T T

s ilfl!‘ \V NUREG-0091
Evalvation Report Mgeituey Snsmenietion

rels ted to construction of Office of Nuclear
Reactor Regulation

Montague Nuclear Power _,
. . Docket Nos. 50-496
Station , Units 1 and 2 50-497

Northzast Nuclear Energy Company, et. al July 1976




Available from
National Technical Information Service
Springfield, Virginia 22161
Price: Printed Copy $8,00; Microfiche $2.25

i
; 200
@Tu E\U?BW}Q& 207014






1.0

2.0

3.0

TABLE OF CONTENTS

INTRODUCTION AND GENERAL DISCUSSION.......... & s Rh S i ey et ks R ok
1.1 Introduction............. eat Bk mi iy Taivgs x's als we ¥k mialag NEER SRS BB L v
1.2 General Plant Description. .......cveeee. . A BT B S i e ¥on ki sTarA s
1.3 Interaction Between Units T and 2.......cccuvvvnnennnns
1.4 Comparison With Similar Facilities....... v e S I S e R

1.5 [Identification of Agents and CONtractors.......veevcuennnnenas
1.6 Summary of Principal Review Matters..... AR5 gk AT WA el o B e
1.7 Requirements for Future Technical Irformation. ..........eeeeevenees
1.8 Outstanding Matters........ SRl By X B TR ok R e e S B e TS
SITE CHARACTRRISTICS i civessssvamesualsls sasdaine O T ) ST ST,
2.1 Geographs and DemOgraPhy. c..uvuusss oorssononsnnssessenes B 5S-G S
2.2 Nearby Industrial, Transportation, and Military Facilities........eeuvs
2.3 Meteorology...cvevicissvnssisg & e R ey Ea sl le I 5 RIS N T B S
2.3.1 Regional Climatology. coverenevnsronnns AR IS A R A TR
2.3.2 Local Meteorology........ s E el e A I ik R T Pl ern o ar Ak
2,3.3 Onsite Meteorological Measurements Program,.... UL P g ——
2.3.4 Short-term (Accident) Diffusion Estimates..........ceovvvinennens
2.3.5 Long-term (Routine) Diffusion EStimates.........ovvvevveses
2.3.6 Conclusions..... P Y e S5 e W e S aboe s e Tl o Al ovwaluly
2.4 Hydrology.«.ssecossecansssns SRS T T N B St T T
« 2.4.1 Hydrologic Description...... S va By R e e MR 1. LT —
2.4.2 Flood Potentfal........... o o o L WS Y S S
2.4.3 Water Supply. ....vevnnes el L P A e 53
2.4.4 Ground Water,...... R s e Vb e T Y, R
SRS CONCIIBTONG s 4o = 5s 57500 0550 Rk b wmiore s e e b PR A R
2.5 Geology and Seismelogy.....vveeess DEB USSR FTe SRR bW b A T, T ;
25,1 GROTOQY . siviessas TR ey Sl 0 0 1 o T o ST e PP
2.5.,2 Se1SMONOgY. s ssosiiiosss S ARV O B T A i ATs 5 8
2.5.3 <Ctability of Subsurface Materials.......... SN I " S —
2.5.4 Slope Stability..... B Ae P B e o 0 0 R R R SR e is ey
DESIGN CRITERIA FOR STRUCTURES, SYSTEMS, AND COMPONENTS....evvuveervrsonss o
3.1 Conformance with General Design Criteria........eeoverenenses i sl
3.2 (Classification of Structures, Systems and ComponentS.......... T
3.2 1 SetamiCc Clasa ISR ON. iaisn v s ihoin s dnanbmad b amw e s e alale
3.2.2 System Quality Group Classification........ i PR o
3 Wind and Tornado LOBAINGS. . .vuvvisoirosornsnnsnsinssnesnvessnns
ool WD EOBBIDGE . <5 v v-oxvin bioins s 0 e s ass doim s sin-aaPhineehoy

PAGE

1-1
1-1
1-3
1<5
1-6
1-9
1-9
1-10
1-1

2-1
2-1
2-8

2-9

2-10
2-1
2-12
2-13
2-13
2-13
2-13
2-14
2-15
2-15
2-16
2-16
2-17
2-2
2-25
2-25

3-1
3-1
3-1
3-2
3-3
3-3



3.3.2 Tornado LoadingsS......oesvauesens el ST AR it piewe b ey Srh i as
3.4 wWater Level (Flood) Design.......coenevvauers A Wb A TR TR e,
Flood Protection......c.cvevscsnvivace N BN A e o e e N W
3.4.2 Design Procedures........ooecssssnrrssanavancns ny ww b ok b6
3.5 Missile Protection Criterfa............ ey B Al 2 o 5 B B 0a e 3 e e
Tornado MISSI1@S..ccesescvnsrncasvrsassasisansncansssss »
3.5.2 Missile Protection. ... eacesssonnnesansncrossnonsossncas .
3.5.3 Barrier Design Procedures..... ik i e BT R A W A e
3.6 Criteria for Protection Against Dynamic Effects Associated with

Postulated Rupture of Piping..c.ccvivevse i A S Ko e - B SO B &
OQutside Contafmnment............
Inside Containment.....cceovvusnsnnnnnnvrnsnsnce B0 Nl A RE Hin D £
3,7 Seismic Design
Sefsmic Input...covavescnnsvnes
3.7.2 Seismic Subsystem Analysis.......cicvecnsrsaascennes B R S
3.7.3 Seismic Instrumentation......... ok 5 Sl WA B e K6 b D
3.8 Design of .ategory [ Structures
Steel Contaimment.......c.ivvuneen aralsina o il R B S e AT
Containment Interior Structures
Other Seismic Category I Structures
FOUNARETONE o oo 55056 5e wisnshs anvsasessyaevness cibs s ot . v
3.9 Mechanical Systems and Components
Dynamic System Analysis and TeBRING.cscinsusessasanns susnve
3.3.2 ASME Code Class 2 and 3 Components
3.9.3 Component Operability Assurance Program-Active Pumps and
Valves [ASME Code Class 2 and 3)

3.10 Seismic Qualification of Category I Instrumentation and Electrical
EQuUipmeNnt. .o covssnrnssnnrssosvsnnsnnne 0 st B B b SN RS WY S B b
3.10.1 Stone and Webster Scope Of SUpPPly....coevvenas 6 8 A S B e e
3.10.2 General Electric Scope of Supply...... 510 0l wn BE A e A% did pibd 8 8

Fr e e erENssEsERIERSBEILOOENOE N E

.........................................................

......................................

...............................

------------------------------

..............................

REACTOR. v co-rapwnas e mpsidis b i e € 8 s bTA P olk ¥ 4>
GRNBYEY v v 0 a5 606w e anosesnssiyywessssessssoen 508 B M ¥ B e FU
Mechanical Design.....vcivsvsonsvsnonersssnsnnrarnssan 554 50 A o e i
Fuel Mechanical Design...... o B h e ae £ AN R AT oy R e B 6o
4.2.2 Reactivity Control Systems,
Nuclear Design
Power Distribution
Reactivity CoefficientS.ecvuverss PR} B R s A o banh &
Control Requiremerts and Control......ccovsvvncnnens -
Control Rod Patterns and Reactivity Worths..... S M AL S A e
Criticality of Fuel Assemblies.......ooveranns
Vessel Irradiation. ...cocscesvanrcvss XS ad o B o & 5 v a3
Analytical Methods......covuvvees  ve s s Wk B boF A oL 6 B W BN
Summary of Evaluation of Nuclear Design........ T e R
Control Rod System Structural Materials........... o i g o

-------------------------

------------

--------------------------

3-6
3-7

3-8
3-8
3-9
3-10
3-10
3-1
3-11-
3-12
3-12
3-13
3-14
3-14
3-15
3-15
3-17

3-18

3-18
3-18
3-19

8-
4-1
8-2
8-2
a-4
8-5
a-7
4-9
4-10
4-12
4-13
4-13
a-14
4-15
4-16



4.4 Thermal and Hydraulic Design...... e SRl eli e s < wim BRINA bla KM AN EY K B 4-17
4.5 Reactor Internals Materials....... ccvveeesness e A R A 6 B ey R 4-19
4.6 Loose Parts Monitor System........... PR A ofebon ko by g B g Sy i 4-20
4.7 Gross F. iled-Fuel Menitor......... SN A BRSO $18 VN AN Sl OISR S 4-20
S0 REBCTOR (CORMAMT SORETEIR: 5 < o0 ruimas v s b 50004 570 3100010 - bbb prmead 0 om0 50910 gy B 5-1
5.1 Sumr ry Description.......covvvivvenns BB W WS V9 SN R Wit iae v BUA WA 888 5-1
5.2 Integrity of the Reactor Coolant Pressure Boundary.......cceseesseesons 5=,
5.2.1 Design of Reactor Coolant Pressure Boundary Components.......... 5-1
5.2.2 Overpressure Protection.........ovevvnunennnas T e T LT 5-2
5.2.3 Material Specifications and Compatibility with Reactor Coclant.. 5-4
9.2.8 15aervict INSPOCEION: PROBFIM: o v iaions s is nss s odans b ankns 05 666 ws 5-7
5.2.5 Reactor Coolant Pressure Boundary Leakage Detection System...... 5-7
5.2.6 Reactor Vessel Material Surveillance Program........... a% 5 A8 W 5-7
5.2.7 Operating Limitations........... B A 8 W S e e S ohw ek S8 i 5-8
5.2.8 Reactor Vessel Integrity..... Shin b o b B Wi S bk w8 N B A RS 5-8
5.3 Trarmal Hydraulic System Design.......... P s N 16 8 kA i 5-9
5.3.1 Analytical Methods and Data,......... T L, ey 3 e g e AR 5-9
5.3.2 Load Following Characteristics. . oveserereesrarrenerssnnsnonanes 5-9
5.4 Component and Subsystem Design.......ceeeveinrserssnsresnnessssnarsnsos 5-10
5.4.1 Reactor Recirculation System.........ccounens 8 AR WS 5-10
' 5.4.2 Main Steam Line Flow Restrictors. . cveeeivrnnenenssssnenrasnnnnns 5-10
5.4,3 Main Steam Line Isolation Valves ...... SRR i A8 W Ak R e 5-11
5.4.4 Reactor Core I50lation COuTiNG SySteM........coveeenesonocennses 5-11
5.4.5 Residual Heat Removal System................ T AR e wod Sy 5-12
' 5.4.6 Reactor Water Cleanup S,stem....... R SRR 8ak o0 AT ok SN Bt R 5-13
6.0 ENGINEERED SAFETY FEATURES.......... MR AT e P U LT 6-1
Dol BAPRERE. s vsacinv v sk nie nis onn ois ¥is aa% Rk 5 RT3 ks ey w3 w el e R SR 6-1
6.1.1 Engineered Safety Feature Materials........ccvvvuvennns & e W 6-1
6.2 Containment Systems....... TR/ e Dm0/ s b ERR YR S aas s VRN RS S D SR e 6-2
_ £.2.1 Containment Functional Desfgn........cceevvnvevuvnes P 6-4
| 6.2.2 Containment Heat Removal............. =y e el Ll 6-23
6.2.3 Secondary Containment Functional Design.......ceveevennniinninns 6-24
6.2,4 Containment Isolation System.........c.ciiivecnseavasncninsisnnss 6-25
6.2.5 Combustible Gas Control.......cvvvvvenss LN T Ry e 6-26
6.2.6 Containment Leakage Testing Program.............. A a7 6-27
' 6.3 Emergency Core Cooling System....... B iai by Wk g P A e e S 6-27
6.3.1 System Description........ * MR Bl ¥e hka R e Rl N B DR b e - 6-27
6.3.2 Performance Evaluation............ > eV HE N B s KA e F S 6-31
| 6.4 Vibitability Systems...... T o L L gyt A p | v 633
' 6.4.1 Radiation Protection Provistons......coveevneiennisinnionannens 6-33
- 6.4.2 Toxic Gas Protection Provisions... .....oveevvnoness YA TR E 6-34
|
7.0 INSTRUMENTATION AND CONTROL.......... IR S 0 A R I e R A Bk S iace 7-1
' 7.1 General....... Do A e mcie ¥ 55k ¢ o¥ R SR e RTPYTo Gk B A S S e b . 7-1
RIEPLS £
iii
71 L @ gy,
h'_-#'s. oF
-



R S SE——

T RN

7.2 Reactor Trip System......eeevivosnnnns e A R 7-1
7.2.1 Anticipated Transiz is Without SCram.......ccovvensassnnenvsnonns 7-2
7.2.2 Safety Interfaces with the Reactor Protection System............ 7-2

7.3 Engineered Safety Feature Systems.......... A e | Sk vk b4 7-3
7.3.1 Emergency Cove Cooiing Systems........... 3 b AL B B S 7-3
7.3.2 Containment and keactor Vessel isolation Control System......... 7-4
7.3.3 Combustible Gas Control......ccovunvves o S A A e b EnE Pl 7-4
7.3.4 Standby Gas Treatment System....... 0 5 Al N A AT NNLB 7-5
7.3 5 Auxiliary Support Systems... ......... SR USRI E ke hd . 7-5
7.3.6 Regulatory Guide 1.53....c.00vvuuven AR K S78 ek R p W o o 7-6
7.3.7 Testing of Engineered Safety Feature Systems and Auxiliary

Support Systems......ooecavses v R T ek e e K BRSNS W8 7-6

7.4 Systems Required for Safe Shutdown..........covuevsnennnses o5 | paia A 7-6
7.4.1 Reactor Core I[solation Cooling System.......c.ceuue o B A 7-6
7.4.2 Standby Liquid Control System......... e B e R AT 1 Ay W 7-6
7.4.3 Safe Shutdown Outside the Control ROOM.....sscovseeses S Ak R e N 7-7

7.5 Safety-Related Display instrumentation and Indication of Bypasses...... 7-7

7.6 Other Instrumentation Systems Required for Safety..........cvevvvnvcvann 7-7
7.6.1 Rod Control and Information....... A e Na w5y P 3a B VA E B ~ 7-8

7.7 Control Systems Not Required for Safety........icecviencniverncusnnnnss 7-8

7.8 Seismic Qualification..... A T B N i B S W 7-9

7.9 Environmental Qualification.......ccinvueness o e g SV B R Sk R T A 7-9

7,10 Turbine Overspeed Protection.......cvevvvns e AR A L e g e 7-9

8.0 ELECTRIC POMER SYSTINS....-cvnvissmuspssssnsnessnannns w AP AR A R . 8-1

8.7 INLrOdUCtIMN. s vibsssvnnstibenstngass & moasicam gm ga s o R e P I 8-1

8.2 OfFsite PONEY SYETE, . oo vossomubonsmnons anssannssh T e ar T 8-1

8.3 Onsite Power Systems....... S A A 8 BR A e T e v aim e YRRy 8-2
8.5.7 Alternating-Current (A-C) Standby Power SOuUrce.............s 8-2
8,3.2 Direct-Current (D-C) Power System......... dvs ey peRa bt TR 8-3

8.4 Physical Independe .e of Electrical Systems. .............. i o N R 8-4

8.5 Electrical Fire Prevention and Control.......... TR Dl e Al 134 A T € 3 B B-5

9.0 AUXILIARY SYSTEMS........ ok 3k 26 Bt S pAn e E AR A T s R S s e RN IEa K eV K A S 9-1

9.1 Fuel Storage and Hand1ing....ccevvvvrneans STaLE A R R BITE S Eal e 9-1
9.1.1 New Fue) STOr8g®....sciviiissrssnsnassvssnss AT T Ey 9-1
9.1.2 Spent Fuel Storage............ s R B N B S A S R = A ek A 9-2
3.1.3 Spent Fuel Pool Cooling and Cleanup System........ WP kg = oy 9-2
9.1.4 Fuel Handling System.......ocevsns PR SR e o T 9-3

9.2 Water Systems.......... SE8 SR BN K E . v o Rl bk B B SRR A s bt 9-3
9.2.1 Station Service Water System......c.coevnviussncannssns 8 5ie SinelN . 9-3
9.2.2 Reactor Plant Component Cooling Water System.......... 9-4
9.2.3 Ultimate Heat SINK...ccovicansssnnonsnnsosmanssssnonens s &, B S 9-5
9.2.4 rlant Chilled Water System......c.oeoveveesscrssscsnnsrasnnsnnns 9-5
9,2.5 Control Building Ch!lled Water System......-.. R e R PP 9-6

iv
-

~G 7049

i



B8 PrE OB NUTEEIIRE: vos o/ dov b 0050 55005 06159 f i e mrom a1 'Y 1N SiSBe RS A8 9-6 |
9.3.1 Equipment and Floor Drainage SyStem...........cccevuerecrnoineasen 9-6
9.3.2 Main Steam Line [solation Valve Leakage Control System.......... 9-7
9.4 Heating, Ventilation and Air Conditioning Systems.............covveuns 9-7
9.4.1 Control Building System......... s 1 WO s o e e iy el N e 7S 9-8
9.4.2 Auxiliary Building Ventilation.........evieieianeonnnsrcnenrones 9-8
4.3 Fusl BUt TG VERETIRETON «ox w16 55 +0.0%0 4005 010 w20 0 Kio 0 100 g0 0 8 o ac i 9-9
9.4.4 Standby Generator Room Ventilation. .........esseinreeerensonnens 9-10
-5 Other Auxiliary SySTOMS. ... ...cousisvreansrrannssensnnssssassnsssonsees 9-10
9.5, 1 FIVE PROCOUERION SPRBIINL & sy m v5 5505 w6 05 5 206 518 455 w318 w8 b A o e 310
9.5.2 Standby Generator Fuel-0il Storage and Transfer System.......... 9-1¢
9.5.3 Generator AuXiliary SyStemS..... ..eeeseriusenansernnninnsssesns 9-12
10.0 STEAM AND POWER CONVERSION SYSTEM. ... . ..uinirennroronunnonnaensenreneonensns 10-1
TO.1  Turbine Generator. . ...v.euissseenrsonerssasnsnasenasosesssncsesonennns 10-1
10.2 Turbine Missiles.......... S w0 3 AR i 8 Al e B b ke 3 o RN A 10-1
10.3 Main Steam Supply SYstem.....v.ov.ueuererronnsneiaes cananennnnsnnne ns 10-1
10.4 Other Fea'. 2s of Steam and Power Conversion SyStem................... 10-2
108:] ZASCUTREUND TRETEE SYBRRIG ook o /e i x 55 A 44 15 o sa 255 mlv bR e 10-2
10.4.2 Condensate Demineralizer System..........i veevsvanevesnnsonn - 10-3
10.4.3 Turbine Disk and Rotor Integrity.......... AT o 4 b 4 SR e e 10-3
10.4.4 Steam and Feedwater System Materials..........v.cvvivnevnnvenns 10-3
11.0 RADIOACTIVE WASTE MANAGEMENT. ... ..coiiuiineinironrarenasanrosasasnnsnsnnanns 11-1
ATV SRS DRROTIRE IO . - Vi 5 e 5 B o e e B i e e TR o Y A 111
' 11:2 System Description and EVBTUALTION. <o .ies v scnbasnss s onunssosinhsssns 11-2
l 11.2.1 Liquid Radioactive Waste Treatment SyStem...........cevuuvonas 11-2
I 11.2.2 Gaseous Radiocactive Waste Treatment System..............eo.nss 11-4
i ) 11.2.3 Solid Radwaste Treatment SyStem...........coovevvensnrennaonns 11-6
i 11.3 Process and Effluent Radiological Monitoring and Sampling |
" - e e e B T e o R 11-7 J
| Nl EmInhtbons FINgAngS . .olcolveaiis ravmn vames s Swmighaiin sioe ils & v n s s ss v s o s 11-7 }
[ 12:0 RADIATION. PROTECTION: - o507 o6 sl om s wlos was witte s s leia i sl cn slia ie oo A 12-1 |
| R R s o o e e e et el W i e 3 .00 5 S O TR 12-1 ‘
; T8 VORET IRBTON G . bl smm ainaisln s sulicely mn €5 ialacw bl S4B 3R 4 Sm e € s 5215 7 12-3
! 12,3 HEATER PRYSTCS PrOGIaM. . «ovve s snne s e enss s ennnsssnnsesenseannnsnsens 12-4 ‘
)
| 13:0 CONBUCT OF QFERRITONS . » o vv i v womsisiive s vbuae s 6D n e ssh no ns 4l s wlw vl s 13-1
‘ 13.1 Organizational Structure of APPIICANTS. .. ...uvvucroorsrnrensssnsenens 13-1 ‘
! 3.8 TREIOING POOYPERE . x s o oo nine vn s ovas ris s masasessmenapaeress s den ks o 13-2 |
l 13.3 Emergency Planning........cocvvivevss SO RS R s P B e A e T i 13-3
| 13.4 Review and Audit........ A gt F AR LSl L= 13-4
| 13.5 Plant Procedures and Plant Records............... st Ehas o) 13-4
I 13.6 Industrial Security..... s A R b W n S e T IV B Rl e rofite ey 13-§ ‘
|
\



14.0 INITIAL TESTS AND OPERATION.....cvvssvivens A kA e Ry e 14-1
1.0 FACCTDENY ANARLYSES ir swvs samsinsm s sonnas 51 0h R Y e S Sk Fpe sl A 15-1
15:7 Gonav®)..- <icxsvivsiss visei i o e s A MR R W 0 A B e 15-1
15.2 Abnormal Operational Transients........ i ek a0 B B A A 15-1
15.2.1 A System for Increasing the Negative Reactivity Insertion
RRBe:: <> connnsnvn BT 4 5 Bk RGN -1 YA M ) By SO A 15-3
15,2.2 Propused Systems.......... .. N b el A 55 S A A 15-4
15.2.3 Conclusions Regarding PRT and Fast Scram Systems............. 15-4
15.3 Design Basis Accidents....vcoverrrnsssasssssvvesnssonconnncossscanaes 15-5
15.3.1 Loss-of-Coolant Accident...... N B ¢ e N i o e e S ST LT 15-10
15.3.2 Fuel Handling Accident......coeveecensassasonsas A S 15-10
15.2.3 Control Rod Drop..... S hA 4 X s i A W 1 medd W a8 RS T 15-10
15.3.4 Hydrogen Purge Dose........... T e Ry S 15-11
15.4 Postulated Radioactive Liguid Release Due to Tank Failures........... 15-11
16.0 TECHNICAL SPECIFICATIONS. .. ccivcuctnsiviscionrsassssbacasnsossssannovessnis 16-1
17.0 QUALEEY ASSURRNEE. « o= i w8 i o' bsibein o o wilinin 906 08000 8 SRR S w0 S0 g 9 u o5 0 6109 S 17-1
U] GEDRRY . v x v s 2omrw e ook sf a0 kb won w6745 5o S O W RS 17-1
17.2 MNortheast Utilities Service Company (NUSCo) Organization............. 17-1
12.3 General Electrtic Company (GE)s:vviweaisvinnisrsinsmasininss LR Y 17-5
17.4 Stone and Webster Engineering Corporation (S&W)......covveneninnennns 17-7
17.5 Implementation....cccovuevss AT i 5 T e AT s 17-10
W CORCIASTON » orvevss ¥anniamnivyin v een bnene SR A et AT B e ST R TR 17-10
18,0 REVIEW BY ADVISORY COMMITTEE ON REACTOR SAFEGUARDS......rvevnuennesncissass 18-1
19.0 COMMON DEFENSE AND SECURITY......eovcinses g e Lo 0 T 19-1
20.0 FINANCIAL QUALISICATIONS....ccovusennsnsnsvsns T Wil d 20-1
PV 00 COREL IS OME ol s o el oo s e s e W 0 e o TR S 0 L i s e B TR T A 0 0 A 21-1
APPENDIX A CHRONOLOGY OF REVIEN. v svvonmuonns snansnnsssnnstassanssnsssassssonsyss A-1
APPENDIX B BIBLIOGRAPHY.....0vvveervnvannsnnnans . S BN W R e B-1
q¢ 7021
vi o
- -
HQ
-



e

e e e e e

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

1.1

1.2

4.2.1

4.3.1

4.4.1

6.2.1

6.2.2

11.2:1

1.3,

15.1

15.2

LIST OF TABLES

LIST OF MONTAGUE NUCLEAR POWER STATION, UNITS 1 and

PRINCIPAL PARAMETERS AND FEATURES: MONTAGUE 1 and 2

AND COPPARABLE PLAWES. <o i onswo ets o wisis v s e oo be s

FUEL ASSEMBLY DIMENSIONS....... e e

NUCLEAR DATA SUMMARY. ......vvvvuiinneonseonnsasconnnsns

SUMMARY OF THERMAL HYDRAULIC PARAMETERS..........euxwe

DESIGN PARAMETERS. ... 21 . csovsvssnosrancasnsansncasss

LARGE SCALE TESTS COMPLETED.........scnncesess Siadayent

DESIGN PARAMETERS OF PRINCIPAL COMPONENTS CONS!DERED

IN RADWASTE SYSTEM EVALUAT 'ON......covvivereninnnsss

PROCESS AND EFFLUENT RADIOLOGICAL MONITORING SYSTEM...

POTENTIAL OFFSITE DOSES DUE TO DESIGN BASIS ACCIDENTS

ASSUMPTIONS USED IN THE ESTIMATE )F DESIGN BASIS

RECTDENT DOSES. o oc oo <5 vnvin v nrassihmwhmnnws s 6k nnls

viti

..........

.........

..........

..........

..........

..........

..........

..........

..........

..........

PAGE

15-7

N L



FIGURE

FIGURE

FIGURE

“IGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

2.1

A’-z

2.3

2.4

.5

6.2.1

6.2.1.6(a)

6.2.1.6(b)

e e R e E——

-

- — e B

LIST OF FIGURES

PAGE
CITIES AND TOWNS 1970 POPULATION - 10 MILES RADIUS........... 2-2
STATION LOCATION. . ccvanemenne O e e i et e 2-3
EXCLUSTON BREK. .. o - v cccanunmbabionbimsansas +omssdivniuvinskass 2-4
CUMULATIVE POPULATION DISTRIBUTION......vvuinennes  cainnaenas 2-5
ALBERS EQUAL AREA PROJECTION........ccovivnusavananrananscnnss 2-7
PRESSURE RESPONSE FOR DRYWELL AND CONTAINMENT................ 6-6
MARK 11I POOL SWELL IMPACT LOADS......covcemmsvsseinasnananas 6-18
POOL SWELL IMPACT LOAD TIME PROFILES......cocuvvvavivinnansovse 6-19
NUSCO OQUALITY ASSURANCE ORGANIZATIOM. .....covvvmnvons vvsnans 17-2
GENERAL ELECTRIC BWRO QUALITY ASSURANCE ORGANIZATION......... 17-6
STONE & WEBSTER ENGINEERING CORPORATION QUALITY
ASSURANCE ORGARIZATTION. . ... cvcsnencscnsiiiscnrniniaossvesns 17-8
JGreea

viii



e i

1:)

1.0 INTRODUCTION AND GENERAL DISCUSSION

Introduction

The Northeast Nuclear Energy Company a-cing for itself and for the 29 utilities

listed in Table 1.1, filed with the Nuclear Regulatory Commission (NRC or Commission)
an application, docketed on July 12, 1974, for licenses to construct and operate the
proposed Montague Nuclear Power Station, Units 1 and 2 (Montague 1 ar ' 2 or facility).
The above cited utilities have designated the Northeast Nuclear Eneryy Company as

their o jent with responsibility for the technica! 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 utiiize the General Electric boiling water reactor (BWR-6) nuclear
steam supply system with the MARK 111 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 same as that utilized for the GESSAR-238
nuclear plant and described in the General Electric Standard Safety Analysis Report
(GESSAR) and have incorporated this description in the Preliminary Safety Analysis
Report for Montague 1 and 2, we have relied on the evaluation we previcusly performed
for the GESSAR application (Docket No. STN-5n-447),

Sin~e the time the application was docketed, i.e., on July 12, 1974, the applicants
have announced two 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-yeir delay was the result of a reappraisal of their capital
construction program, The present estimated commercial operation dates for Montague
1 and 2 are April 1, 1986 and January 1, 1988, respectively.

We have completed our review of this application in all radiological safety areas to
the extent possible at this time. Certain safety matters remain outstanding. These
matters are described in Section 1.8 of this report. We plan to complete our review
of these outstanding matters, and of any new sianificant safety considerations that
develop in the interim, during our update re. «w. We expect to initiate our update
review about a year prior to when a decision from an Atomic Safety and Lfcensing Board,
on issuance of construction permits 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 therefore start as early

as 1978, Since our update review will be completed more than two years from now we

¢
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TABLE 1.1

LIST OF MONTAGUE NUCLEAR POWER STATION. UNITS 1 & 2 OWNERS

The Connecticut Light and Power Company

The liartford Electric Light Company

Western Massachusetts Electric Company

Northeast Nuclear Energy Company*

New England Power Company

Central Maine Power Company

New Bedford Gas and .dison Light Company

Montaup Electric Company

Central Vermont Public Service Corporation

Fitchburg Gas and Electric Light Company

Burlington (Vermont) Electric Department

Town of Reading (Massachusetts) Municipal Light Department
City of Chicopee (Massachusetts) Municipal Lighting Plant

City of Holyoke (Massachusetts) Gas and Electric Department
Peabody (Massachusetts) Electric Department

City of Westfield (Massachusetts) Gas and Flectric Light Department
Town of Shrewsbury (Massachusetts) Municipal Light Department
Town of Wakefield (Massachusetts) Municipal Light Department
Town of South Hadley (Massachusetts) Electric Light Department
Town of Hudson (Massachusetts) Light and Power Departmer.:
Marblehead (Massachusetts) Municipal Light Department

North Attleborough (Massachusetts) Municinal Light Department
Holden (Massachusetts)Municipal Light Department

Town of Littleton (Massachusetts) Electric Light and Water Department
Town of West Boylston (Massachusetts) Municipal Lighting Plant
Ashburham {Massachusetts) Municipal Light Plant

Town of Boylston (Massachusetts) Municipal Light Department
Paxton (Massachusetts) Municipal Light Department

Sterling (Massachusetts) Municipal Electric L -rt Department
Templeton (Massachusetts) Municipal Light Plant

-
In addition to being a co-owner of the proposed Mortague Station, the Northeast Nuclear
Energy Company is responsible for the design, construction and cperation functions,
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woula expect tr * all the outstanding safety matters discussed in this report will
héve been resolved. The report we plan to issce upon comyletion of our update review
should, therefore, describe the resclution of all the ouistanding matters discussed
in this Safety Evaluation Report.

The information provided for our review consisted of the Preliminary Safety Analysis
Report, including Supplemaents ! through 7, contained in Amendments 1 through 14 to
the application. Copies of this report and its amendments are available for public
inspection at the U. S. Nuclear Regulatory Commission's Public Docr 't Room,

1717 H Street, N.W., Washington, D.C. and at the Carnegie Library, #.enue A, Turners
Falls, Massachusetts 01376.

This report summarizes the results of our technical evaluation of the proposed Montague
Nuclear Power Staticn, Units 1 and 2 performed by the Commission's staff, and delineates
the scope of the technical matters considered in evaluating the radiological safety
aspects of the facility. Additional details as to the scope and bases used by the
Commission's starf to evaluate the radiclogical safety asp~cts of proposed nuclear
power plants are provided in the Nuclear Regulatory Commission's Standard Review

Plan, NUREG-75/087. The Standard Review Plan is the result of many years of experience
by the Commission's staff in establishing and promulgating standards to enhance the
safety of nuclear facilities and in assessing Safety Analysis Reports. Aspects of the
environmenta! impact considered in the review of the application in accordance with

10 CFR Part 51, “Licensing and Regulatory Policy and Procedures for Environmental
Protection” of the Commission's regulations implementing the requirements of the
National Environmental Policy Act of 1968 are discussed in th: Commission's Final
Environmental 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 Commission's staff of the design,
construction and operating features of Montague 1 and 2. Construction will be
accomplished under he surveillance of the Commission's Office of Inspection and
Enforcement. Prior to a decision for issuance of an operating license, we will review
the final design to determine that all of the Commission's safety requirements have
been met. The facility may then be operated only in accordance with the terms of the
operating license and the Commission's regulations under the continued surveillanc~

o' the Commission's Office of Inspection and Enforcement.

Subject to favorable resolution of the outstanding issues discussed herein and
summarized 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 be constructed and oper*ted
without endangering the health and safety of the public. Our detailed conclusions
are presented in Section 21.0 of this report.

General Plant Description 9(3?02

Units 1 and 2 of the Montague Nuclear Power Station wiit each | we a nuclear steam
supply system which includes a boiling water reactor of the BWk-6 class with 2 rated
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power level of 3579 megawatts thermal. Each system will have 20 jet pumps supplied
by two recirculating water lines, four main steamlines, and *wo feedwater lines,

fuel rods for the reacto~ will contain slightly enriched urarium oxide in the form of
sintered ceramic pellets. Some of the fuel rods will contain gadelinium oxide in a
mixture with uranium oxide, also in the form of sintered ceramic pellets. The
gadolinium will serve as a “burnable poison”, designed to flatten tne power distribu-
tiun and reduce the core reactivity variatioi throughout the core 1.fetime.

The fuel pellets will be enclosed in Zircalcy-2 tubes (cladding) which will be
evacuated, backfiiled with heliur and sealed 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. Movement
of water and the two phase water-steam mixture through the core will be accomplished
by the driving force from the 20 jet pumps (10 per recirculation line), the two
recirculation pumps, and from convective forces. Steam from the boiling pr “ess 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!ines to the
turbine-generator system where its energy will be converted into electricity. The
steam will then be exhausted to a condenser located beneath the turbine where the
condensate will be collected and ultimately returned through a clearup 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

from the Connecticut River. Blowdown from the cooling towers will be discharged to
the Connecticut River.

The reactor coclant pressure boundary will include the reactor vessei, the recircula-
tion lines, main steamlines, feedwater lines, and branch lines to their cutermost
isolation valves. Enclosing the reactor coclant pressure boundary (except for

certain penetration lines) will be a reinforced concrete cylindrical structure
{drywell). Enclosing this drywell will be a free-standing steel cylindrical struc-
ture (primary containment). Enclosing the primary containment will be a reinforced
concrete cylindrical structure (shield building or secondary containment). The
function of the drywell is to force most of the steam released during a postulated
reactor 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 pounds 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 t. n 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

. sdrogen buildup will be controlled by hydrogen-oxygen thermal recombiners.

1-4 307027
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Isolation of the primay containment will occur whenever there : ists a jotential
for the uncontrolled release of radioactivity.

The reactor protection system will provide the means to protect against conditions
that may cauce fuel failures or a breaching of the nuclear system process barrier,
This system will initiate a reactor scram following an abnormal operational transient
or pressure pulse, aor tollowing a gross failure of fuel or of the nuclear System pro-
cess barrier. The reactor protection system will be a highly reliable system designed
to meet the requirements of the Institute of Electrical and Electronics Engineers
Standard-279.

The primary containment will house the reactor and its pressure suppression system.
The auxiliary building will house the engineered safety features' auxiliary equipment,
The fuel building will house the fue  storage and shipping areas. Operation of the
standbv mas 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 systems 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 appropriate sections of this report.

Engineered safety features will provide the capability to contain fission produc’s
assumed to be released during a nypothesized design basis accident to restrict radio-
activity releases tu acceptable levels, provide for heat removal for emergency core
cooling, and condense steam within the containment. Details on these engineered
safety features are presented in Seciion 6.0 of this report,

The radicactive waste management systems will collect, treat, and dispose of radio-
active waste in a controlled and safe manner such that the discharges from the facility
will be as low as practicable in accordance with the reguirements of 10 CFR Part 50
and well within the limits of 10 CFR Purt 20. Gaseous waste disposal systems will
provide for collection, monitoring, purifiration, and holdup of noncondensible radio-
active gases or suspended radicactive materials. ODuring our review of the Final
Safety Analysis Report, we will establish technical specifications that require
gaseous effluunts to be maintained at acceptable concentration levels before release
from the plant's exhaust, which is located un top of the <hield building. Liguid
radioactive wastes will be collected, sonitored, and processed to assure that releases
to the Connecticut River will be within allowable limits. Solid wastes will be
collected, drummed, and shipped to Commission approved offsite burial grounds.

Intaraction Between Units 1 and 2

The Montague 1 and 2 is a two unit faciiity which has been designed for nearly
complete separation of critical safety-related equipment and systems. Units 1 and 2
will share two standby cooling towers. Each standoy cooling tower will consist of
four independent cells with one fan ver cell, all supported above a common water
storage basin. The twu standby cooling towers will be sized such that each is capable

807028
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of supplying the required coolfng capavity for a design basis accident in one unit and
a simultareous safe shutdown and cooldown of the other unit. Connections will be
provided such that the Unit 1 standby cooling tower water storage basin can simylta-
neously supply the standby service water pump suction wells for bo‘l, Units 1 and 2.

The same situation will exist for the Unit 2 standby cooling tower water storage

basin. The four fans in each standby cooling tower will be electrically arranged in
groups of two. There are three standby diesel generators for each unit of the facility
one of which is used solely for the high pressure core spray.

Cne group of fans (Division 1) 1n the Unit 1 standby cooling tcwer will be supplied
from one of the Unit 1 standby diesei-generators (Division 1}. Similarly, one group
of fans (Division 2) in the Unit 2 standby cooling tower will be supplied from the
other Unit 1 standby diesel generator (Division 2). The same logic will hold for
the Unit 2 standby cooling tower fans. The Unit 1 and Unit 2 standby service water
systems will have the capability for discharging to either the Unit 1 or Unit 2
standby cocling tuwer,

The radwaste system for treatment of liguid and solid radicactive wastes will be
shared. Descriptions of these systems are provided in Section 11 of this report.

The operating organization for the proposed facility will provide for common manage-
ment, service, and technical functions,

Based on gur review of the interactions between the shared systems of Unfts 1 and 2,
we conclude that they will not compromise the safaty of either unit and are, there-

fore, acceptable.

Comparison With Similar Facilities

Many of the design features of the proposed facility are similar to those of BWR

plants previously reviewed and approved and now under construction. To the extent
feasible and appropriate, we have made use of our previous evaluations during our
review of those features which are substantially .he same as those considered for the
earlier plants, Where this has been done, the appropriate sections of this report

will include the identification of the other facilities involved. Our Safety Evalua-
tion Reports for these other facilities are published and are available for public
inspection at the Commission's Public Documert Room at 1717 H Street, N.W., Washington,
D.C.

A listing of the principal parameters and features of Montague | and 2 is presented
in Table 1.2. The table also provides the comparable features for the River Bend

(Dncket Nos. 50-458/459) and Perry (Docket Nos. 50-441/442) plants. These plants were
chosen for comparison since they have similar BWR-6 reactor and Mark [Il containment

designs.
307029
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TABLE 1.2
PRINCIPAL PARAMETERS AND FEATURES: MONTAGUE 142 AND COMPARABLE PLANTS

Parameter or Feature
Rated Thermal Power (megawatts thermal)

Design Thermal Power (megawatts therma))
Net Electrical Output (megawatts thermal)
Steam Flow Rate (pounds per hour)

Core Coolant Flow Rate (pounds per hour)
Feedwater Temperature (degrees Fahrenheit)

Normal Steam Pressure (pounds per square
inch atmosphere)

Separator Design Inlet Quality
(percent)
Number of Fuel Assemblies
Number of Movable Control Rods
Reactor Vessel Design Pressure
{pounds per square inch gage)
Peactor Vessel Design
Temperature (degrees Fahrenheit)
Reactor Vesscl Inside
Diameter (inches)
Reactor Vessel Inside Height
(inches )
Rumber of Recirculation Loops
Circulating Pump Flow Rate
Recirculation Loop Inside
Diameter {inches)
Humber of Jet Pumps
Number of Steamlines
Steamline Inside Oiameter (inches)
Wumber of Core Spray Spargers*
High Pressure Core Spray**
System (gallons per minute at pounds ner
square inch difference)
Pump Motive Type

Low Pressure Core Spray**
System {(gallons per minute at pounds per
inch difference)

Low Pressure Coolart Injection System

Number of Pumps

Flow Rate (gallons per minute at pounds per
square inch difference)

mﬂu Core Spray for the High Pressure Core Spray System and the Low Pressure Core Spray System.

Montague 142 River Bend 182 Perry 142
3579 2894 3573

3758 3039 3758

1220 934 1205
15,396,000 12,451,000 15,396,000
106,000, 000 84,500,000 105,000,000
420 420 420

1040 1040 1040

14.88 14.88 14.85

732 592 732

177 145 177

1250 1250 1250

§75 575 575

238 218 238

850 838 850

P 2 2

35,400 32,300 35,400
22/24 Z0 22728

20 20 20

4 4 4

26 24 26

2 2 4
1466#1130 132581130 146501130
6000@200 50106200 600008200
Motor Motor Motor
(Separate D-G) (Separate D-G) {Separate D-G)
60000122 5010@119 60008122

3 3 3

7100220 5050820 7100820

**The High Pressure Core Spray System serves as a redundant Low Pressure Core Spray System.

17
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TABLE 1.2 (Cont'd)

Parameter or feature Montague 182 River Bend 142 Perry 182

Number of Automatic

Depressurization Systems 1 1 1
Residual Heat Removal System
Number of Pumps 2 2 2
Flow Rate/Pump (gallons per minutes per 7100 5050 7100
pumps )
Duty (British thermal units per 45,000,000 35,000,000 45,000,000
Heat Exchanger)
Average Power 56.0 56.0 56.0
Maximum Design Linear Power 13.4 13.4 13.4
(kilowatts per foot)
Maximum Heat Flux (British thermal units 354,100 354,100 354,100
per square foot)
Max imum U0, Temperature (degrees Fahrenheit) 3328 3325 3325
Minimum Critical Power Ratio 1.2 #3.21 »1.21
Total Peaking Factor 2.22 2.22 2.22
Fuel Rod Array 8x8 8x8 8x8
(63 fuel rods) (63 fuel rods) (63 fuel rods)
Fuel Rod Diameter (inches) 0.493 0.493 0,493
207031
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1.5 Identification of Agents and Contractors

The General Electric Company will furnisn the nuclear steam supply system and
turbine generators for Montague | and 2, including the first fuel loadings. For
those items of the facility within its scope of work, General Electric is acting as
its own procurement agent.

Stone & Webster Engineering Corporation is the architect engineer and constructor.

In this capacity thew will be performing all of the architectural and engineering
work, which inciudes the preparation of engineering specifications and design of all
systems and components not supplied by General Electric. Stone & Websier Engineering
Corporation will also construct Montague 1 and 2. In addition, they assist in the
preparation of all )icense documents.

Other consultants retained by the applicants to perform or verify design concepts
for the facility are identified in the Preliminary Safety Analysis Report.

1.6 Summary of Principal Review Matters

This Safety Evaluation Report summarizes the results of the technical evaluation of
the proposed Montague | and 2 facility performed by the Commission's staff. Our
evaluation included a technical review of the information and data submitted by the
applicants with emphasis on the following principal matters:

(1) We evaluated the population density and land use characteristics of the site
environs and the physical characteristics of the site, including seismology,
meteorology, geology, and hydrology to determine that these characteristics hai
been adequately described and were given appropriate consideration in the plant
design, and that the site characteristics were in accordance with the Commission’s
siting criteria (10 CFR Part 100) taking into consideration the design of the
facility, including the engineered safety features that are provided.

(2) We evaluated the design, fabrication, construction, testig, and expected per-
formance of the plant's structures, systems, and components important to safety
to determine that they are in accordance with the Commission's General Design
Criteria (GDC). Other appropriate codes and standards, the Commission's Quality
Assurance Criteria, and other appropriate guides have been identified and found
acceptable.

(3) We evaluated the expected response of the facility to various anticipated operat-
ing transients and to a broad spectrum of postulated accidents, including high
energy pipe failures outside the containment, and determined that the potential
consequences of a few highly unlikely postulated accidents (design basis acci-
dents) would exceed those of all other accidents considered. We performed con-
servative analyses of these design basis accidents to determine that the cal-
culated notential offsite doses chat might result in the very unlikely event of

29,032
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their occurrence would be well within the Commission's guidelines for site |
acceptability as given in 10 CFR Part 100. |

f4) We evaluated the applicants' plans for the conduct of plant operations, including :
the organfzational structure, the technical gqualifications of operating and
technical support personnel, the measures taken for industrial security, and the
planning for actions to be taken in the unlikely event of an accident that might ,
affect the general public, Our evaluation in this area was designed to delc«rmine :.
that the applicants are technically qualified to uperate the facility and has '
establ ished effective organizations and plans for safe operation of the facility. |

(5) We evaluated the design of the systems provided for tne control of the radio-
logical effluents from the plant to determine that these systems will be able
to control the release of radioactive wastes within the limits of the Commission's
regulations as specified in 10 CFR Part 20, and that the plant will be operated
in such a manner as to reduce radicactive releases to levels that are as low
as is reasonably achievable in accordance with the Commission's regulations as
specified in 10 CFR Part 50.

(6) We are evaluatinr the financial data and information provided by the applicants :
as required by tne Commission's regulations (Section 50.32(f) of 10 CFR Part 50
and » opendix C to 10 CFR Part 50) to determine that the applicants are finan-
cially qualified to design and construct the proposed facility. We will report
the results of our evaluation in a supplement to this Safety Evaluation Report ,‘
prior to consideration of this matter in the public hearing.

During ocur review, a number of meetings  see Appen 'x * to this report) were held
with representatives of the applirants and the appiicants’ contractors and consultants
to discuss various technical matters related to the facility. We also visited the
site to assess specific safety matters related to the Montague Nuclear Power Station.
A number of changes to the facility design were proposed by the applicants to

reducé the probabflity of accidents and to better mitigate the consequences in the
event an accident does occur. We reviewed these desigr modifications and found

them to be acceptable. Specific details are provided in amendments to the Pre-
liminary Safety Analysis Report and in appropriate sections of this report.

1.7 Requirements for Future Teshnical Information

During our r. fews of recent applications for constryction permits for the BWR-6
class of boiling water reactors, including the application for the GESSAR-238 :
Standard Nuclear lsland Design, we have identified certain develnpmer programs that \
ar2 applicable to these 1lcense applications, including the Montague 1 and 2

; applicatien, A listing of these programs is provided below. M‘?oaa

{1) Fuel surveillance program. (Section 4.,2.1)
(2) Instrumentation for vibration and loose parts detection. (Section 4.6}

1-10 : ey 7
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(3) Safety relief vaive surveillance program. (Section 5.2.2)

(4) verification of the Mark 11l pressure suppression design. (Section 6.2.1.5)

(8) Mark IIT suppression pool dynamics. (Section 6.2.1.6)

(6) Core spray distribution. (Section 6.3.1)

{7) Study of effects of relief valves blowdown during various operating coditions.
(Section 6.2.1.6)

The above listed programs are aimed at verifying the design for the nuclear steam
supply system for tue BWR-6 -lass of poiling water reactors and the desigr for the
Mark 111 containment, and for confirming the associated design margins,

Based on our review, we conclude that tne applicants have identified and will have
performed the development program necessary for the design and safe operation of
Montague 1 and 2 on a timely schedule, and that, in the event that results of any of
this work are not successful appropriate restrictions o operations can be imposed

or proven Jlternate designs can be utilized to protect the health and safety of the
public.

OQutstanding Matte-s

As a result of the applicants' dela  of the anticipated date for the start of con-
struction to 1979 or 1980, we have identified certain matters for which our review
and conclusions are to be deferred to a date closer to a decision on issuance of the
construction permits for the facility. These items are:

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

(2) Inspection by the NRC's Office of Inspection and Enforcement for implementation
of the applicants' Quality Assurance Program (Section 17.0).

Approximately ome year prior *0 a decision on issuance of the construction permits

for Montague 1 and 2, the NRC staff will initiate an update review of the financial
qualifications of the applicants and any new or generic matters which have safety
significan.e in the design of Montague | and 2. Item | above will be addressed in a
supplement to this report 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’ Quaiity Assurance Program has beer initiated.

We have identified certain cutstanding matters for which our review is not yet com-
plete or the applicants have not provided an acceptable commitment at this time.

Based on our review of these matters there is reasonable assurance 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 resclution «
of these matters prior to a decision for issuance of Montague 1 and 2 construction
permits. The items in this category are:

vy EELE &
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(1) Evaluation of the Anticipated Transients Without Scram (ATWS) generic resolution
for BWR's (Section 7.2.1).

(2) Emergency Plan interface with Commonwealth of Massachusetts agencies (Section
13.3).

{3) Evaluation of reactor vessel shield wall and reactor vessel supports (Section
6.2.1.3).

In addition to the above matters, we have identified certain outstanding items »' ich
were identified and discussed in our "GESSAR-238 Nuclear Island Standard Nesign”
Safety Evalua*ion Report, NUREG-75/110, dated December 1975. These issuzt aiso
apply to the Montague 1 and 2 nuclear steam supply system. We are ¢/ nc'nuing to
veview these outstanding items with the objective of obtaining satisfactory resolu-
tion for each item. The results of our review and the final resolution for each of
these items will be documented in a suppiement to the above cited safety evaluation
report. We require that our review on all of these outstanding matters be completed
and that acceptable resolutions for each item be documented prior to a decision on
issuance of construction permits for Montague 1 and &

The following is a listing and the review status »f these outs*anding items as of
the writing of this report:

f1 The need to eit.2r upgrade the design classification to seismic Category [ for
the cooling water piping to the recirculation pumps, or provide an analysis to
show failure of the recirculation pump seals will not result in excessive
Jeakage. This matter is still outstanding. (Section 3.2.1)

(2) Provide for testability of the automatic depressurization system under operating
conditirns. 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:tem and
the associated logic, and has found them to be acceptable. However, the analysis
and consequences of turbine trip events are still outstanding. (Section 7.2.2)

(4) The rod control and information system 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 steam supply system is dependent upon
further information to be supplied by General Electric. (Section 4.5)

(6) We will require that General Electric provide a detailed description, a schedule
and a commitment to implement the fast scram test program. (Section 15.2.2)

R 90703M



(7) wWe will require that the GESSAR-238 application be updated to reflect the current
status of the General Electric resolution to the issue of single failure pro-
tection for the residual heat removal system during shutdown cooling operations.
{Sections 5.4.% and 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 systems of the GESSAR-238
nuclear steam supply system to prevent the injection valve from opening ir the
presence of unacceptably high reactor pressure. (Section 7.3.1.3)

(9) We have completed our review of the environmental and seismic qualification
design criteria for the ©._5SAR-238 nuclear steam supply system 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 pining to meet the
requirements specified in Regulatory Guide 1.26 - Quality Group Classifications
and Standards for Wate--Steam-and-Radioactive-Waste-Containing Components of
Nuclear Power Plants, and General Design Criteria 1 through 5 or demonstrate
that the Consequentes 0T 8 1aiiw « =& wea , tpif., are acceptable. (Sectien 6.2.1.6)

(11) we will requi.e the dynamic system analysis for the Safe Shutdown Earthquake
loads coincident with a steam line break to assure loads on the reactor internals
are accep.able be previded prior to the decision on issuance of Montague 1 and 2
construr cion permits. (Section 3.9.1.4)

{12) We will require the five topical reports discussed in Section 4.3.7 of this re-
port be submitted, reviewed, and accepted prior to a decision on issuvance of 1
construction permits. ]
|

R L R—

We reguire that all of the above matters be acceptably resolved prior to a decis.. on
issuance of construction permits for Montague 1 and 2 and will report the results of
our review in a supplement to this Safety Evaluation Report. The prasent schedule

for reselution and documentation of the above twelve items is late 1976.

307036

71E 2




e S N — R I R R O RO T RO R R RO R R RO e L N —— S —

2.0 SITE CHARACTERISTICS

gl Geography and Demography

The Montague site is located in the northern region of the town of Montague, Franklin
County, Massachusetts which is comprised of five distinct communities, Turners Falls,
Millers Falls, Lake Pleasant, Montague Center and Montague City. The reactor 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 1,186), and 3.5 miles east-southeast
of Greenfield (population 14,642). Figure 2.1 (Preliminary S :fety Analysis Report
Figure 2.1.3-1) shows the reactor location with respect to the surrounding centers of
~opulation. The 1900-acre site is owned by the applicants who thereby possess the
requisite right of control over the activities within the exclusion ared.

' Figure 2.2, ta =n from a U.S. Geological Survey Map of Montaaue area, indicates the
site to be in a hilly terrain with elevations ranging between 300 and 560 feet above
mean sea level

The applicants have specified a minimum exclusion radius of 2,674 feet (816 meters)
from each of the two units as shown in Figure 2.3, The . ilicants have specified a
Yow population zone of 2.5 miles (4,022 meters). The nearest permanent residents are

approximately 1290 meters ncrtheast of the reactors. On the basis of a comparison of
I the site suitability information submitted by the applicants regarding population,
road network, and land use factors within the proposed low population zone for the
Montague 1 and 2 with simi”ar characteristics of previously approved sites, we find ;
| that there are no factors which would preclude the development of adequate emergency |
measures to protect the public therein, provided prompt notification is made to those |
persons located in the near vicinity of the site boundary, e€.q., in the towns of
%illers 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- |
gquences, is ¢ sible and that the associated measures car be developed during the
gperativy 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 CFR Part 100) with a present population exceeding
25,000 is Northampton, Massachusetts, 15.5 miles south-southwest from the proposed

nuclear plant site. The applicants have specified a low population zone of 2.5

miles. 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 boundzry of this population center to the facility

241 JGT037
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would be aboi* 3.3 miles due to the location of the Rocky Mountain Park and the
Connecticut .. «er. This possible future population center distance of 3.3 miles
would still be further than approximately one and one-third times the low population
zone distance of 2.5 miles and would comply with the 10 CFR Part 100 guidelines.

The applicants predict that the population within a 50-mile radius will increase from
a 1970 population of 1,741,221 to 2,419,337 in the year 2020, an increase of 39
percen’. The population projections of the Bureau of Econcaic Analysis (BEA) for
Economic Areas 4, 5, and 6 (Figure 2.5) 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 nf
the site. At the present time, the land bordering the Connecticut River is lightly
populated with only two significant pupulation groups at Greenfield and Turners
Falls. There are three major employers within a five-mile radius of the site vho
employ a total of approximately 1500 people for three shifts. The Connecticut River
is used for pleasure boating, water skiing, fishing, and swimming. There is no
commercial water transportation on the Connecticut River im the vicinity of the
Montague ) and 2 due to the presence of dams (without locks) which praclude river
traffic. Fishing activities on the Connecticut River near the site are comprised
only of sport fishing. There is no commercial fishing within that stretch of river
between Turners Falls and Holyoke Dam. The public facilities within the 2-1/2 mile
low population zone include nine schools with a current enrollment of about 2,900
students.

Forests, private, public and semi-public, comprise about 80 percen. of the land use

in Franklin County. Residential and manufacturing use are two percent and one percent,
respectively, with farm lands (cultivated and open land) totaling approximately 14
percent of the total number of acres in Franklin County. Recreational land and water
use in the area of Montague | and 2 consists of boating, fishing, hiking, camping,
swimnming and snowmobile usage. There are a number of recreational areas within a 10-
mile radius of the site. When considered on an annual basis, the average number of
transients using recreational faciiities in the site vicinity is not significant.

We con-lude that the iand and water uses have been adequately considered by the
applicants and are not critical with respect to the operation of Montague 1 and 2.

On the basis of the applicants' specified population center distance, minimum exclu-
sion area, and low population zone, our analysis of the onsite meteorological data
fre 1 which atmospheric dilution factors 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 requirements of 10 CFR
Part 100 and are, therefore, acceptable.
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Nearby Industrial, Transportation, and Military Facilities

There are nine tank farms for gasocline, fuel (i1, and propane located in the three to
five-mile annular area from the plant <ite. These tank farms are at a sufficient |
distance to p-eclude a hazard to the proposed nuclear facility.

The Boston and Maine Railroad has a line that passes approximately 1.4 miles south

and east of the site. The Central Vermont Railroad has a line that goes in a north- |
south direction on the eastern side of the Conmecticut River about 1.4 miles from the |
proposed nuclear plant. Figure 2.3 shows the transportation routes within a three-mile i
radius of the site. A four-inch diameter low pressure (25 pounds per square inch-

gage) gas pipeline passes 1.5 miles from the plant site. Based on the distances ‘
involved for these routes, we conclude that transportation accidents invalving flam-
mable gases shipped by these means will not present a hazard to the safety of the
proposed nuclear plant.

The site proposed for Montague | and 2 is witnin a mile of the end of the runway at

the Turners Falls Municipal Airport. This is a general aviation airport used primarily
for instruction flignts and for rental and sales operations. The runway is 3000 feet
by 75 feet, paved with an asphalt surface, ~nd with a 340/160 degrees orientation.
Although the airport is capable of handling up to 30,000-pound aircraft, visual
surveillance of operations by the applicants between Decemo.r 1973 and Octuber 1974,
showed that no aircraft of over 12,500 pound gross weight utilized the airport.

The applicants have proposed to design all safety related structurcs of Montague 1 .
wd 2 to withstand the impact of an aircraft weighing up to 15,000 pounds. '

The present and projected traffic at the Turners Falls Airport is reported in Appendix G
of the Preliminary Safety Analysis Report and indicates that 98 percent of the opera-
tions (landings or takeoffs) during a three month surveillance period were in a

weight class of less than 5,000 pounds. As indicated above, no operations of air-

craft weighing more than 12,500 pounds were observed between December 1973 and

October 1974, 1In a recent letter from the Turners Falls Airport, we were informed

that a Lockheed 18 “Lodestar” with a maximum weight load of 18,500 pounds is currently
stationed at this airport,

Our criterion regarding the design of a nuclear reactor facility near an airport
requires that the probability of an aircraft strike on the facility which could
resyit in radiological consequences greater than 10 CFR Part 100 guidelines be less
than one in ten millfon per year, and that the facility be hardened to protect safety
related structures for aircraft which have a strike probability greater than cne in
ten million per year. Based on our analysis, we find that our criterion is satisfied
for Montague 1 and 2 as long as there are not more than about one hundred operations
per year of those aircraft weighing greater than 15,000 pounds. We will review this
matter again prior to completion of the construction permit stage of our review to
assure that the probability of one in ten million per year for aircraft weighing
greater than 15,000 pounds is satisfied.
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2.3 Me teorology

Information concerning the atmospheric diffusion characteristics of a proposed nuclear
power plant site is required in order that a determination may be made that postulated
accidental, as well as rnutine operational, releases of radicactive materials are
within NRC guidelines. Further, regional and local climatolegical information,
including extremes of climate and severe weather occurrences which may affect the

safe design and <iting of & nuclear plant at a proposed site, is required to insure
that safety-related plant design and operating bases are within NRC guidelines. The
meteorological characteristics of a proposed site are determined by the staff's
evaluation of meteorclogical information in accordance with the procedures presented
in Sections 2,3.1 through 2.3.5 of the USNRC Standard Review Plan, NUREG-75/087.

2.3.% Regional Climatology

The applicants have provided a sufficient description of the regional meteorological
conditions of importaice to the safe design and siting of this plant.

The climate of northcentral Massachusetts is continental in character, with a large
annual range in temperature and frequent, sometimes rapid, weather changes. Winters
are long and cold while summers ai . short and warm. [In summer, maritime tropical air
masses with origins over the Gulf o1 Mexico or Caribbean Sea pradominate over the
region. During the other seasons, continental polar air masses from Canada are most
frequent over the region. Temperatures of 90 degrees Fahrenheit or higher may be
reached on about 10 days annually over this region while temperatures of zero degrees
Fahrenheit or lower may be expected on seven days. On 150 days annually, temperature
of 32 degrees Fahrenheit or lower may be expected. Precipitation is wel) distributed
throughout the year, averaging about 50 inches annually. During the summer, precipita-
tion occurs mainly as showers or thundershowers, while during the other seasons
precipitation mainly occurs as rain or snow associated with large-scale migratory
storm systems moving across the region. On an annual basis, relative humidity averages
around 70 percent.

Severe weather occurrences at the Montague site are associated mainly with cevere
thunderstorms or with intense, large scale winter storm systems. Tropical storms or
hurricanes infrequentiy affect the site. During the period 1955-1967, twenty-eight
tornadoes were reported within the one degree latitude-longitude square containing
the site, giving a mean annual frequency of 2.2 and a computed recurrence interval
for a tornado at the plant site of 580 years.

There were 1€ eports of hail three-quarters of an inch in diameter or greater in the

one degree latitude-longitude square containing the site during the period 1955-1967,

and 27 wind storms with wind speeds of 50 knots (58 miles/hour) or greater. Twenty-two
tropical storms or hurricanes have passed within 50 miles of the Montague site during

the period 1871 through 1972. The maximum fastest mile wind speed recorded at Worcester,
Massachusetts, 40 miles southeast of the site, is 76 miles/hour. At Windsor Locks,
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2.3.2

Conmecticut, 45 miles south of the site, the maximum fastest mile wind speed recorded
is 70 miles/hour, Freezing precipitation may be expected to occur once or twice each
winter in the vicinity of the site and one severe ice storm (accumulation of one inch
or more) every five years. High air pollution potential (air stagnation) can be
expected to occur on two days annually.

The design bas.s tornado used for the plant, with a maximum wind speed of 360 miles/
hour consisting of a maximum rotationa) wind speed of 290 miles/hour and translational
wind speed of 70 miles/hour, a maximum pressure drop of 3.0 pounds per square inch,
and a maximum pressure drop rate of 2.0 pounds per square inch/second, conforms 10
the recommendations of Regulatory Guide 1.76, Design Basis Tornado for Nuclear 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 miles/hour at a
height of 30 feet with a return period of 100 years. We conclude the design basis
tornado and wind are acceptable for the Montague site.

Local Meteorology

The applicants have provided sufficient information for us to make an evaluation of
the local meteorological conditions of importance to the safe design and sitirg of
this plant.

Long-term weather records from Worcester, Massachusetts show that extreme maximum and
minimum temperatures of 102 and -24 degrees Fahrenheit, respectively, have been
recorded there. At Windsor Locks, Connecticut, the extreme maximum temperature of
record is 102 degrees Fahrenheit and the extreme minimum temperature is -26 degrees
Fahrenheit. The maximum 24 hour rainfall amount of record at Windsor Locks is 12.1
inches and at Worcester is 8.7 inches. The maximum 24 hour snowfalls recorded at
Worcester and Windsor Locks are 24.0 inches and 19.0 inches, respectively. Weather
records from Turners Falls, covering a shorter period of record. show that extreme
maximum and minimum temperatures of 103 and -30 degrees Fahrenheit have occurred.

The maximum 24 hour precipitation total recorded at Turners Falls is 4.61 inches, and
the maximum 24 hour snowfall total is 15.0 inches. Thunderstorms may be expected to
occur on about 25 days annually in the site vicinity and heavy fog (visibility one-
quarter mile or less) on approximately 50 days. Wind data collected at the 33 foot
level onsiie during the period April 1974 through March 1975 show that the predominant
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 used as the design

basis for weights due to snow and ice on the roofs of safety-related structures for
the extreme environmental condition is considered to be sufficient for this site.

2070646
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Onsite Meteorclogicil Measurements Program

The onsite meteorclogical measurements program has been compared with the recommenda-
tions and intent of Regulatory Guide 1,23-Uns!te Meteorological Programs. The staff
concludes that the meteorclogical measurements program has produced data which, in
turn, have been sunmarized to pruvide sufficient meteorolonical description of the
site ana its vicinity for the purpose of making atmospheric diffusfon estimates for
accidental and routine airborne releases of effluents from the nuclear facility.

A 500 foot high meteorological tower, erected onsite 7,700 feet south of the propused
reactor site, became operational on September 1, 1973. Wind speed and direction,
temperature, and dewpoint are measured at the 33 and 434-foot levels on the tower.

In addition, wind speed and direction are measured at the 150 and 325-foot levels and
visibility at the 15-foot level. In July 1975, additional wind speed and direction
measuring equipment was installed at the 70-foot level. Vertica) temperature differ-
ence measurements are made between the 33-foot and 494-foot levels, between the 33-
foot and 325-foot levels and between the 33-foot and 150-foot levels. Solar radiation
from the sky is measured at the 33-foot level. The system conforms to the recommenda-
ticns of Regulatory Guide 1,23 - Onsite Meteorological Programs.

Although data collection began onsite in September 1973, vandalism at the meteoro-
logical tower in late February 1974 resulted in the los of a considerable amount of
data extending well into March 1974. The recovery rate for the initial year of data
provided by the applicants therefore, was below the recommended 90 percent. Subsequent-
1y, the applicants have acquired a second full year period of data, col'lected from

April 1974 through March 1975, with a recovery rate of over L4 percent.

The applicants have provided sets of joint frequency distributions of wind speed and
direction by atmosphere stability class (based on verti.al temperature difference)
from the one-year period (April 1, 1974 to March 31, 1975) of onsite data with a
recovery rate of 96 percent. One set of these distributions was based on the wind
speed and direction at the 33-foot Tevel and the vertical temperature difference
between the 33 and 150-foot levels, and another on the wind speed and direction at
the 150-foot level and the vertica) temperature difference between the 33 and 150-
foot levels. In additfon, the applicants have also provided a magnetic tape containing
the hourly values of the wind speed and direction at the 32 and 150-foot levels and
the vertical temperature difference between the 33 and 150-foot Tevels for this one
year period of onsite data record.

An evaluation of these data indicated that although the data collected at the 33-foot
level are representative of atmospheric dispersion conditions at the site in its
present condition, the data may not adequately represent conditions that would be
expected to exist after tree removal and plant construction at the site are completed.
To resolve this concern, we requested the applicants to provide wind profiles (verti-
cal distributions of wind speed with height) using the wind speed data from all

levels on the tower where wind data were being collected. The applicants complied
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with this request. After reevaluation of this information, we concluded that the

wind data collected at the 150-foot level, after appropriate conservative adjustments

were applied, would best represent post-construction atmospheric dispersion conditions. ]
These adjustments were accomplished by assuming a conservative displacement height of

20 feet (one-half the height of the nearby trees) to represent the effects of the

tree canopy, which in turn assumes that the 150-foot winds represent winds at the

130-foot level above ground after the trees have been removed. The wind speeds were

then adjusted, using the information obtained from the wind profiles, to represent

conditions at the 33-foot level. These adjusted data were used in our evaluation.

The applicants have installed an additional wind measuring system at the 70-foot
level on the tower (30 feet above the level of the tree tops) to collect data tc
bettor define the wind flow conditions that might be expected once the trees are
removed. Data collection began at this level in July 1975, and wil) be provided to
the staff for evaluation upon compietion of an anngal cycle.

2.3.4 Short-term (Accident) Diffusion Estimates

Conservative assessment of post-acciden: atmospheric diffusion conditions have been
made by us from the applicants' meteorological data and appropriate diffusion models.
In the evaluation of short-term (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-level release with a building wake factor, cA, of 1180 square meter
was assumed. Based upon terrain conditions at this site and tee results of actual
dispersion measurements at similar sites, the diffusion model described in Regulatory
Guide 1.3 - Assumptions Used for Eraluating the Potential Radiological Consequences
of a Loss of Coolant Accident for Beiling Water Reactor was modified to include
credit for lateral plume meander under stable atmospheric conditions with 1ight wind
speeds. The dispersion model also considered the actual site boundary distance in
each of the sixteen 22 1/2° wind direction sectors around the plant and the freguency
of winds blowing into each sector.

The relative concentration (X/Q) for the 0-2 hour time period following an 2ceidental

release, equivalent Lo that expected to be exceeded no more than five percent of the

time at the exclusion distance, is B.4 x 107% seconds/cubic meter. This value

pccurrad in the north-northeast direction from the plant at the site boundary distance

of 346 meters. The relative concentrations at the outer boundary of the low popula- ‘
tion zone (4022 meters) for the various time periods following an accidental release i
to the atmosphere are:

0-8 hours 5.6 x 107> seconds/cubic meter
8-24 hours 3.8 x 107% seconds/cubic meter
1-4 days 1.7 x 1077 seconds/cubic meter
4-30 days 5.1 x 10°% seconds/cubic meter
Q7S
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Long-Term (Routine) Diffusion Estimates

Reasonable estimates of average atmospheric diffusion conditions have been made by

the staff from the applicants' meteorological data and appropriate diffusion models

as described in Regulatory Guide 1.111-Methods for Estimating Atmospheric Transport
and Dispersion of Gaseous Effluents in Routine Releases From Light-Water-Cooled
Reactor, which is out for public comment. The highest offsite annual average relative
concentration of 5.4 x 10's seconds/cubic meter for vent releases occurs at the site
boundary north5-northeast of the proposed reactor complex.

Conclusions

The applicants have provided sufficient information concerning those meteorological
conditions which are of importance to the safe design and siting of the facility. The
design basis tornado parameters used for the plant conform tc the provisions of
Regulatory Guide 1.76 - Design Basis Tornado for Nuclear Power Plants. The applicants’
onsite meteorological program conforms to the provisions of Regulatory Guide 1.23

- Onsite Meteorological Program and has produced data which adequately describe site
atmospheric dispersion conditions and which was used by the staff to make both con-
servative and realistic estimates of atmospheric dispersion characteristics for
accidental and routine gaseous releases, respectively, from the plant. The applicants
are expe~ted to continue meteorological data collection at the site during the con-
struction phase, These additional data are expected to provide sufficient information,
concerning the atmospheric dispersion condition at the site as affected by plant
construction, to verify these estimates.

Hydrology
Hydrologic Description

The proposed site is located in Franklin County, Massachusetts, and is within 1.5
miles of the Cunnecticut River at its nearest pcint., Flant grade is to be 340 feet
mean sea level datum. Primary plant structures are to be located on the Montaque
Plain at the foot of the Wilis Hill [peak elevation 566 feet mean sea leve]): An
open channel is tc be constructed around a section of the plant to collect runoff
water from the Wills Hill, and thus eliminate the possibility of flooding frem 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 Montague City gaging station (approxi-
mately two river miles upstream of the proposed site intake structure) is 7,865

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 Connecticut River upstream of the proposed intake structure.
The upstream dams within 50 miles of the intake structure (river mile 117) are the

L% P
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Turners Falls Dam (river mile 122, 17,000 acre-feet of usable storage) and the Vernon
Dam (river mile 142, 12,000 acre-feet of usable storage).

Lake Pleasant and Green Pond are lncated approximately one mile southeast of the site
and have a surface area of 53 acres and 15.3 acres, respectively. Together they
comprise one of the three public water supplies for the Town of Montague. According

to the annua) report of the Turners Falls Fire District for the year e-ding December 31,
1973, a total of 77,957,000 gallons of water was pumped from the lake and pond in 1973
for use as domestic water supply.

No municipality downstream of the proposed Montague Station discharge derives its 1
water supply from the Connecticut River. The applicants' well survey indicates as |
many as 96 water wells within about two miles of the site. The primary use of ground J
water in the area is for domestic water supply, &lthough some ground water is used |
for agriculture. The Montague Well Field, located 2.5 miles south of the site area,
furnishes part of the municipal water supply for the towns of Turncrs Falls, Millers
falls, Lake Pleasant and Montague City.

Flood Potential

Several possible flood-producing sources were discussed by the applicants. They
include a prodbable maximum flood on *he Connecticut River, dam failures on the
Connecticut River, and local probable maximum precipitation at the plant site area
including Wills Hill.

The Connecticut River is subject to severe flooding due to the topography and clisate
of the basin. The applicants have estimated the probable maximum flood at the
Montague City Gage (two miles upstream of the proposed intake structure) by using:
{1) the standard project flood calculated by the Corps of Engineers for the Connecticut “
River Basin; (2) the probable maximum flood estimated for the Turners Falls Dam

(522,000 cubic feet/second); and (3) the Deerfield River probable maximum flood

{79,000 cubic feet/second). The resultant probable maximum flood peak discharge

estimate at the Montague City gage was 601,000 cubic feet/second with a corresponding

stage of 190 feet mean sea level.

We independently estimated the probable maximum flood on the Cosnecticut River at the
intake structure using the conservative method and information in a report by Nunn,
Snyder and Associates. A probable maximum flood peak discharge value of 800,000
cubic feet per second (stage of 209 feet mean 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 meximum flood on the Connecticut River would not be a safety concern.
The failure of one of the upstream dams coincident with a standard project flood on
the Connecticut River was determined not to be a problem because of the large dif-
ference in elevation between the standard project flood level (about 160 feet mean sea
level) and plant grade (340 feet mean sea level).

T 907050
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2.4.3

2.4.4

The applicants evaluated the effects of a local probable maximum precipitation on the
plant site area it uding Wills Hill, and have proposed constructing an open channel

to collect the runoff from Wills Hill and divert it away from safety-related facilities.
The applicants' design bases and proposed design of the channe) were independently
evaluoted 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 one-
foot high levee on the downhill side of the channel, We conclude that this design is
acceptable.

The applicants propose to protect safety-related structures and equipment from flood-
ing due to precipitation as severe as the local probable maximum precipitation on the
plant. The plant yard is to be graded away from all safaty-related structures. The
exterior access to safuty-related buildings is to be a minimum of six inches above
ground grade. The ouenings to buildings in the area cetween the containment buildings
{where ponding may occur) are to be a minimum of 2.5 feet above plant grade. Further,
to prevent ponding of water on safety-related structures, the roofs of the structures
are to be sloped and will not have parapets.

Water Sur sy

The makeup water intake structure for the proposed Montague Station will be located
on the Connecticut River at river mile 117, This makeup water will be pumped to the
normal and essential service water cooling tower basins.

Water necessary to shut down the plant under normal or accident conditions is to be
taken via pumps located in the standby cooling tower pump well structure. The water
is to be pumped from two seismic Category [ basins, each with a 14,100,090-gallon
capacity. A seismic Category I cooling tower will be located above eac. of the
basins. The basins and conling towers will be located northwest of the containment
buildings at the base of Wills Hi1l. We conclude that the volume of water available
in the basins will be adequate to meet the recommendations of Regulatory Guide 1.27-
Ultimate Heat Sink for Nuclear Power Plants.

Ground Water

The three major aquifers in tne site area are the Lake Bed, Bedrock, and Montague
wells. The Lake Bed Aquifer forms the surface of the Montague Plain, and is made up
of medium sand with up to 20% gravel and numerous layers of fine and silty sand.
Ground water in this aquifer exists at depths between 40 and 70 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, and silt.

Ground water movement on the Montague Plain is away from the site to Green Pond and
Lake Pleasant in the southeast and toward Montague Road in the southwest.

7)o, 907051
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The applicants do not plan to use ground water at or near the site during plant con-
struction cr operation.

The applicants proposed that the design water Tevel for ground water-induced hydro-
static loading for all safety-related structures be plant grade. We conclude that
this basis 1s conservative.

The applicants analyzed the effects of a postulated accidental spill of radicactive i
wastes into the ground water. The analysis is not conservative for the following
reasons:

(1) The effects on the most critical water supply were not analyzed.

(2) 1In estimating the ground water velocities the effective (not total) porosity
should be used.

(3) Distribution coefficients selected from the 1{terature (instead of those ob-
tained from tests on soils and geologic materials at the site) were used in the
analysis.

Therefore, we did not agree with the applicants' analysis, and independently estimated
the travel time and dilution factor, If a spill occurs, the closest public water
supply would be Green Pond, We estimated travel times and dilution factors for both
Green Pond and the nearest down-gradient well and determined that a spill flowing
toward the nearest down-gradicnt wel! would be the critical case. The travel time to
this well (No. 45 - PSAR, Figure 2.4.13-2), 1.6 miles southwest of the site, was
conservatively estimated to be 20 years. The dilution factor was estimated to be
about 29,200. The consequences of this postulated accidental spill are provided in
Section 15.4 of this report.

Conclusions

Sased upon our independent review and analyses, we conclude that an adequate water
supply can be assured for safety-related purposes, and adequate flood protection can
be provided for all safety-related facilities. Based on the analysis in Section 15.4,
we also conclude that postulated accidental spills of radicactive liquids into the
groundwater will not result in radionuclide concentrations in excess of the 10 CFR
Part 20 limits at the nearest potable water supoly.

Geology and Seismology

The seismology and geology review of this site addressed the geologic history of the
region including physiographic, Tithologic, stratigraphic and tectonic settings as
well as the subregional and site-specific geology and seismology. In addition to
reviewing data submitted in the Preliminary Safety Analysis Report, staff qeologists
and seismologists visited the site and its environs on two occasions. During those

, 2 907052

e e L e B I R I T S S S ™, S e e e



2.5.1
2.5:0.0

visits we examined the regional geology, bedrock exposures, and extensive core borings.

We also conferred with local geclogical experts and the applicants' consultants
concerning problems of geol ic interpretation in the site region. Some differences
in detailed geologic interpretation of the site area may still exist between the
applicants and local experts, but in our view these differences do not affect the
site's suitability as the proposed location for the two-unit nuclear station.

A great deal of information has been gathered during the review of this site as well
as other sites in the New England area. Since the regional aspects which also apply
to this site have been addressed extensively in other reviews amd safety evaluations,
tre main effort expended for this site dealt with resolving specific site issues
which might have posed a hazard to safe operation of nuclear power plants at this
Tocat fon.

The rarticular items of concern at the Montague site were:

(1" The resolution of prohlems relating to the location and age of last movement of
the "Triassic Borde: Fault".

2} The potentia’ for local surface faylting.
(3] Tre determination of the safe shutdown earthquake.

We are satisfied that investigations performed by the applicants have been sufficient
to adequately assess site geologic conditions in accordance with “Seismic and Geclogic
Siting Criteria for Nuclear Power Plants,” Apperdix A, 10 CFR Part 100. Based on our
review of the available data and independent discussion with geologic experts famil-
far with the site region, the aforementioned concerns have been resolved. The refer-
ences indicated in the geology and seismology sections are provided in Appendix B to
this report.

Geology
Geologic Setting

Montague 1 and 2 are to be located near the junction of Wills Hill (a Triassic-
Jurassic bedrock outcrop) and the Montague Plain (a delta formed in glacial Lake
Hitchcock) approximately three miles east of Greenfieid, Massachusetts. The 1900
acre site is about 60 miles 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 diabases and basalt flows. The development of the Triassic-
Jurassic Basin and its relationship tc adjacent structures provides the distinguishing
geologic characteristic of the site area.
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Triassic-Jurassic Basin Faulting

The classical structur -l interpretation of the Connecticut Valley Triassic-Jurassic
Basin evolved from the work by Emgrson(‘) and as summarized by Rodgers(z’ indicates
that a major normal fault existed at the eastern contact between the Triassic sedi-
ments and the Pre-Triassic crystalline rocks to the east. The applicants' early
investigations indicated that evidence for a classical Triassic Border Fault did not
exist and that the observed field relationships could be best explained by the exist-
ence of an uncomormity. Additional investigations conducted during our review
brought about a reasonable resolution of the alternative interpretations of the data
as they relate to site safety. Three alternative hypotheses to the classical border
fault concept have been presented by the applicants to describe the development of
tnr basin: (1) downwarping, (2) development of one or more high angle faults beneath
the basin ("basin-forming faults"), or (3) erosional control of the basins formation.
As for the absolute validity of any of these hypotheses, 't appears that at present
there is insufficient data available to permit determination of a unique basin-
forming mechanism. However, we consider that the most applicable hypothesis of the
above as they relate to site safety is one requiring faulting for development of the
basin. No large displacement fault has been fou d to date within the Triassic-
Jurassic Basin itself. The apparent absence of major faulting and the relatively
urdisturbed stratigraphic relationship would indicate that last movement on the
inferred “basin-forming"” fault{s) would have occurred prior to late Triassic-Jurassic
time (approximately 190 million years before present).

A major fault zone has been located approximately one mile east of the proposed site
in the general vicinity of the mapped location of the classical Triassic border
fault. Some disagreement remains as to tne extent, sense of movemert, age, and the
total amount of displacement on this fault. However, based on K-Ar radiometric
dating of fault zone material, no evidence of movements younger than Jurassic (190-136
miilion years before present) has been fo id along the mapped fault zone. The appli-
cants' studies indicate that this fault is a major thrust on which movement is within
predominantly Paleozoic crystalline terrain, [t is contended that the development of
this fault accompanied compressional activity during the Paleczoic followed by a
larger episode of normal faulting. The applicants discuss the development of this
fault extensively in the application and provide evidence such as that given below to
support the above conclusions.

“Small structures observed in cores of the mylonite and the quartz-muscovii.
shist indicate low angle reverse movement associated with the zone of cataclasis.
The zone is interpreted to be a thrust fault. Later, small hign angle, normal
fractures are observed to cut across the reverse features and indicate a later
tectonic event involving east-west extension. A detailed discussion of the small
core structure is included in Appendix 2M (of the PSAR})."

“Several radiometric age determinations were made for samples from the different
lithologies in Area 1. Samples of mylonite from the thrust zone give late

Permian-early Triassic ages.” -
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2.5.1.3

Rogers(z) in his section on the Connecticut Valley Synclinorium discusses the Ammonoosuc
Fault as a postmetamorphic fault that can be traced by the offset of metamorphic iso-
grads possibly thrusting lower grade rocks over olusr, higher grade rocks. This

fault dips to the west at fairly low angles (averages 40 degrees). He aln= states,

"it is also possible, however, that ‘t is a normal fault, indeed, a large, late
normal fault with similar ctitude (alihcugh the dip is steeper) and similar
silicification forms the eastern boundary of the Triassic basin in northern
Massachusetts and can be traced into southern New Hampshire to within a few
kilometers (miles) of the south end of the Ammonoosuc fault, and other late
faults of the same kind are known in the intervening area and may interconnect
them. "

Other geologic experts familiar with the site region are not in complete agreement
with the applicants' interpretaition of the geology of the region especially as it
relates to the existence of a "border fault.” These experts maintain a strong view
that this structure represents a fault with extensive normal displacement. It is
clear to us, however, that the applicants ha.e conducted an extensive investigation
program to delineate and to date the twwe of last movement of all faulting in the
site vicinity.

These investigations included detailed geologic mapping, an extensive core boring
program, radfometric dating, structural and petrologic studies, and aeromagnetic and
gravity studies. New cbservations and interpretations of the geology of the area,
generated by the applicants' study, appear to require an alternative interpretation

to that of the classical Triassic Border Fault hypothesis as being respor:ibie for

the formation of the northern Massachusetts section of the Connecticut Triassic-Jurassic
Basin. [t is difficult at this time, however, to completely rule out the possibility
that this faulting is not representative of a Triassic Border Fault system of some
type. The faulting located to date, however, has not indicated any evidence of move-
ment since Triassic-Jurassic time (225-136 million y2ars before present) and therefore
cannot be cons.dered capable in the meaning of "Seismic and Geologic Siting Criteria
for Nuclear Power Plants," Appendix A to 10 CFR Part 100.

Faulting

in addition to the existence of a "border fault," several otner fauvlts are mapped in
the Triassic-Jurassic Basin within five miles of the site. These faults include the
Falls River, Temple Woods, and other unnamed faults north of the general site area.

These faults are recognized because of offsets in the Deerfieid diabase. A maximum
offset of 800 feet for these faults occurs on the Falls River fault, the most promi-
nent among them, The local faults are believed to be related to formation of the
basin or fracture development in a flow basalt caused by compaction 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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“Northeast trending a =-slip fauits with small displacevents were found t0 be
common only in the Turnors Falls (Falls River Fault) area. (;oldstein“ss) sug-
gests that these faults formed contemporaneous with basin subsidence which
tilted the strata and cou’d have imposed normal motions on some of the northeast
trending strike-slip faults, Drape foids are asscciated with the dip-slip
faults; while other soft sediment folds are interpreted to have been caused by
gravity slidina, These soft sediment structures indicate that basin subsidence
occyrred prior to complete lithification of the Turners Falls fandstone. The
age of the dip-slip faults appears consistent with Jurassic K-Ar dates obtained
on gouge from twe small high-angle €aults at other locations (see Appendix 2N)."

“These small, high angle faults near Waterford, Connecticut yielded K-Ar ages,
on 1114te, of 176 and 175 million years. (4}

Sinze evidence indicates that these faults are probably reiated to the last major
tectonic activity associated with the development of the Connecticut Triassic-Jurasiic
casin (225-136 million years befors present) and tney «7e limited in extent, they are
not considered capable nor hazardous to the safe operation of the Montague nuclear
plants,
2.5.1.4 Lineaments
During the course of investigations for this site 1 number of lineaments were located
in the site region by inspection of Earth Resources Technology Sateilite imagery.
Further evaluations of these linears indicated that they w - most 1ikely representa-
tive of rock juinting patterns and did not reflect the existence of faulting. Field
checks in the area cf a number of these linear: indicated no offset in the bedrock.

2.5.1.5 Site Geology

The geologic conditions at the site are straighttorward in that there is littie struc-
tural complexity of the bedrock in the site area. The bedrock consists of interbedded
Triassic-Jurassic sa“dstones and conglomerates, partially covered with Pleistocene
ti11s 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 from two inches to five feet.
Three sets of joints are present: a bedding plane set striking NI13°E, dipping 2°E;
a vertical set striking N60°W, and a set striking N2°W, dipping 45°W. Numerous
slickensides were recognized along favorably oriented joints and most likely formed
during 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
tne vicinity of the site that could cause surface displacewent 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 tectonic history and
structural features of the region., Based primarily on the conclusions and methodology
of ﬂodgers‘z). the site region (200 mile radius) is subdivided into four tectonic
provinces. These provinces are the New York, Western New England, Central New England,
and South-gastern Provinces. Another grovince, 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 preyiously described provinces are related to Paleozoic orogenesis and are
consistent with the conclusions and methodology of Rodgers.(s) A fifth province
can be defined on the basis of Mesozoic tectonic effects which overprint part of
the Paleozoic provinces. This province encompasses the region which has been
l intruded by alkalic plutonic and volcanic rocks of the White Mountain Magma
Series. Radiometric age dating of these rocks hkas shown thut the intrusive
activity continued intermittently throughout the Mesozoic and that some members
are as young as 96 m”.(ln.l}'S) 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 Vermont. These boundaries encompass all
known plutonic bodies associated with the White Mountain Magma Series. The
province trends offshore southeast of the New Hampsaire coast and includes a
magnetic high offshore from 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.“al)"

[t should be noted that the applicants have 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.

R R R T R R R RO AEERRBErR==ommrrrre

In our review, we determined that the proposed site lies within the New England-
Piedmont Tectonic Province based on larger scale provinces which are more in accord
with those proposed by King, 3) Eardley, *) Rodgers,(?) and Hadley and Devine') for
eastern North America.

r, 2.5.2 Seismology
2.5.2.1 Vibratory Ground Motion Summary

I The historical earthquake activity in the site region appears generally lower than

T that for much of the remainder of New England. Capable faults mave * been identi-
fied in the vicinity of the site. Based on these findings there is n. cason to
expect 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 1s 0.2g. The spectral content of the vibratory ground motion is specified

by the response spectra at free-field foundation level recommended in Regulatory Guide
1.60 - Design Response Spectra for Seismic Design of Nuclear Power Plants. The
vibratory ground acceleration corresponding to the operating basis earthquake is

taken to be one-half that for the safe shutdown earthquake.

2.5,2.2 Tectonic Provinces

In arriving at the safe shutdown earthquake, the Montague site was considered to be
located in the New England-Piedmont Tectonic Province. The New England part of the
province, as it is regarded here, coincides with the northern Appalachians as described
by Kin9(3). Eard1ey(‘ $ Rodgers(z), and Hadley and Dev1ne.(5)

2.5.2.3 Maximum Earthquake

N ——

New England has one of the longest records of historical earthquake activity anywhere
in the United States.(ﬁ) 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 on the
basis of isolated felt reports at Amherst, Massachusetts, 8 miles south of the site,
for which no intensity estimates have been g1ven.(7) Several earthquakes, the largest
having an intensity of VIII (HM)(G) (reclassified to be no greater than VII (MM), see
below) have been reported within the Connecticut River Basin., However, these earth-
quakes have been concentrated mainly in the southern part of the Basin (more than 50
miles from the site), and there is no clear assnciation between the earthquake activity
and basin-forming faults of Triassic age near and along the margin of the basin.

We recognize that different regions of the New England-Piedmont Tectonic Province
have exhibited different levels of historical earthquake activity. We have relied
heavily on the historical record of sefsmicity in determining the seismic design for
the Montague site. Several zones of relatively high sefsmic activity are discernible:

{1) A zcre extending from the Boston-Cape Ann, Massachusetts area northward and
westward (Zone A).

(2) A broad regfon 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).

(5) A zonhe extending from the vicinity of New York City to the southern Connecticut
River Valley northeast of New haven (Zone E). b )
o 2-22 e 2o 773
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The degree to which identification of these zones may have been influenced by popula-
tion density is not clearly understosd at this time. However, the larger earthquakes
of New England, reported in the historical record.(s) have been located in these
zones: (1) in Zone A, intensity VIII (MM) near Cape Ann in 1755, intensity VII1 (MM)
in Newbury 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 Zome 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
lone 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 (HM).(IO) The intensity of the 1797 earthquake has been re-
evaluated and assessad as a V-VI (MM) by Linehan.(l‘) Seismologists from the Natiomal
Oceanic and Atmospheric Administration, U,S. Department of Commerce, have recommended
that the 1791 earthguake be reclassified as intensity VII (MM).(IZ) In determining
the Safe Shutdown Earthquake we have accepted these reassessments 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 ini_si-
sities greater than VIl (HN).(S'ﬁ)

Geelogic structure in Zone B is indicated by a set of young (Cretaceous) intrusive
bodies which include the Monteregian Hills near Montreal. The earthquake activity in
the vicinity of Ottawa-Montreal (Zone B) and in the lower St. Lawrence River Valley
(Zone C) also coincides with a region of mapped, intense normal faulting, the Ottawa-
Bonnechere graben and related faults and grabens extending along the St. Lawrence
which have been identified as of post-Early Cretaceous aqe.(3'5']3) This feature
marks 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 assumed that earthquakes in the vicinity of
Ottawa-Montreal (Zone B) or in the lower St. Lawrence Valley (Zone C) could occur
near the site,

A more critical problem in the Montague review was the establishment 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-
quired 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 for 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 perimeter circumscribes the mapped and inferred shallow
intrusive bodies. This zone extends to withia about 60 miles of the Montague site.
However, the historical earthquake activity extends somewhat beyond this zone to the
southwest. To help resolve this probiem, the applicanis 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 nap 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 mapped 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 more
conservative boundary which includes both the intrusives and the historical seismic
strain energy release is appropriate. An intensity VIII (MM) earthquake, correspond-
ing to the largest earthquake in Zone A, assumed to occur at the nearest approach to
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the Montague site of the strain release contours - i.e., about 35 miles from the site -

results in a site intensity of VII-VIII (MM}.

Safe Shutdown Earthquake

The applicants have proposed to design Montague 1 and 2 for a safe shutdown earth-
quake arceleration of 0.29.

In 1954 Neumcnn(‘4) developed an empirical relationship between ea.thquake intensity
and ground acceleration. More recently Trifunac and Brady(ls) have published a rela-
tion between intensity and acceleration which was developed using many additional
ohservations. Trifunac and Brady's data essentially corroborate the relationship
punlished by Neymann. 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-VIIT (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-VIIT (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 reasonable and appropriate
acceleration at free-field foundation level representing the siafe shutdown earthquake
for use in the seismic design of Montague ) and 2. The design response spectrum
shape is specified by Regulatory Guide 1.60 - Design Response Spectra for Seismic
Design of Nuclear Power Plants,

Operating Basis Earthquake

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

s
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2.5.3 Stability of Subsurface Materials

This section describes the criteria, evaluation of data, analyses and conclusions
regarding the stability of foundation materials underneath the proposed nuclear power
plant structures

A1T soils below seismic Category 1 structures will be removed and excavations for all
seismic Category I structures will be into bedrock. Concrete will be used as structural
fi11 where required for foundation grading. A1l pockets of decompcied rock or other
unsuitable material will be removed if encountered at foundation levels.

The bedrock in the site area consists of interbedded siltstones, sandstones and
conglomerates. The Rock Quality Designation value is generally above 80 percent, and
compressive strength exceeds 7,000 pounds per square inch. The average shear wave
velocity is in excess of 5,000 feet per second. Granular backfill around seismic
Category I structures will be compacted to at least a minimum relative density of 85
percent.

The quantity of ground water flow in the bedrock is small. Water pressure tests show |
that the intact rock has a very low permeability. Ground water seepage into the

excavation will be small and can be handled by conventional ditch and sump methods.

No heave problems are eipected due to excavation and dewatering.

Because all seismic Category I structures will be founded on bedrock, settlement of
these structures will be negligible., The maximum bearing pressure, 8,100 pounds per
square foot, is only a small fraction of the allowable bearing pressure. Lateral
earth pressures due to earthguskes will be computed using state-of-the-art procedures.
Criteria for the minimum design factors of safety are 3.0 for bearing capacity and

1.2 for hydrostatic uplift, Based on these criteria, an evaluation of foundation

data and the analyses contained in the application (including Supplement 5), the
applicants have concluded that the bedrock is capable of supporting all loads that

will be imposed by the power piant structures under both static and dynamic conditions.

We have reviewed the applicants' criteria, basis of evaluation, and analyses and have
concluded that the applicants' approach is sufficiently conservative and that the
bedrock will provide acceptable foundation support.

2.5.4 Slope Stability

This section describes the criteria, evaluation of data, analyses, and conclusions
regarding the stability of all slopes, the failure of which could adversely affect
the nuclear power plant.

The only natural slope in the immediate 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 assumed joint friction angle of 37° and continuity of all
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joints. There is no evidence to indicate that slides have occurred at Wills Hill in
the past. |

In addition to the above natural slop2, a rock cut will be made between the fuel
buildings and the standby service water cooling towers. Stability analyses were also
made for this slope.

The proposed criteria for minimum design factors of safety are 1.5 for all static
loading conditions and 1.2 for safe shutdown earthquake loading conditions for slope
stab*lity. 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 construction, the applicants will inspect the excavated rock cuts and exposed
surfaces will be mapped in detail. In addition, measurements of joint friction will
be made in direct shear to confirm values used in the slope stability analyses. We
will review the results of the inspection and measurements, along with final analyses,
when the information 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 sufficiently conservative.

The applicants have agreed to install four to six permanent benchmarks to allow for

long-term monitoring of the stability of the rock cut above the fuel buildings and :
the standby service water cooling towers. We conclude that this sonitoring program

as proposed by the applicants is acceptable and will provide sarly indication of any

instability of the rock cut.

In summary, based on the information available, the staff concludes that the applicants
can design and construct the proposed power plant facilities to satisfy the foundation
engineering requirements of 10 CFR Part 100.
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3.0 DESIGN CRITERIA FOR STRUCTURES, SYSTEMS, AND COMPONENTS

Conformance with General Design Criteria

The applicants provided in Section 3.0 of the Preliminary Safety Analysis Report, an
evaluation of the design bases for Montague 1 and 2 with respect to the NRC's General
Design Criteria as contained in Appendix A to 10 CFR Part 50. Based on our review of
the preliminary design and of the proposed design criteria, we conclude that upon
resolution of the outstanding matters discussed in Section 1.8 of this report, Montague
| and 2 can be designed, constructed and operated to meet the requirements of the
General Design Criteria.

Classification of Structures, Systems and Comporents
Seismic Classification

Except as identified below, structures, systems, and components impertant to safety
that are reguired to be designed to withstand the effects of a Safe Shutdown Earth-
quake and remain functional have been properiy classified as seismic Category I

items, These plant featires are those necessary to assure (1) the integrity of the
reactor coolant pressure boundary, (2] the capability to shut down the reactor and
maintain it 1n a safe shutdown condition, or (3) the capability to prevent or mitigate
the consequences of aczidents which could result in potential offsite exposures com-
parable to the guideline exposures of 10 CFR Part 100.

A1l other structures, systems and components that may be required for operation of
the facility are designed to other than seismic Category ! requirements including
those portions of Category [ systems which are not required to perform a safety
function. Structures, systems and components important to safety that are designed
to withstand the effects of a Safe Shutdown Earthquake and remain functional have
been identified in an acceptable manner in Tables 3.2.1-1 and 3.3,1-2 of the Prelimi-
nary Safety Analysis Report, except for the cooling lines identified below.

The applicants have classified the cooling lines to the reactor recirculation pumps as
non-seismic Category I and Quality Group D; and in rusponse to staff Request 211.1,
the applicants provided the basis for their classification. The response states that
analyses of reactor recirculation pump motor behavior following complete loss of
cooling water indicates that if the initial cooling water loss alarm and the subsequent
bearing temperature alarm [about 6 minutes later) are both ignored, the bearings will
continue to operate another 6 to 10 minutes before they will suffer any damage. The
response further states that such damage will not cause motor seizure and assuming the
worst possible steel to sten] friction, the motor will trip on overload caused by the
added friction. Preliminary review of these results indicates that for this event the
consequences of the cooling water failure would not result in fuel damage.
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The staff plans further review with the applicants of the leakage characteristics of
primary coolant through the pump seals as a result of assumed cooling water failure.
As these studies progress, furiner information may be required and certain system
changes could be indicated. We conclude that the potential nature of the system
changes involved will permit this study and evaluation to be completed prior to a de-
cision on issuance of construction permits, This matter is outstanding and will be
resolved prior to issuance of a construction permit as indicated in Section 1.8.

The basis for acceptance in the staff's review has been conformance of the applicants'
designs, design criteria, and design bases for structures, systems and components
important to safety with the Commission's regulations as set forth in General Design
Criterion 2, and with Regulatory Guide 1.29 - Seismic Design Classification, technical
staff positions, and industry standards.

Subject to the resolution of the matter cited above, we conclude that the proposed
structures, systems and components that are important to safety and that are designed
to withstand the effects of a safe shutdown earthquake and remain functional and that
have teen properly classified as seismic Category | items in conformance with the
commission's regulations, the applicable regulatsry guide, staff technical positions,
and industry standards, are acceptable. Design of these items in accordance with
seismic Category I requirements provides reasonable assurance that the proposed plant
will perform in a manner providing adequate safeguards to the health and safety of
the public.

System Quality Group Classification

Except as identified below, fluid system pressure-retaining components important to

safety will be designed, fabricated, erected and tested to quality standards commen-

surate with the tmportance of the safety function to be performed. The applicants

have applied a classification system (Safety Classes 1, 2, 3 and Uther Structures,

Systems and Components) which corresponds to the Commission's Quality Groups A, B, C

and D ¥n Regulatory Guide 1.26 - Quality Group Classifications and Standards for
Water-Steam-and-Radioactive-Warte-Cuntaining Components of Nuclear Power Plants to

those fluid containing components which are part of the reactor coolant pressure

boundary and other fluid systems important to safety where relfance fs placed on these

systems: (1) to prevent or mitigate the consequences of accidents and malfunctions

originating within the reactor coolant pressure bounda“y; (2) to permit shutdown of

the reactor and maintenance of the safe shutdown conditions; and (1) to contain

radivactive material, These fluid systems have been classified in an acceptable

manner in Tables 3.2.1-1, 3.2.5-1 and 3.2.5-2 and on the system piping and instrumenta-

tion diagrams in the Preliminary Safety Analysis Report, except for the cooling Tines ;
discussed 2bove in Section 3.2.1. i

The basis for acceptance in the staff's review has heen conformance of the applicants'
designs, design criteria, and design bases for pressure-retaining components such as
pressure vessels, heat exchangers, storace tanks, pumps, piping and valves in fluid
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systems important to safety with the Commission's regulations as set forth in General
Design Criterion 1, the requirements of the Codes specified in Section $0.55a of

10 CFR Part 50, and to the provisions of Regulatory Guide 1.26, staff technical
positions, and industry standards.

The staff concludes that fluid system pressure-retaining component; important to
safety that are designed, fabricated, erected and tested to quality standards in
conformance with the Commission's regulations, the applicable Regulatory Guide, staff
technical positions and industry standards are acceptable. Conformance with these
requirements provide reasonable assurance that the plant will perform in a manner
providing adequate safequards to the health and safety of the public.

Wind and Tornado Loadings
Wind Loadings

A1l the seismic Catejory I structures listed in Table 3.2.1-2 of the Preliminary
Safety Analysis Report will be designed to withstand the effects of the design wind,
and all seismic Category 1 systems and components located within these structures
will thereby be protected from its effects. Category [ systems and components located

outside the structures and thus exposed to the wind, will be designed to withstand

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 wini parameters was discussed in Section 2.3.1 of
this repurt.

The procedures that will be used to transform the wind velocity into pressure loadings
on structures, systems or components, and the associated distribution of wind pressures
and drag coefficients will be in accordance with ANSI A58.1-1972, “Building Code
Requirements for Minimum Design Loads in Buildings and Other Structures.” This
document has been previously used and recognized and has been accepted for use by the
NRC staff.

The procedures utilized to determine the loadings on seismic Category | structures
induced by th design wind specified for the plant are acceptable sii.ce these proce-
dures provide a conservative basis for engineering design to assure that the struc-
tures will withstand such envirunmental 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 1 structures
will not be impaired and, conscquently, seismic Category I systems and components
located within these structures are adegquately 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

Torrado Loadings

A1l 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 Preliminary
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 2 tangential wind velocity of 290
miles per hour and a translational velocity of 70 miles per hour. The maximum pressure
drop associated with the tornade is 3.0 pounds per square inch with a maximum pressure
drop rate of 2.0 pounds ger square inch per second. Further, an appropriate spectrum
of tornado-generated missiles is also postulated as will be discussed in Section 3.5 of
this report. The basis for selecting and establishing these tornado parameters was
discussed in Section 2.3.1 of this report.

The procedures that will be used tu transform the tornado wind velocity into pressure
loadings on structures will be in accordance with the ANSI A58,1-1972 document, cited
above, except that the pressure will be applied uniformly over the full height of the
projected area of the structure and no gust factors will be applied. The structures
will either be vented or designed for 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, systems
and components will be determined by an appropriate combination of its individual
effects.

Tornado-generated loads will be combined 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 the tornado, or will be designed not to collapse under the
tornade wind load,

The procedures utilized to determine 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 be impaired and, safety-related systems and components
located within these structures will be adequately protected and may be expected to
perform necessary safety functions as required. Conformance with these procedures is
an acceptable basis for satisfying the applicable requirements of General Design
Criterion 2.
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Water Level (Flood) Design
Flood Protection

The facility yard grade and the ultimate heat sink cooling tower basins for the
Montague 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. There will not be any exterior wall penetra-
tions below finished grade into compartments which house safety-related equipment.

Seismic Category 1 structures will not be designed for flood forces because the site '
grade exceeds the elevation of the probable maximum flood from the Connecticut River. l
However, since the plant will be located at the base of Wills Hill, runoff water will :
be collected in an open channel at the base of the hill, and then drained into an

underground drainage piping network. The required level of plant protection is dis-

cussed in Section 2.4.2.

As a result of our review, we conclude that the proposed water level (flood) design
is in accordance with General Design Criterion 2 and Regulatory Guide 1.59 - Design

Basis Floods for Nuclear Power Plants, and is acceptable.

Design Procedures

Certain natural phenomena, such as flood current, and wind wave, that are associated
with environmental forces are not applicable to the Category 1 structures of this
plant, since the finished grades around these structures are located above the prob-
able maximum flood elevations.

The procedures described in the Preliminary Safety Analysis Report and utilized to
determine the loadings on seismic Category I structures from the finished plant grade
(approximately 340 feet mean sea level) to their foundations, assuming saturaivion 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 procedures 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 | systems and components located
within these structures are adequately protected and may be expected to perform their
intended safety function if needed. Conformance with these design procedures is an
acceptable basis for satisfying the applicable requirements of General Design
Criterion 2.
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3.5
3:5.3

3.5, 2

Missile Protection Criteria
Tornado Missiles

we have reviewed the information supplied in the application and in the applicants’
letter dated August 1, 1975 concerning the analysis of tornado missile velocities and
trajectories and find the results to be acceptable. The applicants have committed to
require that the following spectrum of missiles (described in Safety Related Site
Parameters for Nuclear Power Plants, WASH-1361) and impact velacities be used in the
design of Montague 1 and 2.

Missile Size* weight {pounds) Velocity(feet per second)

A-Wood plank " x 12% x 12° 200 420

B-Steel pipe 3" 9, 10" long, 78 210
schedule 40

C-Steel rod 1" f x 3' long 81 310

D-Steel pipe 6" @, 15' long, 285 210
scheduie 40

f-Stee. ‘ipe 12" @, 15' long, 743 210
schedu” * 40

F-Utility pole 13,5 @ x 35' long 1490 210

G-Automobile 20 ft° frontal 4000 100
area

*(“)inches, (')feet, (P)diameter

The design must consider these missiles as striking in 211 directions. Missiles A, B,
C, 0, and £ are to be considered at all eleyetions and Missiles F and G at all eleva-
tions up to 30 feet above all grade levels within 1/2-mile of the facility structures.
we find this to be acceptable.

Missile Protection

The general design abjective of missile protection is to ensure that structures,
systems, and components, outside and inside containment whose failure could prevent

safe shutdown of the plant, or result in significant uncontrolled release of radio-
activity be protected against internaliy and externally generated missiles. Pressurized
components and systems such as valve bonnets and hardware, retaining bolts, relief
valve parts as well as high speed rotating machinery are considered potential sources

of internally generated missiles.

Protection against these potential missiles will include orienting seismic Category I
structures and components outside containment so as tu minimize the probability of
impact, 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 missile could not damage both trains.




R I R R OO R O I RETRREERRRERII=

3.5.3

As a result of our review, we conclude that the applicants' design criteria and bases
for missile protaction are in accordance with General Design Criterion 4 as it relates
to structures housing essential systems, and Regulatory Guide 1.13 - Fuel Storage
facility Design Basis, as it relates to the design of the spent fuel pool system, and
is in accordance with Pegulatory Guide 1.27 - Ultimate Heat Sink for Nuclear Power
Plants, as it relates to the design of heat sinks and connecting piping and are,
therefore, acceptable.

Barrier Design Procedures

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

The barrier thickness required to prevent perforation by the missile will be 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 following
formulas will be used:

(1) Petry forwula.
(2) Ballistic Research Lab formula (BRLF).

(3) Combination of the Amman and Whitney formula and the National Defense
Research Committee formula.

In the second step of the analysis, the overall structural response of the target
when im acted by a missile will be determined using established methods of impactive
analysis.

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

A1l structures which contain safety related equipment will also be designed to with-
stand the loads and effects of a 15000 pound aircraft strike. The applicants plan
to adopt the maximum allowable ductility ratios recommended in the Air Force Design
Manual, "Principles and Practices for Design of Hardened Structures," AFSWC-62-138,
December 1962. The applicants have indicated in Supplement 7 to the PSAR 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
tategory I structures and missile shields and barriers induced by design basis missiles
selected for the plant and the 15000 pound aircraft strike are acceptable since these
procedures provide a conservative basis for engineering design to assure that the
structures or barriers are adequately resistant to and will withstand the effects of

such forces, 907069
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The use of these procedures provides reasonable assurance that the structural integrity
of structures, shields, 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 basis missile
strikes. Seismic Category I systems and components protected by these structures will
be, therefore, adequately protected against the effects of missiles and will perform
their intended safety functicn, if needed. Confermance with these procedures is an
acceptable basis for satisfying the applicable requirements of General Design Criteria
2 and 4.

3.6 Criteria for Protection Against Dynamic Effects Associated with Postulated Rupture

of Piping
3.6.1 Outside Containment

General Design Criterion 4 requires that systems and components essential to safety be
appropriately protected against dynamic effects, including the effects of missiles,
pipe whipping, and dischacging fluids that may result from postulated rupture of
piping outside the containment. The systems and component; essential to safety are
those systems and components that are required to shut down the reactor and mitigate
the consequences of a postulated piping failure without offsite power. The criteria
require that for the postulated pipe failures, the resulting environmental effect
will not preclude the habitability of the control room, or preclude the accessibility
of other areas that must be occupied during an accident condition, or <iusa loss of
function of electric power supplies, controls, and instrumentation needed to complete
a safety action.

The applicants state that protection against pipe breaks outside containment will
conform to the guidelines contained in Appendix A, General Information for Considera-
tion of the Effects of a Piping System Branch Outside Containment, of the AEC letter
from Mr. J. F. O'Leary, dated July 12, 1973.

To provide protection of essential systems and components, the plant design will
accommodate the effects from postulated high energy system piping breaks with respect
to blowdown jet and reactive forces, pipe whip, and environmental conditions resulting
from the postulated pipe break. The applicants proposed a 1ist, incorporating ten
high energy piping systems, and identified the method of protection, i.e., separation,
enclosure, or restraints, afforded. We agree with the contents of the list. The
plant design will also accommodate the effects from postulated breaks in moderate
energy systems, where necessary, and will use the possitle combinations of physical
separation, pipe whip restraints, and suitable enclosures to protect essential equip-
ment in the event of a pipe break. The plant will be designed to withstand a high
energy pipe break accident with whatever consequential damage that could occur, plus

a single active failure, and still be capable of achieving a safe shutdown and main-
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 faflure of piping outside containment is acceptable.
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Inside Containment

With respect to the systems located inside containment, the Preliminary Safety Analysis
Report states that the criteria that will be employed for determining the systems
which are to be evaluated, the Tocations and types of pipiry breaks which are posiu-
lated, and the protective mecsures against pipe whip to be providad, will be consis-
tent with the reguirements of Regulatory Guide 1.46, "Protection Ageinst Pipe Whip
Inside Containment."”

The methods of analysis described in the Preliminary Safety Analysis Report will
adequately account for the dynamic loadings on systems, structures and components
that are associated with pipe rupture assumptions. Use of these methods will provide
adeguate assurance that the containment structure, unaffected system components, and
those systems important to safety which are in close proximity to the systems in
which postulated pipe failures are assumed to occur, will be protected.

For determination of restraint loading due to the postulated pipe ruptures, the
applicants have committed to utilizing the dynamic amalysis procedures described in
GESSAR (Docket No. STN 5C-447) for that piping included in the General Electric scope
of supply.

These procedures will yield comservative results for the large clearance, large
deformation restraints described in Section 3.6.B of the Preliminary Safety Analysis
Report (1.e., a gap size of approximately six inches) when used with the thrust forces
calculated in accordance with the relationship given in Section 3.6.8B of the Prelim-
inary Safety Analysis Report. Design limits proposed by the applicants in Section
3.6.3.1.5.18 of the Preliminary Safety Analysis Report for use in the design of the
pipe whip restraints will result in deformation Timits as conservative as our limits
for all methods and all materials employed, The methods used for formulating the
hydrodynamic forcing functions induced by pipe rupture and the dynamic analysis for
the pipe whip motion provide an acceptable basis for restraint design.

For the determination of restraint loading resulting from postulated ruptures of
piping in the Stone and Webster scope of supply (all piping not furnished by General
Electric), the applicants have committed to use the dynamic analysis procedures
consistent with those that are acceptable to the staff as delineated in Section 3.6.2
of the NRC Standard Review Plan, NUREG-75/087.

The criteria used for the identification, design, and analysis of piping systems where
postulated breaks may occur constitute an acceptable design basis in satisfying the
applicable requirements 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
the combined loadings imposed by an earthquake of the magnitude specified for the safe
shutdown earthquake ind a concurrent single pipe break at one of the design basis
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break locations, the following conditions and safety functions will be accommodated
and assured: f

(1) The magnitude of a design basis Toss-of-coolant accident cannot be aggravated
by potential multiple failures of piping. ‘
\

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

The applicants have stated in the Preliminary Safety Analysis Report that they will
incorporate the criteria contained in the AEC letter from Mr, J. F. 0'Leary, dated
July 12, 1973, in their analysis for high energy line breaks inside containment. In
implementing these criteria, the applicants will designate design basis break locations
throughout all high energy piping systems. These postulated break locations will be

chosen on the basis of highest relative st-ess, or significant changes in flexibility

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

lated pipe breaks and discharging fluids in piping systems containing high energy

fluids and Tocated inside the containment will be adequate to prevent damage to

structures, systems and components to the extent considered necessary to assure the

maintenance of their structural integrity. Such protection provides reasonahle

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

as needed,

In addition to the protection provided for high energy systems, for those piping
systems that do not operate at sufficient temperature or pressure to be considered
high energy systems, the applicants will postulate sufficient leakage cracks to
assure that ecsential equipment and components are protected from spraying fluid,
flooding and the consequent environmental conditions that may be developed.

The criteria proposed for the identification, design and analysis of high and moderate
energy fluid lines inside conilainment where postulated breaks and cracks may occur
constitute an acceptable design basis for satisfying the applicable requirements of
General Design Criterion 4.

3.7 Seismic Design
3,71 Seismic Input

The seismic design response spectra (Operating Basis Earthquake and Safe Shutdown
Earthquake) applied in the design of sefsmic Category [ structures, systems, and !
components comply with the provisions of Regulatory Guide 1.60, "Design Response ‘
Spectra for Nuclear Power Plants.” The specific percentages of critical damping
values used in the seismic analysis of seismic Category I structures, systems and
components are in conformance with Regulatory Guide 1.61, "Damping Values for Seismic
Analysis of Nuclear Power Plants.” The synthetic time history used for seismic ’
design of Category ! plant structures, systems and components will be adjusted in

amplitude and frequency content to obtain the response spectra that envelop the

design response spectra specified for the site,
3-10 L 7
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Conformance with the provisions of Regulatory Guides 1.60 and 1.61 assures that the
seismic inputs for seismic Category I structures, systems, and components are adequately
defined so as to form a conservative basis for the design of such structures, systems
and components to withstand seismic loadings.

Seismic Subsysten Analysis

Modal response spectrum and time history methods for multi-degree-of-freedom systems
will form the bases for analyses of all major seismic Category | structures, systems
and components, When the modal response spectrum method is used, governing respanse
parameters will be combined by the square-root-of-the-sum-of-squares method to obtain
the maximum response. The absolute sum of responses or tne modified double sum method
will be used for modes with closely-spaced frequencies.

Three components of seismic motion will be considered: two horizontal and one ver-
tical., The total response to the three components of seismic motion will be obtained
by this method.

Floor spectra inputs to be used for design and test verification of systems and
companents will be generated from the time history method. Effects on floor response
spectra of expected variations of structural properties and damping will be accounted
for by widening the response spectra peaks by at least + 15 percent. Torsional effects
and stability against overturning will be considered.

Sotl-structure interaction will not be considered since all seismic Category 1 struc-
tures will be supported on sound rock or on concrete backfill. No seismic Category I

dams will be used in this plant.

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

Seismic Instrumentation

The installation of the specified seismic instrumentation in the reactor containment
structure and at other seismic Category [ structures, systems, and components consti-
tutes an acceptable program to record data on teismic ground motion as well as data on
the frequency and amplitude relationship of the seismic response of major structures
and syétems. A promot readout of pertinent data at the control room can be expected
to yigld sufficient information to guide the operator on a timely basis for the pur-
pose of evaluating the seismic response in the event of an earthquake. [ata obtained
from such installed seismic instrumentation will be sufficient to determine that the
seismic analysis assumptions and the analytical mode! used for the design of the plant
are adequate and that allowable stresses are not exceeded under conditions where
continuation of operation is intended. Provision of such sefsmic instrumentation
complies with Regulatory Guide 1.12-Instrumentation for Earthquakes. On this basis we
conclude that the seismic instrumentation to be provided is acceptable.

|
:
:
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3.8
3.8.1

Design of Category I Structures
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 mat
covered with a liner plate. The steei containment will be enclosed by a reinforced
concrete shield building. The containment will utilize the Mark 111 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 containment 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 1II, Division 1.

The containment will be designed for all the various load combinations that are
considered credible, including appropriate combinations 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 (0BE). Such a flooding
condition may be required to recover the fuel from the reactor after a postulated LOCA.

The materials that will be used in the construction of the crntainment will satisfy
the requirements of Article NE-2000 of Subsection NE of the ASME Section 11l Code.
The bottom region of the drywe!l 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 analysis, design, and construction of the steel containment
structure to account for anticipated iczding and postulated conditions that may be
imposed upon the structure during its service lifetime are in conformance with estab-
lished criteria, codes, standards, and quides acceptable to the NRC staff,

The use of these criteria as defined by the applicable codes, standards, and gquides;
the loads and loading combinations; the design and analysis procedures; the structural
acceptance criteria; the materials, quality control programs, and special construction
techniques; and the testing and in-service surveillance requirements, provide reason-
able assurance that, in the event of earthguakes and various postulated accidents
occurring within and cutside the containment, the structure will withstand the sp -
fied conditions without impairment of structural integrity or safety function. A
seismic Category I concrete shield building protects the steel containment from the
effects of wind and tornadoes and various postulated accidents occurring 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.

3-12
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Containment Interior Structures

The major containment interior structures include the drywell, the reactor pedestal
and shield wall, the refueling pool and operating floor, and various other intermediate
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 recirculation system.

Its primary function is to divert the steam released in a postulated LOCA to the
suppression pool. Because of the importance of this function, upon which the proper
functioning of the pressure suppression system depends, the NRC staff has required that
the drywell be treated to a certain extent as would & containment structure. According-
1y, the design and analysis procedures and the loads and load combinations will be
similar 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 element techniques to account for che 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
committed to such a test. Guard pipes which form extensions to the drywell will be
designed, constructed and tested in accordance with Subsection NE of the ASME Section
111 Code.

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

The c¢riteria 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 lifetimes are
in conformance with established criteria, and with codes, standards and specifications
that are acceptable to the NRC 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 materials, quality contro! 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
without impairment of their structural integrity or the performance of their required
safety functions. Conformance witn these criteria, codes, specifications, and standards
constitutes an acceptable basis for satisfying the applicable requirements of General
Design Criteria 2 and 4.

907075
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3.8,3

3.8.4

(ither Seismic Category [ Structures

Seismic Category I structures other than the containment and its internal structures
will be built from structural steel and concrete. The structural components will
consist of slabs, walls, beams and columns. The design method for concrete will
follow that specified in the ACI-318 Code; and for steel it will follow the American
Institute of Steel Construction specifications, with appropriate modifications re-
quested by the staff to account for loading conditions peculiar to nuclear power
plants,

The criteria that will be used in the analysis, design and construction of all the
plant's seismic Category I structures to account for anticipsced loadings and postu-
lated conditions that may be imposed upon each structure during its service lifetine,
are in conformance with established criteria, and with c.des, standards, and specifi-
cations acceptable to the NRC staff.

The use of these criteria as defined by applicable codes, standards and specifications:
the loads and loading combinations; the design and anmalysis procedures; the structural
acceptance criteria; the materials, guality control and special construction techniques;
and the testing and inservice surveillance requirements, provide reascnable assurance
that, in the event of winds, tornadoes, earthquakes and various postulated accidents,
the structures will withstand the specitied design conditions without impairment of
their structural integrity or the performance of their reguired safety functions,
Conformance with these criteria, codes, specifications, and standards constitutes an
acceptable basis for satisfying the applicable requirements of Generai Design Criteria

2 and 4.

foundations

The stee] containment, its interifor structures and the shield building will be founded
on a concrete mat. The mat will be analyzed to determine the effects of the various
combinations of loads expected during the life of the plant. Foundations of other
Category 1 structures will alsc be constructed of reinforced concrete mats. Such
foundations will be designed in accordance with the ACI-318 Code with appropriate
modifications to the loading criteria described in Section 3.8.5.5 of the Preliminary
Safety Analysis Heport.

The criteria that will be used in the analysis, design and construction of all the
plant's seismic Category ! foundations to account for anticipated joadings and postulat-
ed conditions that may be imposed upon each foundation during its service lifetime,
conform with established criteria, and with codes, standards, and specifications
acceptable to the RC staff,

The use of these criterfia as defined by applicable codes, standards and specifications;
the loads and locading combinations; the design and analysis procedures; the structural
acceptance criteria; theematerials, quality contro! and special construction techniques;
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3.9.)
3.9.1.1

3,9.1.2

and the testing and inservice surveillance requirements, provide reasonable assurance
that, in the event of winds, tornadves, earthquakes and various postulated events,
seismic Category 1 foundations will withstand the specified design conditions without
impairment of their structural integrity or the performance of the required safety
functions. Conformance with these criteria, codes, specifications, and standards
constitutes an acceptable basis for satisfying the applicable requirements of General
Design Criteria 2 and 4,

Mechanical Systems and Components
Oynamic System Analysis and Testing
Vibration Operational Test Program

The applicants have agreed to perform a preoperational piping vibrational and dynamic
effects test program to confirm that dynamic loadings or piping from operational
transient conditions have been properly accounted for in the design and aralysis of
piping systems and restraints classified as ASME Class 1 and 2 components. This
program will provide adequate assurance that the riping and piping restraints of th.
system have been designed to withstand vibrational dynamic effects due to valve
closures, pump trips and ojzrating modes associated with the design operational
transients.

The tests, as planned, wiil develop loads similar tc those experienced during reactor
operation. A commitment to proceec with such & progrsm constitutes an acceptable
design basis at the construction permit stage of our review in fulfillment of the
applicable requirements of NRC General Design Criterion 15.

Analysis and Tests of Mechanical Equipment

The applicants will perform dynamic testing and analysis to confirm that all seismic
Category I mechanical equipment will function during and after an earthquake of
magnitude up to and including the safe shutdown earthquake, and that all equipment
support structures are adequately designed to withstand seismic disturbances.

Subjecting the equipment and their supports to these dynamic testing and aralysis
procedures provides reasonable assurance that in the event of an earthquake at the
site, the Category I mechanical equipment as fdentified in the Preliminary Safety
Analysis Report will continue to function during and after a seismic event, and the
combined loading imposed on the equipment and their supports will not exceed applicable
code allowable design stress and strain limits. Limiting the stresses of the supports
under such loading combinations provides an acceptable basis for the design of the
equipment supports to withstand the dynamic loads associated with seismic events, as
well as operational vibratory loading conditions without gross loss of structural
integrity.

Implementation of these dynamic testing and analysis procedures constitutes an accept-
able basis for satisfying the applicable requirements of General Design Criteria 2
and 14,

3-15
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3.9.1.3 Preoperational Vibration Assurance Program for Reactor Internals

With regard to flow-induced vibration testing of reactor internals, the applicants

have stated in the Preliminary Safety Analysis Report that the first BWR & 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 BWR/6 plants of the -~ize of Montague 1 and 2.

The preoperational vibration assurance program as planned for the Montague reactor
internals 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 combination of tests, predictive analysis and post-test inspec-
tion provide adequate 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 unimpaired operation of the control rod assemblies
to permit safe reactor operation and shutdown.

demonstrating design adequacy of 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 1.20, “Vibration Measurements on Reactor Internals."

3.9 1.4 Analysis Methods for LOCA Loadings

The structura) design adequacy of the reactor internals, including the control rod
assemblies, will be confirmed 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 combined 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.

|
' The conduct of the preoperational vibratior tests constitutes an acceptable basis for

At the final design phase of our review of GESSAR (Docket No. STN 50-447), the staff
will require a more detailed description of the analysis and results for the combined
effects of a Safe Shutdown Farthquake 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 confirming the structural design adequacy of the reactor
internals and the unbroken piping loops to withstand the combined dynamic effects of
the postulated occurrence of a recirculation line 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 components 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 not distort the reactor internals
geometry Lo the extent that core cooling may be impaired. The assurance of structural
integrity of the reactor internals under a recirculation Tine break or a steam line
rupture concurrent with the most adverse loading event (SSE) provides added confidence
that the design may be expected to withstand a spectrum of lesser pipe breaks and
seismic loading events. Compliance with the dynamic system analysis and acceptance
¢riteria 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 submitted by General Electric about mid-1976. This
matter 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 Components

A1l safety-related ASME Code Class 2 and 3 systems, components and equipment will be
designed to sustain normal loads, articipated transients, the Operating Pasis 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 Conditions.”
The specified design basis loading combinations as applied to the design of the
safety-related ASME Code Class 2 and 3 pressure-retaining components in systems
classified as seismic Category | provide reasonable assurance that in the event an
earthquake should occur at the site or other upset, emergency or faulted plant transients
should occur during normal plant operation, the resulting combined stresses imposed on
the system componen‘s are expected to remain within the allowable design stress and
strain limits for the materials of construction. Limiting the stresses under such

| Toading combinations provides & conservative basis for the design of the system
components to withstand the most adverse combinations of loading events without gross
loss of structu~al integrity. The applicants' design load combinations and associated
stress and deformation limits specified for all ASME Code Class 2 and 3 components
constitute an acceptable basis for design in satisfying NRC General Design Criteria 1,
2 and 4 and are consistent with recent NRC staff positions.

e et e

The criteria used in developing the design and mounting 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
Timits for the materials of construction. Limiting the stresses under the loading
combinations associated with the actuation of these pressure relief devices provides
a conservative basis for the design of the system components to withstand these loads
without loss of structural integrity and impairment of the overpressure protection
function.
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The criteria used for the design and installation of ASME Class 2 and 3 overpressure
relief devices constitute an acceptable design basis in meeting the applicable re-
quirements of NRC General Design Criteria 1, 2, 4, and 15 and are consistent with
those specified in Zegulatory Guide 1.67, "Installation of Overpressure Protection
Devices."

Component Operability Assurance Program - Active Pumps and Valves (ASME Code

Class 2 and 3)

7he applicants have described in the Preliminary Safety Analysis Report their program
to assure the operability of active components, which is acceptable. Active compo-
nents are defined as those pumps required to function and valves required to open or
close or close during or following the specified plant condition.

The conduct of the applicants' proposed operability assurance program will provide
adequate assurance of capability of active pumps and valves in seismic Category 1
systems including those which may be classified as ASME Code Class 1, 2, and 3, to
withstand postulated seismic loads in combination with other significant loads without
loss of structural integrity, and to perform the “active” function (i.e., pump opera-
tion, valve closure or opening) when a safe plant shutdown is to be effected, or the
consequences of an accident are to be mitigated. Tne specified component operability
assurance procedures constitute an acceptable basis for implementing the regquirements
of General Design Criteria 1, 2 and 3 for active pumps and valves.

Seismic Qualification of Category | Instrumentation and Electrical Equipment

Operability of the instrumentation and electrical equipment is essential to assure
the capability of such equipment to initiate protective actions in the event of a

Safe Shutdown Earthquake (SSE) as necessary for the operation of engineered safety
features and standby power systems. This matter is discussed below.

Stone & Webster Scope of Supply

The seismic qualification testing program which will be implemented for seismic
Category 1 instrumentation and elect~ical equipment provides adequate assurance that
such equipment will function properiy during the excitation frem vibratory forces
imposed Jy the safe shutdown earthquake and under the conditions of post-accident op-
eration. The applicants referenced IEEE Standard 344, 1971 for the seismic quaiifica-
tion of Lategory I electrical equipment, and in additien, their program contains fea-
tures which recognize and provide solutions for standard test program implementation
preblems, consistent with Standard Review Plan, Sextion 3.10, "Seismic Qualification
of Category I Instrumentation and Electrical Equipment.” This program constitutes an
acceptable basis for satisfying the applicable requirements of General Design
Criterion 2.

G780
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General Electric Scope of Supply

Proper functioning of Category I instrumentation and electrical equipment is essential
to assure the capability of such equipment to initiate protective actions in the event
¢€ a Safe Shutdown Earthquake (SSE) including, for exampie, oneration of engineered
safety features and standby power systems. The information ,> sented in GESSAR

(Docket No. STN 50-447) is consistent with Standard Review Plan, Section 3,10, "Seismic
Qualification of Category I Instrumentation and Electrical Equipment.” Our review of
the General Electric seismic qualification program has been completed, however, docu-
mentation of our review and acceptance is outstanding This documentation will be
completed prior to a decision for issuance of Monivague | & 2 construction permits,

The seismic qualification testing program 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 from 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 requirements of NRC General Design Criterion 2,

3“9 /
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4.0 REACTOR

4.1 General

The nuclear steam supply systems for Mont. .2 1 and 2 include the General Electric

Company (GE) boiling water reactors (BWR) which generate steam for direct use in the

steam-driven turbine generatars. The design of the Montague 1 and 2 reactor is

similar to that of the GESSAR-238 reactor and to the reactors for the Grand Gulf -
Hucl=zar Station, Units 1 and 2 {Docket Nos. 50-416/417) and the Perry HNuclear 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 NRT staff,

The fuel and heat source consists of slightly enriched uranium dioxide pellets con-
tained in sealed zirconium alloy tubes of about one-half inch in diameter. These
fuel rods, which are over tweive feet long, are assembled into fuel assemblies, each
consisting of 63 fuel rods and one water-filled rod in an 8 x 8 array within a square
open-ended zirconium channel box. Seven nundred and thirty-two of these fuel as-
semblies form a roughly cylindrical core.

The core is sup. rted in a domed cylindrical shroud inside the reactor vessel. Steam
separators and dryers are mounted on the shroud dome. Two external, motor-driven,
constant speed recirculating pumps inject high-velocity water into the 20 ‘et pumps
which are located in the annulus between the shriud and the reactor vessel., The hig.
velocity water from the jet nozzles entrains and 'mparts energy to additional water
from the annular region. The combined flow enters vL.= bottom of the reactor core ano
boils as it passes upward through the fuel assemblies.

L 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-generutor through
four 26-inch diameter main steam lines. The heated condensate returns to the reactor
through two 24-inch diameter feedwater 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 movement of
neutron absorbing, cruciform-shaped control rods, anu by variation of the flow rate |
through the core, thereby changing the steam fraction and moderator density. Inc - A
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 (scram). Core flow rate is varied by the flow contro! valves in the recir-

culation lines.
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Mechanical Design
Fuel Mechanical Design

The 8 x o fuel assembly 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 the top and bottom by stainless steel tie plates. The rods are also held in
aliznment by spacer grids located along the assembly. The cladding is made of fully
annealed Zircaloy and each rod contains a hydrogen getter. The fuel pellet is a

right circular cylinder whose height to diameter ratio is approximately unity. It is
chamferea and undished and made of uranium dioxide at approximately 394 percent of
theoretical density. Gadolinia bearing pellets are used in the nighest enriched rods
which are distinguished from the rest of the fuel rods by means c¢f an extended end
plug design. A Zircaloy channel box contains the fuel assembly and i= a load carrying
member. It also provides a chansel for coolant flow and control rod movement. 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 thermal
performance requirements of the fuel and minimize fuel-pellet mechanical interaction
by use of the chamfered pellets, reduced pellet lengths and annealed Zircaloy clad-
ding. Some of the main mechanical dimensions and parameters are given in Table 4.2.1
of this report.

The safety considerations in fuel assembly design are maintenance of basic assemb’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 Report, 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
ana creep ruptur>. In addition, analytical methods to be used to demonstrate design
adequacy are described. Such material properties as cladding yield and ultimate
stresses, and other thermal properties are given. We reviewed these design bases in
detail and found that they provide an acceptable description of design bases for the
8 x 8 fuel assembly. Details of our evaluation of the 8 x 8 reload fuel design are
included in Appendix D of the GESSAR Safety “raluation Report, NUREG-75/110 dated
December 1975. The only differences between the 3WR-6 8 x 8 fuel and the reload

8 x 8 fuel are n1at the total active fuel length is four inches greater in the BWR-6
fuel and the fizsiun gas plenum length is 0.75 inches oveater for the BWR-6 rods.
These changes are not significant enough to change our general conclusions regarding
8 x 8 reload fuel given in Appendix D of the GESSAR Safety Evaluation Report, 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

7 x 7 fuel assemblies and concluded the nuclear design of the 8 x 8 reload assemblies
is acceptable.

General Electric performed mechanical tests which included: fuel assembly handling
and shipping tests, channel box removal a:d replacement tests, water lug shear tests

. RIUPLC
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TABLE 4.2.1

FUEL ASSEMBLY DIMENSIONS

Fuel Assembly Data

Fuel

Overall length, inches

Nominal active fuel length, inche.

Fuel rod pitch, inches

Space between fuel rods, inches

Channel wall thickness, inches

Fuel bundle heat transfer area, square feet

Rod Data

Outside diameter, inches

Cladding thickness. inches

Pellet outside diameter, inches

Fission gas plenum length, inches

Pellet immersion density, grams/cubic centimeter

4.3

176

148
0.640
0.147
0.120

100.3

0.493

0.034

0.416
12.00
10.42
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and fuel assembly bending stiffness tests. These tests verified the ability of the
fuel to be handled with no damage.

seneral Electric has accumulated extensive fuel operating experience with fuel having
a range of design parametars that envelopes those of the 8 x 8 fuel. Although the
design of the unfuwled spacer-capture rods is new, it is based on experience with
similar designs. Fuel assemblies with eccentrically Tocated spacer capture rods have
been successfully operated in the Humboldt Bay reactor.

The methods used by General Electric to calculate the effects of fuel pellet densi-
fication have been previously submittec in Topical Report NEDM-10735. This report
nas been reviewed and found accentable by the NRC staff,

To replace the poison curtain previously used in BWRS, uoz-lSd.‘.()3 rods are introduced
into the high enrichment assemblies. The thermal conductivity of such rods is
slightly lower than that of the 002 rods. However, these rods are expected to
gperate at relatively lower power than a U(J2 vod. A different end plug design is
used to distinguish them from other fusl rods. We have previously reviewed the use
of Ut)z-(ivclzc3 rods and found them tc be acceptable.

General Electric has plans to perform a test of the 8 x 8 design spacer grid and
spacer-water rod locking arrangement. In addition, General Electric has a fuel
surveillance program which is to be conducted on presaiected B8 x 8 fuel assemblies
during refueling outages of operating plants.

we plan to review the results of the above surveillance program during nur review of
the Montague | and 2 Final Safety Analysis Report. Also, a stress report should be
provided for each component together with safety margin.

A calculation of cladding strain based on an empirical formula together with gross
diameter measurements taken from an irradiated rod burst test was submitted in a

Topical Report (NEDO-10505, May 1972). An update - f this topical report as well as
a re-analysis and evaluation will be required as new information becomes available.

Based upon the above testing and operating experience, we conclude that the proposed
mechanical design criteria for the fuel are acceptable for Montague 1 an¢ 2 at this

construction permit stage of our review.

Reactivity Control Systems

Reactor power level can be controlled either by movement of control rods or by
variation of the reactor coolant recircuiation system flow rate. Certain fuel rods
wi11 also contain full length and others partial length gadolinium oxide. a burnable
poison, to supplement the moveable control rods in controlling the core reactivity
throughout the core 1ife. A standby liquid control system is also provided as a

backup shutdown system.
907080

s -

4-4




Y M — R— R — i S e R — s S S ————

Control rods (177 in »mber) are used to bring the reactor through the full range of
power (from shutdown tu (ull power operation), to shape the reactor power distribu-
tion, and to compensate for changes in reactivity resulting from fuel burnup. Each
control rod drive has separate devices for control and for rapid insertion (scram).
Tie drives have a common supply pump (and one parallel spare pump) as the hydraulic
pressure source for normal operation and a common discharge volume for scram
operation.

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

As indicated above, reactor power can aisu be controlled through changes in the
primary coolant recirculation flow rate. The recirculation flow control system ¢an
automatically adjust reactor power level to station load demand whenever the reactor
is operating between approximately 65 percent ana 100 percent of rated power. The
recirculation flow control system is designed t. allow either manual or automatic
contrgl of reactor power. This method of reactor power level control has been satis-
factorily demonstrated in other reactors.

The standby liquid control system 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 i designed to bring the reactor tc a cold shutdown con-
dition from the 7ull power steady-state operating condition at any time in core life,
independent of the control rod system capabilities. The injection rate of the
system is adequate to compensate for the effects of xenon decay.

n the basis of our review of the control rod, flow control and standby liquid control
systems design, and the supporting evidence accumulated from operation of similar
systems in other General Electric reactors, we conclude that these systems will
satisfy the functional performance requirements and are accentable. The details of
the proposed design for the new rod pattern control system, which will allow use of
garged rod motion, have not yet been submitted by General 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 assem-
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 of
four square fuel assemblies and a cruciform shaped control rod. A fuel assembly has
an 8 x B square array of rods, 63 of which are fuel rods; the 64th rod is a water-
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spacer rod. The cruciform shaped contro! rods contain 76 stainless stee! tubes (19
tubes in each wing of the cruciform) filled with vibration compacted boron ~arbide

powder.

rods, and structural material. Al]l of the water gans between fuel assemblies are of
the same size, Some of the water gaps, which do not include a control rod, are
provided with guidc tubes for both fixed and movable neutron flux detectors. Guide
tubes are located in the space near the corners of two adjacent fuel assemblies.

There are a number of noteworthy features of the fuel lattice cell which are appli-
cable to the first fuel cycle. These are: (1) the fuel rods are of four different
uranium-235 enrichnents, (2) the average enrichment of the uranium-235 isctope in the
fuel bundie is 2.07 percent by weight, and (3) a number of fuel rods will incorporate
an axially varying distribution of gadolinia.

We have 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 general requirements of the safety design bases are: (1) that sufficient
negative reactivity feedback be provided to prevent fuel damage as a result of
abnormal operational transients; (2) that nuclear characteristics as required be
exhibited to assure that the reactor has no inherent tendency toward divergent or
Timit cycle operation; zad (2) that the excess reactivity of the core be limited
sufficiently to assure that the reactivity control systems are capable of making the
reactor subcritical with the highest worth control rod fully withdrawn. The general

requirements of the power generation design bases are:
be provided to reacn the desired burnup for full power operation; (2) that continuous,

stable regulation of core excess reactivity be allowed: and (3) that sufficient

necative reactivity feedback be provided to facilitate normal maneuvering and control.

Moderator/coolant water occupies all space not taken up by fuel rods, control

(1) that sufficient reactivity

In addition to the general safety and power generation bases, the Montague 1 and 2 units
are designed to meet a number of specific design bases. These are listed below:

(n)

(2)

(3)

(4)

(5)

(6)

The power reactivity coefficient must always be negative.

The moderator void reactivity coefficient must be negative.

The Doppler reactivity coefficient must be negative.

Cuntrol rod operating patterns and withdrawal sequences must be specified so
that individual contro)l rod worths are sufficiently low to prevent damage to the
reactor system in the event of a rod drop accident.

The maximum control rod withdrawa! speed must not be greater than 3.6 inches per
second.

Control rod withdrawal increments must be limited so that a rod movement of one
increment does not result in a reactor period which cannot be managed by an

operator,
4-6
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{7) The power generation rate must be controlled so that the linear heat generation
rate of 13.4 kilowatts per foot i5 not exceeded and so that the minimum critical
power ratic is not less than 1.21, the operating = it for the plant.

(8) Sufficient burnable poison must be included in the nuclear design to ensure that
the shutdown requirements can be met throughout the core life.

{9) The backup shutdown system must be capable of making the reactor subcritical at
a temperature of 20 degrees Centigrade. It must be capable of inserting at isast
600 parts per million of natural boron between a minimum rate and a maximum rate of
6 to 25 parts per million per minute.

Based on our review, we conclude that the nuclear design bases are acceptable, since
they are in conformance with General Design Criteria 10, 11, 12, 26 and 27.

Power Distribution

We nave reviewed and evaluated the information presented on power distribution. The
power distribution is 3 function not only of the nuclear design, but also of the
reactor operating state. Consequently, an infinite number of power distributions are
possible for the Montague | and 2 reactors. Constraints are placed on the power
distribution in order to limit the linear heat generation rate to less than 13.4
kilowatts per foot and to keep the minimum critical power ratio above 1.21, the
operating limit. Target peaking factors for these design limits are given in Table
4.3.1 of this report. The operating conditions are periodically menitored fo ensure
compliance with the design limits.

The incore neutron monitoring system is composed of the Source Range Monitoring sub-
system, the Intermediate Range Monitoring subsystem, the Local Power Range Monitoring
subsystem, the Average Power Range Monitoring subsystem, and the Traversing Incore Probe
subsystem. The Startup Range Monitoring range varies from the minimum source power

level to about 10'3 percent of full power. The Intermediate Range Monitoring cover from
lo" to 20 percent of full power. The Local Power Range Monitoring range varies from a
few percent to 150 percent of full power. The Average Power Range Monitoring provide a
continuous indication of average reactor power from a few percent to 150 percen’. of rated
reactor power. The Average Power Range Monitoring subsystem is based on a svaset of the
Local Power Range Monitoring detectors. The Traversing Incore Probe subsystem is used to
calibrate the Local Power Range Monitoring and to provide detailed data on axial flux
distributions.

A discussion of power distributions in boiling water reactors is given in Appendix 4A
of the Preliminary Safety Analysis Report. Appendix 4A indicates that the General
Electric design methods are capable of adequately representing operating reactor
states. The design methods are compared with measured data for both gross and local

power distributions. The effect on power distributions of rod patterns, fuel burnup,

flow variations, void distributfon, xenon, hot and cold reactor conditions, and load
following ave discussed. The errors and uncertainties associated with the analytical
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TABLE 4.3.1

NUCLEAR DATA SUMMARY

Design Peaking Factor
Maximum Fuel Bundle to Average Fuel Bundle
Axial Peak-to-Average
Lecal Peak-to-Average
Total Peak-to-Average
Water-to-Fuel Volume Ratio
Uranium Weight per Bundle (pounds)
Macimum Core Reactivity, A1l Rods in (Keff)
Maximum Core Reactivity, Strongest Rod Out (K g
Reactivity of Movable Control Rods, Cold (2K)
vange of Reactivity Coefficients
Fuel Doppler Coefficient (2k/k/°F)

Moderator Void Coefficient (Ak/k/% void)

1.40
1.40
=13
2.22
2.50
415
<0,965
<0.99
0.17

-1.2 to
-1.3 x 107
-1.0 to
=1.6 x 107

5
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methods are also discussed and have been accounted for in the evaluation of fuel
performance with the precess computer.

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 arising
from the staff review of Appendix 4A on the GESSAR docket are satisfactorily resolved.
These questions a-e directed toward the statistical analysis of reactor data in
establishing and accounting for errors and uncertainties. These questions are being
addressed in Topical Report NEDO-20340 and resolution of our concerns will be accom-
plished as a part of our review of that topical report. PResolution of this matter

need not be completed prior to a decision on issuance of the Montague 1 and 2 construc-
tion permit but will be supplied in the Final Safety Analysis Report.

We conclude that the information presented concerning the monitoring of powe. dis-
tributions is a.ceptable and the matters discussed above can be provided in the

Final Safety “nalysis Report.

Reactivity Coefficients

We have reviewed and evaiuated the information presented on reactivity coefficients.
The most importani reactivity coefficients which determine the stability and dynamic
behavior of the Montague | and 2 reactors are the Doppler reactivity coefficient, the
moderator void reactivity coefficient, and moderator temperature reactivity coeffi-
cient. The power rea.tivity coefficient, which is associated with stability to power
oscillations due to xenon and other causes, is a function primarily of the Doppler
and moderater void reactivity coefficients.

The Doppler reactivity coefficient is a reactivity change associated with the Doppler
broadening of absorption resonances of a material and is caused by changes in tempera-
ture. The Doppler reactivity coefficient is negative for the Montague reactors. The
absolute magnitude of the coefficient increases with both increasing moderator tem-
perature and increasing void fraction because the resonance escape probability is
inversely proportional to the water to fuel ratio. The Doppler reactivity coefficient
also becomes more negative as a function of fuel burnup due 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-
cient 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 coefficient of reactivity which is much smaller
in magnitude. The coefficients are obtained from partial derivatives of the infinite
myltiplication 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 temperature or void content with the reactor near criti-

cal. Of the two, the moderator temperatyre coefficient is less significant and plays

a role only near the inlet region of a hot operating reactor where the void content 1s

smatlest. This coefficient may become slightly positive near the end of the fuel

cycle. The strong moderator void coefficient of reactivity, on the other hand, gives

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

4.3.1 of this report. In various transient analyses, the moderator void coefficient
is taken to be -11.5 cents per percent void fraction and is multiplied by a design
(
s

the Montague reactors a number of important characteristics such as: (1) the capa-
power oscillations. Values of the void reactivity coefficient are given in Table
conservatism factor ranging in value from 0.9 to 1.25.

We have reviewed this information and conclude that the discussion in the Preliminary
Safety Aralysic Report of the reactivity coefficients is acceptable. We find that
the important prompt (Doppler) and void reactivity coefficients are negative through-
out a fuel cycle, We further conclude that the absclute magnitudes of these coeffi-
cients are sufficiently large to ensure the stability of the Montague 1 and 2 reactors
during power operation.

4.3.3 Control Requirements and Control

lle have reviewed and evaluated the information presented on control requirements and
control. The excess reaccivity designed into the initial core is controlled by a
control rod system supplemented by the use of a burnable poison, gadolinia, in a
number of fuel rods. The gadolinia 15 uniformly distributed in a UOZ fuel pellet but
has an axial distribution within a fuel rod. The reactor is designed to permit the
energy extraction of 12,000 to 19,000 megawstt 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 fission product poisons.

The control rods provide a number of important operating functions. They are a means
for: (1) rapidiy 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 hot 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
(Keff < 1.0) throughout the entire first fue! cycle for the most limiting condition,
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
margin was estimated by General Electric to be about 0.005:K.

JCoutml rod withdrawa) sequences are selected prior to operation in order to optimize
' core performance and to achieve low individual rod worths. The maximum con*rolled

g 307092
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rate of reactivity addition during startup is 0.0011aK/sec. This value is based on
the withdrawal of an in-sequence rod assucing a total rod worth of 0.01 4K, a peak
incremental rod worth of 0,00023 ak/inch, and a maximum rod speed of 3.6 inches
per second. Reactivity addition rates are considerably reduced at hot operating
conditions from those under startup conditions due to the effects of void formation
and redistribution as a rod is withdrawn.

The control of the reactor is not only dependent upon the movement of control rods
but also upen charges which occur in various system parameters. Because the pressure
changes caused by turbine load changes would bring about reactor power changes in a
direction opposite toc changes in turbine load, the reactor is operated as constant
pressure device. The plant output is increased or decreased by changing the reactor
circulating water flow and/or moving the control rods. As indicated previously,
reactor startup from cold or hot conditions is accomplished by withdrawing control
rods and keeping the recirculating water flow at a fixed value., The reactivity
difference between the hot standby condition (5 percent power, 30 percent flow), as
defined by General Electric, and the cold critical condition are 0.069 2K and 0.041 4K
for beginning and end of cycle, respectively. These reactivity differences inclide
temperature, void fraction, and xenon changes. By adjusting the recirculating water
tlow, the reactor power can be varied over approximately 35 percent of the power
range. The power change produced by varying the recirculating water flow is nearly
uniform and 1s based on curves developed during the reactor startup phase whish corre-
Tate reactor power and flow for various control rod patterns. Control rod changes may
also be made in the power range in conjunction with changes in the recirculating water
flow; however, load fellowing s usually accumplished by varying recirculating water
flow. Spatial power disturbances, such as those caused by xenon redistribution, pre-
sent no special control problem. The large negative power coefficient provides strong
inherent damping of such disturbances or oscillations.

The Montague | and 2 reactors incorporate a standby liquid contro) system to satisfy
the requirements of General Design Criterion 26. This system is capable of injecting
a ratural boron solution at the rate of 6 to 25 parts per million per minute and can
bring the system coclant to a concentration of at least €00 parts per million. Based
on the reactivity worth of the boron, this liquid contro) system, inde,:ndently of any
control rod action, is capable of shutting down the reactor to 20 degrees Centigrade
from full power throughout the fuel cycle.

We conclude that the discussion of the control requirements and control is acceptable.
We find that there is sufficieat shutdown margir throughout the fuel cycle. We agree
with the applicants that spatial power disturbances will be strongly damped by the
large negative power coefficient. We conclude that power changes by control rod move-
ment and/or changes in recirculating water flow can be made in an acceptable manner
with respect to effects on the power distribution. We further conclude that adequate
control of the excess reactivity exists throughout the fuel cycle. Finally, we conclude
that a second shutdown control system requirement is satisfied by the standby liquid

contral system,
. N 3-11 wma M
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4.3.4

Control Rod Patterns and Reactivity Worths

We have reviewed and evaluated the information presented on control rod patterns and
reactivity worths. We find that specified rod withdrawal sequences are designed to

1imit rod worth so that the drop out of any control rod from the fully inserted po-

sition results in a peak fuel entha.py of not more than 280 calories per gram. The

selected rod pattern at any time will satisfy this requirement on the peak fuel enthalpy

if the incremental contro! rod worth is restricted to no more than 0.01 aK even if the

rod drop velocity reaches 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 complex. In the startup range, the control rods are withdrawn
to 50 percent control rod density leaving a checker-board pattern. Once a control rod
has been selected for withdrawal in the startup range, it is withdrawn from its fully
inserted to fully withdrawn position. The maximum in-sequence rod worth always occurs
when the first contral rod of an in-seguence group 15 withdrawn. The maximum out-of-
sequence controi rod worth will occur as follows: (1) all the control rods of an in- ,
sequence group have been withdrawn; {2) a single rod from the next in-sequence group is
withdrawn: and (3) the operator makes a single error by withdrawing the out-of-sequence
control adjacent to the in-sequence control rod withdrawn in Step (2). The withdrawal
of control rods during startup is performed in conjunction with permissives from the ,
rod pattern control system, a system designed to preclude the withdrawal of out-of-

sequence contrel rods. The maximum control rod worth, as cantrolled by the prescribed

patterns in this system, are given in Figures 4.3-2a and 4.3-2b of the Preliminary

Safety Analysis Report for two different levels of burnup.

In the power range, once a creckerboard control rod configuration has been achieved,
the concept of in-sequence and out-of-sequence control rods is no longer meaningful
since all interior control rods will have approximately the same reactivity worth. The
worth of an interior control rod is about 1.5% ak/k in the hot operating state; however,
the amount of reactivity which can be added due to a dropping control rod is restricted
since only partial withdrawal of all the remaining rods in groups occurs. Contrel rod
withdrawals in the power range are also restricted to limit the total power peaking
factor. Control rod patterns are varied from time to time to maintain uniform burnup
in each fuel assembly. In the power range the worst single operator error is defined
as the selection and full withdrawal of the maximum worth control rod. This results in
two methods for inserting potentially high reactivity into the reactor. The first
method is by withdrawal of the high worth rod itself and the second method is by having
an adjacent rod drive being completely withdrawn but with its control blades decoupled
and remaining in the fully inserted position. This decoupled blade then falls out of
the core.

In the startup range, the maximum in-sequence and out-of -sequence control rod worths

are cumputed by means of full core, three group, two-dimensional, XY diffusion calcu-
lations. Homogenized cross sections are used for each fuel bundle. These cross sec-
tions are generated by using the General Electric standard lattice design methods for
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the controlled or uncontrolled fuel bundle. The effects of the axially distributed
gadolinia are included in the XY diffusion calculations by using average cross sections
and axial bucklings obtained from one-dimensional, three group, axial diffusion
calculations.

In the power range, the control rod cal .ulations are affected by the formation of steam

voids in the moderator. The maximum control rod worth is calculated by means of three-

dimensional XYZ diffusion theory for a contral rod fully inserted or fully withdrawn

for a constant void distribution. The initial void distribution is obtained from a |
three-dimensional coupled nuclear-thermal hydraulic calculation with the maximum worth i
out-of-sequence control rod fully inserted. }

We conclude that the informatica presented on control rod patterns and reactivity

worths is acceptable. Although the control rod patterns and withdrawal schemes are

quite complex, we find that the rod pattern control system and the nuclear instrumen-

tation can limit the worth of a control rod and the power peaking factor. Finally, we

conclyde that the restrictions on the rod patterns will limit the increm ~tal control

rod worth to approximately 0.01 #X and that no dropped rod would produce a peak fuel i
enthalpy of 280 calories per gram even if the rod were dropped at 2.79 feet per sacond. :

Criticaility of Fuel Assemblies

W. Tave reviewed and evaluated the applicants' criticality analyses of the fuel assemblies. :
The criticality analyses were performed assuming a higher-than-normal average fuel
enrichment and also assuming that there are no control rods or gadolinia. For the dry
condition, the multipiication factar, Keff is < 0.50. In the fuel handling facilities,
two fuel bundles give Keff ~ 0.74, and four bundles Kegs ° 0.90. Sixteen to twenty
fresh fuel bundles with gadolinia present represent a critical array. Procedural
controls prevent personnel from arranging four fuel bundles in a square array. See
Section 3.1 of this report for further 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 Preliminary

Safety Analysis Report are sufficient to prevent Kogs from exceeding 0,90 under normal

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

Vessel Irradiation

We have reviewed and evaluated the information presented on reactor vessel irradiation.
A one-dimensional, discrete ordinates transport code was used to calculate the neutron
fluence at the pressure 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 one million electron volts
is about 2.3 x 10‘8 neutrons/square centimeter.

J07CLs
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From our review of the applicants' methods employed and described in Section 8.3.2.9 of
the Preliminary Safety Analysis Report, we conclude that the calculated neutron fluence
at the pressure vessel wall has been conservatively estimated.

Analytical Methods

The basic calculational procadures used by General Electric for generating neutron
cross sections are part of its so-called Lattice Physics Model. In this model, the
many-group fast and resonance energy cross sections aré computed by 3 GAM-type of
program. The fast energies are treated by multigroup integral collision probabilities
to account for geometrical effects in fast fission. Resonance energy Cross sections
are calculated by using the intermediate resonance approximation with energy-and-
position-dependent Dancoff factors included. The thermal cros; sections are computed
by a THERMOS-type of program. This program accounts for the spatially varying thermal
spectrum throughout a fuel bundle, These calculations were performed for an extensive
combination of parameters including fuel enrichment and distribution, fuel and moderator
temperatures, burnup, voids, void history, the presence or absence of adjacent control
rods, and gadolinia concentration and distribution in the fuel rods. As part of the
Lattice Physics Model, three-group, two-dimensional XY diffusion caiculations for one
or four fuel bundles were performed. local fuel rod powers, as well as single-bundle
oF fou -bundle (with or without a control rod present) average cross sections, were
caleriaced by this method.

The single or four bundle averaged neutron cross sections which were obtained from the

Lattice Physics Model were used in either two- or three-dimensional diffusion calculations.

Two-dimensional, XY calculations are usually performed in three-y m:ps at a given axial
location to obtain gross power distributions, reactivities, and average three group
neutron cross sections for use in one-dimensional axial calculations. The three-
dimensional diffusion calcuiatiens use 1.5 energy groups and can couple neutron and
thermal hydraulic phenomera. These three-dimensional calculations are performed using
28 axial nodes and 1 radial node per fuel bundle resulting in about 14,000 to 20,000
spatial nodes; however, at the design stage geometrical symmetry iy used to reduce the
size of the calculation. This three-dimensional calculation provides the best simulation
of a boiling water reactor and yields gross three-dimensional power distributions, void
distributions, control rod positions, reactivities, eigenvalues, and also average Cross
sections for use in the one-dimensional axial calculations.

The one-dimensional axial calculations are space-time diffusion calculations whizh are
coupled to a single channe] thermal-hydrauiic model. This axial calculation is used to
generate the scram reactivity function for various core operating states. This one-
dimensiona) space-time code has been compared by General Electric with results obtained
using the industry standard code, WIGLE.

The Doppler, moderator void, and moderator temperature reactivity coefficients were
generated in a rudimentary manner from data obtained from the Lattice Physics Model.
The effective delayed neutron fraction and the prompt mode neutron lifetime were

3-14 307036




4.3.8

computed using the one-dimensional space-time code. The r coefficient was obtained
by appropriately cumbining the moderator void, Doppler, and moderator temperature
reactivity coefficients,

The response of a boiling water reactor (BWR) to any induced power oscillations is
discussed in General Electric Topical Report APED-5652. The effact of spatially
varying xenon concentrations .y the stability of a BWR is specifically discussed in
General Electric Topical Report APED-5640. These studies show that a BWR is stable to
any xenon-induced power oscillations because of the damping effect of the large,
negative, spatially varying void coefficient.

Appendix 4A of the Preliminary Safety Analysis Repert gives a considerable amount of
information on the comparison of calculated local and gross power distributions with
measured data. The factors which influence the power distribution are discussed as

well as uncertainties in the measurements and calculations, However, Section 4.3 of

the Preliminsry Safety Analysis Report does not provide any comparisons of calculations
of Kars with ineasured data for hot and ccld conditions and with and without equilibrium
xenon and samarium present. Comparison with experimental data of calculated control

rod worths in the cold condition, shutdown margins for various conditions, the reactivity
worths of the distributed gadolinia, and reactivity coefficients for various conditions
is similarly lacking,

We conclude that the discussion of the anaiytical methods incicate that they represent
the current state-of-the-art. We find acceptable the General Electric commitment an
the GESSAR-238 Nuclear Island Standard Design, Docket No. STN 50-447, which also
appears on the Montague docket as commitments by the applicants, to provide topicai
reports in the following areas:

{1} The lattice physics methods verification.

(2) Lattice physics methods verification.

(3) BWR simulator,

(4) BWR simulator methods verification.

(5) The void and Doppler reactivity coefficients.

We will require that the topical reports on the above five matters be reviewed and
accepted prior to the decision on issuance of the Montague 1 and 2 construction permits.

Summary 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 General Electric commitment on the GESSAR238 Nuclear Island Standard Design, Docket
No. STN 50-447, which is also a commitment by the applicants on the Montague docket, to
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provide topical reports to demonstrate the ability of these analyses to predict reactivity
and physics characteristics of the Montague plant is acceptable. Our revicw and acceptance
of these topical reports will be completed prior to a decisien on issuance of the

Montague 1 and 2 construction permits.

1o allow for changes of reactivity due to reactor heatup, changes in operating condi-
tions, fuel burnup, and fission product buildup, a significant amount of excess
reactivity is designea into the core. The applicants have provided substantial
information relating to core reactivity for the first cycle and have shown that means
have been incorporated into the design to control excess reactivity at all times. The
applicants have shown that sufficient contro) rod worth is available to shut down the
reactor with at least a one percent ak/k subcritical margin in the cold condition at
any time during the cycle with the most reactive control rod stuck in the fully with-
deawn position.

On the basis of our review, we conclude that the applicants' assessment of reactivity
control requirements over the first core cycle is suitably conservative, and that
adequate negative worth has been provided by the control system te as..re shutdown
capability. Reactivity control requirements will be reviewed for additional cycles as
this information becomes available during the gperating license stage of our review.

We also conclude that nuclear design bases, features, and limits have been establisned
in conformance with the requirements of General Design Criteria 10, 11, 12, 13, 20, 28
26, 27, and 28.

Control Rod System Structural Materials

The mechanical properties of structural materials selected for the control rod system
components satisfy Appendix 1 of Section III of the ASME Code, and Part A of Section [l
of the Code, and the staff position that the yield strength assumed for coid worked
austenitic stainless steel should not exceed 90,000 pounds per square inch.

The controls imposed upon the austenitic stainless steel of the system conform to the
provisions of Regulatory Guides 1.31, “"Control of Stainless Steel Welding” and 1.44,
“Control of the Use of Sensitized Stainless Steel.” Fabrication and heat treatment
practices performed in accordance with these provisions, as supplemeénted by information
from the demonstration tests in progress, provide added assurance that stress corrosion
cracking will not occur during the design life of the component. The compatibility of
all materials used in the control rod system in contact with the coolant satisfies the
criteria of NB-2160 and NB-3120 of Section 111 of the ASME Code. Both martensitic and
precipitation-hardened stainless steels will be given tempering or aging treatment in
accordance with staff positions. The provisions for cleaning and cleanliness control
are in accordance with the provisions of Regulatory Guide 1.37, "Quality Assurance
Requirements for Cleaning of Fluid Systems and Associated Components of Water-Cooled
Nuclear Power Plants" and ANSI Standard N45.2.1-1973, "Cleaning of Fluid Systems and

Associated Components for Nuclear Power Plants.”
o
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Conformance with the Lodes, standards and Regulatory Guides mentioned above, and with
the NRC staff positions on allowable maximum yield strength of cold worked austenitic
stainless steel and minimum tempering or aging temperatures of martensitic and
precipitation-hardened stainlass steels, constitutes an acceptable basis for satisfying
the requirements of General Jesign Criterion 26.

Thermal and Hydraulic Design

The thermal and hydraulic characteristics of the Montague 1 and 2 reactors are the same
as those for the GESSAR-Z38 Nuclear lsland Standard Design, Docket No. STN 50-447
design which has been reviewed at the Preliminary Design Approval stage by the NRC
staff. The design basis for the core for steady-state operation, operational tran-
sients, or load-following maneuvers or abnormal transients are:

(1) %o fuel damage.
(2) No undamped oscillations or other hydraulic instabilities.
{3) The maximum linear heat generation rate should rot permit fuel centarline melting.

» summary of the thermal-hydraulic parameters for Mentague 1 and 2 are aiven in Table
4.4.1 of this report.

The core and fuel design basis for steady-state operation are the minimum critical
power ratio and linear heat generation rate. These limits have been defined to provide
margin between the steady-state operating condition and any fuel damage condition to
accommodate uncertainties and to assure that no fuel damage will result even during the
worst anticipated transient condition at any time in life. Specifically, the minimum
critical power ratio operating limit is specified such that at least 99.9 percent of
the fuel rods in the core are expected not to experience boiling transition during the
most severe abnormal operational transient. The steady-state operating limit for
minimum critical power ratio is 1.21 and the peak linear heat generation rate is 13.4
kilowatts per foot,

GETAB, the General Electric Thermal Analysis Basis, is used to establish the thermal-
hydraulic limits for the Montague reactors. The thermal-hydraulic parameter used for
reactor design and operation is the critical power ratio, which is defined as the ratio
of the critical bundle power to the operating bundle 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, during a transient, 99.9 percent of the
rods in the core will not experience boiling transition.

Incipient center melting of the uranium dioxide pellet will occur in a linear heat

generation rate range of 19 to 21 kilowatts per foot; this is higher than the peak
linear heat generation rate during any abnormal! operating transient.
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TABLE 4.4.1

SUMMARY OF THERMAL HYDRAULIC PARAMETERS

Rated Power (megawatts thermal)

Design Power (megawatts thermal)

Steam Flow (108 pounds per hour)

Core Flow Rate (ll)6 pounds per hour)

System Pressure (pounds per sgquare inch atmosphere]

Average Power Density (kilowatts per liter)

Maximum Linear Power (kilowatts per foot)

Maximum Heat Flux (British thermal urits per hour
square foot)

Max imum UO2 Temperature (degree Fahrenheit)

Core Inlet fnthaiphy (British thermal unit per pound)

Total Peaking Factor
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3579
3758
15.396
105
1040
56
13.4

354,000
3337
527.8
c.22
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Three types of stability are considered in the design of boiling water reactors. They
are: (1) reactor core {reactivity) stability, (2) channel hydrodynamic stability and
(3) total system stability. Two <tability criteria are offered to demonstrate the
stability of the system; the decay ratio, 'Z/xo. and the damping coefficient »n. The
decay ratic should be less than one and the damping coefficient greater than zero. The
Montague Preliminary Safety Analysis Report presents valies typical of a boiling water
reactor,

The scope of our thermal-hydraulic design review included the design criteria and
thermal-hydraulic performance. The applicants' thermal-hydraulic analyses were per-
formed using analytical methods and correlations that have been previously reviewed by
the staff and found acceptable,

The staff concludes that the thermal-hydraulic design of the core conforms to the
Commission's regulations and to applicable Regulatory Guides and staff technical
4 positions and is consideraed acceptable for the construction permit stage of our review.
In Section 4.4.3.5 of the Preliminary Safety Analysis Report, the applicants present
typical values of stability and hydrodynamic performance and reference calculations
that predate General Electric's intrcduction of the BWR-6 design.

4.5 Reactor Internals Materials
; The materials for construction of components of the reactor internals have been
; identified by specification and found to be in conformance with the requirements of the
: ASME Code, Section ITI, Appendix 1.

The materials for reactor internals that will be exposed to the reactor coolant have
been identified and all of the materials are compatible with the expected BWR environ-
ment, as demonstrated by extensive testing and satisfactory performance. General
corrosion on all materials is expected to be neglia‘“Je.

The controls imposed on reactor coclant chemistry provide reasonable assurance that the
reactor internals wiil be adequately protected during operation from conditions which
could lead to stress corrosion of the materials and loss of component structural integrity.

Based on our review, we find that the .ontrols imposed upon the fabrication of reactor
internals constructed of stainless steel satisfy the provisions of Regulatory Guides
1.31, "Control of Stainless Steel Welding" and 1.44, "Control 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 materials,
have proven adequate for producing welds without evidence of fissuring. The applicants
have agreed to demonstrate the adequacy of current welding ccrtrols by conducting tests
to determine the ferrite content of production welds and to evaluate the degree of
sensitization in welded type 304 and 316 stainless steel, Material selection, fabrica-
tion practi~es, examination procedures, and protection procedures performed in accordance
with these provisions provide reasonable assurance that the austenitic stainless stee)
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4.7

used for reactor internals will be in a metallurgical condition which precludes
susceptibility to stress corrosion cracking during service.

The use of the materials aroven to be satisfactory by actual service experience and
conformance with the provisions of these Regulatory Guides comstitute an acceptable

basis for satisfying the requirements of General Design Criteria 1 anc 14.

Luose Parts Monitor System

Occasionally, miscellaneous items such as nuts, bolts, and other small items have
become loose parts within reactor coolant systems, In addition to causing operational
inconvenience, such loose parts can damage other components within the system or be an
indication of undue wear or vibration. For the past few years we have required many
applicants to initiate a program, or to participate in an ongoing program, the objec-
tive of which was the development of a functional, loose parts monitoring system within
a reasonable time. The applicants have indicated that they are following the General
Electric program for development of a loose parts monitoring system and have committed
to install a jJose parts monitoring system in the Montague 1 and 2. We conclude this
is acceptable for the censtriction permit stage of our review.

Gross Failed-Fue! Monitor

For some time we have been requiring that nuclear power nlants include a system to
permit detection of any pctential gross fuel failures in the core. The purpose for
such a system is that it would allow for corrective action following a postulated
gross fuel failure to prevent further damage to the core.

The Montague | and 2 design includes a radiation monitoring system with detectors on
the four steam lines to detect, alarm, and isolate the steam lines if a gross fuel
failure were to occur. We find this design is the same as on previously approved
boiling water reactor designs ard is acceptable.

367102
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5.2.1.2

5.2.1.3

§.2.2

10 CFR 50.55a. In addition, materials for the reactor vessel will satisfy the
criteria of Appendix G, 10 CFR Part 50.

The fracture toughness tests and procedures required by the ASME Boiler and Pressure
Vessel Code, Section I1I, as augmented by Appendix G, 10 CFR Part 50 for the reactor
vessel provide reasonable assurance that adequate safety margins against the possi-
bility of nonductile behavior or rapidly propagating fraciure can be established for
a11 pressure retaining components of the reactor coolant pressure boundary.

Compliance with 10 CFR Part 50, Section 50,552

Components of the reactor coclant pressure boundary as defined by the rules of 10 CFR
Part 50, Section 50.55a have been properly identified and classified as ASME Section
111, Code Class | components in the application. These crponents within the reactor
roolant pressure boundary will be constructed in accordance with the requirements 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 coolant pressure boundary in conformance with the Commis-
sion's regulations provides reasonable assurarce that the resulting quality standards
are commensurate with the importance of the safety function of the reactor conlant
pressure boundary and s acceptable.

Applicable Code Class

In Table 5.2.3 of the application, the applicants have identified the ASMF Code Cases
whose requirements w.11 be applied in the construction of pressure-retaining ASME
Section III, Code Class 1 components 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 Regulatory Guides 1.84 and 1.85 and are acceptable to the NRC
staff, The staff concludes that compliance with the requirements of these Code Cases
in conformance with the Commission's regulations is expected to result in a component
quality level commensurate with the importance of the safety function of the reactor
coolant pressure boundary and is acceptable.

Overpressure Protection

The pressure relief system prevents overpressurization of tne reactor coolant pressure
boundary under the most severe operational transients and limits the reactor pressure

during normal plant isolation and load rejections. The valves of the pressure relief

system also are part of the automatic depressurization system, which is a subsystem of
the emergency co:~ cooling system, described in Section 6.3,
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Conformance with the recommendations of the Regulatory Guide and the use of materials
of proven performance constitute an acceptable basis for satisfying the applicable
requirements of General Design Criteria 1 and 14,

Fabrication and Processing of Ferritic Materials

Materials selection, toughness requirements, and extent of materials testing proposed
by the applicants provide assurance that the ferritic materials used for pressure
retaining components of the reactor coolant pressure boundary and Code Class 2 and
Class 3 components will have adequate toughness under test, normal operatior, and
transient conditions. The ferritic materials are specified to meet the toughness
requirements of the ASME Code, Section 11l and applicable NRC staff positions. In
addition, materials for the reactor vessel are specified to meet the additional test
requirements and acceptance criteria of Appendix G, 10 CFR Part 50.

The fracture toughness tests and procedures reguired by Section 11l of the ASME Code,
as augmented by Appendix G, 10 CFR Part 50, for the reactor vessel, and the staff
position on Code Class 2 and Class 3 components provide reasonable assurance that
adequate safety margins against the possibility of nonductile behavior cr rapidiy
propagating fracture can be estapliished for al) pressure retaining components.

The results of the fracture toughness tests to be performed in accordance with the
ASME Code and NRC regulations provide adequate safety margins curing operating,
testing, maintenance, and postulated accident conditions. Compliance with these Code
provisions and NRC regulations and positions constitutes an acceptable basis for
satisfying the requirements of General Design Criterion 31.

The contrels imposed on welding preheat temperature are in conformance with the
provisions of Regulatory Guide 1.50, "Control of Preheat Temperature for Welding Low
Alloy Steels." These controls provide reasonable assurance that cracking of compo-
nents made from low alloy steels will not « ccur during fabrication and minimize the
possibility of subsequent cracking due to residusl stresses being retained in the
weldment.,

The controls imposed on electroslag welding of ferritic steels are in accordance with
the recommendations of Regulatory Guide 1,34, “Control of Electroslag Weld Prop-
erties,” and provide assurance that welds fabricated by this process will have high
integrity and will have a sufficient degree of toughness to furnish adequate safety
margins during operating, testing, maintenance and postulated accident conditions.
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§.2.3.2 fabrication and Processing of Austenitic Stainless Stee)

The controls imposed upon components constructed of austenitic stainless steel conform
to the provisions of Regulatory Guides 1.31, “Controls of Stainless Steel Welding” and
1.44, “Control of the Use of Sensitized Stainless Steel.” The applicants have agreed -
to demonstrate the adequacy of current welding controls by conducting tests to deter-
mine the ferrite content of production welds and to evaluate the degree of sensiti-
zation in welded type 304 and 316 stainless steel, The examination of tubular prod-
ucts will he performed in accordance with the recommendations of Pegulatory Guide ]
1.66, "Nondestructive Examination of Tubular Products.” Material selection, fabrica- I
tion practices, examination procedures, and protecticn procedures performed in accor- '
dance with these recommendations provide reatonable assurance that the austenitic
stainless steel in ine reactor coolant pressure boundary will be free from hot
cracking (microfissures) and in a metallurgical condition which precludes suscepti-
bility to stress corrosion cracking during service. Conformance with these Regulatory
Guides constitutes an acceptable basis for meeting the requirements of General Design
Criteria 1 and 14,

5,2.3,3 Mounting of Pressure-Relief Devices {Class 1)

The criteria used in developing the design and in mounting of ASME Class 1 safety and
relfef valves provide adequaté assurance that, under discharging conditions, the
resulting stresses are expected not to exceed the allowable design stress and strain
Timits for the materials of construction. Limiting the stresses under the loading
combinations associated with the actyation of these pressure relief devices provides a
conservative basis for the design of the system components to withstand these icads
without lToss of structural integrity and impairment of the overpressure protection
function,

The criteria used for the design and installation of ASME Class 1 overpressure relief
devices constitute an acceptable design basis in satisfying the applicable require-

ments of NRC General Design Criteria 1, 2, 4, 14 and 15 and are consistent with those
specified in Requlatory Guide 1.67, "Installaticn of Overpressure Protection Devices."

5.2.3.4 Inservice Testing

To ensure that all ASME Code Class 1, 2 and 3 pumps and valves will be in a state of
operational readiness to perform necessary safety functions throughout the life of
the plant, the applicants have agreed to conduct a test program which will include
baseline preservice testing and periodic inservice testing. Such a program will
provide for both functional testing of the components in the operating state and for
visual inspection for leaks and other signs of distress.

-
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requirements of American Society for Testing Materials Standard E-185-73. This pro-
gram also complies with Appendix H of 10 CiR Part 50 exce;t that capsule holder brack-
ets will be attached to the vessel cladding., We have reviewed the design fabrication
and attachment of the capsule holder brackets. The design, analyses and fabrication
of the capsule holder brackets are in accordance with the requirements of the ASME
Lode Section 111 and additional non-destructive testing will be conducted to ensure
the integrity of the reactor vessel cladding and base metal in the areas where the
brackets are attached, Based on the information provided concerning the design,
fabrication and inspection for the installation of the capsule holder brackets we
conciude that the attachment of the capsule holder brackets to the vesse! cladding is
acceptable and wil) not result in degradation of the reactor vessel base metal.

Changes in the fracture toughness of the materfal in the reactor vessel beltiine
caused by exposure to neutron irradiation will be assessed by a material surveiliance
program conforming to the requirements of ASTM E 185-73 and Appendix H, 10 CFR Part
50. Compliance with these requirements will ensure that the surveillance program

i constitutes an acceptable basis for monitoring irradiation induced changes in the
fracture toughness of the reactor vesse! material, and will satisfy the requirements
of NRC General Design Criterion 31.

5.2.7 Operating Limitations

The plants will be operated in accordance with Appendix G to Section II1 of the ASME
Boiler and Pressure Vesse! Code and Appendix G, 10 CFR Part 50 to minimize any pos-
sibility of rapidly propagating failure. The use of Appendix G of the ASME Boiler and
Pressure Vessel Code as a guide in establishing safe operating 1imits, using results
of the fracture toughness tests performed in accordance with the Code and with NRC
regulations, will ensure adequate safety margins during operation, testing, main-
tenance and postulated accident conditions. Compliance with these Code provisions
and NRC regulations, provides an acceptable basis for satisfying the requirements of
NRC General Design Criterion 31.

5.2.8 Reactor Vessel Integrity

We have reviewed all factors contributing to the structural integrity of the reactor
vessel and we conclude that there are no special considerations (Commission Memorandum
and Order in the Matter of Consolidated £dison Company of New York, Indian Point Unit
No. 2, Dccket No. 50-247, October 26, 1972) that make it necessary to consider potential
vessel failure.

The bases for our conclusion are that the design, material, fabrication, inspection
and quality assurance requirements will conform to the rules of the applicable edition
of the ASME Boiler and Pressure Vessel Code, Section Ill.

307110

[ Ls ')




5.3
5.3.1

5.3.2

The stringent fracture toughness requirements of the ASME Code will be satisfied,
Also, operating limits on temperature and pressure will be established in the technical
specifications for this plant in accordance with the ASME Boiler and Pressure Vessel
Code, Section I1I, and Appendix 5, 16 CFR Part 50,

The integrity of the reactor vessel is assured because ihe vessel:

(1) Will be designed and fabricated to the high standards of quality required by the
ASME Boiler and Pressure Vessel Code and pertinent Code Cases,

(2) Will be made from materials of controlled and demonstrated high quality;

(3) Will be subjected to extensive inspection and test!ng to provide substantial
assurance that the vessel will not fail because of material or fabrication
deficiencies;

(4) Will be operated under conditions and procedures and with protective devices that
provide assurance that the reactor vessel design conditions will not be exceeded
during normal operation or during upsets in operation, and that the reactor
vessel will not fail under the conditions of any of the postulated accidents; and

(5) Will be subjected to monitoring and periodic inspection to determine that the
high initial quality of the reactor vessel has not deteriorated significantly
under the service conditions.

Thermal Hydraulic System Design
Analytical Methods and Data

The analytical methods, thermodynamic data and hydrodynamic 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,

Load Foilowing Characteristics

A boiling water reactor system as a result of its inherent load following charac-
teristics, is able to follow Toad demands over a substantial range without requiring
operator action. The power can be controlled over approximately a 25 percent power
range by fiow control. Because of the negative void cosfficient, load following is
accomplished by varying the reactor recirculation flow. To increase power, the
recirculation flow rate is increased thus sweeping voids from the moderator and
increasing cove reactivity. As reactor power increases, more steam is formed and
the reactor stabilizes at a new and higher power level with the transient excess
mctlwity balanced by the new void formation. Conversely, when less power is
required the recirculation flow rate is reduced. The resultant formation of more
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vo'ds {n the moderator automatically decreases the reactor power to that commen-
surate with the new and reduced recirculation rate,

The transient effects of such events as full or partial loss of coolant flow, load
changes, coolant pump speed changes, and startup of an inactive loop are discussed
in Section 15.2 of this report.

Component and Subsystem Design
Reactor Recirculation System

The reactor recirculation system consists of two ‘oops external to the reactor
vessel, within the drywell, that provide for automatic load following capability
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 pumps. Each loop
contains ore high capacity (constant speed) motor-driven pump, a flow control valve,
two motor operated gate valves (for pump maintenance), and a bypass around the
discharge gate and flow control valves. In each loop, subcooled water leaves the
vessel in a 22-inch suction line and enters the suction of the recirculation pump.

The water is discharged at a head of 865 feet and a flow rate of 35,400 gallons per
minute. The flow control valve normally varies the flow rate over 3 range from 75 to
100 percent power. The water from the recirculation pumps flows to 29 (10 per loop)
jet pumps which are located in the reactor vessel and accelerates a portion of the
flow §n the annulus. The water that is in the arnylus is returned to the recircu-
lation pump through the suction lines. There are various system interlocks on the
flow control valves and bypass valves to assure that adequate net positive suction
head will be available and thus protect the pump from bearing or cavitation damage.

During their reviey of light water reactors, the Advisory committee on Reactor Safe-
guards listed the potential for missiles resulting from recirculation pump motor
overspeed as a generic concern requiring resolution satisfactory to the NRC staff.

A decoupling device will be installed on the shaft between the pump and the motor
such that in the event of a loss-of-coolant accident, the overspeed of the motor due
to the "turbining” of the pump will not generate missiles which could cause the lToss
of any engineered safety feature. We have reviewed the design information and find
it acceptable.

Main Steam Line Fiow Restrictors

fach steam line is provided with a venturi-type flow restrictor within the drywell
(between the reactor vessel and the first main steam Tine isolation valve). The

restrictors 1imit flow to 200 percent of the rated flow, should a main steam line
treak occur outside the primary containment or downstream of the restrictors. The
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Two isolation valves in the system will close automatically on a signal from the
reactor coolant pressure boundary leak detection system to prevent the loss of cool-
ant and the release of radioactive material from the reactor vessel. These valves
will also operate if the standby liquid control system is activated or if the outlet
temperature of the nonregonerative heat exchangers exceeds a preset levei.

The design of the valves 1 such that they can be operated manually. Reverse flow
isolation will be grovided by at least one check valve in the system or feedwater

piping.

Flow will be maintained in the filter/demineralizers 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 components which will be within the outermost fsolation valve boundary
will be designed to Quality Group A and seismic Category I requirements. Those
components outboard of the outermost isolation valve boundary will be designed to
Quality Group C and non-seismic requirements. The isplation valves will be designed
to Quality Group A and seismic Category [ requirements,

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 meet the
anticipated needs of the plant, the capability of the instrumentation and process
controls to ensure operation within the recommended 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 includad piping and instrumentation diagrams and process diagrams along
with descriptive information concerning the system design and operation.

The basis for acceptance in our review has been the conformance of the applicanis’

design and design criteria to the Commission's regulations and to applicable regu-

latory guides, as referenced above, and to applicable staff technical positions and
industry standards.

Based on the foregoing evaluation, we conclude that the proposed design for the
reactor water cleanup system is acceptable.

JG71i16






on austenitic stainless steel componenets 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 hydrogen gas from
corrosion reactions.

Conformance with the Codes, Regulatory Guide recommendations and positions mentioned
above constitute an acceptable basis for satisfying the requirements of General

Design Criteria 35, 38 and 41,

6.2 Containment Systems

The containment systems for each of the units include a reactor containment struc-
ture, containment heat removal systems, containment isolation system, combustible
gas control system, a shield building surrounding the primary containment and a
standby ¢35 treatment system, The design of the containment systems for Montague 1
and 2 is roferred to as the Mark 111 design, Other recently reviewed plants have
utilized the Mark 111 design, the first being the Grand Gulf Nuclear Station, which
is now under construction. The GESSAR-238 Nuclear Island Standard Design alse
incorporates the Mark 111 design as do the Allens Creek, Clinton, Perry and River
Bend plants., The design for Montague 1 and 2 is particularly related to River Bend,
as both designs were provided by the Stone & Webster Engineering Corporation. A
comparison of the principal containment parameters 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 items
originally discussed during our reviews of the previous plants with Mark III con-
tainments. Grand Gulf was the first plant to be reviewed bv the staff and during
its review, the basic analytical approach and design wargins were establisnci and
the scope of the large-scale Mark 11l test proe as detemined. Based on
successful resolution of these issues, the Gi . J1f dc -ign was found to be accept-
able pending final validation of the analytical model 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 1ot included in previously reviewed Mark IlI designs;
however, we found the use of heat 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 acceptabie with the inclusion of a 30 percent margin on
drywell pressure. A similar aporoach has been taken for Montague 1and 2. In
addition, the staff now has available in the CONTEMPT computer code, the capability
for calculating the pressure-temperature response of a Mark {11 containment. The
results of our independent calculations were used to confirm the applicants’

analysis.
307118
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6.2.1.2

For the Montague containment analysis, Stone & Webster has computed a level rise
time of about one second. Based on this calculation, the peak drywell differential
pressure is computed to be 19.6 pounds per square inch difference.

Following the postulated design basis loss-of-coolant accident, the drywell pres-
sure will rise and accelerate the water in the vent annulus. At about 0.9 second,
the 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 differential pressure occurs at
1.17 seconds (main steam line break) and is a result .7 ,ufficient 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 syuare inch difference which provides a margin of 32
percent above the peak calculated value. Both the NRC staff and its consultant,
the Aerojet Nuclear Company, have reviewed the analytical model used for 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 confirmation, our
review of the applicants' analytical model, and our consultant's recommendations,
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 remainder of the containment volume. This represents a recent modification
to the LOCTYS code which was required to describe the flow restrictive effect of the
floor. 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 below the floor. At this time,
however, the applicants have not submitted the details on the revised LOCTVS model,
or justification that may be appropriate in terms of reievant test data from the
large-scale Mark 111 test facility. We will review this information at the opera®’ng
license stage of review since the applicants have committed to increasing the avail-
able flow area at the floor if required to maintain a 30 percent pressure maréin for
the drywell design pressure. We conclude that Lhis commitment to maintain the 30
percent pressure margin for the drywell design is acceptable for the construction
permit stage of our review.

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 emergency core
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Test Series

5701
5702
5703
5705
5706
5801
5802
5803
5804
5805
5806

Bl owdown

Steam
Steam
Steam
Air

Air

Steam
Steam
water
Steam
Steam
Air

TABLE 6.2.2
LARGE SCALE TESTS COMPLETED

Vent Scale

Full
Full
Full
Full
Fuil
173
1/3
1/3
1/3
1/3
1/3

No. of
Tests

21
17

19

51
12

Primary Objective

Vent Clearing
Vent Clearing
Vent Clearing
Poal Swell
Pool Swell
Pool Swell
Poo' Swell
Pool Swell
Pool Swell
Impact lLoads
Pool Swell

Documentation

NEDM-13377
NEDO-20345
NEDD-20533
NEDO-20550
NEDE-20732P
NEDM-13407P
NEDM-13407P
NEDM-13407p
NEDM-13407P
NEDE-13426P
NEDE-13435P
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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
motion of the pool water mass, structures forming the suppression pool boundary,
structures located within the pool, and .tructures located above the pool could be
subject to hydrodynamic loads.

Relief Valve Dynamics: Pressure waves are generated within the suppression pool
when, on first opening, relief valves discharge high pressure air and steam into

the pool water. This phenomenon is referred to as relief valve vent clearing loads
which are imparted to pool retaining structures and structures located within the
pool. These same structures can also be subject to loads which accompany extended
relief valve discharge into the pool if the pool water is >t an elevated temperature.
This effect is known as steam quenching vibrations.

A letter was sent to the applicants 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
dynamics the applicants have submitted information describing vent clearing loads
based on a Stone & Webster analytical model. We will reguire the applicants to
submit the remainder of the requested information on relief valves including &
description of the analytical model and its experimental justification. With

regard to accident pool dynamics the applicants have made general reference to the
GESSAR docket for resolution of our concerns with the qualification that significant
variations in the Montague design from that of GESSAR will be addressed separately.

We have concluded that in some instances the design loads were inadequately 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 [I] Confirmatory Test Program, Accordingly, in order to
assure that the results of the ongoing test program 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 permits. We advised the applicants
of this and the application was revised to reflect the frllowing actions for
resolution of this area.

The applicants as part of the principal architectural and engineering criteria for
the design of Montague | and 2 have committed 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 commitment:

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 s,(]vm
’

€-16

132









J3SW sy

{9)9°1 29 ainb 4

Yyioi4

D3ISW iy
91 i Zi 0l 8 9
b 1 B T . T T
J
\
\
\
\
i
\
\
\
\
\
\
= (4]
«UI :5;5:-:%
a \’
2
L 1 (sadig) prjog

g

{(sLueadq - ) pHog

S$371408d 3WIL QYO LOVdWI 113MS 1004

ISd - peo

y

v

6-19



30 feet above the pool will be designed for a froth impingement 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 pounds per square inch. The
applicants may also provide the NRC staff with additional information to
Justify the pool dynamic loads applied to these structures to support locating
them at elevations lower than 19-1/2 feet above the suppression pool surface.
However, should they be unable to justify such designs to the NRC staff, they
will locate these structures at elevations grester than 19-1/2 feet above the
pool surface and design these structures for the loads and associated time
history cited above. At present, the Montague 1 and 2 design does not include
any expansive structures located at elevations Tower than 19-1/2 feet above
the pool surface,

We find this commitment acceptable since the speci ied loads and associated time
history for expansive structures at elevations greater than 19-1/Z feet above
the pool are adequately supported by the test data in NEDO-11314-08 (prelimi-
nary) and it is technically feasible to design such structures to the specified
l loads without affecting any other aspect of the Montague design.

(5) Safety Relief Valve Loads

The applicants have provided the commitment that those structures which retain
or are within the suppression pool will be designed for relief valve vent
clearing loads based on the nuencher design (currently under review by the NRC
staff$ as this design is being used for the Montague 1 and 2. The applicants
will provide the NRC staff with additional information to justify vent clearing
loads for the gquencher design. However, such loads must be reviewed and
approved by the NRC staff prior to their use in the Montague 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 loads. If the applicants
can justify to the zatisfaction of the NRC staff that similar tests conducted
on another Mark III design confirm the adequacy ' these loads, these tests
will not need to be performed on Montague 1 and 2.

We find this commitment acceptable since the analytical model appears to
adequately predict relief valve clearing loads 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
performed on Montague Unit 1 is anticipated to be confirmatory in nature, and
should design changes be reguired they could also be accommodated by a revised
discharge design.
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Asymmetric Loads

The applicants have provided a commitment to evaluate asymmetric loads based on:
(a$ the relief valve load cases listed in Section A8 of NEDO-11314-08 (prelimi-
nary); and (b) the unequal bubble load profile specified in Section 6.1.3 of
NEDO-11314-08 (preliminary).

We find this commitment acceptable since the specified load cases are adequately
conservative and it is technically feasible to design such structures to the

specified loads.

Other Structures

The applicants have provided a commitment to eliminate structures in the
containment design which are not included in ine nreceding categories unless
the design of such structures can be justified to the satisfaction of the NRC
staff, 1In 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 NRC staff that such loads are adequately conservative, these structures
will be eliminated such that the design configuration of affected structures
conforms to the basic Mark 111 design as typified by the Grand Gulf design.

At present the columns supporting the main steam tunnel are the only structures
in the design which fall into this category.

We find this commitment acceptable since the proposed alternatives are technically
feasible as indicated by the Grand Gulf design,

Other Pool Dynamic Loads

The applicants have provided a commitment that for pool dynamic Toads not
specifically addressed in the above criteria they will use the types, magni-
tudes, and combinations of loads identified in NEDO-11314-08 (preliminary) as

a basis for evaluating the st-uctural design of affected containment structures.

We find this commitment acceptable since the design loads are adequately con-
servative and it is technically feasible to design such structures to the
specified loads.

Schedule

The appiicants have provided the commitment 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 NRC staff is requested until such information has been
reviewed and approved by the NRC staff. This schedule will permit completion
of construction of Unit 1 at or before Fall 1985,
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We conclude that the applicants' commitment provides reascnable assurance that
the staff review of any additional information that the applicants may provide
can be accomplished without impacting the applicants' Tatest date for comple-
tion of construction of the Montague Nuclear Power Station. However, the
applicants do not require construction permits before 1879. All concerns
involved should be completely resolved well before then. We will require such
resolution prior to issuance of construction permits and will describe the
final resolution of these matters in a suppliement to this report.

In summary, 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 7 design and our review of these
same areas of Grand Gulf (Docket Nos. 50-416 and 50-417, currently under construc-
tion), we reaffirm our conclusion that any changes which may be required as a

result of our review are technically feasible without compromising safety. Such
~hanges could include, as appropriate, relocation, local strengthening, or protection
by incorporation of structures to preclude direct impingement of flow.

In addition, the staff has reviewed the comments of the Advisory Committee on

Reactor Safeguards on the Mark [I] containment design, The Committee's comments

are contained in its report on the River Bend Station. These same comments are

also contained in the Committee's reports to the Commission on other BWR-6 applications.

Specifically the Committee stated that a more basic understanding of certain
phenomena such as vent clearing, vent interaction, pool stratification, and dynamic
and asymmetric loads on the suppression pool and other containment structures is
required. It further stated that the research and development program should be
expedited so that all design related issues are fully resolve! prior to completion
of construction of affected portions of the plant. In response to these comments,
the NRC staff has expedited its review of these phenomena and has actively pursued
this matter with the applicants to ensure compliance with the Committee's
recommendations.

In addition, the Committee in its wiver Bend Station report, as well as in those

for other BWR-6 applications recommended that the independent models developed by
the NRC staff and its consultants "...be used to evaluate the sensitivity of key

design parameters, and to elucidate additional effects notad in the experimental

programs such as oscillatory phenomena.”

The NRC staff is continuing with its development of an independent model to analyze

the Mark 111 containment and fully expects to satisfy this aspect of the Committee
recommendation with respect to the Mark [II containment.
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6.2.3

degradation due to plugging of the screens is minimal for the following reasons:

{1) all insulation in the drywell will be of such type that it minimizes the
possibility of it breaking away from piping and being carried through the drywe)l
vent system into the pool; (2) since the suction inlets are located abou® three
feet above the pool bottom and since the screen surface area is large, resulting in
low approach velocities, there is little potential for drawing debris, either from
the pool bottom or surface, to the vicinity of the inlet lines; and (3) a 50 percent
plugging of screen surface area can be tolerated without significant consequences

to system performance. We find this to be acceptable.

Secondary Containment Functional Design

The secondary containment system includes the structures and ventilation systems

used to collect and process radicactive leakage from the primary containment in the

event of a loss-of-coolant accident. For the Montague 1 and 2 the secondary contain-

ment structures consist of the shield building, the auxiliary building, and the

fuel building. Together these structures completely enclose the primary containment.

Following an accident, leakage into the shield building and auxiliary building will

be collected and filtered by the standby gas treatment system prior to its release

to the environment. Leakage to the fuel building will be collected and filtered by

the fuel building exhaust air system. 1

The standby gas treatment system consists of twe 100 percent capacity fan and
filter trains with flow rates of 25,000 cubic feet per minute per train, The fuel
building exhaust air system consists of two 100 percent capacity fan and filter
trains with a rated flow of 10,000 cubic feet per minute per train. Both systems
are designed to seismic Category I criteria and redundant components arc separated.
When actuated, these systems will maintain the secondary containment pressure to a
value below atmospheric. Thus all leakage into the secondary containment volume '
will be routed through fiiters prior to release to the atmosphere.

During normal operation the annulus leak collection system maintains the anrulus at

a pressure of -3.0 inches water gage. Upon the receipt of an accident signal this |
leak collection system will shut down and the standby gas treatment system will be |
activated. There is a time delay in the operation of the system (and the fuel

building exhaust system) while the fans are loaded onto the emergency diesels and

attain rated speed. During this *ime period, the pressure in the annulus will rise

due to inleakage and heat transfer from 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 due to winds. In the

submittal of October 14, 1975, the applicants committed to provide the resuits 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 fo. the construction permit stage of our review.
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Although the primary containment is completely enclosed by the secondary containment,
there are systems which penetrate both the primary and secondary containment bound-
aries creating potential paths through which radinactivity in the primary containment
could bypass the ,eakage collection and filtration systems of the secondary contain-
ment. A number of these lines contain physical barriers or design provisions which
can effectively eliminate leakage, such as water seals, closed seismic Category |
piping systems, or vent return lines to a controlled region., The integrity of these
barriers is assured on the basis of the seismic and quality classification of the
system, The criteria by which poiential bypass leakage paths are determined have
been set forth in Branch Technical Position CSB 6-3, "Determination of Bypass Leakage
Paths in Dual Containment Plants.”

In their letter dated April 21, 1976, the applicants provided the criteria and
Justification of a bypass leakage of 2.5 percent of the containment design leakage
rate (0.275 percent per day). We find the criteria and justification of potential
bypass leakage paths are in accordance with the above Branch Technical Position CSB
6-3 and the 2.5 percent bypass leakage limit is acceptable and conclude the secondary
containment design is acceptable.

Containment Isolation System

The design objective of the containment fsolation system is to allow the normal or
emergency passage of fluids through the containment boundary while preserving the
integrity of the containment boundary to ;revent or limit the escape of fission
products from a postulated loss-of-coolan' accident, The applicants have specified
the design Lases and design criteria, as well as the isolation valve arrangements
used for isolation of primary containment penetrations.

Isolatton of the containment will be accomplished by automatic iselation of all
fluid systems penetrating the containment that do not serve accident consequence
limiting functions, Fleid Tines which must remain in service foliowing an accident
for safety reasons are provided with at least ~me remote manual valve. The contain-
ment isolation system has been designed to the ASME Code, Section I11, Class 1 or
2, anyd has been classified as a sefsmic Category 1 systems.

Based oi our review, we concluue that the design of the containment isolation
systems is acceptable and satisfies General Design Criteria 54, 55, 56 and 57,

Instrument lines that penetrate the containment were assessed in accordance with
the provisions of Regulatory Guide 1.11 - Instrument Lines Penetrating Primary
Reactor Containment. There are no instrument lines which are part of the protection
system that penetrate primary containment. Instrument lines that are not part of
the protection system and which penetrate containment have automatic isclation
vaives inside and outside the containment, Instrument lines which connect to the
reactor coolant pressure boundary are equipped with 1/4 inch diameter orifices
inside the drywell to restrict coolant release in the event of a4 break in one of
these lines. Based on our review, we conclude that the design of the instrument
1ines satisfy the provisions of Pegulatory Guide 1.1} and is acceptable,
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The applicants have provided in their letter dated Rpril 21, 1976 a description of
the operation of the drywell and containment ventilation system. Each of the
recommendations set forth in Branch Technical Pesition CSB 6-4, "Containment Purging
During Normal Plant Operation,” have been addressed by the applicants and justifi-
cation provided for any exception. We have reviewed the design and the exceptions
to the recommendations oi Branch Technical Position (SB -4 and conclude the design
15 acceptable.

Combustible Gas Control

Following a postulated loss-of-coulant accident, hydrogen may accumulate within the
containmert a5 & result of metal-water reaction between the fuel cladding and the
reactor coolant and radiolytic decomposition of the post-sccident emergency cooling
water. The applicants have analyzed the production and accumulation of hydrogen from
the above sources using the guidelines of Bramch Technical Position CSB 6-2, "Control
of Combustible Gas Concentrations in Containment Following a Loss-of-Coolant Beci-
dent.” The applicants have proposed 3 redundant hydrogen mixing system and redundant
hydrogen recombiners to limit the hydrogen concentration within the containment to
below four volume percent. A backup, controlled purge system for the containment is
also provided in accordance with Branch Technical Position CSB 6-2.

The hydrogen mixing system is provided to purge the hydrogen that might be produced
within the drywell to the larger conta‘ament volume, thereby diluting its concentra-
tion. The system utilizes two 6-inch inlet 1ines, each containing two valves in
series, and two 6-inch outlet lines, each containing two valves and a 600 standard
¢ubic feet per minute compressor in series. Operation of the mixing system would
not be required for about ten hours following a postulated accident at which time
it would be manually actuated by the cperator. The penetration size was selected
<0 that an open mixing system line would still be within the bypass capability of
the containment. Appropriate interlacks have been incorporated in the mixing
system to prevent its initiation until the rate of bypassing during 1ts operation
is within acceptable limits.

The hydrogen recombiner system is a portable system consisting of two thermal
recombiner units. One of the units will be located at the Montague site and the
other unit at the Millstone 3 site. The required redundancy for the system will be
achieved by transporting the recombiner unit from the unaffected site. Permanent
piping and connections which are physically separated in the auxiliary building
will be provided for two recombiners in each of the Montague units.

The applicants have stated that prototype testing of the recombiners to demonstrate
their operability will be performed. We will review the testing program res;lts
at the operating license stage of our review. We will also require that the appli-
cants provide in the FSAR the transportation and installation procedures to demon-
strate that the redundant recombiner can be provided within the most limiting time
frame {approximately 15 days).

PRy
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6.3
6.3.1

ontainment Leakage Testing Program
The Montague containment design includes the provisions and features necessary to
satisfy the testing requirements of Appendix J, 10 CFR Part 50. The design of the
containment penetrations and isolation valves permit indiviaual, periudic lrakage
rate testing at the pressure specified in Appendix J, 10 CFR Part 50. Included in
the proposed program of leakage rate testing are those penetrations that have
resilient seals; e.g., airlocks, equipment hatches, and fuel transfer tubes.

The proposed containment leakage testing program complies with the requirements of
Appendix J, 10 CFR Fart 50. Such compliance provides adequate assurance that con-
tainment leaktight integrily can be verified throughout the service lifetime and
that the leakage rates will be periodically ctecked during service, on a timely
basis to maintain such leakages within the specified limits,

Maintaining containment leakage rates within such limits provides reasonable assur-
ance that, in the event of any radicactivity release within the contairnment, the
loss of the containment atmosphere through leakage paths will not be in excess of
the acceptable Vimits specified for the site; e., the doses will be within 10 CFR
Part 100 1imits. Compliance with the requireme - of Appendix J constitutes an
acceptable basis for satisfying the requirements of Criteria 52, 53, and 54 of the
General Design Criteria.

Emergency Core Cooling System
System Description

The subsystems of the emergency core cooling system provide for emergency cove
cooling during those postulated accidents where it i5 assumed that mechanical
failures occur in the primary coolant system piping, resulting in the loss of
coolant from the vessel at rates greater than the available coolant makeup capacity
using normal cperating equipment. The subsystems are provided in sufficient number,
and with adequate independence, diversity, reliability, and redundance that, even
if any single active component of the systems fails during a loss-of-coolant
accident, adequate cooling of the reactor core will be maintained.

The system consists of two high pressure systems and two low pressure systems. The
former are the high pressure core spray system and the automatic depressurization
system. The latter are the low pressure core spray System and the low pressure
coolant injection system, which is one of the modes of operation for the residual
heat removal system. The system for Montague ! and 2 are functionally identical to
that of the GESSAR-238 Nuclear Island Standard Design.

ATl components of the emergency core cooling system are initiated by a high drywell
pressure signal or a reactor vessel low water signal, except for the automatic de-
pressurization system, Initiation of automatic depressurization system requires
coincidence of both of these and a third signal, indicating pressure at the discharge
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of at least one low pressure emergency core cooling system pump. The system is
designed to provide adequate corc cooling and to limit the peak fuel rod cladding
temperature for the complete spectrum of break sizes and locations up to and in-
cluding the design basis Toss-of-coolant accident.

The emergency core cooling system can operate iniependently of the offsite electrical
power by using power from the onsite diesel gener:ctor and battery systems. All
evaluations have been made assuming that only onsite electrical power is available.
in addition, system performance capability has been shown to be adequate assuming a
failure of any single active component within the system. This single failure cri-
terion has been applied in addition to and coincident with the assumed loss of off-
site power,

The high pressure core spray system consists of a single motor-driven centrifugal
pump and associated system piping, valves, controls and instrumentation. The
system is designed to operate from offsite power or from a its own generator.
Suction is taken from the condensate tank or the suppression pool and piped to a
spray sparger over the core (via two entry points at the shroud). Nozzles spaced
around the sparger will spray the water over the top of the core and intd the fuel
assemblies. The system is designed to function over the entire range of reactor
coolant system pressures and break sfzes. For small breaks, the system will maintain
the required reactor water level. For intermediate breaks that do not depressurize
the reactor vessel rapidly, the system will depressurize the vessel. For large
breaks, rapid depressurization occurs and the system cools the core in the spray
coo) ing mode until sufficient inventory is accumulated to terminate the transient.

The pump characteristics are selected to satisfy requirements for both high pressure,
low flow rate deliveries for small breaks, and low pressure, high flow rate deliver-
fes for large breaks. When the cooling system 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 rate is achieved when the differ-
ential pressure between the reactor vessel and primary containment reaches 200
pounds per square inch. The pump is designed to deliver 6110 gallons per minute at
200 pounds per square inch difference and 1465 gallons per minute at 1140 pound:

per square inch difference, and has a shutoff head of 1370 pounds per square inch
difference.

The automatic depressurization system is designed to reduce the reactor pressure So
that flow from the low pressure coolant injection and low pressure core spray can
enter the reactor to cool the core and limit the fuel cladding temperature. The
system utilizes eight of the 19 safety-relief valves in the pressure relief system.
Automatic opening of these valves requires coincident signals of reactor vessel Tow
water and high drywell pressure along with a high discharge pressure indication on
any low pressure coolant injection or low pressure core spray pump, but only after
a timer delays operation of the automatic depressurization system relief valves for
two minutes. [f the operator determines that the initiation signal is false or

I L w—
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dep~essurization is not required, the timer may be recycled. The automatic depres-
surization system is redundant to the high pressure core spray and is only required
if the aigh pressure core spray cannot maintain reactor water level following an
accident. As with the high pressure core spray, the depressurization function of
the automatic depressurization system is not required for large breaks.

The low pressure core spray system consists of a motor-driven centrifugal pump
(that can be powered by either normal offsite power or the standby ac power system);
a spray sparger in the reactor vessel; and piping, valves, instrumentation 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 low pressure core spray loop. The low pressure
core spray system protects the core in the event of a large break in the reactor
coolant pressure boundary and when the .iah pressure core spray is unable to main-
tain the required reactor vessel water level. Such protection extends 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 shutoff
head of 28% pounds per square inch difference.

Since the number of fuel assemblies and the diameter of the core has changed relative
to previous designs, spray distribution tests will be performed on a simulatinon of
the GESSAR reactor to assure that an adequate amount of spray reaches every assembly.
These tests will slso be applicable to the Montague reactors. General Electric
states that no significant differences are expected from other core geometries
previously tested for spray distribution. General Electric is to provide the resuits
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 Montague 1 and 2.

The low pressure coolant injection system consists of three motor-driven centrifugal
pumps (that can be powered by either normal offsite power or the standby, onsite
alternating-current power system), associated piping, valves, controls and instru-
mentation, Each pump injects water f.om 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 pumps also function as residual heat
removal system pumps. These two pumps receive power from 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 system 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 system
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The results of the Appendix K calculation for Montague 1 and 2 show a peak cladding
temperature of 2180 degrees Fahrenheit; a peak local oxidation of two percent, and a
maximuym core average metal water reaction of 0.25 percent for the worst large break
assuming a failure of the low pressure cooclant injection diesel. A peak c¢ladding
temperature of 1680 degrees Fahrenheit at a break area of 0.3 square feet assuming
the failure of a low pressure core spray diesel; and a peak cladding temperature of
approximately 1520 degrees Fahrenheit at 0.1 square feet assuming a failure of the
high pressure core spray diesel, were calculated for the intermediate and small
breaks (based on flat local peaking).

We have reviewed the evaluation of emergency core cooling system performance sub-
mitted by the applicants for Montague, | and 2 and conclude that the evaluation was
performed wholly in conformance with the requirements of 10 CFR 50.46(a). The

system per€ormance assures conformance with: (1) the peak cladding temperature

limit of 2200 degrees Fahrenheit; (2) the maximum cladding oxidation limit of 17
percent of total cladding thickness before oxidation; (3) the maximum hydrogen
generation core wide limit of one percent cf the total metal in the cladding thickness
before oxidation; (4) the core geometry remaining amenable to cooling; and (5) the
long-term cooling requirement of maintaining acceptable core temperatures and decay
heat removal.

An evaluation was not provided for emergency core cooling system performance during
reactor operation with one recirculation loop out of service. Therefore, reactor
operation under such conditions will not be authorized until the necessarv analyses
have been performed, evaluated, and determined to be acceptable by the staff.

With regard to our concern relating to recirculation valve closure during a loss-
of-coolant accident, we have reviewed this on a generic basis on the GESSAR<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, ). Levine to
V. Stello 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 summary, we conclude that Montague 1 and 2 meets 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 prompt relief trip. If our review of the prompt relief trip, which
is ongoing, finds the system function t2 he required, then the evaluation will also
have to include review of the prompt relie. trip effects on the emergency core
cooling system performance prior to a decision for issuance of construction permits.
Further discussion of this matter is provided in Section 15.2.
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accomplished. However, the location of these dampers will permit an operator to
manually override a failed damper without leaving the pressurized area. We find this
acceptable,

We conclude that the radiation protection sy “em for the control room area is
acceptable and meets the guidelines of Criterion 19 of the General Design (riteria.

Toxic Gas Protection Provi.ions

The applicants have indicated that no chemicals will be stored on or in the vicinity
of the site that would pose a potentially hazardous condition inside the control

room if accidentally released. Chlorine will not be stored on the site. We conclude
that special protective provisions against toxic gases are not required.
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7.0 THSTRUMEWTATION AND CONTROL

7.} General

The proposed designs for the instrumentation and control systems were reviewed
utilizing: (1) the Commission's General Uesign Criteria (July 1971); (2) the
various Institute of Electrical and Electronics Engineers Standards including the
"Criteria for Protection Systems for Wuclear Power Generating Stations” (IEEE Std
¢79-1871); and (3) the applicable Regulatory Guides for Power Reacto's, as the
bases for evaluating their adequacy. Specific documents relied on in our review
are listed in Appendix B.

The applicants have chosen to utilize the instrumentation and control design for

the General Electric boiling water reactor as described in the General Electric
Standard Safety Analysis Report for the GESSAR-238 Nuclear Island Standard Design
and have incorporated the applicable GESSAR docketed information into the Montague

! Preliminary Safety Analysis Report via blue pages. In addition, the applicants

have chosen to adopt the resolutions achieved or to be achieved by General Electric
and the NRC staff on the GESSAR-238 doc'.et (STN 50-447). Therefore, the review of
the protection and control systems was accompiished by comparing the design proposed
for the Montague units with the design proposed for the GESSAR-238 design for which
a Preliminary Oesign Approval was is. ad in December 1975. This comparison, combined
with the applicants' commitment to adopt the resolutions achieved on the GESSAR-238
docket, allowed us to proceed with a review which concentrated on those aspects of
the proposed design which are unique to the Montague facility. The specific areas
of continuing review effort on 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-Z238 to be resolved near the end of this year. Further, since construction
permits for Montague 1 and 2 are not needed before 1973, we intend to issue a
supplement to this report that resolves all outstanding matters near that time.

7.2 Reactor Trip System

The design of the Montague reactor trip system is to be identical to the design of
the GESSAR reactor trip system. The GESSAR reactor trip system is a new design
proposed by the 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-238 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 signals to

generate a trip signal, i.e., when 2-out-of-4 signals for a given input variable

exceed the trip set point, a divisional logic output signal is produced. The division-
a) logic output signals are the input signais for the actuator logics which control

the electric power for the scram pilot solenoid valves. The actuator logics utilize
"1-out-of-2 taken twice" logic to initiate a reactor trip by de-energizing the scram
pilot solenoid valves. The conceptual design arrangement described above is illustrated
in Figures 7.2-3a through 7.2-3f of the Montague application.

The manual scram logic and back-up scram valve logic will be "l-out-of-2 taken twice"
as used in previous boiling water reactor plant designs. The functional arrangement
of the solenoid-operated pilot scram valves, the solenoid-operated back-up scram
valve, and the air-gperated scram valves will also remain the same as in previous
plant designs.

The preliminary design of the reactor trip system for Montague | and 2 and GESSAR-238
is presently under review and all outstanding items associated with the reactor trip
system are expected to be resolved during this review which is expected to be completed
by the end of this year,

Based on the applicants’ commitment to adopt the final resolutions developed on ,
GESSAR-238, we conclude that an acceptable design of the reactor trip system will be l
available prior to the need for construction permits. We will report on the resolution |
of these resolved matters in a supplement to this report.

7 2.1 Anticipated Transients Without Scroa

The NRC staff's requirements with respect to anticipated transients without scram are

provided in the staff's technical reports, “Anticipated Transients Without Scram for |
Water-Cooled Power Reactors,” WASH-1270 dated 1973 and “Status Report on Anticipated

Transients Without Scram for General Electric Reactors” dated December 9, 1975, The

applicants have been sent a letter requesting that the staff's positions provided in

the above December 9, 1975 status report be addressed for the Montague 1 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 needed be incorporated

into the Montague 1 and 2 designs.

7.2.2 Safety Interfaces with the Reactor Protection System

In response to our request regarding certain reactor protection system trip signals
that are derived from the pressure regulator and turbine control system, the appli-
cants responded that the steam bypass valve position switches have been deleted
(from the reactor protection system) by General Electric. We are pursuing the
significance of all turbine related inputs to the system on the GESSAR-238 docket.
The applicants have committed to adopt the resolution achieved on GESSAR-238 with
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regard to the use and qualification of the turbine related reactor irips. The
staff finds this commitment acceptable since it 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.

Engineered Safety feature Systems

The design of the instrumentation and control systems for the engineered saf§ly
features actuation systems is to be identical to the instrumentation and control
design for the GESSAR-238 systems. The design proposed by General Electric for
GESSAR 15 functionally the same as that of previous plant designs except for a few
desion changes. However, the instrumentation and control hardware (i.e., the actua-
tors, logic and sensors) is not similar to any previous plant design. Therefore,
the staff has determined that a review of the proposed preliminary design should be
a part of the post-Preliminary Design Approval review being conducted for the
GESSAR-238 dacket.

As stated in the GESSAR-Z238 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 resolved during this detailed review. We find
the applicants' commitment to adopt the resolution developed on the GESSAR-238
docket acceptable. This commitment will permit a firm design to be approved prior
to 3 decision for issuance of construction permits for Montague 1 and 2. We will
discuss approval of the design in a supplement to this report.

Emergency Core Cooling Systems
High Pressure Core Spray System

he instrumentation and control system for the high pressure core spray system for
Montague 1 and 2 is identical to the GESSAR-238 system. The preliminary design is
presently under review. However, the major areas of concern between the staff and
General Electric have been resolved.

Based on the applicants' commitment to adopt the GESS5AR-238 resolution, we conclude
that the proposed instrumentation and control system for the system is acceptable.
This commitment 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 approval of the
design in a supplement to this report.

Autoratic Depressurization System

The instrumentation and control system for the automatic depressurization system
for Montague | and 2 {s identical to the GESSAR-238 design. The major areas of
staff concern are generic issues and resolution during our review of the preliminary
design on the GESSAR-238 docket is required by the ctaff. This review is presently
under way.
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guidance (Regulatory Guide 1.7-Control of Comt.stible Gas Concentrations in Containment
Following 2 Loss of Coolant Accident), the anount of time allowed until actuation is
required has been extended to approximately 10 hours. Therefore, manyal initiation

is acceptable.

Based on the above criterion and the fact that the system is similar to other
boiling water reactor designs, the staff concludes *that the system is acceptable.

Standby Gas Treatment System

The standby gas treatment system is an engineered safety feature which serves to

Timit the release of particulate and gaseous radioisotopes within the guidelines of
10 CFR Part 100. The proposed system will have fuil 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 radiatior
signals in various plant areas.

The applicants have stated that the standby gas treatment system will function in a
manner similar to the system for the River Bend Station. Based on the information
presented and the comparison with River Bend, the staff finds the proposed system

alisplavie.

Auxiliary Support Systems

The auxiliary support systems to the engineercd safety feature systems for Montague
1 and 2 consist of:

(1) Standby service water system (including portions of the reactor plant com-
ponent cooling water system and the chilled water system.

{2) Ultimate heat sink system.

(3) Control building atmosphere control system,

(4) Containment ventilation system.

(5) Standby generator support system.

(6) Emergency core cooling systems fill system,

The instrumentation and control <ystems for these systems were reviewed to deter-
mine that each has sufficient redundancy and independence to provide the required

support to the engine<red safety features system. Each system was compared with
similar systems in other plants including those which are currentiy under review or

those for which construction permits have been issued.
27155
7-5 - - ;
. ‘..!‘.i."illlll‘l;iLsz‘



7.3.6

P &

7.4.2

Tne staff concludes that the design of the instrumentation and control system for

e rT——. e

the auxiliary support systems conform to all applicable regulations, guides, branch
technical positions, and industry standards and are acceptable.

Regulatory Guide 1.53 - Application of the Single-Failure Criterion to Wuclear
Power Plant Protection Sysems

With reference to JEEE Std 379 "IEEE Trial Use Guide For the Application of the
Single Failure Criterion to Nuclear Power Generating Station Protection Systems”,
the applicants have stated their interpretation of the statement “.....any and all
combinations of non-detectable failures" in [EEE Std 379-1972 Paragraph 3(3).
the applicants' explanation, there is a staff concern over the possibility of not
detecting certain failures. 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 circuit
would maintain circuit function.” The staff believes that interpretation can be
used to develop acceptable designs. We will review the electrical wiring details
at the cperating license stage of our review to assure that the safety criteria are
not violated.

In

Testing of Engineered Safety Feature Systems and Auxiliary Support Systems

In the original application submittal, the applicants proposed to test the auto-
matic responses of all engineered safety features systems periodically with the
exception of the standby service water system. The applicants stated that the
testing of this system would adversely affect the plant. In response to a staff
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
proposed test provisions acceptable.

Systems Required for Safe Shutdown
Reactor Core Isclation Cooling System

Thé instrumentation and contrcl system for the reactor core isolation cooling
system is identical to the GESSAR-238 system. In response to a staff position, the
applicants have fdentified this system as an engineered safety feature system as
did General Electric for the GESSAR-238 docket.

Based on the applicants' coumitment to adopt the GESSAR-238 design, we have con-
cluded that the instrumentation and control for this system is acceptable.

Standby Liquid Control System

The instrumentation and control sysiln for the standby 1iquid control system is
identified as being similar to the Zimmer design. This system is also the same as

the proposed GESSAR-238 design. 97100
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The applicants have chosen to utilize the design provided on the GESSAR-238 docket
and therefore, we find the system acceptable.

Safe Shutdown From Outside the Control Room

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' proposed methods for implementing 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 with the requirements
and therefore acceptable.

Safety-Related Display Instrumentation and Indication of Bypass

We hive been reviewing on a generic basis the requirements for display instrumentation
to diagnose the plant's status during the course of an accident. It is anticipated
that these requirements will be further identified and defined in a forthcoming
regulatory guide on the subject. Pending issuance of the regulatory guide, we reguire
that the post-accident instrumentation for Montague | and 2 be quaiified for the
appropriate accident environment. We will require that all safety-related instrumenta-
tion be: (1) redundant with at least one channel recorded; (2) energized from onsite
power supplies and; (3) in compliance with the applicable requirements of TEEE

Std 279-1971,

The applicants have documented their intent to conform to these requirements and
therefore, we find these design criteria acceptable for the construction permit
stage of our review.

Our review of the provision for indication of bypassed or inoperable status condi-
tions of plant safety systems utilized the recommendations of Regulatory Guide
1.47 - Bypassed and I[noperable Status Indication for Nuclear Power Plant Safety
Systems. The applicants have stated their intention to conform to the Regulatory
Guide, although a preliminary design has not been provided. We conclude that the
coumitment is acceptable and there is reasonable assurance that the applicants can
develop an indication system that conforms to Regulatory Guide 1.47.

Other Instrumentation Systems Required for Safety

The applicants have identified the following instrumentation systems as being iden-
tical to those in GESSAR-238. GESSAR-238 in turn identifies these systems as being
similar to those in recent boiling water reactor plants that have been authorized
for construction.

7157
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(1) Refueling interlock.

(2) Reactor vessel instrumentation.

(3) Process radiation.

(4) Area radiation.

(5) Reactor water clean-up.

{6) Leak detection system (portion).

(7) Nuclear steam supply system computer system.

(8) Neutron monitoring.

We are presently reviewing these systems on the GESSAR-238 docket as post-Preliminary
pesign Appoval matters. 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 supplement to the GESSAR-238 Safety Evaluation Report.

The applicants’' commitment to accept the generic resolutions on GESSAR-238 1n these
areas is acceptable. This commitment 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.

Rod Control! and Information

The proposed BWR-6 rod contro! and information includes a new rod pattern control
system and a rod position indication system. The staff is in the process of re-
viewirg these systems in detail on GESSAR-238 because of the safety significance
given them 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 commitment will permit a firm design to be approved prior to a decisfon for
issuance of construction permits for Montague 1 and 2. We will discuss approval of
the design in a supplement to this report.

Control Systems Not Required for Safety

The applicants have stated that the feedwater control system, 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 addition, are to
be identical to the GESSAR-238 systems. We conclude, therefore, that these designs
are scceptable.

Seismic 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 effects of
the safe shutdown earthquake without functional impairment. A1)l Class IE equipment
will be qualified in accordance with the requirements of IEEE Std 344-1971, and Branch
Technical Position Electrical Instrumentation and Control Systems Branch-10 in Appen-
dix 7A of the Standard Review Plan. We conclude that these commitments provide assur-

ance that the proposed equipment important to safety, will be seismically qualified in
an acceptable manner.

Environmental Qualification

The applicants have stated that Class IE equipment will be qualified in accordance
with 1EEE 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
propose that in these cases, prior qualification can be utilized and that one of the
following methods singularly or in combination will validate the qualification of that
equipment:

e e e e e e s B et e S
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Analyses based upon environmental cests.

Operating experience (taking into consideration inservice inspection,) periodic
tests, and preventive maintenance.

Type tests using qualitative aging techniques (e.qg., environmental cycling and
operational cyciing elevated stress techniques).

On going or pacing tests.

7.8

1.9
(1)
(2)
(3)
(4)

7.10

The applicants' commitment to IEEE 323-1974 and to provide to the staff prior to pro-
curement of Class IE eguipment justification for any specific exceptions on aging, is
acceptable.

Turbine Overspeed Protection

We have reviewed the applicants' proposed turbine overspeed protection system. The
overspeed protection system is comprised of redundant mechanical hydraulic and electro-
hydraulic channels. Physical separation between redundant channels is proviced and
there are provisions for periodically testing the system while the plant is at power.

We have concluded that the provisions for turbine overspeed protection are acceptable.
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thus elim’1ate any possible concerns about sharing. This arrangement 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 1.16 kilovolt buses,
with one normal 4,16 kilovit 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 offsite power system and find
that the requirements of General Design Criterion 18 are satisfied.

We conclude that the design of the offsite power system source meets the requirements
of the applicable regulations, guides, technical positions and industry standards and
is acceptable.

Onsite Power Systems
Alternating-Current Standby Power Source

In the event that all scurces of normal and offsite 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
connected. The loads are grouped and identified by the applicants as Division I, II

and 111 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.

fach standby generator is physically independent, of the other generators. Each generator
is located in a seismic Category | structure which is designed to withstand earthquakes
and to protect tne standby generators against the effects of tornadoes, floods, hurricanes
and ternado generated missiles.

The high pressure core spray generator set (Division [!l) is presently under generic
review by the NRC staff in conjunction with Gereral Electric Topical Report NEDO-
10905, "High-Pressure Core Spray System Power Supply Unit.” The staff has concluded
that NEDO-10905 is presently not acceptable for qualifyirg the high pressure core spray
standby generator. General Electric is in the process of satisfying the staff's
concerns regarding this topical report. The applicants when notified of the status of
the topical report review agreed 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 commitment 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 irn a supplement to this report.
a0 vist
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The chargers, distribution switchgear, and certain subordinate equipment such as un-
interruptible power supplies, will be located in separate ventilated, temperature
controlled rooms shared with other items of electrical equipment. Each of the batteries
will be located in a separate ventilated temperature controlled room. The enclosures
for safety related equipment are designed to seismic Category I criteria. The other
electrical eguipment in the room will be safety related equipment and of the same
division.

Battery room temperatures will be maintained between 60 and 80 degrees Fahrenheit.
Therefore, temperature compensations of battery capacity is not required.

Each battery has the capacity to supply all its connected safety related direct and
alternating-current vital loads for a minimum 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
meets the applicable regulations and is, therefore, acceptable. There is one 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 system and engineered safety features system. The applicants have
provided sufficient direct-current system capability but the area of the independence
requirements has not been addressed because of the above cited continuing review. When
resolutien is achieved for GESSAR-238 in this area, the applicants have agreed to adopt
the same requirements and design, since the direct-current system is not in the General
flectric 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.

Physical Independence of Electrical Systems

The applicants have identified the recommendations of Regulatory Guide 1./5 as the
primary design objectives for physical independence of the plant's electrical system.
In addition, in these areas where tests or analyses are used to demonstrate conformance
to the recommendations of the guide, the applicants have committed 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 commitment acceptable for the construction
permit stage of our review.
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bases for the new fuel storage facility to assure maintenance of a subcritical array.
We conclude that the design criteria and design bases are in conformance with General
Design Criterion 62 and the staff positions of Regulatory Guide 1.13-Fuel Storage
Facility Design Basis including the positions on sefsmic design and missile protec-
tion and are, therefore, acceptable.

Speri Fuel Storage

Spent fuel storage spage will be provided in the fuel storage pool and in the contain-
ment upper fuel pool. The fuel storage pool will contain storage space sufficient
for about 160 percent of a full core fuel load. The containment makeup pool will
contain temporary storage space for an additfonal 25 percent of a full core. The
soent fuel in both the fuel storage pool and the containment makeup pool 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 fue 3ssemblies from Being
stored in other than the prescribed locations. The maximuy value for the effective
multiplication of 0.95 will not be exceeded under any concitions.

The fuel pool will be designed to seismic Category I requirements. The facility will
be designed to prevent the cask handiing crane from traveling over or in the vicinity
of the pool, thereby precluding damage to the stured spent fuel in the event of a
dropped cask.

We have reviewed the adequacy of the applicants' proposed design criteria and design
9.1.2
I
|
i

We have reviewed the adequacy of the applizants' proposed design criteria and design
bases for the spent fuel :torage facility to assure maintenance of a subcritical array
during all normal, abnormal, and ac.ident conditions. We conclude that the design of
the spent fuel storage faciiities will be in conformance with the requirements of
General Design Criterion 62 and the positions of Regulatory Guide 1.13, including the
positions on seismic design and missile protection, and in conformance with Branch
Technical Position APCSB 9-1 with respect to crane travel over the pool and are,
therefore, acceptable.

9.1.3 Spent Fuel Pool Cooling and Cleanup System

The spent fuel poo' cooling and cleanup system is designed to remove 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 system con-
rains 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 removal system heat exchangers. Lach train of the fuel
pool cooling system will be des aned to remove the decay heat generated by the normal
storage load of the spent fuel in the pool and maintain the pool water temperature
below 125 decrees Fahrenheit. The maximum possible heat load obtainable will be the
decay heat of the full core load of fuel at the end of a f.el cycle plus the remaining
decay heat o the spent fuel discharged from previous cefuelings. The residual heat
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removal system in this case, may be operated in conjunction with the fuel pool cooling
system to maintain the pool temperature below 125 degree Fahrenheit. Normally, the
system will be isolated from the fuel pool cooling system by manually cperated valves.
Makeup water from the .ondensate storage tank will he provided to the spent fuel
storage pool. Redundant trains of the sefsmic Category | standby service water
system will be used as alternative sources of makeup water in case of failure of the
normal makeup system.

s ke it

We reviewed the adequacy of the applicants' proposed design criteria and design bases
for the spent fuel pool cooling and cleanup system to assure continuous cocling during
normal, abnormal, and accident conditions. We conclude that the design criteria and
design bases are in conformance with General Design 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 systems
and are, therefore, acceptable.

Fuel Handling System

The fuel handling system will be designed to safely handle fuel assemblies from
receipt of new fuel to shipment of spent fuel. The system will be designed to conduct
all spent fuel transfer and storage operations under water to ensure adequate shield-
ing during refueling.

The arrangment of the fuel handiing area will include a 125-ton overhead crane for the
handling of the spent fuel shipping cask with a five-ton capacity auxiliary hoist. The
design of the spent fuel shipping cask crane wiil be of the gantry type, seismic
Categoy I. A five-ton crane and the general purpose grapple will be used to handle
the fuel. An analysis was performed to evaluate the effects of a vertical or tipped
drop of the spent fuel cask in the cask storage and washdown area. It was found that
the travel of the spent fuel cask handling crane will be limited by physical arrange-
ment from carrying the spent fyel cask over the spent fuel storage pool. The drawings
also indicated that no safety-related equipment will be located near the cask storage
compartment or near the spent fuel cask handling area, thus, no damage to spent fuel
could result from an accidentally dropped cask.

We have reviewed the adequacy of the applicants' proposed design criteria and design
bases tJ assure safe ooeration of the fuel handling system during normal, abnormal and
accident conditions. We conclude that the design criteria and desigr bases are
acceptable,

Kater Systems
Station Service Water System

The station service water system for each unit will consist of both a normal service
water system and a standby service water system. The applfcants stat~ that there
will be no crossover of service water systems between units. 3' s | 57
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located “nfined areas. The cooling coils to be located in the containment,
auxiliary, und fuel building will be safety-related but the coil located in the
turbine building will not,

As a result of our review and, based 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 be provided on the supply and
return piping between the non-safety related and safety-related portions of the plant
chilled water system, in accordance with requirements in General Design Criterion §,
we find the system accentable,

Control Building Chilled liater System

The control building chilled water system 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,

The system will be fully redundant and designed to seismic Lategory [ requirements.
The system will consisu of three 100 percent capacity water chillers, three chilled
water circulation pum, ., three condenser water recirculation pumps, and two expansion
ta -'s.

The cundensers will be connected to the standby service water system to ensure that
the system safety function is met in the event of loss of normal service water system
water supply. All the equipment associated with the system will be located in the
control building, a tornado protected, seismic Category I structure,

Based on our review, we conclude that the design criteria and bases for the chilled
water system of the control building are in conformance with General Design Criteria
2, 5, and 44 and are, therefore, acceptable.

Process Auntiliaries
Equipment and Floor Drainage System

The equipment and floor drainage system will accommodate drains from the containment
building, the auxiliary building, the fuel building, the radwaste building, and the
turtine building. Drainage in these buildings will collect in sumps before being

transferred to the appropriate system. Drains from potentially radiocactive sources
will be routed to either the main condenser hotwell or the radioactive liquid waste

system depending on the conductivity of the water.
GO7L70
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Drains from areas or compartmerts containing engineered safety feature equipment will
be separated from the remainder of the system. A1l sumps will contain two full size
pumps. Level switches will provide automatic sump pump operation and level alarm.

All emergency core cooling system equipment and reactor core isclation coolant system
cubicles that are located in the lowest level of the auxiliary buildine 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 floeded. Redundant engineered safsty 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 ir areas containing safety-related equipment and, therefore, we conclude

that the system is acceptable.

Main Steam Line Isolation Valve Luakage Control System

The applicants in Section 9.3.6 of the application have committed to provide a main
steam line isolation valve leakage control system which will be designed in accord-
ance with the guidelines in Regulatory Guide 1.96 - Design of Main Steam [solation
Valve Leakage Control Systems for Boiling Water Nuclear Reactors. Since the pre-
liminary design of this system has not been completed, we requested and the applicants
agreed to design this leakage control system in accordance with the Regulatory Guide
1.96 and any revisions issued up to the time the design is submitted for our review.
Based on the present availability of an approved leakage control system for boiling
water reactors, we conclude the applicants' commitment to provide a system designed

in accordance with Regulatory Guide 1.96 is acceptable.

Heating, Ventilation and Air Conditioning Systems

The engineered safety feature ventilation system is required to maintain a controlled
environment in areas containing equipwent that must remaip operable 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 powered Trom emergency buses, and will be supplied with cooling water from the
standby service water system. The following locations will contain engineered safety
feature equipwent: the standby service water pump house; the diesel generator rooms;
the emergency core cooling system pump rooms; the fuel building; the control building,
and the containment. The standby service water pump house will be cooled by power
operated roof vents and will be heated by electric space heaters. The abuve

XKi717

9-7

P ————



9.4.1

9.4.2

engineered safety feature equipment vantilation sSystems are discussed below except
for the containment ventilation system which 1s discussed in Section 6.2.3 and 6.2.4.

Control Building System

The control building heating, ventilation and air conditioning system will be designed
to maintain the control room, electrical auxiliary rooms, cable spreading room, battery
rooms, and engineered safety feature heating, ventilation and air conditioning equip-
ment room, within the thermal and air quality limits required for operation of plant
controls and uninterrupted safe occupancy of those areas that have to be occupied
during norma) operation, shutdown and post-accident conditions.

The control room system will consist of a normal air-conditioning system and a standby
cooling and filtering system. During accident conditions, the control room and the
essantial standby system will be automatically isclated from the normal non-seismic
Category I system by redundant seismic Category | isolation valves.

The standby control room system and those portions of the control building system that
are used to maintain the cable spreading rooms, switchgear rooms, battery rooms and
the engineered safety feature heating, ventilation and air conditioning equipment room
within environmental design limits will be designed to seismic Category 1 requirements
and each will consist of two independent 100 percent capazity systems.

These systems will be designed to maintain the control room and the balance of the
building under positive pressure. Missile protected, outside air intakes will be
provided for the standby and for the normal systems. Redundant smoke and radiation
detectors will monitor the outside air supply with alarms in the control room The
radiation detector will also automatically isolate the outsice air supply and start
the standby heating, ventilation and air conditioning and air filtration system.

We have reviewed the proposed design ¢riteria and bases and find that the proposed
system design meets the requirements set forth in General Design Criterion 19, in
regard to the capability for operating the plant from the control room during normal
and accident conditions. The: :fore, we conclude that the system is acceptable.

Auxiliary Building Ventilation

The auxiliary building ventilat on system will be designed to provide normal venti-
lation for the emergency core ccoiing system pump rooms and all other areas in the
auxiliary building and maintair - <egative pressure in the auxiliary building, includ-
ing the emergency core cooling system pump rooms.

Two seismic Category 1 isolation dampers will be installed in series to isolate the
normal outside air intake ducts and the exhaust ducts for this system. These iso-

lation dampers will be closed upon detection of high radiation in the area. The
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handling accident to ensure that the release of radicactivity will be maintained
within acceptable 1imits. Two seismic Category I isolation dampers will be instalied
in series to isolate the normal outside intake duct for the fuel building ventilation
system.

Based on our review of the fuel building ventilation system, we conclude that the
proposed system is acceptable.

Standby Generator Room 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
system 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 temperature will consist of a missile protected
air intake opening; a 100 percent capacity air supply fan; suppty, recirculation, and
exhaust ductwork; dampers, and a missile protected exhaust opening. Each fan will be
powered by the normal station power supply and the standby generator that it serves.

The combustion air supply and exhaust systems are not a part of the diesel generator
room ventilation system. Each standby generator will be provided with separate com-
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 S0 feet away from the combustion air intake, thus
assuring that the exhaust gases wil) not affect the quality of the combustion air.

Based on our review, we conclude that the system capacity and design criteria can
satisfy their designated safety function and are, therefore, acceptable,

Other Auxiliary Systems
Fire Protection System

The fire protection system will provide fire protection capability in those areas of
the plant where a fire hazard may exist. This systim will be designed to: (1)
provide a reliable #nd adequate supply of water to meet any probable demand with a
sufficient number of strategically located yard fire hydrants and small, fire hose
connections in the areas of fire potential throi “out the plant; (2) provide portable
fire extinguishers of the proper types throughuut all plant areas; (3) provide fixed
automatic sprinkler or deluge systems in areas of fire potential greater than thuse
that can be extinguished with portable or manual equipment; (4) provide fire and smoke
detection and monitoring systems for the switchgear area, battery room, control room,
cable penetration area and all other areas where the danger of the fire exists; and
(5) provide chemical extinguishing systems where automatic sprinkier or deluge systems
are not appropriate. Non-toxic gaseous extinguishing materials 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 which
will receive makeup from the Connecticut River. This system contains 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 automatic
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 [ criteria.
A1l 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 0il tanks. These systems will be manually actuated.

A flooding carbon dioxide fire protection system will be provided for the following
area: (1) normal switchgear rooms; (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 main generator; and (6) the relay and computer areas. Actuation of the
fixed carbon dioxide system will be automatic except in the computer room where the
system will be manually 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 contrgl room will not preclude continued control room
habitability because multiple control room air intakes with smoke detectors are
provided., In the unlikely event that a fire within the control room necessitates the
evacuation of the control room, the reactor can be safely shutdown from a remote
location.

Smoke detectors will be monitored on an annunciator panel in the control rcom toc alert
personnel of a possible fire situation in the following areas: normal and standby
switchgear rooms, cable chase areas, relay room, computer room, cable tunnel in tur-
bine building, control building air conditioning equipment room, containment at
strategic cable areas and heating, ventilation and air conditioning equipment rooms.

n
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9.5.3

In summary, based on our review to date the overall fire protection system for
Montague | 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 may be imposed on Montague 1
and 2 to further improve the capability of the preoposed fire protection system to
prevent unacceptable damage that may result from a fire. Any additional requirements
or modifications resulting from the above studies will be reported in a supplement to
this report.

Standby Generator Fuel 0i] Storage and Transfer Systems

The standby generator fuel oil storage and transfer systems will be designed to
provide sufficient 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 requirements and consist of three independent trains, one for each
diesel generator. Each train will include a storage tank and two pumps. The entire
fuel 0il storage and transfer systems, except for the storage 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
conditions: loss of offsite power coincident with failure of one standby generator;
loss of offsite power coincident with maintenance outage or failure of one fuel oil
transfer pump associated with each standby generator.

Based on our review, we conclude that the capacity of the systems and the design
criteria satisfy the requirements of their designated safety function and are there-

fore acceptable.

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 1 requirements.

fach 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.
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Each diesel generator will be provided with a lubrication system designed to supply
lubricating 0il to the diesel generator system. The system will circulate lube oil
through the engine for heating when the engine is idle and for cooling when the
engine is operating. The system will be designed to seismic Category I criteria.

Based on our review, we conclude that the design criteria and bases meet the require-

ment of their designated safety functions, have the needed capacity and are therefore
acceptable,
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10,0 STEAM AND POWER CONVERSION SYSTEM

Turbine Generator

The turbine electro-hydraulic control system will control the speed of the turbine
(1800 revolutions per minute, rated) by modulating the turbine inlet steam control
valves to requlate the steam flow to the turbine.

The turbine control system will be designed to trip the turbine under the following
conditions: turbine overspeed, loss of condenser vacuum, excessive thrust bearing
wear, reactor trip, generator electric trip, Toss of hydraulic fluid supply pressure,
low bearing oil pressure and manual trip from the contrel room or at the turbine.

The turbine generator will be provided with two independent overspeed protection
systems, an electrical overspeed trip device and a mechanical 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 redundancy in the turbine overspeed protection system, we conclude
that the turbine will be protected from excessive overspeed.

We reviewed the adequacy of the applicants' proposed design criteria and design bases
to assure safe operation of the turbine generator under normal, abnormal and accident
conditions. Based on this review, we conclude that the design criteria and design
bases are acceptatle.

Turbine Missiles

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 minimum .hickness of 30 inches,
In addition, the turbine generators will be 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.

Main Steam Supply System

The steam generated in the reactor will be routed to the high pressure turbine by
means 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 outermost containment isolation valve to the main steam
shutoff valve will be designed to seismic Category I criteria.

The main steam isolation valves will be designed to close on loss of pneumatic pressure
.0 the valve operator and will close within 5.5 seconds, inciuding 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
faflure of the normal air supply system. The valves will be designed to close for

the condition of the maximum mass fiow rate in either direction in the event of a
double-ended steam line break. Redundancy of iscolation valves in the main steam

lines satisfy the single failure criterion and will prevent complete blowdowr of the
reactor syste. in the event of a steam 1ine break outside the primary containment.

Based on our review, we conclude that the main steam supply system design criteria
and bases are in conformance with the . igle failure criterion, the seismic design
position of Regulatory Guide 1.29 - Seismic Design Classification, and the valve
closure time reguirsments and are, therefore, acceptable.

10.4 Other Features of Steam and Power Conversion System
10.4.7 Circulating Water System

The circulating water system will Yurnish the main steam condenser with cooling water
l from the natural draft 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 1ine expansion joint rupture may 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 condenser will be connected to the circulating
water piping using expansion joints located between the condenser acd the motor
operated butterfly valve on both sides of the condenser. 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 failure
will not result in flooding of the area. One level switch with an alarm in the
control 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
provided on the water box butterfly valves to minimize the possibility of expansion
joint rupture due to pressure surge resulting from pumping 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 alarms 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 be no safety-related equipment in
the turbine building that can be affected by flooding. Makeup water to offset cooling
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10.4.2

10.4.3

10.4.4

tower evaporation, drift losses and blowdown will be purped from the Connecticut
River, The system will be designed to non-seismic Category | criteria.

We reviewed the adequacy of the applicants’ proposed design criteria and design bases
to assure safe operation of the circulating water system during normal, abnormal, and
accident conditions. Based on this review, we conclude that the design criteria and
design bases are acceptable,

Condensate Demineralizer System

The condensate demineralizer system will be designed to maintain the condensate at
the regquired purity by removal of contaminants. The system will be capable of
purifying condensate up to a maximum flow rate of approximately 12,300.000 pounds

per hour, The system will be designed to provide "reaction” time to take corrective
action or initiate a unit shutdown in the event of massive leaks, such as complete
failure of a condenser tube. Standby equipment will be provided to preclude diffi-
culties in handling radicactive waste when the system is operating at normal influent
concentrations. An effluent strainer in the piping from each ion exchanger will
protect the system against massive discharge cf resin in the evert 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 Regulatory Guide 1.56 - Maintenance of Water Purity in Boiling Water Reactors.

Based on our review, we conclude that the condensate demineralizer system will be
designed to adequately perform its function and is acceptable

Turbine Disk and Rotor Integrity

The probability of failure of a turbine disk or rotor at speeds up to design over-
speed can be minimized by the use of suitable materials, 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 materials 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 reazonable assurance that the
turbine disks and rotors will n* fail during normal operation, including transients
up to five percent above the anticipated speed resulting from a loss of Toad., We
find this to be acceptable,

Oteam and Feedwater System 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 Il of the ASME

3¢7i80
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11.0 RADIOACTIVE WASTE MANAGEMENT

Swmwary Description

Units 1 and 2 will share the liquid and solid radiocactive waste management systems and
will have separate and identical gaseous radioactive waste management systems. These
systems will be designed to provide for controlled handling and treatment of liquid,
gaseous and solid wastes. The liquid radwaste system will process liquid wastes from
equipment and fioor drains, coolant lrakage, condensate demineralizer regenerant liguids,
ultrasonic resin cleaning wastes and decontamination and laboratory wastes. The gaseous
radwaste system will provide holdup capacity to allow for decay of short-lived noble
gases that are taken from the main condenser offgas system and treatment of ventilation
exhausts through high efficiency particulate air filters and charcoal adsorbers. The
radwaste systems will be designed to reduce releases of radioactive materials in effluents
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 of solid radioactive wastes generated during station operation prior to their
shipment offsite for burial. Solid packaged wastes will be shipped to a licensed
faciiity for burial,

In our evaluation of the liguid and gaseous radwaste systems, we considered: (1) the

capability of the systems for keeping the levels of radicactivity in effluents as low

as reasonably achievable, based on expected radwaste inputs over the life of the

plant; (2) the capability of tne systems to maintain releases below the limits in

Section 20.106 of 10 CFR Part 20, during periods of fission product leakage at design

levels from the fuel: (3) the capability of the systems to meet the processing demands

of the station during anticipated operational occurrences; (4) the quality group ard

seismic design classification applied to the system design; (5) the design features

that will be incorporated to control the releases of radiocactive materials in accordance

with General Design Criterion 60; and (6) the potential for gaseous release due to ‘
hydrogen explosions in the main condenser offgas treatment system, '

In our evaluation of the solid radwaste treatment system, we considered: (1) system
design objectives in terms of expected types, volumes and activities of wastes processed
for offsite shipment; {2) waste packaging and its conformance to applicable Federal
packaging regulations; (3) provisions for controlling potentially radiocactive airborne
dusts during baling operations; and (4) provisions for onsite storage prior to shipping.

In our evaluation of the process and effluent radiological monitoring and sampling
systems, we considered the systems' capability to; (1) monitor all normal and potential
pathways for release of radicactive materials to the environment; (2) control the
release of radicactive materials to the environment; and (3) monitor the performance of
process equipment and detect radicactive material leakage between systems.
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11.2
11.2.1

In the Final Environmental Statement for Montague 1 and 2, scheduled to be issued in
August 1976, we will report on our evaluation to determine the guantities and activi-
ties of matorials that will be released in liquid and gaseous wastes, or shipped
offsite as solid wastes for burfal. In that 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 Statement were calculated using the BWR-GALE Code described in
Draft Regulatory Guide 1.CC, “"Calculations of Releases of Radioactive Materials in
Liguid and Gaseous Effluents from Boiling Water Reactors.” The principal parameters
used in these calculations, along with their bases, are given in Appendix B to Draft
Regulatory Guide 1.CC.

Based on the following evaluation we conclude that the liquid, gasecus and solid
radwaste treatment systems and associated process and effluent radiclogical monitoring
and sampling systems are acceptable and that the effluents concentrations will meet as
low as reasonably achievable levels in accordance with 10 CFR 50,34a, Section IL.A,
I1.8 and 11.C of Appendix I to 10 CFR Part 50, and the alternative to Section I1.D of
Appendix 1 as provided in the Annex to Appendix I as amended (September 4, 1975). The
applicants have chosen the alternative provided in the Annex and, therefore, no cost-
benefit analysis pursuant to Paragraph 11.0. has been performed.

System Description and Evaluation
Liquid Radioactive Waste Treatment System

The liquid radivactive waste treatment system will consist of process equipment and
instrumentation necessary to collect, process, monitor and recycle or dispose of

liguid radiocactive wastes. The liguid radicactive wastes will be p=~cesss si a batch
basis to permit optimum control of the disposition of processed wi..es. Prior to being
recycled or released, samples of processed wastes will he analyzed to determine the
types and amounts of radioactivity 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 controlled conditions. Liquid radicactive wastes will be
segregated based on their origin and processed through either the waste collector
subsystem, the floor-drain subsystem, the regenerant chemical subsystem or the phase
separator subsystem. A1l laundry will be shipped offsite to a commercial laundry, and
there will be no laundry facilities at the plant site. The principal components making
up each of these subsystems, along with their principal design parameters, are listed
in Table 11.2.1 of this report.

The design capacities of the waste collector subsystem demineralizers will be 20,000
jallons per day. The design capacities of both the floor drain subsystem and regere-

rant chemical subsystem evaporators will be 58,000 galicns per day. There is an
interconnection between the flcor drain subsystem and regenerant chemical subsystem so
that the evaporator in each system will provide the redundancy to the other. We
calculated the average expected waste flows to the waste collector, floor drain and
regenerant chemical subsystems to be 29,300, 6,300 and 1,700 gallons per day, respectively,

T |
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gaseous effluents to approximately 4,000 curies per year per reactor of noblz gases and
0.31 curies per year per reactor of iodine-131, 63 curies per year per reactor of
tritium, 9.5 curies per year per reactor of corbon-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 materials in gasecus effluents will
not result in an estimated annual air dose greater thun 10 millirads per year for gamma
radiation, 20 millirads per year for beta radiation, or a dose greater than 15 millirads
per year to any organ for radioiodine and radioactive particulates in accordance with
Sections I1.B and I1.C of Appendix I to 10 CFR Part 50.

The effluents from the site wili not result in an annual gamma air dose greater than 10
millirads, a beta air dose greater than 20 willirads, a release of icdine-13]1 greater
than 1 curie (per reactor), or a dose *o any organ from radioiodine and radioactive
particulates released greater than 15 millirem, in accordance with the alternative to
Section 11.D of Appendix 1 as provided in the Annex to Appendix I.

Solid Radwaste Treatment System

The solid redwaste treatment system will be designed to collect and process wastes
based on their physical form and need for solidification prior to packaging. “wWet”
solid wastes, consisting of spent demineralizer resins, evaporator bottoms, filter
sludges, and filter demines2izzi Lilkmasn, wil! De combined with a solidifying agent
and a catalyst to form a solid matrix and will be sealed in shipp:ng containers. Ory
solid wastes, consisting of ventilation air filters, contaminated clothing and paper,
and miscellaneous items such as tools and glassware, will be compacted into 55-ga'lon
steel drums. Miscellaneous solid wastes, such as irradiated primary system components
will be handled on a case-by-case basis based on their size and activity. Expected
solid waste volumes and activities shipped offsite for each reactor will be 42,000
cubic feet per year of “wet" solid waste containing an average of 0.1 curie per cubic
feet and 4400 cubic feet per year of “dry” solid waste containing less than five curies
of activity.

Container f11ling operations will be controlled remotely from consoles located outside
the container fill area. Filling operations will have interlock features to prevent
overfilling of a container. The dry waste compactor will be vented directly to the
radwaste building vent.

The solid radwaste systems will be located in a seismic Category I =tructure. The
seismic design and aquaiity group classifications of the equipment, which are consistent
with our guidelines, are listed in Table 11.2.1.

Storage facilities for up to 25 containers (50 cubic feet, each) of solid radicactive
wastes will be provided at agrade level in the radwaste building. Based on our estimate
of 42,000 cubic feet prr year per reactor, we find the storage capacity adequate for
meeting the demands of the station. Wastes will be packaged 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 45 CFR Parts 170-178, and shipped to a licensed burial site in accordance
with NRC and Department of Transportation regulations.

Process and Effluent Radiclogical Monitoring and Sampling Systems

The process and effluent radiological monitoring and sampling systems will be designed
to provide information concerning radiocactivity levels in systems throughout the plant,
to indicate radioactive leakage between systems, to monitor equipment performance, and
to monitor and control radiocactivity levels in plant discharges to the environment.
Certain liquid and gaseous streams will be continucusly monitored for radiocactivity.
Monitors on selected effluent release lines will automatically terminate discharges
should radiation levels exceed predetermined values. Table 11.3.1 indicates the pro-
posed locations, types of continuous monitors to be used, and the monitors which will
provide for automatic terminatior of discharges. Systers which are not amenable to
continuous monitoring or for which detailed isvicpic analyses are required will be
sampled and analyzed in the plant laboratory.

We have reviewed the locations and types of effluent and process monitoring and sampling
to be provided. Based on the plant design and on the continuous monitoring locations
and continuous and intermittent sampling locations, we conclude that all normal and
potential release pathways will be monitored. We have also determined that the sampling
and monitoring provisions will be adequate for detecting radiocactive material leakage

to normally uncontaminated systems and for monitoring plant processes which affect
radioactivity releases. On this basis, we conclude that the monitoring and sampling
provisions satisfy the requirements of General Disign Criteria 13, 60 and €4 and the
guidelires of Regulatory Guide 1.271 - Measuring, Evaluating and Reporting Radioactivity
in Solid Wastes and Releases of Radioactive Materials in Liquid and Gaseous Effluents
from Light-Water-Cooled Nuclear Power Plants, and are acceptable.

Evaluation Findings

Dur review of the proposed liquid, gaseous and solid radwaste systems included system
capabilities Lo process the types and volumes of wastes expected during normal opera-
tions including anticipated operational occurrences in accordance with General Design
Criterion 60, the design provisions incorporated to control releases of radioactive
material due to leakage overflows or hydrogen explosion in accordance with General
Design Criterion 60, and the quality group and seismic design classificatiorn in con-
formance with the guidelines of the Effluent Treatment Systems Branch Technical Position
ETSB 11-1. We have reviewed the applicants' system descriptions, process flow diagrams,
piping and instrumentation diagrams, and design criteria for the components of the
radwaste treatment systems and for those auxiliary supporting systems that are essential
to the operation of the radwaste treatment systems. We have performed an independent
calculation of the expected releases of radicactive materials in liquid and gaseous
effluents based on the calculational methods of Draft Requlatory Guide l.CC.:}{)‘;i}bfiea
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TABLE 11.3.1

PROCESS AND EFFLUENT RADIOLOGICAL MONITORING SYSTEM

Stream Monitored

Liquid*

Component Cooling Water Loops
Service Water Discharge

Liquid Radwaste Discharge+
Cooling Tower Blowdown Discharge

&s"

Offgas Discharge+

Containment and Drywell Ventilation Exhaustr
Radwaste Building Vent

Auxiliary Building Vent+

Fuel Building Vent+

Turbine Building Vent

Plant Exhaust Duct

Clean Steam (auxiliary steam reboilers)

*an liquid streams will be monitored for gross gamma activity

"an gas streams will be monitored for noble gas (beta or ganmaj;
other forms of radioactivity are sampled for laboratory analysis.

*Ihese monitors provide annunciation and automatic closure of isolation valves
terminating releases or diversion to alternate systems when the radiation level
exceeds a predetermined valve,
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Our review of the process and effluent radiological monitoring and sampling systems
included the provisions proposed for: (1) sampling and monitoring all plant effluents
in accordance with General Design Criterion 64; (2) providing automatic termination of
effluent releases and for assuring control over discharges in accordance with General
Design Criterion 60 and Regulatory Guide 1.21; (3) sampling and monitoring 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 guidelines of
Regiatory Guide 1.21. The review included piping and instrument diagrams and process
flew diagrams for the liquid, gaseous, and solid radwaste systems and ventilation
svstems, and the location of monitoring points relative to effluent release points on
the site plot diagram.

We conclude that the liquid and gaseous waste treatment systems and the ventilation
systems wiil reduce radiocactive effluents to as low reasonably achievable levels in
accordance with Section 50.34a 10 CFR 50, Appendix [ to 10 CFR Part 50, and the Annex
to Appendix I to 10 CFR Part 50.

Baced on the above described evaluation, we conclude that the proposed radwaste treatment
and process and effluent radiclogical monitoring systems are acceptable. The basis for
acceptance has been conformance of the applicants' designs, design criteria, and design
bases for the radicactive waste treatmen. and monitoring system to the applicable
regulations and guides referenced above, &5 well as to staff technical positions and
industry standards.
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prevent radiation streaming, penetrations will be oriented so as not to pass through
a shield wall in a direct 1ine with equipment or other piping with a high radiation
source. Effort will be made to locate processing equipment and systems 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 maintenance will be located outside of high radiation areas.

A1l plant areas will be classified into rediation zones. There will be six such zone
classificaticns, 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 eguipment design.

(2) Shielding design.

(3) Understanding system operation and performance.

(4) Meesurement practicability.

(5) Evaluating radicactive material releases to the environment.

The design basis noble radiogas source term was established at an annual average rate
of 0.1 curies per second (t=30 minute), using 1970 and 1971 KRB and Dresde: 2 data to
mode] 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 of significant sources of radiation in the auxiliary building,
radwaste building, fuel building, turbine building, and containment structure.

The basic readiation transport analysis method used for the applicants' shield design
is based on the Discrete Ordinates and Point Kernel methods. 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 staff, The applicants used information 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 radfation monitoring system is designed to: (1) monitor the
radiation levels in areas where personne]l 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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We conclude that the applicants have established an acceptable technical organization
to implement their resportibilities for the design and construction of the Montague
Nuclear Power Station and that the proposed plant organization, the proposed quali-
fications of personnel, and the proposed plans for offsite technical support are
acceptable,

Training Programs

The Plant Superintendent will have overall responsibilit; for the conduct and ad-
ministration of the station trairing program. A Trairiag Courdinator will be re-
sponsible for coordinating a1l ohasas of training: however, responsibility for
preparation of detailed training sragrams will rest with individual department
heads .,

The applicants state that the objectivis of the training prograe are:

(1) To train a staff to operate and maintain the nuclear units safely, aipendably,
and economically.

(2) To prepare the technical service g-ovps for their functions necessary to
support aird assure safe operation.

(3) To prepare shift supervisors and control room personnel for the NRC qualifica-
tion examinations for reactor operator and senior reactor opsrator licenses

Portions of the training program will be similar to the program used at Miliscoine,
Unit 2. Instructors used in the training program will be qualified nehers ot the
in-house supervisory and technical staff, Northeast Utilities Services Company engi-
neering staff, and from the General Electric Company and other vendor or consultant
spectalists as required.

It is anticipated that most 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 foilowing discrete segments: Site School
(formal onsite classroom lecture series): Practical Reactor Operation; Reactor
“imulator Training; Test and Plant Procedure Preparation: and Component and Sy:tem
Tests/ On-the-Job Training.

Maintenance and technical staff personnel w'll receive training in certain specific
skills, A1l station personnel will receive General !nployee Training consisting of a
continuing program covering plant organization, emplcvee benefits, company policies,
statinn security requirements and genera' plant familiarization. In addition,
before an empioyre is assigned to full time duties, he will be given a radiological
health and safety course. This training will be supplemented by radiation emergency
exercises and fire drills, resuscitation and respiratory equipment retraining, and
Radiation Protecticn Manual review.
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13.3

Complete records of all training administered will be maintained.

The information submitted by the applicants relative to the proposed training 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.

Emergency Planning

The applicants have described their preliminary plans for coping with emergencies,

In the Final Safety Analysis Report 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 members of the public. Actior levels will be selected to
assure that protective measures are initiated when necessary. The Shift Supervisor
will direct the implementation of the Emergency Plan in accordance with deta’led
emergency procedures. The normal operating crew will be qualified to perform those
actions necessary to implement the Emergency Plan, Offsite personnel will augment the
operating crew, as required. /n Emergency Control Center where emergency team members
report for assignment will be established. The applicants have identified the notifi-
cation responsibilities within the organization to ensure prompt and effective communi-
cations in the event of an emergency.

Initial contacts and arrangements will be made with the following agencies: Massa- |
chusetts Department of Public Health; Massachusetts Civi) Defense; Massachusetts State :
Palice; local police and fire departments; a local ambulance service; the Enerqgy

Research and Development Administration Brookhaven Area Office; Franklin County Public
Hospital; Farren Memorial Hospita); and Yankee Atomic Electric Company. The Massachusetts
Department of Public Health has the primary responsibility for planning for radiclogical
emergency response in the environs of the plant. The State Police will institute
protective measures as required, including evacuation of the public from any affected
area.

taking protective measures, including evacuation, within and beyond the site bound-
ary during the expected lifetime of the plant. This effort is incomplete at this
time, however. The appliiants are actively working with the State of Massachusetts
in the development of detailed response procedures for the Montague site. These
include wethods for the notification of the population-at-risk, and for physical
evacuation, if necessary, of persons in the environs around the Montague Nuclear
Statfon.

|
The applicants have performed p-eliminary analyses to confirm the practicability of ]
|

Two first aid rooms will be equipped with the necessary items to provide emergency
first aid to injured personnel. One room will be designed to handle contaminated
individuals, Ambulance service will be available locally. In addition, two company
vehicles can be used for transfer of injured nersonsc! to a hospital. Preliminary
arrangements have been initiated with two area %ospitals to treat contaminated

injury cases.
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A1l plant operators, technical and maintenance personnel will receive training in
emergency procedures. Exercises are planned to familiarize each member of the plant
staff with tne Emergency Plan and in particular, each individual's immediate action
and responsibilities during a radiation emergency. A training program covering
certain aspects of radiological emergencies and site familiarity will be made avail-
able to those offsite agencies whose services may be required in emergency situations.

The plant will be designed and will incorporate features to assure the capability of
plant evacuation and of reentry to mitigate the consequences of an accident, includ-
ing radiation emergency alarms, communications systems, and evacuation routes, The
plant control room will be designed for continuous occupancy during and following
the most severe accidents as analyzed in Section 15 of the application.

As stated above, the analyses to confirm the practicability of taking protective
measures in the environs of the plant are not yet complete, The staff defers
making a finding as to tne acceptability of the applicants’ emergency planning pro-
gram until this information is available for review. We will address this matter in
a supplement to this report as indicated in Section 1.8 of this report.

|
Review and Audit |

The applicants have described their preliminary plans for review and audit of plant

operations in Section 16.6 of the application. We conclude that these plans satisfy the

the provisions described in ANSI N18.7-1972, “Administrative Controls for Nuclear

Power Plants,” and are acceptable for the construction permit stage of our review. |

Plant Procedures and Plant Records

Operating, mainterance and testing activities will be conducted in accordance with
approved, written procedures. All station procedures developed will meet, as a
minimum, the provisions of Regulatory Guide 1.33 - Quality Assurance Program Require-
ments and ANSI N1B.7, Procedures will be reviewed by the Plant Cperations Review
Committee and approved by the Plant Superintendent.

Prucedures used to support plant operation will be targeted for completion a minimum
of three months prior to fuel loading with Administrative Control Procedures target-

ed for completion a minimum of one year prior to fuel lcading.

The information submitted relative to these subjects is acceptable for the cor-
struction permit stage of our review.
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15.1

15.2

15.0 ACCIDENT ANALYSIS

General

Two basic groups of events pertinent to safety are separately evaluated in this
section, They include the abnormal operational transients and the accidents. In
order for the analysis f events in either group to be acceptable, it is required

that an accurate model of the reactor core be used, and that all appropriate systems
whose operation (or postulated misoperation) would affect the event be included. For
the transieats, the analytical results must show no fuel damage and no damage to the
reactor coulant pressure boundary. For accidents, which are far less probable,
analysis results are allowed to snow some fuel damage. These are analyrzed 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
damage vccurs to the fuel cladding (a sufficient, but not necessary, condition to
meet this requirement is that minimum critical power ratic remain above 1.07), and
that peak reactor vessel pressure does not exceed 110 percent of the design pressure
(ASME Codes, Section II1, Class | are met if nuclear 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 demonstrate, respectively, that
the first radicactive material 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 s necessary
only to demonstrate that the second barrier (the pressure vessel) is protected. This
is accomplished by ensuring that peak fuel enthalpy remains below 280 calories/gram.
This limit conservatively assures the absence of any destructive pressure pulses due
to fuel vaporization, thereby assuring minimal core damace. The cladding must remain
essentially intact (even though some perforations are allowed) if a coolable geometry
is to be maintained.

Abnorma)l Operational 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 malfunc-
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 variaticns in the analyzed transients are as
follows:

(1) Nuclear System Pressure Increase. Transients analyzed in this group included
loss of load events such as generator trip, turbine trip, loss of condenser
vacuum, closure of one or all of the main steam line isolation valves, and
malfunction of the reactor primary system pressure regulator.

(¢) Reactor Water Temperature Decrease. These transients included events that
might cause a power surfge by reduction of the reactor primary coolant water
temperature. They include malfunctions of the feedwater control system in a
direction to increase feedwater flow, loss of a feedwater heater, shutdown
cooling malfunction, and inadvertent activation of an auxiliary cold water
system,

{2) Reactivity Insertions. These transients included rod withdrawal transients
from zero reactor power, hot critical condition, and from full power; fuel
assembly insertion errors; and control rod removal errors during refueling,

(4) Reactor Water Inventory Decrease. These transients included events leading to
a decrease in the inventory of reactor primary coolant such as loss of auxili-
ary power, loss of feedwater, pressure regulator failure in a direction to
cause decreasing reactor system pressure, inadvertent opening of a safety/
relief valve, and opening of condenser bypass valves.

() 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] Reactor Coolant Flow Increase. These transients included events that might
increase the recirculation flow and thus induce a positive reactivity increment.
They included a malfunction 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 Temperature 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 maximum demand.

The applicants' transient analyses included effects due to the prompt relief *rip
system, The applicants have commited to the incorporation of all amendments to the
GESSAR-238 Nuclear Island Standard Design application, applicable to the nuclear steam

15-2
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supply system, through the time of issuance of the Supplements to the Safety Evalua-

tion Report for GESSAR reporting the resolution of outstanding items described in the

December 1975 Safety Evaluation Report, NUREG-75/110, The GESSAR application has

adopted a "fast scram" system in place of the prompt relief trip and the applicants’

commitment to GESSAR thus commits them to "fast scram” as well. In the transmittal

letter for Amendment 14 Supplement 7, the applicants have indicated that if the

prompt relief trip system is reviewed and approved by the NRC for use in the BWR-8

reactors they would consider using this system for the Montague 1 and 2 reactors.

The transient analyses discribed 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 modification and '
test program for the fast scram system which will be completed prior to a decision

for issuance of the Montague 1 and 2 construction permits. This matter and its

resolution will be provided in a supplement to this report.

A System for Increasing the Negat.ve Reactivity Insertion Rate

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 operation into the end-of-cycle-life period. From current experience with
BWR operation it may be expected that Montague 1 and 2 and similar plants with control
rod drive systems of current design may find it necessary to reduce power somewhat
during the last 10-20 percent of each cycle. This situation will occur, if it occurs
at all, as the reactor core approaches its equilibrium fuel cycle.

In the event of a sudden loss of normal heat removal capability which can occur as a
result of loss-of-load transients such as turbine trip or generator trip, sudden
reacter coclant sysiem pressure increases will occur. The increased pressure causes
collapse of steam voids that were present in the core, which in turn causes a power
increase due to the positive reactivity effect of void collapse. This power increase
then tends to further increase pressure. The above cycle of events is terminated by
reactor scram (rod insertion), but toward ené-of-fuel-cycle in boiling water reactors
the time required to achieve effective power reduction from rod insertion is somewhat
increased. This is because the rods have further to travel from their end-of-cycle
position (mostly they are completely withdrawn from the core and ready for insertion 1
from below the core) and because the rods must reach th wre 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
consul tant (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 assumptions,
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

l

during the last 10-20 percent of each near equilibrium operating cycle. The staff will l
Y
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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 common supplier of the nuclear steam supply system. The applicant's
have agreed to adopt the resolution arrived at on the GESSAR docket as indicated in
Section 1.8 of this report. We find this acceptable,

Proposed Systems

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 modifications are:

{1) Prompt Relief Trip. This system would automatically open certain safety/relief
valves immediately upon occurrence of a loss-of-load event. This would prevent
or inhibit the cycle of pressure increase - void ccllapse - power increase -
pressure increase by early relief of the initial pressure increase. This
soletion has been proposed for the Montague Nuclear Power Station, and earlier
was proposed on the GESSAR-238 Nuclear Island application. Staff review under
the latter application determined that there were several outstanding questions
concerning the proposed system; e.g., the effect 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-
proached. 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
accumulator. 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-
“er+ly reviewing the fast scram system on the GESSAR-238 application. We con-

. “‘ed that this matter is being resolved as a post-Preliminary Design Approval
item on the GESSAR-238 application. The applicants have indicated in Amendment
14 they will adopt this system if the prompt relief trip described above is
determined to be unacceptable,

Conclusions Regarding Prompt Relief Trip and fast Scram Systems

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
full power operation out to the end of the planned operating cycle with an equilibrium
core even with the conservative analytical methods presently used. However, no safety
O“-'.tc.t-
£ rwiin)
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requirements are dependent on the satisfactory design of either system., The NRC
regulations require that the facility be operated within the safety limits and design
conditions presented in the application. These are reviewed and approved by the NRC
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 may determine a need for Montague )
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.

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 contro)l rod drop accidents. In addition, we have computed the doses resulting
from 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 expcsure guidelines of 10 CFR Part 100. As recom-
mended in Regulatory Guide 1.3, the doses considered appropriate at the construction
permit stage should not be no more than 150 rem thyroid and 20 rem whole body. The
offsite doses we calculated for these accidents are shown in Table 15.1, and the
assumptions we used are listed in Table 15.2. A1l 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 penetrating 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
99 percent efficiency in removal of all species of fodine 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 Atmospheric 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.

15-5
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TABLE 15.1

POTENT IAL OFFSITE S DUE T o1 ]

Two-Hour Course of Accident
Exclusion Boundary Low Population Zone
(1250 meters ) _ (4022 meters)
Thyroid Whole Body Thyroid Whole Body
Accident (rem) (rem) (rem) {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 Rod Drop Accident* <1 <) < 1 < 1

* We are in the process of revising our evaluation of the rod drop accident, and expect

that the potential consequences will be reduced, because of more realistic assumptions,

This will not affect our conclusions that potential radiological consequences of this
accident are acceptable.

L

15-6

207207

V



. B e e T e A —

TABLE 15.2

ASSUMPTIONS USED IN THE ESTIMATE OF
DESIGN BASIS ACCIDENT DOSES

LOSS-OF -COOLANT ACCIDENT

Power Level 3730 megawatts thermal
Operating Time 3 years
Primary Containment Leak Rate* 0.275 percent
lodine Composition
Elemental 91 percent
Particulate 5 percent
Organic 4 percent
Filter Efficiencies
Elemental 99 percent
Particulate 99 percent
Organic 99 percent

X/0 VALUES, seconds per cubic meter

0-2 hours @ 1250 meters 8.4 x 1074
0-8 hours @ 4022 meters 5.6 x 107
8-24 hours @ 4022 meters 3.8 x 107°
24-96 hours @ 4022 meters 1.7 x 1073
96-720 hours @ 4022 meters 5.1 x 1078

» 2-1/2 percent of the primary containment leak rate is assumed to bypass the filters and
exit directly to the atmosphere.

9020
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POST-LOCA HYDROGEN PURGE DOSE

Power Level
Volume of Primary Containment
Purge Duration
Holdup Time in Containment Prior
to Purge Initiation
Filter Efficiencies
Elemental
Organic
Purge Rate

X/Q VALUES, seconds per cubic meter

96-720 hours @ 4022 meters

FUEL HANDLING ACCIDENT

Power Level
Shutdown Time
Total Number of Fuel Rods
in the Core
Number of Fuel Rods Involved
in the Refueling Accident
lodine Fractions Released from Pool
Elemental
Organic
Filter Efficiencies
Elemental
Organic

X/Q VALUES, seconds per cubic meter

0-2 hours @ 1250 meters
0-8 hours @ 4022 meters

TABLE 15.2 (Cont'd.)

3730 megawatts thermal
1.68 x 10°% cubic feet
30 days

19 days
99 percent

99 percent
34 standard cubic feet per minute

5.1 x 1078

3730 megawatts thermal
24 hours

46,116
98

75 percent
25 percent

95 percent
95 percent

-y
. P
8.8 x 1074 S
5.6 x 107>
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TABLE 15.2 (Cont'd.)

CONTROL ROD DROP ACCIDENT

Power Level
Number of Fuel Rods Iavolved
Fraction of Fission Product Inventory
Released to Coolant
Noble Gases
lodines
lodine Fraction Released
to Condenser
Jodine Partition Factor and Plate Out
in the Turbine and Condenser
Condenser Leak Rate

%/Q VALUES, seconds per cubic meter

0-2 hours 2 1250 meters
0-8 hours @ 4022 meters
8-24 hours @ 4022 meters

3730 megawatts thermal
770

100 percent

50 percent

10 percent

10 percent
0.5 percent per day

8.4 x 1074
5.6 x 107°
3.8 x 1072
S0 210
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15.3.2

15.3.3

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 radicactivity concentrations in the
reactor coclant 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 exclision radius, as calculated by the NRC staff for
these accidents, will be appropriate.y small fractions of the guideline values of 10
CFR Part 100. In keeping with recertly issued design guidance for radicactive waste
management systems installed in 1’gnhtwater-cooled nuclear power reactor plants, we
wiil require that the charcoal celay beds be designed to the requirements of Effluent
Treatment Systems Branch Position 11-1.

Loss-of-Coolant Accident

The design basis accident loss-of-coolant accident is the same as that used in the
analysis of other boiling water reactors, in that a double-ended break in the largest
pipe in the reactor coolant system, the recirculation Tine, is assumed. Our analysis
is consistent with the conservative assumptions presented in Regulatory 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 stean line isplation
valve leakage plus hydrogen purge dose) 0-30 day thyroid dose at the low population
zone {s consistent with the 150 rem thyroid guideline doses listed in Standard Review
Plan Section 15.56.5 and Regulatory Guide Number 1.3 - Assumptions Used for Evaluating
the Potential Radiological Consegquences of a Loss-of-Coolant Accident for Boiling
Water Reactors,

The assumptions we used in this analysis are given in Table 15.2. The resultant
calculated loss-of-coolant dose Tevels are given in Table 15.1, and are judged to be

within acceptable 1imits.

Fuel Handling Accident

In this accident, we assumed that a fuel assembly is dropped during refueling opera-
tions, and that as a result of the fall, 98 fuel rods are damaged. Our assumptions
conform to Regulatory Guide 1.25 - Assumptions Used for Evaluating the Potential
Radiological Consequences of a Fuel Handling Accident and Storage Facility for
Boiling and Pressurized Water Reactors. Activity released to the environs is assumed
to be released through the standby gas treatment system filters within a two-hour
period. Other assumptions used in this analysis are given in Table 15.2. The
resultant calculated two-hour doses are given in Table 15.1. We find these calcu-
lated doses to be within acceptable limits.

Control Rod Drop

We have evaluated the consequerces of a control rod drop accident. The assumptions
we ysed in this analysis are shown in Table 15.2. The resulting doses are shown in
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15.4

Table 15.1 and are well within tre guideline values given in 10 CFR Part 100. We are
in the process of revising gur svaluation of the radiological consequences of a
control rod drop accident in order to incorporate more realistic assumptions. We
expect the potential consequencas will be reduced, therefore this will not affect our
conclusion that the consequences will be within acceptable limits.

Hydrogen Purge Dose

Based on the data included in Table 15.2, the hydrogen purge dose is computed to be
small compared to the 10 CFR Fart 100 guidelines at the low population zone for the
course of *he accident. Assumptions used in this analysis are included in Tabie 15.2.
we tind these calculated doses will be within acceptable limits,

Postulated Radioactivity Liquid Release Due to Tank Failures

The consequences of component failures which could result in contaminated 1iquid
releases to the environs were evaluated for components containing liquid radicactive
materials located outside reactor containment. The scope of the review included tre
calculation of radionuclide inventories in station components at design basis fission
product levels, the mitigating effects of the plant design, and the effect of site
geology and hydralogy.

The tank that is estimated to contain the highest quantity of activity is the regenerant
neutralizer tank. This tank will have a volume of 25,000 gallons and is assumed to

be BO percent full with @ liquid activity concentration of approximately one microcurie
per mi1l4Yicer (based on an offgas release rate of 350,000 microcurie per second

after 30 minutes delay). The critical direction of groundwater flow will be toward a
downgradient well 1.6 miles southwest of the plant. We evaluated the liquid transit
time for radwaste leakage to the nearest downgradient well to be approximately 20

years. We estimate a ground water dilution factor of 25,200.

Considering radicactive decay over the 20 year transit time, a rupture of the re-
generant neutralizer tank will give a concentration of less thar the limits of 10 CFR
Part 20, Appendix B, Tabie 1l, Column 2 for unrestricted areas.

Based on the foregoing evaluation, we conclude that the postulated failure of the tank
with the highest level of radicactivity should not result in radionuclide concentra-
tions in excess of the 10 CFR Part 20 limits at the nearest potable water supply.
Therefore, it is not necessary for the applicants to incorporate additional provisions
in their design to mitigate the effects of component failure involving contaminated
1iquids.
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16.0 TECHNICAL SPECIFICATIONS

The technical specifications of an operating licesse will define certain features,
characteristics and conditions governing operation of a facility that cannot be
changed without prior approval of the Nuclear Regulatery Commission. The technical
specifications will be developed and evaluated at the operating license stage of our
review. However, in accordance with Secton 50,34 of 10 CFR Part 50, an application
for a construction permit is required to include preliminary technical specifica-
tions. The regulations 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 facility, with special attention given for those items which
may significantly influence the final design.

We have reviewed the proposed preliminary technical specifications presented in
Section 16 of the application with the objective of identifying those items that
would require special attention at the construction permit stage, to preclude the
necessity for any significant change in design to support the final technical speci-
fications. The proposed technical specifications are similar to those being de-
veloped or in use for plants of a design similar to Montague | and 2. We have not
identified any items which require special attention at this stage of our review.

On this basis we conclude that the proposed preliminary technical specifications are
acceptable.

AT 5
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17.0 QUALITY ASSUBANCE

17.1 General

The description of the quality assurance program for Montague | and 2, including the
quality assurance programs of the principal contractors, the Stone & Webster
Engineeriny Corporation, the engineer-constructor, and the General Electric Company,
the supplier of the nuclear steam supply systems, is contained in Section 17 of the
application and in the applicants’ responses to NRC staff requests €or additional
information. The quality assurance program has been revised in Supplements 1, 2, 3,
5, 6 and py the anplicants’' letters to the NRC dated August 1, September 19, and
October 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 comply 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 during the
operation phase. During the operaticn phase, the applicants will utilize the
technical support services of Northeast Utilities Service Company. Northeast
Utilities Service Company 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 established a program
for the nuclear steam supply systems, and Stone & Webster has established a program
for tre balance of the plant. Northeast Utilities Service Company is responsible for
the Montague quality assurance 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 functions for
Montague is shown 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 fur developing, establishing, and verifying
P Implementation of the Montague quality assurince program.
|

17-1 A s U

1 '

P R TR TR R RS RRRRRR ——

B e A e S



¢CLT SMN0La

NOLIVZINVOHO HONVHLSSY ALLTIVIO @OSNN

ﬂllu - . 1 r et PR
Snianiong Sudawens SaIINoNE .u»!o:u i
TWINENOIm wogose | W™iNe 280 LOArong _
_ NOLYHINGD a3 i 2373 g YN
.’|g et e — L =: 1
N A | e e S
GONT MOIm g oomivan | | oweaswons | L waswNen FEELT | [
NOLLYINDD NOLLYRINGD | MWW * _ ve e ] ! i
‘ 0 33 40 4300 b weuveInag WL INULENCD w¥I00N , NS
| W— lr BN B ANt e W;A—-i.. - = — L ~ L —
: = ) — = —
_'-!l!.!c | | owwIINoeT | S4231 0 $L0300Nd |
ALTene | NOLYAINGD i 1 WD Ras VI 0NN {
| ) CETRE )

L

_, FEETTNTY

_

o

—-—

| H

S30AAHIY
R O TR I
WOLYN AN

2

[ wousnuismos

[ 7 owmaanond
NOLLYEINTS

_.:.8.3.! L e

SNOLLYHIe0
FONMHIINONDY

(N30SI JA |
BALNIENS )

T

2]

r -

-5
~3
ve
{ -
L
-
po-
ol 1
Es
e —
WAINIOND - _ wIINENT 7 @
SUNYODI Vs RNO 1LV a0
7 ONIENIDT - Smd:.. | ”
= s
s =
S -
SHY NOUNE | HACYNYN ]
TEINIANONIANT | J o !
2 43H0 | | SNOLL YN IO _
J
=
1 I 1 [ ]
| | wotoneoNs | | W i ..l.
CLE R | | IR
L“ #i!!!!..u\i._ | owEwMOMNe | -+
- - - i i
——
8014 INA0Nd
ANFON G LN A0S
P WILRAS
Jllg.. —
e e
SNOILYR A0 ! S0t \
ARG | 2 onsynoune
| ANBOE TN THA | iM30s3ee uu;l_
L gesd L
T |
4

SN0 AN
ANBOIS Tde 320
FAANIIDN

L. —

| ANIIS Fud &
L |

I
_






e e B e i i e e e

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 1n written procedures
within the guality assurance program.

The quality assurance manual is the responsibility of the Manager of Quality Assur-
ance. It included a directive, signed by the Executive Vice President of Engineer-
ing and Operations, which requires compliance with the manua). Revisions to the
manual are approved by the Assistant Vice President of Generation Engineering and
Construction and the Manager of Quality Assurance.

The Freliminary Safety Analysis Report identified the structures, systems, and
components that are subject to the program described in the quality assurance
manual .

The applicants have committed to comply with the requirements of the Gray sool:1 and
the Green Book.z These documents provide NRC guidance on quality assurance require-
ments during the design, procurement, and construction phases of nuclear power
plants, Based on this commitment and the quality assurance program described in the
appiication 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 programs 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 and evaluation of the quality related procedures and
activities to assure they comply with the applicants’ quality assurance program:

(1) Audits of major contractors, including Stone and Webster and General Electric;
(2) Audits at the Montague plant site; and

{3) Audits internal to Northeast Utilities Service Company.

Audits are performed 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 management for

I“Gu';dance on Qualicy Assurance Requirements During Design and Procurement Phase of
Nucleer Power Plants-Rev. 1,” May 24, 1974 (WASH-1283 Rev. 1)

2"Gu1dam:e on Quality Assuram(:e Requireu)nents During the Construction Phase of Nuclear
Power Plants,” May 10, 1974 (WASH-1309 e
AT Y
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17.3

corrective action, Responses to audit findings are verified for implementation and
effectiveness during followup audits. The staff finds Northeast Utilities Service
Company's description of their audit activities to be acceptable.

General Electric Company

General Electric is responsible for providing the nuclear steam supply systems for
Montague 1 and 2. Figure 17.3 shows the organization of the Boiling Water Reactor
Operations of Genoral Electric which provides nuclear plant services and equipment.

This department operates under a Deputy Division General Manager who reports to the Vice
President and General Manager of the Nuclear Energy Division. Reporting to this Deputy
Division General Manager are Department General Managers and the Manager of Product and
Quality Assurance Operation.

Each department and the Product and Quality Assurance Operation contain an organization
specifically responsible for quality assurance which reports at a management level to
assure independence consictent 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 problems; (2) initiate, recommend, or provide solutions to quality problems; (3)
verify implementation of solutior~ unu (4) prevent further processing, shipment,
installation, or utilizatior oncontoyming items 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 Chairman of the Quality Council. The Quality Council, which meets quarterly, permits
development of solutions to common quality relacwed problems and provides a separate line
of communication to top Boiling Water Reactor Operations management. In addition, the
Manager of Product and Quality Assurance Operation audits the engineering, manufac-
turing, procurement, and construction organizations to assess the scope, implementation,
and effectiveness of the quality assurance program.

The program applies to the safety related systems and components within the General
Electric scope of work. General Electric has also committed to comply with the guidance
provided by the NRC in the Gray Book and Green Book.

Though the basic scope of the quality system used by the various Boiling Water Reactor
Operations organizations is the same, each functional organization has its own system
of guides, procedures, instructions, and manuals that prescribes the methods for
accomplishing its portion of the quality assurance program, Uivision instructions,
prepared by the Preduct and Quality Assurance Operation and issued by authority of the
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General Manager of the Nuclear Energy Division, esta. 1ish procedures and practices where
a standardized, uniform approach is necessary for control.

A matrix which relates the procedures of the various manuals to the applicable quality
assurance criteria of Appendix B to 10 CFR 50 is given in the application. Based on
our review of this matrix, we conclude that each criterion has been specifically
included in written procedures within the program.

The program included provisions for the control of design information. Design inputs
are reviewed, and analyses are accomplishe. in accordance with applicable codes, stan-
dards, and regulatory requirements. Knowledgeable groups within General Electric
including quality assurance personnel, independently review drawings and equipment
specifications prior to issuance.

To provide for control over purchased items and services, General Electric evaluates the
quality system of each prospective supplier of safety related items. OQuality engineers
review purchase requisitions, purchase orders, and subsequent change notices. General
Electric reviews and retains supplier documentation which demonstrates acceptable
quality. Audits and feedback of discrepancy data are used by quality engineers to
measure supplier performance.

General Electric executes a comprehensive audit program which provides Boiling Water
Reactor Operations management with information on the effectiveness of the program.
General Electric audits activities affecting quality at General Electric and at supplier
facilities. Audit areas include a1l quality related procedures and operations. Trained
personnel not having direct responsibilities in the area being 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 Commission's regulations and applicable Requlatory Guides and
industry standards. Based on this review, we conclude 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 guides and
standards and is acceptable for the nuclear steam supply systems for Montague 1 and 2.

Stone and Webster Engineering Corporation

Stone & Webster is the engineer-constructor of Montague | 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-
surance 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.

30722
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The Manager of Quality Assurance, who reports to the Vice President of Quality Assurance,
is responsible for administering and managing the quality assurance program for procure~
ment and construction activities. The Chief Engineer, Engineering Assurance Division of
the Engineering Department, is responsible for administering and managing the quality
assurance program for engineering and design.

Major activities which are carried out by the Quality Assurance and tngineering
Assurance organizations are:

(1) The review and approval of design, procurement, manufacturing, inspection, con-
struction, and test documents,

(2) Inspections and audits within the company, at supplier's facilities, and at the
construction site.

Quality Assurance and Engineeiring 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 approved.

We conclude that the organization is structured such that an individual is responsible
for coordinating the direction and contrpl of the quality assurance and quality control
function and that personnel performing quality assurance functions in the organization
have sufficient authority and organizational freedom to perform their critical functions
effectively and without reservation.

The quality assurance program applies to all safety related structures, systems, and
components within the Stone and Webster scope of work. Stone and Webster has also
committed to comply with the NRC quality assurance guidance provided in the Gray Book
and the Green Book.

The program for engineering includes quality assurance review of applicable engineering
inst uctions, procedures, specifications, and drawings to assure the quality require-
ments 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 determination is made that the engi-
neering specifications, procedures, instructions, and drawings comply with regulatory
requirements and design bases.

For procurement control, quality assurance measures provide for th. review of procure-
ment documents to assure that the stated quality requirements are adequate, for sup-
plier qualification, and for approval of the suppliers' quality assurance programs,
The program provides for inspection, surveillance, and audit of the suppliers' safety
related structures, systems, and components to assure compliance with procurement
requirements.

o 10
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During construction, the program provid.s for onsite quality assurance involvement
including inspection, nondestructive ‘esting, retention of records, and processing of
deficiencies, nonconformances, and design changes. The quality control engineers,
inspectors, and nondestructive testing personnel are organizationally separate and
independent from the construction organization.

The program provides for a comprehensive system of detailed audits to be performed by
the Stone and Webster organization. The audits encompass the review and evalyation
of all quality related activities associated with the quality assurance program and
involve procedures, work areas, hardware, activities, and records. The pregram
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 management,

During our review, we evaluated the Stose and Webster quality assurance program for
compliance with the Commission's regulations and applicable Requlatory Guides and
industry standards. Based on this review, we conclude that the program contains the
necessary quality assurance provisions, requirements, and controls for comp)iance
with Appendix B to 10 CFR Part 50 and applicable guides and standards and is accept-
able for the design, procurement, and construction of the Montague 1 and 2.

Implementation

The NRC Office of Inspection and Enforcement has concluded that the implementation of
the overall quality assurance program cannot be fully assessed at the present time
due to the pending revision of the applicants' quality assurance manual and the lack
of current activity. This is an open item which will require resolution prior to
initiation of safety related activities either under a Limited Work Authoriziation or
prior to a decision for issuance of construction permits for Montague | and 2. This
matter is discussed in Section 1.8 regarding schedule for completion and resolution.

Conclusion

We have reviewed and evaluated the quality assurance program of Northeast Utilities
Service Company, Gereral Electric and Stone and Webster for compliance with the Com-
mission‘s regulations and applicable Regulatory Guides and industry standards. Based
on this review, we conclude that the quality assurance program is acceptable for the
design, procurement, and conttruction of Montague 1 and 2. Prior to initiation of
safety related activities under a Limited Work Authorization or prior to a decision
for issuance of construction permits for Montague 1 and 2, the open item noted in
Section 17.5 above must be resolved.

. 17-10




18.0 REVIEW BY ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

The application for the Montague 1 and Z will be reviewed by the Advisory Committee On
Reactor Safeguards. We intend to issue a supplement to this Safety Evaluation Report
after the receipt of the Committee's report to the Commission relative to its review of
the Montague application. The supplement will append a copy of the Committee's report
and will address each of the comments made by the Conmittee, and will also describe
steps taken by the staff to resolve any issues raised as a result of the Committee's
review.

072

18-1 ; \.; L ! 8

I e T e B T B B B B B S CE Y I B - E i S S e
\



19.0 COMMON DEFENSE AND SECURITY

The applicants state that the activities to be conducted will be within the juris-
diction of the United States and that al) 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 government. The activities to be conducted o not involve
any vestricted data, but the applicants have agreed to safeguard any such data that
might become involved ‘n accordance with the requirements of 10 CFR Part 50, The
applicants will rely upon obtaining fuel as it is needed from sources of supply
available for civilian purposes, so that nc diversion of special nuclear material
from military purposes is inveclved. For these reasons, and in the absence of any
information to the contrary, we have found that the activities to be performed will
not be Inimical tuo the commen defense and security.

30 YA
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20.0 FINANCIAL QUALiFICATIONS

The Commission'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 1ing our review of the financial qualifications of th. applicants and will
report the results of our evaluations in a suppleme .t to this report. As indicated
in Section 1.8, our review of this matte~ will be resumed approximately one year
prior to the epplicants' scheduled date for beginning const:ucticn activities at the
proposed site.
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21.0 CONCLUSIONS

Based on our evaluation of the proposed design for the Montague 1 and 2, we find that
upon resolution of the outstanding matters set forth in Section 1.8 of this report
and discussed in appropriate sections of this report, we will be able to conclude in
accordance with the provisions of Section 50.35(a) 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 for 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 information as may be required to complete the
safety analysis and which can reasonably be left 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 resclve 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 be satisfactorily resolved at or before that latest date
stated in the applization for completion of construction of the proposed
facility, and (b) taking into consideration the site criteria contained in 10
CFR Part 100, the proposed facilities can be constructed and operated at the
proposed location without undue risk to the health and safety of the public;

(5) The Northeast Nuclear Energy Company is technically qualified to design and
construct the proposed facility;

(6) The applicants have reasonably estimated the costs and are financiaily qualified
to design and construct the proposed facility; and

(7) The issuance of permits for construction of the facility will not be inimical to
the common defense and security or to the health and safety of the public.
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July 12, 1974

July 18, 1974

July 25 & 26, 1974

July, 31, 1874

August 2, 1974

August 20, 1974

August 21, 1974

August 29, 1974

August 30, 1974

September 4, 1974

APPENDIX A

CHRONOLOGY OF REVIEW

MONTAGUE )} & 2

Application, Environmental Report, Preliminary Safety Analysis
Report (Volumes 1-10) and Antitrust volume docketed. Docket
Nos. 50-496/497 assigned tc Montague Nuclear Station,

Applicants submitted supplemental 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.

AEC representatives meet with Stone & Webster and local geolo-
gists in Greenfield, Massachusetts to discuss and observe
geological features around the Montague site.

AEC/DL letter advising that application was docketed and
stating which newspapers, trade journals and publications
would publish notices.

Applicants submitted proprietary data and cites the GESSAR
docket as a reference and requests that these tables and
figures be withheld from public disclosure.

Applicants letter advising that it is planned to incorporate
into the Montague Preliminary Safety Analysis Report a sub~
stantial arount of information directly from the GESSAR-238
Nuclear Island Standard Design application.

Applicants' letter requesting a Staff Management review of
the technical and cost/benefit reasons cited in the Genera)
Electric letter of July 29, 1974.

AEC/DL letter establishing Montague review schedule.

Applicants submitted Amendment 2 to License Application
and Supr'ament 1 to Preliminary Safety Analysis Report.

Meeting with officials of Town of Montague.
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September 5, 1974

September 11, 1974

September 13, 1974

September 17, 1974

September 30, 1974

October 1, 1974

October 7, 1974

October 15, 1974

October 18, 1974

October 23, 1974

October 24, 1974

October 30, 1974

November 8, 1974

B i e e R PR TR TENNNRA .

Applicants' letter committing to the incorporation of all
amendments to the GESSAR-238 Nuclear Island Design application
for nuclear steam supply system.

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
transiznts without scram.

AEC/DL letter transmitting Round 1 Requests for Additional
Information.

AEC and applicants' representatives meet to discuss the
results of the geological investigation of the Montague Site.

Applicants' letter advising a one year delay for the Montague
Nuclear Power Plant.

Rep-esentatives from AEC and applicants meet in Bethesda, Md.
to discuss clarification of the load combinations set forth in
Section 3.9.2.7A of the Montague application.

Notice and Order for Special Prehearing Conference issued by
Atomic Safety and Licensing Board.

AEC/DL letter advising that General Electric documents submitted
with the application for docketing have been withheld from
public disclosure as proprietary information. These documents
were previously submitted on the GESSAR-238 docket.

NNECo letter advising that A, Roisman, Esy., Counsel for the
Mew England Coalition on Nuclear Pollution seeks to have the
Montague Notice of Hearing withdrawn.

Applicants advise that Supplement No. 2 to the PSAR, to be
filed as amendment, will be submitted by November 8, 1974,

REC/PL letter transmitting additional information required
regarding hydrology, geology and seismology matters.

Applicants advise that Supplement 2 to PSAR will be submitted
by November B, 1974 and Supplement 3 will be submitted by
December 3, 1974,

Applicants submitted Amendment No, 5 to the Montague license
application. This amendment consists of a volume entitled

A-2 907229



November 11, 1974

November 25, 1974

December 4, 1574

December 9, 1974

December 12, 1974

December 13, 1974

January 30, 1975

February 6, 1975

February 19, 1975

February 21, 1975

February 19, 1975

Supplement No. 2 to the application. Included in this suppie-
ment are replacement pages which incorporate certain portions of
Amendments 13 through 20 to the GESSAR-238 docket,

AEC/DL letter transmitting a change in the schedule based on
the one year delay in start of construction.

Applicants' letter concurring with the schedule transmitted
on November 11, 1974 by AEC/DL.

Order issued by the Atomic Safety and Licensing Board

admitting the Commonwealth of Massachusetts as a party, and the
New England Coalitic: on Nuclear Pollution as a party; the State
of New Hampsnire will participate as a state.

Applicants submitted site Meteorological Data and Aerial
Photographs.

Applicants submitted Amendment Nc. 6 to Montague application.
This amendment consists of Supplement 3 to Preliminary Safety
Analysis Report and Supplement 4 to the Environment Report.

Applicants' letter transmitting certain figures contained in

Section 7.6 which were omitted from Supplement 3 of Amendment 6
transmitted on December 12, 1974,

Grder issued by Atomic Safety and Licensing Board. The
Board reguests memorandums of law by February 10, 1975 with
regard to the letters from Commonwealth of Massachusetts, the
county of Franklin and the State of New Hampshire requesting

relief with regard tc meetings which may be held between the
applicants and the staff,

Applicants and NRC meet to discuss outstanding information
regarding site geology.

NRC Tetter transmitting Round 2 Requests for Additional
Information.

Applicants' letter transmitting Amendment No. 8 which consists
of Supplement No. 4 to the Preliminary Safety Analysis Report.

Applicants' letter regarding anticipated transients without
scram scheaule and positions,

947230
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March 18, 1975

March 21, 1975

April 1, 1975

April 1, 1975

April 22, 1975

April 23, 1975

May 2, 1975

May 2, 1975

May 8, 1975

May 8, 1975

May 23, 1975

June 10, 1975

July 3, 1975

July 8, 1975

Applicants' letter containing responses to DRL questions con-
cerning geology/seismology.

Applicants' letter concerning Outstanding Geology Information.

Order granting the petitions to intervene filed on behaif of
County of Montague, Turners Falls Airport, Inc., and Pioneer
Aviation Corporation.

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.

DRL letter concerning Mark III containment system.

Order issued by the Atomic Safety and Licensing 3oard. 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.

Applicants submitted Amendment 10 consisting of Supplement No.
5. This supplement contains responses to DRL letters regarding

geology.

Applicants letter advising that a supplement .o the application
will be submitted by July 3, 1975 addressing all Q-2 requests.

DRL transmits a revised review schedule for Montague.

Applicants' letter advising that Supplement No. 7 to the Environ-
mental Report will be submitted by June 27, 1975.

Applicants' letter advising that they concur with the review
schedule transmitted on May 8, 1975.

NRC and applicants' representatives meet to discuss responses to
Round 2 Requests for Additional Information.

Applicants transmitted Amendment No. 12 - Supplement No. 6 to
the application consisting of responses to outstanding requests

for additional information.

DRL letter concerning emergency core cooling system - final

GO TesA
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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.

'
! April 20, 1976 Notice and Order for special prehearing conference issued.
I
|
1
l
l
|

May 5, 1976 Applicants' letter transmitting New England seismic strain
. relief map discussed at April 15, 1976 meeting.

, May 10, 1976 NRC letter to applicants concerning changes to 10 CFR Parts 2,
I 50 and 51.
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Note:

APPENDIX B
BIBL IOGRAPHY

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 Commission's Rules and Regula-
tions and Regulatory Guides may be inspected at the Commission's Public Document
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 Report are as follows:

ELECTRICAL, INSTRUMENTATION & CONTROL SYSTEMS

—
.

10.

n.

IEEE

[EEE
IEEE

[EEE

IEEE

1EEE

[EEE

IEEE

IEEE

TEEE

IEEE

Std 279-1971 - "Criteria for Protection Systems f  {uclear Power Generating
Stations."”

Std 308-1971 - "Class IE Electric Systems for !.clear Power Generating Stations.”
Std 317-1971 - “IEEE Standard for Electrical Penetration Assemblies in Containment
Structures for Nuclear Fueled Power Generating Stations.”

Std 323-1974 - "IEEE Standard for Qualifying Class IE Equipment for Nuclear Power
Generating Stations.”

Std 336-1971 - "IEEE Standard Installation, Inspection, and Testing requirements for
Instrumentation and Electric Equipment during the Construct..i of Nuclear Power
Generating Stations.”

Std 338-1971 - "Trial-Use Criteria for the Periodic Testing of Nuclear Power
Generating Station Protection Systems."

Std 344-1971 - “IEEE Guide for Seismic Qualification of Class [ Electric Equipment
for Nuclear Power Generating Stations.”

Std 379-1972 - "IEEE Trial-Use Guide for the Application of the Single-Failure
Criterion to Nuclear Power Generating Station Protection Systems.”

Std 382-1972 "“IEEE Trial-Use Guide for Type Test of Class I Electric Valve
Operators for Nuclear Power Generating Stations.”

Std 387-1972 - “1EEE Trial-Use Standard: Criteria for Diesel-Generator Units
Applied as Standby Power Supplies for Nuclear Power Generating Stations.”

Std 450-1972 - "1EEE 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. Nuwn, Snyder & Associates, "Probable Maximum Flood Estimates for Conterminous U.S. and
7. ubable Maximum Surge Estimates for Gulf and Atlantic Coasts of U.S.," Contract No.
AT(49-24) 0058: P.0. No. WA-74-1953, dated 9/28/73.

2. U.S. Department of Commerce, "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 4B Hours, "U.S. Weather Bureau Hydrometeorological Report No. 33," Washington, D.C.
1956.

3. Ven Te Chow (ed.), "Handbook of Applied Hydrology,” McGraw-Hill Book Company, New York
(1964).

: 4. “Standard Project Flood Determinations,” Engineerirg 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 VIIJ. ivision 1,
“Pressure Vessels," American Society of Mechanical Engineers.

. ANSI B31.1-1973, "Power Piping," American National Standards Institute.

5. API Standard 620, Fifth Editicn, "Recommended Rules for Uesign and Construction of
Large, Welded, Low-Pressure Storage Tanks," American Petroleum Institute (1973).

6. API Standard 650. Fifth Edition, "Welded Steel Tanks for 0il1 Storage," American Pe-
troleum 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 B96.1-1973, "Specification for Welded Aluminum-Alloy Field-Erected Storage Tanks,”

| American National Standards Institute (1973).

MATERIALS ENGINEERING

Materials Specifications

1. ASME Boiler and Pressure Vessel Code, Section III, Division 1, Nuclear Power Plant
Components.

Ferritic Steel

2. ASME Specification, SA-370-71b, “Methods and Definitions for Mechanical Testing of
Steel Products,” ASME 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

AST™ Specification, A 262-70, Practice £, "Copper-Copper Sulfate-Sulfuric Acid Test
for Detecting Susceptibility to Intergranular Attack in Stainless Steels," Asnual Book of
ASTM Standards, Part 3, April 1973.

STRUCTURAL ENGINEERING

10.

.

ANST A58.1-1972, "Building Code Regquirements for Minimum Design Loads in Buildings
and Other Structures" Committee A58.1, American National Standards Institute, Inc.
Amiri-ian, A., "Design of Protective Structures,” Bureau of Yards and Docks, Publication
No. NAVLICKS P-51, Department of the Navy, Washington, D. C., August 1950.

Gwaltney, h. C., "Missile Generation and Protection in Light Water-Cooled Power
Reactor Plants,” ORNL-NSIC-22, Sept. 1968.

Ammann and whitney vonsulting Engineers, Report on "Industrial Engineering Study to
Establish Safety Design Criteria for Use in Engineering of Explosive Facilities and
Operations Wall Response,” April 1963.

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.

Air Force Design Manual, "Principles and Practices for Design of Hardened Structures,”
AFSWC-62-138, December 1962.

Proposed Standard Code for Concrete Reactor Vessels and Containments, ACI-ASME, (ACI-
359), April 1973.

American Concrete Institute, "Building Code Requirements for Reinforced Concrete

(ACI 318-1971)," P. 0. Box 4754, Redford Station, Detroit, Michigan 48219.

American Institute of Steel Construction, "Specification for Design, Fabrication

& Erection of Structural Steel for Buildinas,” 101 Park Avenue, New York, N.Y. 10017,
1969.

Regulatory Guide 1.57, "Design Limits and Loading Combinations for Metal Primary
Reactor Containment System Components,"

ASME Boiler and Pressure Vessel Code, Section III, Division 1, Subsection NE, Class
NE, Class MC Components.

MECHANICAL ENGINEERING

"ASME Boiler and Pressure Vessel Code"” 1974 Edition, Section li! and Addenda, The
American Society of Mechanical Engineers, New York, 1974.

“Criteria of the ASME Boiler and Pressure Vessel Code for Design by Analysis in
Sections III and VIII, Division 2, “The American Society of Mechanical Engineers,
New York, 1969.

U. S. A, Standard B16.5-1968, "Steel Pipe Flanges and Flanged Fittings,” The American
Society of Mechanical Engineers, New York, 1968.
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