.

(8) Excess Coolant inventory. The transient analyzed in this group was feedwater

controller failure to raximum demand.

The applicants' transient analyses included effects due to the prorpt relief trip
system. The applicants have connited to the incorporation of all amendments to the
GE55AR-238 Nuclear Island Standard Design application, applicable to the nuclear steam
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supply systen, through the time of issuance of the Supplements to the Safety Evalaa-
tion Pe;; ort for GESSAR reporting the resolution of cutstanding items described in the
Decer ber 1975 Safety Evaluation Report, '.UPEG-75/110. D.e GESSAR application has

adopted a " fast scram" system in place of the prorpt relief trip and the applicants'

comitrent to GESSAR thus comits them to " fast scran" as well. In the transmittal
letter for Amendment 14 Swplement 7, the applicants have indicated that if the

prompt relief trip syster is reviewed and approved by the NPC for use in the BWR-6
reactors they would consider using this systen for the MontagJe I and 2 re3CtCrs.
The transient analyses distribed in Section 15 have been repeated with the " fast
scram" system and are reported in the GES AR application and are applicable to the
Montague 1 and 2. We find it acceptable to defer our review of the rodification and

test program for the f ast scram systen which will be cor'pleted prior to a decision

for issuance of the Montague 1 and 2 construction permits. This latter and its
resolution will be provided in a supplement to this report.

15.2.1 A Systm for Increasing the Nela_t.ve Peactivity Insertion Pate

The need for increasing the negative reactivity insertion rate is related to the
operating objective of General Electric and the utility applicants to continue full

rated power operatien into the end-of-cycle-life period. From current experience with

EWR operaticn it may be expected that Mentagae 1 and 2 and similar plants with control
rod drive systems of current design may find it necessary to reduce power sorewhat
during the last 10-20 percent of each cycle. This situation will occur, if it occurs

at all, as the reactor core appicaches its equilibrium fuel cycle.

In the event of a sudden loss of normal heat removal 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 f urther increase pressure. The above cycle of events is terminated by
reactor scram (rod insertion), but toward enc'-of-fuel-cycle in boiling water reactors
the time required to achieve ef fective power reduction from rod insertion is sorewhat

increased. This is because the rods have further to travel frcm their end-of-cycle
position (nostly they are completely withdrawn from the core and ready for insertion
from below the core) and because the rods must reach the are reactive region (which
is nearer the top of the core at end-of-cycle) to achieve full effectiveness.

This operating condition has been studied by General Electric, the NRC staff and our
consultant (Brookhaven National Laboratory). Analyses of core dynamics performed for
certain events (such as turbine trip without bypass) for an equilibrium core operating
at full power near its end-of-cycle, and assuming a number of conservative assumptiens,
show that without further analyses, boiling water reactors employing control rod drive
systems of current design might require a limited decrease in acceptable power level

during the last 10-20 percent of each near equilibrium operating cycle. The staff will
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complete its review of this matter on the GESSAR 238 Nuclear Island application

(Docket No. STN 50-447) and on other applications in which the General Electric
Company is the cornon supplier of the nuclear steam supply system. The applicant's
have agreed to adopt the resolution arrived at cn the GESSAR docket as indicated in
Section 1.8 of this report. We find this acceptable.

15.2.2 Proposed Systens

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 as the core approaches its equilibrium
reload pattern. Two design modifications have been proposed for increasing the
negative reactivity insertion rate associated with the above transients. The two
proposed nodifications are:

(1) Prompt Relief Trip. This system would automatically open certain safety / relief
valves irriediately upon occurrence of a loss-of-load event. This would prevent
or inhibit the cycle of pressure increase - void collapse - power increase -
pressure increase by early relief of the initial pressure increase. This
solution has been proposed for the Montague Nuclear Power Station, and earlier
was proposed on the GESSAR-23d Nuclear Island application. Staff review under
the latter application determined that there were several outstanding questions
concerning the proposed system; e.g. , the ef fect on peak clad temperature of
steam venting through relief valves during a loss-of-coolant accident.

(2) Fast Scram = This solution is based on faster control rod insertion to achieve
reactor shutdown before pressure or minimum critical power ratio limits are ap-
praached. This would be accomplished by increasing the size of the hydraulic
piping in the control rod drive system and increasing the pressure in the scram
a c c umul a to r. The design of the hydraulic control units will remain substantially
unchanged. These design changes result in scram times on the order of 1.5 seconds
(for 75 percent insertion) as compared with the present design of 2.78 seconds.
General Electric has proposed confirmatory testing to demonstrate the system
capabilities for the faster insertion and any effects it may have. We are cur-
ertly reviewing the fast scram system on the GESSAR-238 application. We con-

'ed that this matter is being resolved as a post-Preliminary Design Approvalt

item on the GESSAP-238 application. The applicants have indicated in Amendment

14 they will adopt this systen if the prompt relief trip described above is
determined to be unacceptable.

15.2.3 Conclusions Rmding Prcept Relief Trip _and f as t Scram ly_ stems

We believe that one or both of these systems can be designed in a version that will
be acceptable to the NRC staff and, if required for that purpose will provide for
f ull power operation out to the end of the planned operating cycle with an equilibrium
core even with the conservative analytical methods presently used. Hewever, no sa fety
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requirements are dependent on the satisfactory design of either system. The NRC
regulations require that the f acility be operated within the safety limits and design
conditions presented in the application. These are reviewed and approved by the NPC
staff. They provide an adequate basis for protecting the health and safety of the
public. The facility can be operated within these limits and conditions by adopting
appropriate operating procedures during the end-of-cycle-life period (if necessary),
in the same manner as those plants presently operating with control systems of
current design. Further operational experience r.ay determine a need for Montague 1
and 2 to operate at some reduced power level during the end-of-cycle period. On the
other hand, the applicants may include in the station design additional equipment
(e.g., prompt relief trip or fast scram) for increasing the negative reactivity
insertion rate in order to achieve the operational objective of a higher power level
for the extended periods desired by General Electric and the utilities. Inclusion of
this additional equipment may be made to improve station operatioral characteristics
and is not necessary to achieve any safety requirement. Therefore, we conclude that
the decision to include one or the other of the proposed systems is not necessary for
the construction permit stage of review. However, in view of the special schedules
existing for this application we will complete our review of whichever of these
systems is to be used prior to a decision for issuance of construction permits and
will report on the selected design in a supplement to this report.

15.3 Design Basis Accidents

In order to demonstrate the effectiveness of the Montague engineered safety features,
we computed offsite doses resulting from the postulated loss-of-coolant, fuel handling
and control rod drop accidents. In addition, we have computed the doses resulting
f rom the purging of the post-loss-of-coolant accident containment atmosphere. Our
acceptance criteria are that the doses from these postulated accidents (as evaluated
by the NRC staff) be within the exposure guidelines of 10 CFR Part 109. As recom-
mended in Reguletory Guide 1.3, the doses considered appropriate at the ccnstruction
permit stage should not be no more than 150 rem thyroid and 20 rem whole body. The
offsite doses we calcJlated for these accidents are shown in Table 15.1, and the
assumptions we used are listed in Table 15.2. All potential doses calculated by us
at the exclusion boundary for the postulated accidents are within the 10 CFR Part 100

guideline values. In these analyses, the low peretrating beta radiation has been
treated as a skin dose, rather than a contributor to the whole body dose.

The charcoal filters of the standby gas treatment system have been given credit for
93 percent efficiency in removal of all species of iodine during the loss-of-coolant,
because they have a bed depth of at least four inches and comply with Regulatory
Guide 1.52 - Design, Testing and Maintenance Criteria for Atnospheric Cleanup System
Air Filtration and Adsorption Units for Light Water Cooled Nuclear Power Plants. We
have evaluated the consequences of a postulated loss-of-coolant accident without

giving credit for mixing within the annulus.

&&$.
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TABL E 15.1

FOTENTIAL OFFSITE DOSES DUE TO DESIG'4 BASIS ACCIDENTS

Two-Ho u r Course of Accident
Exclusion Ecundary Low Population Zone

(1250 meters) (4022 meters)

T hy roi d Whole Body Thyroid Whole Body

Accident (rem) (rem) _{rei (rem)

Loss-of-Coolant 156 16 119 3

Main Steam Isolation Valves Leakage 7 1

Total Loss-of-Coolant Accident Event 126 3

Post-Loss-of-Coolant Accident Hydrogen
Purge Dose Not applicable 19 1

fuel Handling 8 4 1 - 1

Control Pod Drop Accident * <1 <1 < 1 1-

We are in the process of revising our evaluation of the rod drop accident, and expect*

that the potential conseluences will be reduced, because of more realistic assumptions.
This will not affect our conclusions that potential radiological consequences of this
accident are acceptable.
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TABLE 15.2_

ASSUMPTID'<S USED IN THE ESTIMATE OF

DESIGN BASIS ACCIDENT _ DOSES

LOSS-OF-COOLANT ACCID QT

Power Level 3730 megawatts themal

Drerating Tine 3 years

Primary Containment leak Rate * 0.275 percent

Iodine Composition

Elemental 91 percent

Particulate 5 percent
Organic 4 percent

filter Efficiencies

Elemental 99 percent

Particulate 99 percent

Organic 99 percent

X/Q VALUES, secon1sj er cubic meter1

0-2 hours 0 1250 neters 8.4 x 10'4
-50-8 hours e 4022 meters 5.6 x 10
-58-24 hours a 4022 neters 3.8 x 10
-524-96 hours 0 4022 neters 1.7 x 10
-696-720 hours 9 4022 meters 5.1 x 10

2-1/2 percent of the primary containment leak rate is assumed to bypass the filters and*

exit directly to the atmosphere.
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TABLE 15.2(Cont'aM

POST-LOCA HYDP0 GEN PURGE DOSE

Power Level 3730 megawatts thermal
6Volume of Primary Containment 1.64 x 10 cubic feet

Purge Duration 30 days

Holdup Time in Containment Prior

to Purge Initiation 19 days

Filter Efficiencies

Elemental 99 percent

Organic 99 percent

Purge Rate 34 standard cutdc feet per minute

EQ VALUES, seconds per cubic meter

-696-720 hours 0 4022 meters 5.1 x 10

KEL HANDLi!.G ACCIDENT

Power Level 3730 megawatts thernal

Shutdown Tine 24 hours

Total Number of fuel Rods
in the Core 46,116

Number of Fuel Rods Involved
in the Refueling Accident 98

lodine Fractions Peleased from Pool
Elemental 75 percent

Organic 25 percent

Filter Efficiencies
Elemental 95 percent

Organic 95 percent

X/Q VALUES, seconds per cubic neter

0-2 hours (3 1250 meters 8.4 x 10-#
-b

0-8 hours 0 4022 neters 5.6 x 10
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TABLE 15.2(Co..t'dd

CONTROL ROD CROP ACCIDENT

Power Level 3730 megawatts thermal

Number of Fuel Rods Involved 770

Fraction of Fission Product Inventory

Released to Coolant
Noble Gases 100 pcrccnt

Iodines 50 percent

Iodine Fraction Released
to Condenser 10 percent

Iodine Partition Factor and Plate Out
in the Turbine and Condenser 10 percent

Condenser Leak Pate 0.5 percent per day

X/Q VALUES, seconds per cubic meter

0-2 hours 0 1250 meters 8.4 x 10'
0-8 hours @ 4022 meters 5.6 x 10-5

8-24 hours @ 4022 meters 3.8 x 10'b
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On the basis of our experience with the evaluations of the steam line accident for

plants of similar design, we have concluded that the consequences of this accident
can be controlled by limiting the permissible radioactivity concentrations in the

reactor coolant so that potential offsite doses are small. We will include limits in

the technical specifications on the coolant activity concentrations such that the

potential two-hour doses at the excl asion radius, as calculated by the NRC sta f f for
these accidents, will be appropriate,y small fractions of the guideline values of 10
CFR Part 100. In keeping with recer tly issued design guidance for radioactive waste
canagerent systems installed in l'ghtwater-cooled nuclear power reactor plants, we
will require that the charcoal delay beds be designed to the requirements of Effluent
Treatment Systems Branch Position 11-1.

15.3.i Loss-of-Coolant Accident

The design basis eccident loss-of-coolant accident is the same as that used in the
analysis of other boiling W3ter reactors, in that a eauble-ended break in the largest
pipe in the reactor coolant system, the retirculatico lire, is assumed. Our analysis
is consistent with the conservative assumptions presented in Regalatory Guide 1.3.
It should be noted that with the 0.275 percent per day leak rate proposed by the
applicants, the total (direct containment leakage plus main stere line isolation
valve leakage plus hydrogen purge dose) 0-30 day thyroid dose at the low population
zcne is consistent with the 150 ren thyroid guideline doses listed in Standard Feview
Plan Section 15.o.5 and Pegulatory Guide *crber 1.3 - Assumptions Used for Evaluating
tt e Fatential Radiological Consequences cf a Loss-of-Coolant Accident for Boiling
Water Peactors

The assumptions we used in this analysis are given in Table 15.2. The resultant
calculated loss-of-coolar.t dose levels are given in Table 15.1, and are judced to be

within acceptable limi ts.

15.3.2 Ful Handlir$ Artident

asstr ed th3t a fuel asse"bly is dro;Ded ducir.g refueling opera-In this accident, w o

tiens, and that as a result of the fall, 93 fuel rod, are damaged. Car assf ptions
conform to Regulatory Guide 1.25 - Assum ptions Used for Evaluating the Potential
Radiological Ccnse4.ences of a Fuel Handling Accident and Storage Facility for
Eoiling and Pressurized Water Feactors. Activity released to the environs is assu ed
to be released thecugh the standb) gas trea tment ! /s tem filters within a two-hour
period. Other assurptier.s used ii this analysis are given in Table 15.2. The

resultant calcuiated tou-hour cases are given in Table 15.1. We find these calcu-
lated doses to te within acceptable limits.

15.3.3 Control Fad Dro2

ne have evalu3ted the consequerces of a control rod drop accident. The assuTptions

wo used in this analysis are shcan in Table 15.2. The resulting doses are shown in

4
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Table 15.1 and are well within tte guideline values given in 10 CFR Part 100. We are
in the process of revisir,7 Gur evaluation of the radiological conseq;ences of a
control rod drop accident in order to incorporate riore realistic assumptions. We
expect the potential consequenc?s will be reduced, therefore this will not affect our

conclusion that the consequences will t:e within acceptatile linits.

15.3.4 Hydronen Fur 3<d o_se_

Based en the data included in Table 15.2, the hydrogen purge dose is computed to be
sr,all cnrpared to the 10 CFR Iart 100 guidelines at the low population zone for the
course of +he accident. Assumptions used in this analysis are included in Table 15 2-

find these calculated doses will t;e within acceptable linits.e

15.4 Postulated Padioactivity liquid Pelease Due to Tank Failures

The consequences of component failures which could result in contamirated liquid

releases to the envirens were evaluated for comunents containing liquid radioactis,e
r aterials located outside reactor containment. The scope of the review included the

calculation of radionuclide inventories in station concrents at design basis fission

product levels, the nitigating ef fects of the plant desicn, and the ef fect of site

geoloqy and hydrology.

The tank that is estirated to contain the highest quantity of activity is the regenerant

neutralizer tank. This t 3nk will hae a volur.e of 25,000 gallons and is assu ed to
tm 80 percent full with a liquid activity concentration of approximately one microcurie
per milli 1;er (based on an ef fps release rate of 350,000 ricrocurie per second

after H ninutes delay). The critical direction of grour dwater flow will t>e toward a
downgradient well 1.6 miles south,,est nf the plant. We evaluated the liquid transit

tine for raduaste leakago to the m:arest downgradicnt well to t e approxirately 20
years We estin. ate a ground water dilution factor of 23,200.

Ccnsidering radioactive decay over the 20 year t ransit tire, a rupture of the re-

gensrant neutralizer tark will give a concentration of less thar the linits of 10 CFR

Fart 20, Appendix E, Table II, Column ? for unrestricted areis.

Ened on the foregoing e valuaticn, we conclude that the postulated failure of the tank

with the highest level of radicactivity should not result in radionuclide ccncentra-

tions in excess of the 10 CFR Part 20 linits at the nearest pntable water supply.

Therefcre, it is not necessary for the applicants to incorporate additional provisions

in their design to mitigate the effects of component failure involvinq contaminated

liquids.
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16.0 TECHNICAL SPECIFICATIONS

The technical specifications of an operating licasa will define certain features,
characteristics and conditions governing operation of a facility that cannot be
changed without prior approval of the Nuclear Regulate.y Comission. The technical
specifications will be developed and evaluated at the operating license stage of our
review. However, in accordance witri Sect'en 50.34 of 10 CFR Part 50, an application
for a construction permit is required to include preliminary tachnical specifica-
tions. The regJlations require an identification and justification for the selection
of those variables, conditions or other items which are determined as a result of the
preliminary safety analysis and its evaluation to be probable subjects of the technical
specifications for the f acility, with special attention given for those items which
may significantly influence the final design.

We have reviewed the prcposed preliminary technical specifications presented in
Section 16 of the application with the objective of identifying those items that
would re:;uire special attention at the construction permit stage, to preclude the
necessity for any significant change in design to support the final technical speci-
fications. The proposed technical specifications are similar to those being de-
veloped or in use for plants of a design similar to Montague 1 and 2. We have not
identified any items which re;uire special attention at this stage of our review.

On this basis we conclude that the prcposed preliminary technical specifications are
acceptable.
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17.0 QUALITY ES 9 fNCE

17.1 General

The description of the quality assurance progran for Montague 1 and 2, including the
quality assurance programs of the principal contractors, the Stone & Webster
Engineering Corporation, the engineer-constructor, and the General Electric Company,
the supplier of the nuclear ste3m supply systers, is contained in Secticn 17 of the
application and in the applicants' responses to NRC staff requests for additional

information. The quality assurance program has been revised in Supplements 1, 2, 3,
5, 6 and by the anplicants' letters to the NRC dated August 1 September 19, and
Cctober 14, 1975.

Our evaluation of the proposed program is based on our review of these documents to
determine that the quality assurance programs of the applicants' affiliate, the

Northeast Utilities Service Company, and of the principal contractors corply with the
requirements of Appendix B to 10 CFR Part 50.

The applicants rely on the services of Northeast Utilities Service Company during the
design, procurement, and construction phases of the Montague project. Similarly, the
applicants provide the services required during preoperational testing and dJring the
operation phase. During the operation phase, the applicants will utilize the

technical support services of Northeast Utilities Service Company. Northeast
Utilities Service Corpany and the Northeast Nuclear Energy Company are wholly owned
subsidiaries of Northeast Utilities, and they are responsible for implementing the
quality assurance program for Montague. General Electric has establisNd a program
for the nuclear steam supply systems, and Stone & Webster has established a program
for the balance of the plant. Northeast Utilities Service Company is responsible for
the Montague quality assurarme program through the construction phase and is
organized to control and verify the programs of these principal contractors.

17.2 Northeast Utilities Service Company Organization

The organizational structure of personnel having quality related functicns for
Montague is showa in Figure 17.2. The Manager of Quality Assurance reports to the
Assistant Vice President of Generation, Engineering, and Construction who in turn
reports through his Vice President to the Executive Vice President of Engineering and
Operations. This Executive Vice President is responsible for eng ering, construc-

ion, and the related quality assurance activities for the nuclear power plant. The

Manager of Quality Assurance is responsible for developing, establishing, and verifying

implementation of the Montague quality assurance program..

g@[fU[17-1
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Also shown in Figure 17.2 is the Construction Quality Assurance Manaqcr, who does
not report to the Manager of Quality Assurance. He reports to the Direttor of

Nucleir Projects and is responsible for verifying proper perforoance of quality
related activities at the Montague site during the construction phase. He also is
responsible for documenting procedures and instructions for the cons:ruction q;ality
assurance functions. These irpierenting procedures and instructions are found in
the Northeast Utilities' quality assurance ranual and Northeast Utilities Service
Company's department prccedJres.

The Manager of QJality AssuranC? Snd the Construction Cuality Assurance Marager are
irdependent of those organizations whose quality related activities they verify.
The Manager of Quality Assurance reviews construction quality assurance procedures
and instructions and audits the construction quality assuranc? activities to nain-
ta in control over the entire quality assurance program. We find, based on the
organizational structure shown in igure 17.2 that the orcinizations have adequate
independence and report at a sufficiently high nanagement level to accomplish their
objectives.

The organizations implerent their functions through their staf f of engineers,
' specialists, and technicians. The Manager of Q;ality Assurance and the tonstruction

Cality Assurance Manager and their staffs have authority to stop unsitisfactory
work and to obtain resolution of quality problems

,
We find that the review and approval of the construction procedures and instructions
by the Manager of Quality Assurance provides adequate control of these procedures
and instructions. In addition, we find that rana]ement, above the level of the
quality assurance manager, has provisions to independently and regularly assess the
scope, inplementation, and ef fectiveness of the program to assure that it is neaning-
ful and ef fectively complies with c;pcnjix B to 10 U R Part 50.

Since Northeast Utilities Service ompany's description for implementing theirc

program includes quality assurance stop work authority, quality assurance audit and
'ollowup responsibilities, we conclude that it is acceptable.

Based on our review of their quality assurance org3nization, we find that: (1) they
are independent of the organizations whose work they verify; (2) they have clearly
defined authorities and responsibilities; (3) they are organized so they can identify
quality problems in organizations performing quality related work; (4) they can
initiate, recorrend, or provide sclutions to quality problems; and (5) they can
verify implementation of solutions. We, therefore, conclude that the Northeast

Utilities Service Company organization corplies with Appendix B to 10 CFR Part 50
and is acceptable. %]%
In Supplement No. 6 to the Preliminary Safety Analysis Report, the applicant pro-
vided a list of the Montague quality assurance program procedures along with a brief
description of the purpose of each. A cross index to the related criteria of

17-3
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Appendix B to 10 CFR Part 50 is also given. Based on our review, we conclude that
each criterion of Appendix B has been specifically included in written procedures
within the quality assurance program.

The quality assurance manual is the responsibility of the Manager of Quality Assur-
It incl;ded a directive, signed by the Executive Vice President of Engineer-ance.

ing and Operations, which requires compliance with the manual. Revisions to the
ranual are approved by the Assistant Vice President of Generation Engineering and
Construction and the Manager of Quality Assurance.

The Froliminary Safety Analysis Report identified the structures .ystems, and
components that are subject to the program described in the quality assurance

ra nu al .

l andThe applicants have comitted to corply with the requirenents of the Gray Book

the Green Book. These documents provide NRC q;idance on quality assurance require-

ments curing the design, procurement, and construction phases of nuclear pcwer
plants. Based on this conmitment and the quality assurance program descrit:ed in the
application as amended, we find that the applicants' quality assurance program for
design and construction is acceptable.

The Manager of Quality Assurance is responsible for assuring that indoctrination and
training prograns are established for personnel who participate in the quality
assurance program. These programs are to assure that personnel performing quality
affecting activities understand the purpose, scope, and method of implementing the

program.

A comprehensive system of planned and documented audits is described in the applica-
tion. The audit program includes the following types of audits to provide an
independent verification end evaluation of the quality related procedures and
activities to assure they comply with the applicants' quality assurance progran:

(1) Audits of rajor contractors, including Stone and Webster and General Electric;

(2) Audits at the Montague plant site; and

(3) Audits internal to Northeast Utilities Service Conpany.

Audits are perforred in accordance with written procedures or checklists by appro-
priately trained personnel having no direct responsibilities in the area audited.
Audit results are documented and reported to appropriate levels of ranagement for

1"Guldsnce on Quality Assurance Pequirements During Design and Procurerent Fhase of
Nuclear Power Plants-Rev. 1," May 24, 1974 (WASH-1283 Fev. 1)

" Guidance on Quality Assurance Requirements During the Construction Fnase of Nuclear
Power Plants, May 10,1974 (WASH-1309) 90m,,< o 3. <

. .y

-
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corrective action. Pesponses to audit findings are verified ftr impimentation and

effectiveness during f ullowup audits. The staff finJs Nurtheast Utilities Service
Company's description of their audit activities to be acceptable.

17.3 General Electric co g ny

General Electric is responsible for providing the nuclear stean supply systens for
Montague I and 2. Figure 17.3 shows the crganization of the Boiling Water Feactor
Operations of Genaral Electric which provides nuclear plant services and equipment.
This department operates under a Deputy Division General Manajer who reports to the Vice
President and General Manager cf the Nuclear Er:ergy Division. Feporting to this Deputy
Division General Manager are Department General Managers and the Manager of Product and

Quality Assurance Operation.

Each departrent and the Product and Quality Assurance Operation contain an organization
specifically responsible for quality assurance which reports at a tranagement level to
assure independence consirtent with Criterion 1 of Appendix B to 10 CFR Part 50.

Quality assurance management in each 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 matters, and has the freedom to: (1) identify
quality problens; (2) initiate, recomend, or provide solutions to quality problens; (3)

(4) prevent further processing, shipnent,verify inplenentation of solution- au

installation, or utilization aoncontoming itens until proper dispositioning has
occurred. We find that General Electric has adequately defined the responsibilities of
the organizations performing quality assurance activities and that they are acceptable.

The Deputy Division General Manager of the Boiling Water Reactor Operations has estab-
lished a Quality Council which includes the managers of the major quality assurance
organizations in the division. The Manager of Product and Quality Assurance Operation
is Chaiman of the Quality CoJrcil. The Quality Council, which neets quarterly, permits
development of soluticas to corron quality related proble-s and provides a separate line

of conmunication to top Boiling Water Reactor Operations ranagement. In addition, the
Manager of Product an<J Quality Assurance Operation audits the engineering, rnanufac-
turing, procurement, and construction organizations to assess the scope, implenentation,
and effectiveness of the quality assurance program.

The program applies to the safety related systens and components within the General
Electric scope of work. General Electric has also connitted to comply with the guidance

provided by the NRC in the Gray Book and Green Book.

Though the basic scope of the quality systen used by the various Boiling Water Peactor
Operations organizations is the sane, each functional organization has its own system
of guides, procedures, instructions, and manuals that prescribes the rethods for
accomplishing its portion of the quality assurance program. Division instructions,

prepared by the Product and Quality Assurance Operation and issued by authority of the
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General Panager of the Nuclear Erergy Division, esta. lish precedures and practices where
a standa rdized , uni f on1 approach is necessary for Control.

A ratrix which relates the prccedures of the varicus nanuals to the applicable quality
assurance criteria of Appendix B to 10 CrR 50 is given in the applicatien. Based on
our review of this natrix, we conclude that each criterien has been specifically
included in written procedures within the program.

The program included prosisions for the control of design information. Design inputs
are reviewed, and analysrs are accomplishe.. in accordance with applicable codes, stan-
dards, and regulatory requirements, knowledgeable groups within General Electric
including quality assurance personnel, independently revier drawings and equiprent
specifications prior to issuance.

To provide for centrol over purchased iters and services, Ceneral Electric evaluates the
quality system of each prospective supplier of safety related items. Quality engineers
review purchase requisitions, purchase orders, and subsequent change notices. General
Electric reviews and retains supplier documentation which deronstrates acceptable
quality. Audits and feedback of discrepancy data are used by quality engineers to
neasure supplier performance.

General Electric esecutes a comprehensive audit program which provides Boiling W3ter
Reactor Operations managerent with infornation on the effectiveness of the program
General Electric audits activities affecting quality at General Electric and at supplier
facilities. Audit areas include all quality related procedures and operations. Trained
personnel not having direct responsibilities in the area teing audited conduct the
audits in accordance with defined procedures and checklists.

In our review, we have evaluated the General Electric quality assurance program for
compliance with the Connission's regulations and applicable Fegulatory Guides and
industry standards. Based on this review, we ccnclude that the program includes an
acceptable organization and contains the necessary provisions, requirements, and con-
trols for compliance with Appendix B to 10 CFR Part 50 and applicable auides and
standards and is acceptable for the nuclear steam supply systers for Montague 1 and 2.

17 4 Stone and Webster Engineering Corporation

Stone & Webster is the engineer-constructor of Montague 1 and 2. The Stone and

Webster organization responsible for design, procurement, and construction activities
is shown in Figure 17.4. The President has established quality assurance policies for
the corporation. He has delegated the authority for development of the quality as-
>urance program to the Vice President of Quality Assurance who is responsible for the
overall program. As Figure 17.4, shows, the Vice President of Quality Assurance is
independent of and has organizational authority equal to the other Stone and Webster

Vice Presidents.
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ihe Manager of Quality Assurance, who reports to the Vice President of Quality Assurance,
is responsible for administering and nanaging the quality assJrance program for procu'e-
rent and construction activities. The Chief Engineer, Engineering Assurance Division of
the Engineering Department, is responsible for administering and r:anaging the quality
assurance program for engineering and design.

Major activities which are carried out by the Quality Assurance and t'ngineering
Assurance organizations are:

(1) The review anJ ap;roval of design, procurement, nanufacturing, inspection, con-
struction, and test documents.

(2) Inspections and audits within the conpany, at supplier's facilities, and at the
ccnstruct,on site.

Quality Assurance and Engineering Assurance personnel have the authority and freedom
to identify quality problems; to initiate, recommend, or provide solutions; and to
control further processing, delivery, or installation of a nonconforming item until
proper disposition of the deficiency or unsatisfactory condition has been apprcved.
We conclude that the organization is structured such that an individual is responsible
for coordinating the direction and control of the quality assurance and quality control
function and that personnel performing quality assurance functions in the organization
have suf ficient authority and org3nizational freedom to perfonn their critical functions
ef fectively and without reservatien.

The quality assurance program applies to all safety related structures, systems, and
canponents within the Stone and Webster scope of work. Stone and Webster has also
connitted to cceply with the NRC quality assurar.ce g;idance provided in the Gray Book

and the Green Bock.

The program for engineering includes quality assurance review of applicable engineering
instructions, procedures, specifications, and drawings to assure the quality require-
rents are clearly, accurately, and adequately stated. The program requires that design
work be verified or reviewed by individuals within the engineering organizaticn not
responsible for originating the design and that a deternination is made that the engi-
neering specifications, procedures, instructions, and drawings comply with regulatory
requirements and design bases.

For procurerent control, quality assurance measures provide for the review of procure-
ment documents to assure that the :tatcd quality requirements are cdequate, for sup-

p'ier qualifica tion, and for approval of the suppliers' quality assurance programs.
The program provides for inspection, surveillance, and audit of the suppliers' safety
related structures, syste,s, and components to assure compliance with procurement

requi re;ents.
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During construction, the program providcs for onsite quality assurance involvement
including inspection, r,ondestructive '.esting, retention of records, and processing of
deficiencies, nonconforrances, and design changes. The quality control engineers,
inspectors, and nondestructive testing personnel are organizationally separate and
independent from the constructicn organization.

The program provides for a comprehensive system of detailed audits to be perferred by
the Stone and Webster organization. The audits encompass the review and evaluation
of all quality related activities associated with the quality assurante program and
involve procedures, work areas, hardware, activities, and records. The program
requires that the audits be conducted in accordance with established procedures by
qualified personnel not having direct responsibilities in the area being audited.
The results are documented and distributed to the appropriate levels of manage ent.

During our review, we evaluated the Stoae and Webs ter quality assurance program for
corpliance with the Comnission's regulations and applicable Pegulatory Guides and
industry standards. Based on this review, we conclude tha t the program contains the
necessary quality assurance provisions, requirements, and controls for corpliance
with Appendix B to 10 CFR Part 50 and applicable guides and standards and is accept-
able fOr the design, prucure"ent, and constroCliC0 of the Montague l dnd 2.

17.5 Igl mnt a tion

The NPC Office of Inspection and Enfcrcerent has concluded that the irrplementation of
the overall quality assurance program cannot be fully assessed at the present time
due to the pending revision of the applicants' quility assurance manual and the lack
of current acti vity. This is an open item which will require resolution prior to
initiation of safety related activities either under a Linited Work Authoriziation or
prior to a decision for issuance of construction perrits for Montague 1 and 2. This
matter is discussed in Section 1.8 regarding schedule for completion and resolution.

17.6 Conclusion

We have reviewed and evaluated the quality assurance program of Northeast Utilities
Service Company, Gei.eral Electric and Stone and Webster for compliance with the Com-
rission's regulations and applicable Pegulatory Guides and industry standards Based

on this review, we ccnclude that the quality assurance program is acceptable for the
design, procurement, and cont tructicn of Pontague 1 and 2. Prior to initiation of

safety related activities under a Limited Work Authorization or prior to a decision
for issuance of construction pennits for Montague 1 and 2, the cpen item noted in
Secticn 17.5 above must be resolved.
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13.0 GEVIEW BY ADVisrAY CCMMITTEF C'. PEACTCR SAffGUARSS

The application for the Montagae 1 and 2 will t>e reviewed by the Advisory corriittee On
Peactor Safeguards. We intend to issue a stoplement to this Safety Evaluation Feport
after the recript of the Connittee's report to the Corr.ission relative to its review of

the Mer,tague application. The supplement will append a copy of the Corunittee's report
en1 will address each of the corrents rude by the Connittee, and will also descrite

steps tak en by the staf f to resolve any issues raised as a result of the Corrittee's

review.

C, a l i f.es..s,,4tsits e;
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19.0 COMMON DEFENSE AND SECURITY

The applicants state that the activities to be conducted will be within the juris-
diction of tne United States and that all the directors and principal officers of

all the applicants are citizens of the United States.

None of the applicants are owned, dominated or controlled by an alien, a foreign
corporation or a foreign gosernment. The activities to be conducted do not involve
any restricted data, but the applicants have agreed to safeguard any such dati inat
might become involved 'n accordance with the requiremcnts of 10 CFR Part 50. The

applicants will rely upon obtaining fuel es it is needed from sources of supply
available for civilian purposes, 50 that rc diversion of special nuclear material
from military purposes is involved. For these reasons, and i'1 the absence of any
infernation to the contrary, we have found that the activities to be performed will
not be inimical to the corr'on defense and security.

fj Q 's?"3 n;-o s,:,, o
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20.0 FINANCIAL QUALIFICATIONS

The Coccission's regulations which relate to financial data and information required
to establish financial qualifications for an applicant for a facility construction

permit are Section 50.33(f) of 10 CFR Part 50 and Appendix C to 10 CFR Part 50. We
are contii :ing our review of the financial qualifications of tt.: applicants and will

report tre results of our evaluations in a supplemc .t to this report. As indicated
in Section 1.8, our r eview of this matter will be resumed approximately one year
prior to the cpplicants' scheduled date for beginning constructicn activities at the
proposed site.

, ..a rp o
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21.0 CONCLUSIONS

Based on our evaluation of the proposed design for the Montague I and 2, we find that
upon resolution af the outstanding matters set forth in Section 1.8 of this report
and discussed in appropriate sections cf this report, we will be able to conclude in

accordance with the provisions of Section 50.35(s) of 10 CFR Part 50, that:

(1) The applicants have described the proposcd design of the facility, including,
but not limited to, the principal architectural and engineering criteria f or the

design, and have identified the major features or components incorporated

therein for the protection of the health and safety of the public;

(2) Such further technical or design infonnation as may be required to complete the
safety analysis and which can reasonably be lef t for later consideration will be

supplied in the final safety analysis report',

(3) Safety features or components which require research and development have been
described and identified by the applicants, and there will be conducted research

and development programs reasonably designed to resolve safety questions associ-
ated with such features or components;

(4) On the basis of the foregoing, there is reasonable assurance that (a) such
Safety questions will te satisfactorily resolved at or before that latest date

stated in the application for completion of construction of the proposed

facility, and (b) taking into cv sideration the site criteria contained in 10

CFR Part 100, the prcposed facilities can be constructed and operated at the
proposed location without undue risk to the health and safety of the public;

(5) The Northeast ?iuclear Energy Company is technically qualified to design and
construct the proposed facility;

(6) The applicants have reasonably estimated the costs and are financially qualified
to design and construct the proposed facility; and

(7) Tre isw m of gemits for construction of the facility will not be inimical to

the ccTen defense and security or to the health and safety of the public.

r, p 3 y r..,

O <1 i .. .c c

21-1
~~/ % a

9



APPENDIX A

CHRONOLOGY OF REVIEW

MONTAGUE 1 & 2

July 12,1974 Application, Environmental Report, Preliminary Safety Analysis
Report (Volumes 1-10) and Antitrust volume docketed. Docket

Nos. 50-496/497 assigned to Montague Nuclear Station.

July 18,1974 Applicants submitted suppler, ental information for Section
6.2 of the Preliminary Safety Analysis Report. This information
consists of figures to be inserted into Volume 6 of the

application.

July 25 & 26,1974 AEC representatives meet with Stone & Webster and local geolo-
gists in Greenfield, Massachusetts to discuss and observe

geological features around the Montague site.

July, 31, 1974 AEC/DL letter advising that application was docketed and
stating which newspapers, trade journals and publications
would publish notices.

August 2,1974 Applicants sub11tted proprietary data and cites the GESSAR
docket as a reference and requests that these tables and

figures be withheld from prblic disclosure.

August 20, 1974 Applicants letter advising that it is planned to incorporate
into the Montague Preliminary Safety Analysis Report a sub-
stantial ar. aunt of infornation directly from the GESSAR-233
N; clear Island Standard Design application.

August 21, 1974 Applicants' letter requesting a Staff Management review of
the technical and cost / benefit reasons cited in the General
Electric letter of July 29, 1974.

August 29, 1974 AEC/DL letter establishing Montague review schedule.

August 30, 1974 Applicants sub,itted Amendment 2 to License Application
and Sup 'ement I to Preliminary Safety Analysis Peport.

Septe:ber 4,1974 Meeting with officials of Town of Montague.
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September 5, 1974 Applicants' letter connitting to the incorporation of all
amendnents to the GESSAR-238 Nuclear Island Design application

for nuclear steam supply system.

September ll,1974 Applicant's letter advising that an additional 6 months will
be required to evaluate the General Electric topical report to
be submitted to AEC on October 1,1974, regarding anticipated

transients without scram.

September 13, 1974 AEC/DL letter transmittina Round 1 Requests for Additional

In f c c9a ti on.

September 17, 1974 AEC and applicants' representatives meet to discuss the
results of the geological investigation of the Montag;e Site.

September 30, 1974 Applicants' letter advising a one year delay for the Montague
Nuclear Power Plant.

October 1, 1974 Rep esentati"es froa AEC and applicants meet in Bethesda, Md.

to discuss clarification of the load combinations sct forth in
Section 3.9.2.l A of the Montague application.

October 7, 1974 Notice and Order for Special Prehearing Conference issued by

Atomic Safety and Licensing Eoard.

October 15, 1974 AEC/CL letter advising that General Electric documcnts subnitted
with the application for docketing have been withheld from
public disclosure as proprietary information. These documents
were previously subnitted on the GESSAR-238 docket.

Octoter 18, 1974 NNECo letter advising that A. Roisman, Esq. , Counsel for the
'iew England Coalition on Nuclear Pollution seeks to have the
Montague Notice of Hearing withdrawn.

Octoter 23, 1974 Applicants advise that Supplement No. 2 to the PSAR, to be
filed as amendment, will be sub1itted by November 8,1974.

October 24, 1974 AEC/r.L letter transmitting additional information required
regarding hydrology, geology and seismology natters.

October 30, 1974 Applicants adsise that Supplement 2 to PSAR will be submitted
by Noverber 8, 1974 and Supplement 3 will be submitted by
Dece-ber 3, 1974.

November 8, 1974 Applicants submitte<1 Anendment No. S to the Montague license

application. This amendment consists of a volo e entitled

307229A.2
.

I
n) ..



Supplement No. 2 to the application. Included in this suppie-
ment are replacement pages which incorpcra*e certain portions of
Arendments 13 through 20 to the GESSAR-238 docket.

November 11, 1974 AEC/DL letter transmitting a change in the schedule based on
the one year delay in start of construction.

November 25, 1974 Applicants' letter concurring with the schedule transmitted
on November 11, 1974 by AEC/DL.

December 4, 1974 Order issued by the Atomic Safety and Licensing Board
admitting the Conmenwealth of Massachusetts as a party, and the
New England Coalitic on N> clear Pollution as a party; the State
of New Hampsnire will participate as a state.

Decerter 9,1974 4pplicants subnitted site eteorolcgical Data and Aerialv

Photographs.

Decer.ber 12, 1374 Applicants submitted Amendment No. 6 to Montague 3pplication.
This amendnent consists of Supplerent 3 to Preliminary Safety
Analysis Report and Supple' ent 4 to the Environment Report.

December 13, 1974 Applicants' letter transmitting certain figures contained in
Section 7.6 which were omitted fron Supplement 3 of Arendment 6
transmitted cn December 12, 1974

January 30, 1975 Crder issued by Atomic Safety and Licensing Ecard. The
Board requests memorandums of law by February 10,1975 with
regard to the letters from Lonnonwealth of Massachusetts, the

county of Franklin and the State of New Hampshire requesting
relief with regard tc meetings which may be held between tne
applicants and the staff.

February 6,1975 Applicants and NRC reet to discuss outstanding infornation
regarding site geology.

February 19, 1975 NRC letter transmitting Round 2 Pequests for Additional
I n f o rma t i on.

February 21, 1975 Applicants' letter transmitting Arendment No. 8 which consists
of Supplement Nn. 4 to the Preliminary Safety Analysis Report.

February 19, 1975 Apolicants' letter regarding anticipated transients without

scram schecale and positions.

3022:30
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March 18,1975 Applicants' letter containing responses to DRL questions con-
cerning geology / seismology.

March 21, 1975 Applicants' letter concerning Outstanding Geology Information.

April 1,1975 Order granting the petitions to intervene filed on behalf of
County of Montague, Turners Falls Airport, Inc., and Pioneer
Aviation Corporation.

April 1,1975 Applicants' letter advising that the Board of Trustees voted to
defer commercial operation of the Montague Station for a period
not to exceed four years.

April 22,1975 DRL letter concerning Mark III containment system.

April 23, 1975 Order issued by the Atomic Safety and Licensing 30ard. Order
denies motion made by the Commonwealth of Massachusetts to hold

all hearings in New England, pay the transportation of inter-
venor's counsel or provide transcripts.

May 2, 1975 Applicants submitted Arendment 10 consisting of Supplement No.

5. This supplement contains responses to DRL letters regarding

geology.

May 2,1975 Applicants letter advising that a supplenent _o the application
will be subnitted by July 3, 1975 addressing all Q-2 requests.

May 8, 1975 DRL transmits a revised review schedule for Montague.

May 8,1975 Applicants' letter advising that Supplenent No. 7 to the Environ-
nental Report will be submitted by June 27, 1975.

May 23, 1975 Applicants' letter advising that they concur with the review
schedule transmitted on May 8, 1975.

June 10,1975 NRC and applicants' representatives neet to discuss responses to
Round 2 Requests for Additional Infonnatior..

July 3,1975 Applicants transmitted Anendment No.12 - Supplement No. 6 to
the application consisting of responses to outstanding requests
for additional infornation.

July 8, 1975 CPL letter concerning energency core cooling system - final
acceptance criteria.
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July 17,1975 Applicants' letter regarding emergency core cooling system -
final acceotance criteria to be submitted by General Electric
by the end of August 1975.

July 18,1975 Applicants' letter transnitting nonthly joint frequency distri-
bution meteorology data.

July 30,1975 Applicants' letter concerning meteorology calculations and X/Q
factors to be used in accident analyses and plant design.

August 1, 1975 Applicants' letter containing responses to outstanding requests.

August 12, 1975 Representatives of NRC and applicants meet to discuss reteorol-
ogy analysis performed for the accident dose calculations.

September 4,1975 DRL letter concerning resolution of outstanding items before
issuance of the Safety Evaluation Report. Radiological Review
Schedule enclosed.

September 9, 1975 CRL letter requesting additional information in regard to
Section 17.0 of the Preliminary Safety Analysis Report.

October 14, 1975 Applicants' letter transmitting conmitments proposed to resolve
outstanding items in staff's safety review.

Noverber 12, 1975 Meeting held in Bethesda with applicants to discuss schedule for
issuance of the staff's safety evaluation report.

November 25, 1975 Peeting with applicants held in Bethesda to discuss site meteo-
rological data.

Cecember 12, 1975 Arendment 14 Supplement 7 submitted addressing items contained
in August 1,1975 and October 12, 1975 letters.

January 22, 1976 Applicants' letter describing appropriate building design leak
rates and pressure response following an accident.

April 1, 1976 NRC meeting with applicants to discuss resolution of outstanding
items.

April 6, 1976 Letter sent to applicants concerning design of structures within
and above the suppression pool.

April 15, 1976 NRC reeting with applicants to discuss the New England seismicity
and geology as it affects the Montague site.
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April 20,1976 Notice and Order for special prehearing conference issued.

April 21,1976 Applicants' letter providing additional clarification of

outstanding matters.

April 28,1976 Applicants' letter providing clarification of quality assurance

annual review to assess program effectiveness.

May 5,1976 Applicants' letter transmitting New England seismic strain
relief map discussed at April 15, 1976 meeting.

May 10,1976 'RC letter to applicants concerning changes to 10 CFR Parts 2,i

50 and 51.

%sy q 'l '1g ( on

A-6

%-



APPENDIX B

BIBLIOGRAPHY

Note: Documents referenced in or used to prepare this Safety Evaluation Report, excluding
those listed in the PSAR, may be obtained at the source stated in the Bibliography
or, where no specific source is given, at most major public libraries. Correspon-

dence between the Commission and the applicants and Conmission's Rules and Regula-
tions and Pegulatory Guides may be inspected at the Commission's Public Docunent
Room, 1717 H Street, N. W. , Washington, D. C. Correspondence between the applicants

and the Commission may also be inspected at the Carnegie Library, Avenue A, Turners
Falls, Massachusetts. Specific documents relied upon by the NRC staff and referenced
in this Safety Evaluation Peport are as follows:

ELECTRICAL, INSTRUMENTATION & CONTROL SYSTEMS

1. IEEE Std 279-1971 " Criteria for Protection Systems f duclear Power Generating

Stations."
2. IEEE Std 308-1971 " Class IE Electric Systems for f.aclear Power Generating Stations."
3. IEEE Std 317-1971 "IEEE Standard for Electrical Penetration Assemblies in Containment

Structures for Nuclear Fueled Power Generating Stations.'
4. IEEE Std 323-1974 "IEEE Standard for Qualifying Class IE Equipment for Nuclear Power

Generating Stations."
5. IEEE Std 336-1971 "IEEE Standard Installation, Inspection, and Testing requirements for

Instrumentation and Electric Equipment during the Construct.J,i of Nuclear Power
Generating Stations."

6. IEEE Std 338-1971 " Trial-Use Criteria for the Periodic Testing of Nuclear Power
Generating Station Protection Systems."

7. IEEE Std 344-1971 "IEEE Guide for Seismic Qualification of Class ! Electric Equipment
for Nuclear Power Generating Stations."

8. IEEE Std 379-1972 "IEEE Trial-Use Guide for the Application of the Single-Failure

Criterion to Nuclear Power Generating Station Protection Systems."
9. IEEE Std 382-1972 "IEEE Trial-Use Guide for Type Test of Class 1 Electric Valve

Operators for Nuclear Power Generating Stations."
10. IEEE Std 387-1972 "IEEE Trial-Use Standard: Criteria for Diesel-Generator Units

Applied as Standby Power Supplies for Nuclear Power Generating Stations."
11. IEEE Std 450-1972 "IEEE Recommended Practice for Maintenance, Testing and Replacement

of Large Stationary Type Power Plant and Substation Lead Storage Batteries."
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HYDROLOGIC ENGINEERING

1. Nu in, Snydcr & Associates, " Probable Maximum Flood Estimates for Conterminous U.S. and

".sbable Maximum Surge Estimates for Gulf and Atlantic Coasts of U.S. ," Contract No.

AT(49-24) 0058: P.O. No. WA-74-1953, dated 9/28/73.

2. U.S. Department of Comrerce, " Seasonal Variation of the Probable Maximum Precipitation
East of the 105th Meridian for Areas from 10 to 1000 Square Miles and Durations of 6,12,

and 48 Hours. "U.S. Weather Bureau Hydrometeorological Report No. 33,' Washington, D.C.

1956.

3. Ven Te Cnow (ed.), " Handbook of Applied Hydrology,' McGraw-Hill Book Company, New York

( .196 4) .

4. " Standard Project Flood Determinations,' Engineerir g Manual 1110-2-1411, Corps of En-
gineers, 26 March 1952 (rev. March 1965).

DESIGN CRITERIA FOR STRUCTURES, SYSTEMS, AND COMPONENTS

1. N212. " Nuclear Safety Criteria for the Design of Stationary Boiling Water Reactor
Plants," American Nuclear Society (1974).

2. ASME Boiler and Pressure Vessel Code,1971 and 1974 Editions, Section III, " Nuclear

Power Plant Components," American Society of Mechanical Engineers.

3. ASME Boiler and Pressure Vessel Code,1971 and 1974 Editions Section VIII . : vision 1
" Pressure Vessels," A erican Society of Mechanical Engineers.

4 ANSI B31.1-1973, " Power Piping," Arerican National Standards Institute.

S. API Standard 620, Fif th Edition, "Reconnended Rules for design and Construction of

Large, Welded, Low-Pressure Storage Tanks," Arerican Petroleum Institute (1973).

6. API Standard 650. Fif th Edition, " Welded Steel Tanks for Oil Storage,' American Pe-

troleun Institute (1973).
7. AWWA D100-73, " AWWA Standard for Steel Tanks-Standpipes, Reservoirs, and Elevated

Tanks for Water Storage," American Water Works Association (1973).

8. ANSI 696.1-1973, " Specification for Welded Aluminum- Alloy Field-Erected Storage Tanks,'

American National Standards Institute (1973).

MATERIALS ENGINFERING

Miterials Speci ficaticns

1. ASME Boiler and Pressure Vessel Code, Section III, Divisien 1, Nuclear Power Plant

Components.

Ferritic Steel

2. ASME Specification, SA-370-71b, " Methods and Definitions for Mechanical Testing of
Steel Products," ALME Boiler and Pressure Vessel Code, Section II. Part A -Ferrcus ,1971

Edition, Summer and Winter,1972 Addenda.
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Austenitic Stainless Steel

3. ASTM Specification, A 262-70, Practice E, " Copper-Copper Sulfate-Sulfuric Acid Test
for Detecting Susceptibility to Intergranular Attack in Stainl?ss Steels," Ar.nual Book of

ASTM Standards, Part 3, April 1973.

STRUCTURAL ENGINEERING

1. ANSI A58.1-1972, " Building Code Requirements for Minimum Cesign Loads in Buildings
and Other Structures" Cornittee A58.1, American National Standards Institute, Inc.

2. Amiri?ian, A. , " Design of Protective Structures," Bureau of Yards and Docks, Publication
No. NAVLOCKS P-51, Department of the Navy, Washington, D. C. , August 1950.

3. Gwaltney, k C., " Missile Generation and Protection in Light Water-Cooled Power
Reactor Plants,' ORNL-NSIC-22, Sept. 1968.

4 Annann and Whitney consulting Engineers, Report on " Industrial Engineering Study to
Establish Safety Design Criteria for Use in Engineering of Explosive Facilities and
Operations Wall Response, April 1963.

5. Recht, R. F. and Ipson, T. W; " Ballistic Perforation Dynamics" Journal of Applied
Mechanics, Transactions of ASME, Vol. 30, Series E, No. 3, September 1963.

6. Air Force Design Manual, " Principles and Practices for Desig, of Hardened Structures,'
AFSWC-62-138, December 1962.

7. Proposed Standard Code for Concrete Reactor Vessels and Containments, ACI-ASME, (ACI-

359), April 1973

8. American Concrete Institute, " Building Code Requirements for Reinforced Concrete
( ACI 318-1971)," P. O. Box 4754, Redford Station, Detroit, Michigan 48219.

9. h,erican Institute of Steel Construction, " Specification for Design, Fabrication

& Erection of Structural Steel for Buildinos," 101 Park Avenue, New York, N.Y. 10017,

1969.

10. Regulatory Guide 1.57, " Design Limits and Loading Corbinations for Metal Primary
Reactor Containment System Components."

11. ASME Boiler and Pressure Vessel Code, Section III, Division 1, Subsection NE, Class

NC, Class MC Compor.ents.

MECHANICAL ENGINEERING

1. " ASME Boiler and Pressure Vessel Code" 1974 Edition, Section II; and Addenda, The

American Society of Mechardcal Engineers, New York,1974.

2. " Criteria of the ASME Boiler and Pressure Vessel Code for Design by Analysis ir
Sections III and VIII, Division 2, "The Anerican Society of Mechanical Engineers,
New York, 1969.

3. U. S. A. Standard B16.5-1968, " Steel Pipe Flanges and Flanged Fittings," The American
Soc'iety of Mechanical Engineers, New York,1968.

4. U. S. A. Standard . 6.9-1964, " Wrought Steel Buttwelding Fitting," The American
Society of Mechanical Engineers, New York, 1964.

5. U. S. A. Standard B31.1.0-1967, " Power Piping," The American Society uf Mechanical
Engineers, New York, 1967.
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6. U. S. A. Standard B31.7-1969, " Nuclear Power Piping," The American Society of
Mcchanical Engineers, New York, 1969.

7. U. S. A. Standard B35.10-1959, " Wrought-Steel and Wrought-iron Pipe," The American
Society of Mechanical Engineers, New York,1959.

8. MSS Standard Practice SP-58, " Pipe Hangers and Supports-Materials and Cesign,"

Manufacturers Standardization Society, Arlington, Virginia,1959.

9. MSS Standard Practice SP-66, " Pressure-Temperature Ratings for Steel Butt-Welding End

Valves," Manufacturers Standardization Society, New York,1959.

10. ANS N176 Draft, " Design Basis for Protection of Nuclear Power Plants Against the Effects
of Postulated Pipe Rupture," April 5,1974.

11. IEEE Draf t Standard 344, "IEEE Guide for Seismic Qualification of Class IE Electric

Equiptent for Nuclear Power Generating Station," Revision 3, February 15, 1974. (American

fiational Standard Institute N41.7. )
12 ASME Boiler and Pressure Vessel Code, Section III,1971 Edition, plus Addenda tnrough

Winter 1972.

a. Paragraph NB-2121: Permited Material Specifications
b. Paragraph NB-2122: Special Pequirements Confliction with Permitted Material

Specifications.

13. ASME Boiler and Pressure Vessel Code, Section III,1972 SuTrer Addenda, including Ap-
pendix G, " Protection Against Non-Ductile Failure."

14. ASTM Specification E 20869, " Standard Method for Conduction Dropweight Test to Determine

Nil-Ductility Transition Terperature of Ferritic Steels,' Annual Book of ASTM Standards,
Part 31, July 1973.

15. ASTM Specification E 185-73, " Surveillance Tests on Structural Materials in Nuclear
Reactors," Annual Book of ASTM Standarcs, Part 30, July 1973.

16. ASME Boiler and Pressure Vessel rode, Section XI,1974 Edition.

17. ASME Boiler and Pressure Vessel Code, Section III, 1971 Edition plus Addenda through

surrer 1972.
18. ASME Boiler and Pres' .re Vessel Code, Section XI,1974 Edition.

METEOR 0L

1. Alaska, M. A., 1968: Climatology of Atlantic Tropical S orms and Hurricanes. ESSA
Technical Report, WB-6, Techniques Development Laboratory, Silver Spring, Maryland.

2. Bryson, R. A. , and Hare, F. K. ,1974: World Survey of Climatology, Volume 11 - Climates
of North America. Elsevier Scientific Publishing Company, Amsterdam.

3. Cry, G. U., 1965: Tropical Cyclones of the North Atlantic Ocean. Technical Paper No. 55,
U. 5. Department of Conr.erce, We3ther EJreau, Washington, D. C.

4. Gross, E., 1970: The National Air Pollution Potential Forecast Program. ESSA Technical
Menorandum WBTM NMC 47, National Meteorological Center, Washington, D. C.

b. Holzworth, G. C., 1972: Mixing Heights, Wind Speeds, and Potential for Urban Pollution
Throughout the Contiguous United States. AP-101, Environmental Protection Agency, Office
of Air Programs, Pesearch Triangle Park, Ncrth Carolina.
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. ; 6. Huschke, R. E., 1959: Glossary of Metecrology. irerican Meteorological Society, Boston,
.

. Massachusetts."

7. Korshover, J. ,1971: Climatology of Stagnating Anticyclones East of the Pocky Moun- ;
.. t a i n s , 1936- 1970. NOAA Technical Memorandan ERL ARL-34, Silver Spring, Maryland.

8. List, R. J., (ed.), 1971: Smithsonian Meteorological Tables. Snithsonian Institution,
Washington, D. C.

L 9. Riodan, P. ,1973: Extreme 24 hour snowfalls in the United States: Accumulation, Distri-- -
,

A bution, and frequency. Special Peport ETL-SR-73-74. U. S. Army Engineer Topographic
=}.

. .

Laboratories, Fort Belvoir, Virginia.
10. Sagendorf, J. F., 1974: A Program for Evaluating Atmospheric Dispersion from a Nuclear

Power Station. NOAA Technical Memorandum ERL ARL-42. Air Resources Laboratory, NOAA,
. . Idaho Falls, Id:ha

; 11. SELS Unit Staff, Nationai Savere Storms Forecast Center,1969: Severe Local Storm
.

Occurrences, 1955-1967. ESSA Technical Memorandum WBTM FCST-12, Office of Meteoroir.gical
' '

Operations, Silver Spring, M/ ryland.
12. Tattleman, P. and Gringorten, I. I.,1973: Estimated Glaze Ice and Wind Loads at the

Earth's Surface for the Contiguous United States. Air Force Cambridge Research Labora-
tories, Bedford, Massachusetts.

', y i 13. Thom, H.C.S., 1963: Tornado Probabilities. Monthly Weather Review, October-December "

1963, pp. 730-737.
' '

14. Thom, H.C.S., 1968: New Distributions of Extrene Winds in the United States. Journal
of the Structural Division, Proceedings of tha American Society of Civil Engineers - July

) '

.
1968, pp.1787-1801.

15. U. S. Department of Conrerce, Environmental Data Service,1968: Clinatic Atlas of the

.

United States, Environmental Science Service Administration, Washington, D. C. T,

16. U. S. Department of Cornerce, Environnental Data Service: Local Climatological Data,
Annual Sunmary with Comparative Data - Hartford, CT (dradley Field, Windsor Locks, CT).- :

Published annually.

17. U. S. Department of Connerce, Environmental Data Service: Local Climatological Data,
Annual Sunnary with Comparative Data - Worcester, MA. Published annually.

'

L

18.
.

U.S. Depar tment of Correrce. Environrental Data Service: Storn Data. Published monthly,
Asheville, N. C.

. ..

U.S. Department of Connerce: Tropical Storm and Atlantic Hurricane Articles from the19.

Monthly 'eather Review. Published nonthly through December 1973.W

. L 20. U. S. Naval Weather Scrvice,1969: Worldwide Airfield Sunmaries, Volume VIII, Part 7,

United States of America (Appalachian Mountains, Middle Atlantic Region and Northeast
Region). Federal Clearinghouse for Scientific and Technical Information, Springfield,

,- Virginia.

.
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NUCLEAR DESIGN

- 1. Morgan, W. R., "In-core Neutron Monitoring System for General Electric Boiling Water
Reactors," APED-5706, November 1968 (revised 1969). L

_
2. Wilcox, T. P. , and Perkins, S. T. , " AGN-GAM -An IBM 7090 Code to Calculate Spectra and

g. , . . cs . 3 p

.

Maltigroup Constants," AGN-TM-407, April 1965. ,,|wti,,,sitj
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_ .__.

3. Carter, J. L., Jr., " Computer Code Abstracts, Computer Code-HRG, Reactor Physics Dept.,
Technical Activities Quarterly Report, July, August, September 1966, BNWL-340, October 15,
1966.

4 Carter, J. L., "HRG3 - A Code for Calculating the Slowing Down Spectrum in the P j or B)
Approximation," BNWL-1432, June 1970.

5. Honeck, H. C., " THERMOS - A Thermalization Transport Theory Code for Reactor Design,"
BNL-4826, June 1961.

6. Crowther, 4 L. , Petrick, W. P. , and Wei tzberg, G. A. , "Three Dimensional BWR Simula-
tion,' ANS National Topical Meeting, April 1969.

7. Cadwell, W. R. , et al, "WIGLE - A Program for the Solution of the Two-Group Space-Time
Diffusion Equations in Slab Geometry," WAPD-TM-416 (1964).
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