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ABSTRACT

The Safety Evaluation Report for the application filed by Georgia Power Company,
Municipal Electric Authority of Georgia, Olgethorpe Power Corporation, and City
of Dalton, Georgia, as applicants and owners, for licenses to operate the Vogtle
Electric Generating Plant, Units 1 and 2 (Docket Nos. 50-424 and 50-425), has
been prepared by the Office of Nuclear Reactor Regulation of the U.S. Nuclear
Regulatory Commission. The facility is located in Burke County, Georgia,
approximately 41.5 km (26 mi) south-southeast of Augusfiand on the Savannah
River. Subject to favorable resolution of the items discussed in this report,
the staff concludes that the applicant can operate the racility without endanger-
ing the health and safety of the public.

10/30/84 iii VIGTLE DSER ABS & TC



CONTENTS
Page
DRI, . oo vinnnos ninbndp dunbnns snsnanesfonssssssmis nenan s iti
1 INTRODUCTION AND GENERAL DESCRIPTIUN OF PLANT............... ) g |
B DUEEMIERIRE o oo vis s vinsisnsinsobinamine s te s s issas: 2+1
1.2 General Plant Description.............ooveeeooonnnnn. .. f &
1.3 Unique Plant Beeemiptdon.feafures . . ... ... ... .. .. .. . 1-
1.4 Significant Issues.............oov voeinmronennnnn. 1-
el SO NI i oo e Fvn o i e e i a L gn — 1-
1.6 Confirmatory Items..............c.oouueemneinneinnnnn, 3=
1.7 License Conditions Items................0oovemnnonnnn.. 1-
1.8 Unresolved Sifety ISsues...............o.oouronnnmnnn. .. 1~
1.9 Identification of Agents and Contractors............... b
1.10 Summary of Principal Review Matters.................... ) b
2 1 e ) R e S S S 21
2.1 Geography and Demography...............oo'oonreonnnnn.. el
2.1.1 Site Location and Description................... o) | .
2.1.2 Exclusion Area Authority................o..... .. o
2.1.3 Population Distribution................o0oooo.... o
S IS T R et o L o
2.2 Nearby Industrial, Transportation, and Military
oo s dhl T e N e M L R e S b
2.2.1 Transportation Routes.............oovvevennnnn... o
2.2.2 Nearby Facilities..........oovrmmeoooenn, F o
€.2.3 CoNCIUSTONS. . .covvvrinninnvennnrocnsnoconeennnn ' o
R R R R S UL S I &
2.3.1 Regional Climatology.........covuvvmuunnnnnnnnns. 2=
2.3.2 Local Meteorology. .....ooveveieeeenennnnnnnnns g
2.3.3 Onsite Meteorological Measurements Program...... o
2.3.4 Short-Term (Accident) Diffusion Estimates....... o
2.3.5 Long-Term (Routine) Diffusion Estimates......... 2~
2.4 Hydrologic Engineering.............ovuumininonennnnnns 2~
2.5 Geology and SeiSmMNTOQY. .. ......oovinneeerennnnnnnennns  out
Gl BIBIE DUBINIIN: co s ¢ vivsssnsnesnsnrntsnnsspsion o 2-
2.5.2 Vibratory Ground Motion..............oovuvunnnn.
2.9.3

Surface Faulting. ........oevuvuenvnnenrnnennns. 2- .

10/30/84 iv VOGTLE DSER ABS & TC




CONTENTS (Continued)

2.5.4 Stability of Subsurface Materials and
L R R O S LY 2=

2.6 Interim Position on Charleston Earthquake for
Licensing Proceedings............ccocivivennnnnionnnnens o

3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND
o T S I i LU AR T 3-1

3.1 Conformance With General Design Criteria and NRC
ROGUIBLIONS. . ... cocvvviieirereenecsoconnocessnsensosnne 3-1

Wwwww
U s wN

Protection Against Dynamic Effects Associated With Zhe
Postulated Rupture of Piping ........ ............ T ... 3

3.6.1
3.6.2 Determination of Rupture Locations and Dynamic
Effects Associated With the Postulated Rupture

DR RO 4 60 vt e notinrs rparostnss s Ebnot et s bon >
3.7
3.8
3.9 Mechanical Systems and Components...................... 3
3.9.1 Special Topics for Mechanical Components........ 3-
3.9.2 Dynamic Testing and Analysis of Systems,
Components, and Equipment....................... o

3.9.3 ASME Code Class 1, 2, and 3 Components,
Component Supports, and Core Support

PRI s 55 2 50305 0.5 53054 2 28 580 et i snie L U e m i k
3.9.4 Control Rod Drive Systems..............oooonuuus 3~
3.9.5 Reactor Pressure Vessel Internals............... o
3.9.6 Inservice Testing of Pumps and Valves........... o
3.10 Seismic and Dynamic Qualification of Safety-Related
Mechanical and Electrical Equipment.................... K o
3.10.1 Seismic and Mechanical Qualifization............ 3
3.10.2 Pump and Valve Operability Assucance............ o
3.11 Environmental Design of Mechanical and Eiectrical
o R G AR T e e A 3-
|
L *
10/30/84 v VOGTLE DSER ABS & TC



Page
1 BERRTIN. & oo cacsvansissssnnonseninmessesnsessssesnnsssmen . 4-
4.1 Summary Description...............oeeeeersinononnn... 4-
Bl PN DRI . i ccixsivnsvissinnonnsssonboereteninsetes 4-
BB R THIEIIE DB .. ono s soninnnanarss b e d s o s 4-
4.2.2 Description and Design Orawings................. 4-
4.2.3 Design Evaluation..............o.ovivunrnnnnnnn.. 4-
4.2.4 Testing, Inspection, and Surveillance Plans..... 4~
4.2.5 Evaluation Findings.............covvenrnnnnnnn. 4-
4.3 Nuclear Design...........oouensinenneeee i, 4-
4.3.1 Design Bases..............oovuremmmimmnnnnn. 4-
4.3.2 Design Description............ovvvmrenrvnnnnnn.. 4-
4.3.3 Analytical Methods...............oovvuuonnnon... 4-
4.3.4 Summary of Evaluation FIRESREE. v o var 0506t tnens 4-
4.4 Thermal-Hydraulic Design..............oouoorimonennnn.. 4-
4.4.1 Performance and Safety Criteria................. 4-
4.4.2 Design Bases...............oovereininnninnnnn.. 4-
4.4.3 Thermal-Hydraulic Design Methodology............ 4-
4.4.4 Operating Abgormalities......................... 4-
4.4.5 Thermal-Hyagﬁhlic Comparison.................... 4-
4.4.6 N-1 Loop Operation..............oovvmeonnnnnnn.. 4~
4.4.7 Loose Parts Monitoring Systems.................. 4-
4.4.8 Instrumentation for Detection of Inadequate
Core Cooling........covviivveivninneereonnenenns 4-
4.4.9 DNBR for Steamline Break........................ 4~
B DD ORI « s« s oesesiirsssssnoessns basntess o 4-
4.5 Reactor Materials..............ovviironnonmmmnnnnn, 4-
4.5.1 Control Rod Drive Structural Materials.......... 4-
4.5.2 Reactor Internals Materials..................... 4-
4.6 Functional Design of Reactivity Control Systems........ 4-
5 BEACTON CODLANT SYSTEIL . ... cconvvivsvivssnrsnsesesnsieicissn 5-
5.1 Summary Description...........veeeeeeeeerie §-
5.2 Integrity of Reactor Coolant Pressure Boundary......... -
5.2.1 Compliance with ASME Code and Code Cases........ 5-
5.2.2 Cverpressure Protection.................couvuns. . o
5.2.3 Reactor Coolant Pressure Boundary Materials..... o=
5.2.4 Reactor Coolant Pressure Boundary Inservice
Inspection and Testing................covvvunn.. §-
10/30/84 vi VOGTLE DSER ABS & TC

CONTENTS (Continued)




CONTENTS (Continued)

5.2.5 Reactor Coolant Pressure Boundary Leakage
Detection

Reactor Vessel

v e &
oo
.3.3

Component and Subsystem Design

Reactor Coolant Pump Flywheel Integrity
Steam Generators...

Deleted*

Deleted*

Deleted*

Reactor ’ore Isolation Cooling

Residua! “eat Removal System

Reactor Water Cleanup System (BWR)
Deleted*

.10 Deletea*

GGt
S o S O S S S R
LN EWN M-

6.1
.1.1 Engineered Safety Features Materials...
6 2 Organic Materials

Containment Systems

Containment Functional Design
Containment Heat Removal Systems
Containment Enclosure Emergency Cleanup

NN N

Containment Isolation System

Combustible Gas Control System

Containment Leakage Testing Program s
Fracture Prevention of Containment Pressure
Boundary

NN

Emergency Core Cooling System

System Design

6.3.
6.3 Evaluation of Single Failures....

1
2

‘ *Deleted from the July 1981 edition of the Standard Review Plan (NUREG-0800)

10/30/84 | VOGTLE DSER ABS & TC




CONTENTS (Continued) . |
Page

6.3.3 Qualification of Emergency Core Cooling
N 6-
el TRIRORE » 52 s nies ik nan bonmbaersssessesssnsosssss 6-
6.3.5 Performance Evaluation...............oovnnnn... 6~
B. 3.6 COMCIMBIOME. o ocvovvciinnnoroesnocesnsnosnenssos 6-
6.4 Control Room Habitability...........oovreeunnnnnrnnnnn, 6-
6.5 Engineered-Safety-Feature Atmosphere Cleanup System.... 6-
6.5.1 System Description and Evaluation............... 6~
6.5.2 Containment Spray as a Fission Product SRP
CIOMMP" SVSROR. .. ..vcvivnrniinianroccnscnnses 6-
6.5.3 Fission Product Control Systems and Structures.. 6-
6.5.4 Ice Condensers as a Fission Product Cleanup
BRI b v o nv % 6 5 €8 S birten d e L b bre s 6=
6.6 Inservice Inspection of Class 2 and 3 Components....... 6-
6.6.1 Compliance With the Standard Review Plan........ 6~
6.6.2 Examination Requirements........................ 6~
6.6.3/6.6.4 Evaluation of Compliance With
10 CFR 50.55@(@). .. ..0ovevivnnnnnnnnnnnnes 6-
BB COMETUEIING o oo cunnsinnsiononconsssnnocesenens 6= ‘
6.7 Main Steam Isolation Valve Leakage Control System
1 P S P N e R e e 6~
7 INSTRUMENTATLON AND CONTROLS. ..o v v v vnes e e oo 7-1
P, R oo 55 o o ks s B L DB o P g S
7.1.1 Acceptance Criteria............oovuummnmonnn. .. 7=
7.1.2 Method of Review.............oovimmuminnnnnnnn.
7.1.3 General Conclusion. ...........ovuuuummmnnnnnnn. 7=
7.1.4 Specific Findings............oovvvmnnnennnnnnns. i
7.1.5 TMI-2 Task Action Plan Items..............0o.... F o
7.2 Reactor Trip System.............couiemeeeresmmnnnnnns 7=
ToBed DBUCTIRRIIML . oo vsicnneinnnsnsssessersetensss 7=
7.2.2 Specific Findings...........oouviuevrenennnnnnns 7-
AR T R L I S R Y o
7.3 Engineered Safety Features Systems..................... 7=
7.3.1 Engineered Safety Features Actuation System. ... 7=
7.3.2 Engineered Safety Feature (ESF) and Essential
Auxiliary Supporting (EAS) Systems Operation.... 7= '
10/30/84 viti VOGTLE DSER ABS & TC

B e it o Sl T ot i ok Gt st Dot o e A P Sl s Lt gt e e o s T



CONTENTS (Continued)

7.3.3 Specific Findings
7.3.4 Conclusions

.4 Systems Required for Safe Shutdown

7.4.1 Systems Description
7.4.2 Conclusions

.

Systems Description
Specific Findings
Conclusions

6 Interlock Systems Important to Safety
6.1 Systems Description..
6.2 Specific Findings.
.6.3 Conclusions

7
-
/
-
/

Control Systems.

y 2 »
My Systemg Descriptions
7.7.2 Specific Findings
.

-

] Conclusions.
POWER SYSTEMS.
AUXILIARY SYSTEMS

1 C 1
|

3.1 Fuel Storage and Handling.

l New Fuel Storage.

2 Spent Fuel Storage

3 Fuel Pool Cleanup System

9.2 Water Systems
3 Process Auxiliaries

. e Compressed Air System

.3.2 Sampling Systems . A
3.3 Equipment and Floor Drainage System

. Chemical and Voiume Control System

4 Heating, Ventilation, and Air Conditioning

S Other Auxiliary Systems.

VOGTLE DSER ABS &

TC




CONTENTS (Continued)

Page
9.5.1 Fire Protection............covvurenuennennnnnn.. o
9.5.2 Communications Systems.......................... 9-
9.5.3 Lighting Systems...............o0ooiinonnnonn.. 9-
9.5.4 Emergency MNiesel Engine Fuel 0il Storage and
Transfer System..............coviieeuiinnnnnn.. 9-
9.5.5 Emergency Diesel Engine Cooling wWater System.... 9-
9.5.6 Emergency Diesel Engine Starting System......... 9-
9.5.7 Emergency Diesel Engine Lubrication System. ..... o
9.5.8 Emergency Diesel [ngine Combustion Air Intake
and Exhaust System....................000nuunn.. 9~
10  STEAM AND POWER CONVERSION SYSTEM..........ovvouonnnnnn.. 10-1
10.1 Summary Description.............oueionreoneson e, 10~
10.2 Turbine Generator. ............vvireeeenneeesnnsennnnnns 10~
SRS DI, . . cooicvicirnnininssssarmbacedosoniives 10-
10.2.2 Doletad™........o0co0iiiiinnincncnnoncseonssens 10~
10.2.3 Turbine Disk Integrity............oovveinnnnnn. 10-
10.3 Main Steam Supply System...............'veeimnsomnnnin, 10~
10.3.1 Main Steam Supply System (Up to and Including
the Main Steam Isolation Valves)............... 10~
10.3.2 Main Steam Supply System (Downstream of the
Main Steam Isolation Valves)................... 10~
WeBeB DRIBEIEE. ..o cvvvvunrinonsinessssrsssnnsssnssens 10-
e S B I e ek e G i 10-
10.3.5 Secondary Water Chemistry...... ................ 10~
10.3.6 Main Steam and Feedwater Materials............. 10~
10.4 Other Foatures. ... ....covviiiiiviienrnocnnonncesesesesnn 10~
10.8.1 MaiIn ContBNser. ... .o00iiiniecesssnososessssens 10~
10.4.2 Main Condenser Evacuation System............... 10-
10.4.3 Turbine Gland Sealing System................... 10~
10.4.4 Turbine Bypass System..............covunnnnnn. 10~
10.4.5 Circulating Water System....................... 10-
10.4.6 Condensate Cleanup System...................... 10-
10.4.7 Condensate and Feedwater System................ 10~
10.4.8 Steam Generator Blowdown System................ 10-
10.4.9 Auxiliary Feedwater System..................... 10-
11  RADIOACTIVE WASTE MANAGEMENT. .. .. ..ovvvnrnrersninnrnnnnnnns 33
- R R K T R g oy o PR 11-

*Deleted from the July 1981 edition of the Standard Review Plan (NUREG-0800) .

10/30/84

X VOGTLE DSER ABS & TC



CONTENTS (Continued)

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

11.2 Liquid Waste Management System......................... 11-

11.2.1 System Description and Review.................. -
11.2.2 Acceptance Criteria ............oiememmnnnnnn.. 3
11.2.3 Evaluation Findings.............oovuvuunnnnnn.. 13-
11.3 Gaseous Waste Management System........................ b b o
11.3.1 Summary Description and Review................. 11~
11.3.2 Acceptance Criteria..........covvveerrmnnnnn. 8
11.3.3 Evaluation Findings.............oovvennnennnnn. 11-
11.4 Solid Waste Management System.......................... 8 o
11.4.1 System Description and Review.....  .......... 11-
11.4.2 Acceptance Criteria............o.oovummmunnnnn.. 11-
11.4.3 Evaluation Findings.............covevvnrnnnnn. 11-

11.5 Process and Effluent Radiological Monitoring and

‘ SAIPIING SYBCEBE. . ..coocovvnovisninsssnsoncesonessscose il-
11.5.1 System Description and Review.................. ) &
11.5.2 Evaluation Findings.............ovvvvvnnnnnnn. 11-

12 RADIATION PROTECTION. .. ...veiinnseieens e e 12-1

12.1 Ensuring That Occupational Radiation Exposures Are
PTG - 5 0.6 0.5 % 080600590045 554 5555050008 ot renrebs et 12-

12.1.1 Policy Considerations...............co''unnnn.. 12-
12.1.2 Design Considerations...............ovvuvurn... 12-

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

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

12.2.1 Contained Sources and Airborne Radiocactive
Material SourCes............covririreinnennnnns 12-

12.3 Radiation Protection Design Features................... 12-
12.3.1 Facility Design Features....................... 6
R 5.8 SWIOTRINE « . st vervicnssivonsrnsenevsbnssosssss 12-
212.2.3 VomRIIatION. . ..covcviievonnnnranssnnscncnensss 12-

12.2.4 Area Radiation and Airborne Radiocactivity
Monitoring Instrumentation..................... 12-
10/30/84 xi VOGTLE DSER ABS




12.4 Dose ASSeSSMeNt. ... ........cviunnnnnseeesnee e 12-
12.5 Operational Radiation Protection Program............... 12-
12.5.1 Organization..............ccovvuvennennnnnnnn. 2=
12.5.2 Health PhySics........oovv vovvrnnnnnnvnennnn. 12-
12.5.3 Equipment, Instrumentatior K and Facilities..... i~
12.5.4 Procedures...............c.0uun.. VS CEREE B 12-

12.6 ConCIUSTONS. .. ovvniiiiinee et e e eieeee e, 12-
13 CONDUCT OF OPERATIONS. . .. .vvvvteeeeee e e eeee e e 13-1
13.1 Organizational Structure and Operations................ 13-
B TR s v.0 05 5.5 555 5w 2 b v b dr i St b s e o Ca 13-
13.2.1 Licensed Operator Training Program............. >
13.2.2 Training for Nonlicensed Plant Staff........... 1)

13.3 Emergency Planning. .........uuuuinomeonen e, 13-
13.8 Oparationd) Mewiew. .........cooiiinevvsovonsosersssnees 13-
13.5 Station Procedures. .........coviiininnneeeeeeeenn, 13
13.5.1 Administrative Procedures.................o..... 13-

13 5.2 Operating and Maintenance Procedures........... 13-

13.6 Physical Security........oovriiiinennnnnn o, 13-
13.6.1 Introduction..........ouvivieeeeeeenininnnnnn, i
13.6.2 Staff Evaluation.............ooiivemeemnnnnnnn, 13-

14 INITIAL TEST PROGRAM. . . ... .oivnnneneeeeen et 14-1
15 ACCIDENT ANALYSES. ..o vvvvtereesieeeee e e e e e 15-1
15.1 Increase in Heat Removal by the Secondary System....... 15-
15.1.1 ULecrease in Feedwater Temperature.............. 15-
15.1.2 Increase in Feedwater Flow..................... 15-
15.1.3 Increase in Steam Flow..............0oonerrnnnn. 15~

15.1.4 Inadvertent Opening of a Steam Generator
Relief Valve or Safety Valve................... 15
15.1.5 System Piping Failures Inside and Outside

SN R T s 1%~

15.2 Decrease in Heat Removal by the Secondary System....... 19=

10/30/84

15.2.1 Steam Pressure Regulator Malfunction or
Failure That Results in Decreasing Steam Flow.. 15~

....................... 15-
....................... 19

15.2.7 Loss of External Load

15.2.3 Turbine Trip

CONTENTS (Continued;

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

Pag. .

VOGTLE DSER ABS & TC



CONTENTS (Continued)
' Page

15.2.4 [Inadvertent Closure of Main Steam Isolation

VBIUIE L s o vvnnionensmassensersissssesnesonens s 15~

15.2.5 Loss of Condenser Vacuum and Other Events
Resulting in a Turbine Trip.................... 15-

15.2.6 Loss of Nonemergency Power to the Station
Auxiliaries. .........coiiiiiniii e, 15~
15.2.7 Loss of Normal Feedwater Flow.................. 15~
15.2.8 Feedwater System Pipe Breaks................... 15~
15.3 Decrease in Reactor Coolant Flow Rate.................. 15~

15.3.1/15.3.2 Loss of Forced Reactor Coolant Flow,
Including Trip of Pump and Flow

Controller Malfunctions................. 15~
15.3.3/15.3.4 Reactor Coolant Pump Rotor Seizure and
Shaft Break Accident.................... 13-
15.4 Reactivity and Power Distribution Anomalies............ 19~
15.4.1 Uncontrolled Rod Cluster Control Assembly (Rod)
Bank Withdrawal From Zero Power Conditions..... 15-
15.4.2 Uncontrolled Rod Cluster Control Assembly (Rod)
Bank Withdrawal at Power....................... 15-
. 15.4.3 Rod Cluster Control Assembly Malfunctions...... 15-
15.4.4/15.4.5 Startup of an Inactive Reactor Coolant
Pump at an Incorrect Temperature........ 15-
15.4.6 Inadvertent Boron Dilution..................... 15-
15.4.7 Inadvertent Loading of a Fuel Assembly Into
an Improper Position.............ooovuuronn... 19~
15.4.8 Spectrum of Rod Drop Accidents................. 15-
15.5 Increases in Reactor Coolant System Inventory.......... 19
15.5.1 [Inadvertent Operation of the Emergency Core
Cooling System During Power Operation......... 15-
15.5.2 CVCS Malfunction That Increases Reactor
Coolant Inventory. ........oovivevminnnnnnnnnnnn. 15-
15.6 Decreases in Reactor Coolant L R 15-

15.6.1 Inadvertent Opening of a Pressurizer Safety

B RSN BRI < o s i tvariosninnsintessconds 13-
15.6.2 Radiological Consequences of the Failure of

Smail Lines Carrying Primary Coolant Outside

SO TN+ v-o 55005 gt b ans s ot e ehs et es o 15~
15.6.3 Steam Generator Tube Rupture...... ............ 15-
15.6.4 Radiclogical Consequences of a Main Steamline
Failure Outside ConLainment (BWR).............. 15~
. 15.6.5 Loss-of-Coolant Accident.................c0..n. 15-

10/30/84 xiii VOGTLE DSER ABS & TC




CONTENTS (Continued) .
Page

15.7 Radioactive Releases from a Subsystem or Component. .. .. 15~
15.7.1* Waste Gas System Failure....................... 15~
15.7.2* Radioactive Liquid Waste System Leak or
I T Bt 0 b AR I A 5 5 B e o e 15
15.7.3 Liquid Tank Failure Accidents.................. 15~
15.7.4/15.7.5 Radiological Consequences of a Fuel-
Handling Accident..................00... 15~
15.8 Anticipated Transients Without Scram................... 15~
15.9 TMI-2 Task Action Plan Requirements.................... 15~
16  TECHNICAL SPECIFICATIONS.........ovvvvnnneennnns 30t R 16-1
17 QUALITY ASSURANCE. .. .....vveininnesnnnnneesesessnmsnseenns 17-1
R R IR TR .t L WL L el S, et B 17-
SEnE UPRIBEBTIIG & & 55055406555 5000 0 585 eebnns st sdersiriens 17-
17.3 Quality Assurance Program...............o.oveeuunnnnnnn. 17-
L R SRR N el S S ) 17-
17.5 Outstanding QA Issues Through FSAR Amendment 9......... 17-
18  HUMAN FACTORS ENGINEERING. ...........cviieeeennnnnnn, 18-1 ‘
19 REPORT OF THE ADVISNRY COMMITTEE ON REACTOR SAFEGUARDS...... 19-1
20  COMMON DEFENSE AND SECURITY.......o'v'vivernennnnnnomiinnnns 20-1
21  FINANCIAL QUALIFICATIONS. .. ovvineeteeene e 21-1
22 FINANCIAL PROTECTION AND INDEMNITY REQUIREMENTS............. 22-1
B2 1 GOMBIBY. . iiiiienvesoerssrenunsnsossosssssssssesesses 22~
22.2 Preoperational Storage of Nuclear Fuel................. 22~
22.3 Operating Licenses ..............c'o'vuuinenerennnnnnnns 22~
BN BUNERUREIED: - s o o v vivsssinnssssnsssnnonessirtreisoedsressss 23-1
APPENDICES
A Chronology of NRC Staff Radiological Review of Vogtle
8  References r
C Nuclear Regulatory Commission Unresolved Safety Issues
D Abbreviations
E NRC Staff Contributors and Consultants

*Deleted from the July 1981 edition of the Standard Review Plan (NUREG-0800) .

10/30/84 xiv VOGTLE DSER ABS & TC




. CONTENTS (Continued)
Page

FIGURES

2.1 Exclusion Area/Property Line and Plant Layout of Vogtle..... o

2.2 Low-population Zone and Area Within 5 Miles of Vogtle Site.. o

2.3 Transportation ﬂoutqgand Area Within 25 Miles of Vogtle x

e .. A T Dt o

2.4 Heavily Populated Areas Within 100 Miles of Vogtle Site..... o

17.1 Quality Assurance Program During Plant Operations........... 17-
TABLES

2.1 Resident Population vs. Distance From Reactor Building...... o

2.2 Remaining Safety Review Items.................o00vevrnnnnnn.. o

11.1 Principal Parameters and Conditions Used in Calculating
Releases of Radioactive Material in Liquid and Gaseous
Effluents From Vogtle Electric Generating Plant, Units 1
and 2....... R e e S I 11-
11.2 Design Parameters of Principal Components Considered in the
Evaluation of Liquid, Gaseous, and Solid Radioactive

Waste Treatment Systems for Vogtle Electric Generating
Plant, Units 1 and 2...........ovinniineennnneomeins 11-
11.3 Process and Effluent Radiation Monitoring Systems for Vogtle
Electric Generating Plant, Units 1 and 2.................... 11-
14.1 Open Ttems. ........oiiinniintriitrnne e e 14-
15.1 Radiological Consequences of Design-Basis Accidents as
Calculated by the Staff...............coviuirmeimnnn, 18-
15.2 Assumptions Used in the Calculation of Loss-of-Coolant; -
BEBTEINE BBOBE . 200 05650055 00t00s8retetertessssoeeesnstsssss 19~

15.3 Assumptions Used To Evaluate the Radiclogical Consequences

Following a Postulated MainsSteamline-Break Accident

Outside Containment. .......0. .. .coviiinurreenrerenrsrennnnns 15-
15.4 Assumptions Used for Estimating the Radiological Consequences
Following a Posglated Control-Rod-Ejection Accident........ 19 X

15.5a Assumptions Used for Estimating the Radiological

Consequences Following a Postulated Fuel-Handling Accident

B PREIERRREE SR AL o 50000050000 biasansstssnsrsssecesies 15~
15.5b Assumptions Used for Estimating the Radiological

Consequences Following a Postulated Fuel-Handiing Accident

Inside Containment. . ...........oiviiiirnnrnnnnnnnnennneens 18-
15.6 Assumptions Used for Estimating Accidents Involving
Small-Line Breaks Outside the Containment................... 15~
17.1 Regulatory Guides Applicable to QA Program.................. 17~
. 17.2 Applicants's Alternate Commitment...................c000'ss. 17-

10/30/84 xv VOGTLE DSER ABS & TC




1 INTRODUCTION AND GENERAL DESCRIPTION OF PLANT

1.1 Introduction

This report is the U.S. Nuclear Regulatory Commission (NRC) staff's Safety
Evaluation Report (SER) on the application for an operating license (OL) for
the Vogtle Electric Generating Plant, Units 1 and 2 (Vogtle or the facility).
On August 1, 1972, the Georgia Power Company filed an application with the
Atomic Energy Commission (AEC) for a license to construct and operate the pro-
posed facility consisting of four units. This application was docketed on
February 13, 1973. The site is located in Burke County, Georgia, along the
Savannah River.

The AEC, now the NRC (or Commission), reported the results of its preconstruc=
tion review in an SER dated March 8, 1974. Following a public hearing tefore an
Atomic Safety and Licensing Board, Construction Permit (CP) Nos. CPPR-108,
CPPR-109, CPPR-110 and CPPR-111 were issued on June 28, 1974, On September 12,
1974, Georgia Power Company cancelled Units 3 and 4.

The Georgia Power Company (hereinafter referred to as the applicant) acting as
agent and representative for the owners (Municipal Electric Authority of
Georgia, Oglethorpe Power Corporation, and City of Dalton, Georgia) tendered an
application for an operating license for Vogtle, Units 1 and 2, by letter dated
June 30, 1983, which fncluded the Final Safety Analysis R-port (FSAR) for the
facility. When the NRC staff acceptance review was compieted, the FSAR for
Vogtle, Units 1 and 2, was docketed by a letter dated September 16, 1983. The
applicant's Environmenta! Report (ER) was tenderad separately from the OL appli=-
catfon by letter dated August 31, 1983. Upon completion of the staff's accept=-
ance review, the ER was docketed by letter dated November 30, 1983. The
staff's review of the ER is contained in the Draft and Final Environmental
Statements.
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Before issuing an OL for a nuclear power plant, the NRC staff is required to ‘
conduct a review of the effects of the plant on public health and safety. The
staff safety review of Vogtle, Units 1 and 2, has been based on NUREG-0800,
“Standard Review Plan for the Review of Safety Analysis Reports for Nuclear

Power Reactors, LWR Edition" (SRP). An audit review of each of the areas

listed in the Areas of Review section of the SRP was performed according to

the yuidelines provided in the Review Procedures portion of the SRP. Excep-

tions to this practice are noted in the applicable sections of this report.

This SER summarizes the results of the staff's radiological safety review of
Vogtle, Units 1 and 2, and delineates the scope of the technical details
considered in evaluating the radiological safety aspects of its proposed
operation. The design of the facility was reviewed against the federal
regulations, CP criteria, and the SRP, except where noted otherwise. The SRP
covers a variety of site conditions and plant designs. Each section is written
to provide the complete procedure and all acceptance criteria for all of the
areas of review pertinent to the section. However, for any given application,
the staff may select and emphasize particular aspects of each SRP section as .
appropriate for the application. In some cases, the major portion of the
review of a plant feature may be done on a generic basis, with the designer of
that feature rather than in the context o' reviews of individual applications
from utilities. In other cases, a plant feature may be sufficiently similar

to that of a previous plant so that a de novoe review of the feature is not
needed.

Ouring the course of its review, the staff held a number of meetings with
representatives of the applicant to discuss tne design, construction, and
proposed operation of the plant. The staff requested additional information,
which the applicant provided in amendments to the FSAR. This information is
avaflable to the public for review at the NRC Public Document Room at 1717 H
Street, N.W., Washington, D.C., and at the local Public Document Room at the
Burke County Library, 4th Street, Waynesboro, Georgia 30830.

Following the accident at Three Mile Island Unit 2 (TMI-2), the Commission

paused in 1ts licensing activities to assess the impact of the accident.
During this pause, the recommendations of several groups established to .
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fnvestigate the lessons learned from the TMI-2 accident became available. All

. avaflable recommendations were correlated and assimilated into a TMI Action
Plan, now published as NUREG-0660, entitled "NRC Action Plan Developed as a
Result of the TMI-2 Accident." Additional guidance relating to implementation
of the Action Plan is in NUREG-0737, “"Clarification of TMI Action Plan Require-
ments," and in Supplement 1 to NUREG-0737. Licensing requirements based on
the lessons learned from the TMI-2 accident have been established to provide
additional safety margins. These have been incorp~rated into the design and
operation of Vogtle, Units 1 and 2. Table 1.1 provides a cross-reference
relating the TMI items to the sections in this report where they are
discussed.

Sections 2 through 22 of this report contain the NRC review and evaluation of
both the non=TMI- and TMI-related issues. Section 23 presents the staff's
conclusions.

Appendix A 1s a chronology of NRC's principal actions related to the safety
(or radiological) review of the application. Appendix B is a bibliography of
‘ the references used during the course of the review. Availability of all
material cited in this report is described on the inside front cover of this
report. Sections of Title 10 of the Code of Federal Regulations (10 CFR)
(including the general design criteria (GDC) in Appendix A to Part 50), NRC
regulatory guides (RGs), and sections of the SRP, including branch technical
positions (BTPs), will be identified as appropriate. They are not included in
Appendix B. Appendix C is a discussion of how various unresolved safety issues
(USIs) relate to the application. Appendix D 1s a 1ist of abbreviations and
acronyms used in this report. Appendix E is a 1ist of principal contributors.

As part of its review of the application against the NRC regulations, the staff
will ask the applicant to certify that Vogtle, Units 1 and 2, meets the appli~
cable requirements of 10 CFR 20, 50, 51, and 100. Following the applicant's
response to this request, the staff will address its findings in this area in a
supplement to this Safety Evaluation Report.
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In accordance with the provisions of the National Environmental Policy Act
(NEPA) of 1969, a Draft Environmenta) Statement (DES) (NUREG-1087) that sets
forth the environmental considerations related to the proposed construction
and operation of Vogtle, Units 1 and 2, was prepared by the staff and was

published in November 1984. The Final Environmental Statement (FES) is scheduled

to be published in March 1985 and will include a consideration of public
comments received on the DES.

The review and evaluation of Vogtle, Units 1 and 2, for an operating license is
only one of many stages at which the staff reviews the design, construction,
and operating features of the facility. The facility design was extensively
reviewed before the applicant was granted a construction permit for the
facility. Construction of the facility has been monitored in accordance with a
detailed monitoring and inspection program at the OL stage. The NRC staff has
reviewed the final design of the facility to determine that the Commission's
regulations have been met. If an operating license is granted, the facility
must be operated in accordance with the terms of the operating license and the
Commission's regulations, and the facility will be subject to the staff's
continuing inspection program.

In addition to the NRC staff review, the Advisory Committee on Reactor Safe-
guards (ACRS) will review the application and will meet with both the appli-
cant and the staff to discuss the final design and proposed operation of the
plant. The Committee's report to the Chairman of the NRC will be included in a
supplement to this SER.

The NRC Project Manager assigned to the OL application for Vogtle, Units 1
and 2, 1s Melanie A. Miller. Ms. Miller may be contacted by calling
(301) 492-4259 or by writing

Ms. Melanie A. Miller
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, DC 20555
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1.2 General Plant Description

The major structures of the Vogtle facility include containment structures,

equipment buildings, an auxiliary building, fuel-handling buildings, radwaste
solidification and transfer buildings, an engineered safety features building,
a main steam valve building, a turbine building, a service building, a control
building, emergency diesel generator buildings, nuclear service cooling water

towers, circulating water cooling towers, and auxiliary feedwater pumphouses.

The containment structure of each unit houses the nuclear steam supply system
(NSSS). The NSSS incorporates a pressurized-water reactor and a four=loop
reactor coolant system (RCS). Each loop contains a reactor coolant pumg and
team gene , two=loop isolation valves, an isclation bypass valve, and a
bypass line The NSSS also contains an eiectrically heated pressurizer and
auxiliary systems. The NSSS is designed for a power output of 3,411 MWt with a

gross electrical output of 1,157 Mwe

The reactor is a low-alloy=-steel vessel with interior stainless stee)

cladding. The reactor coolant piping

11
!

nd all of the pressure-containing and

a
heat-transfer surfaces in contact with reactor water are stainless stee)

or stainless steel clad except for the steam generator tubes, which are

.

Inconel, and the fuel tubes, which are Zirc loy

or vesse contains the core, core support structures,

v

irectly associated with the core. The core is

fuel rods made of slightly enriched uranium dioxide pellets contained in

caloy tubes pressurized with helium and fitted with welded end plugs The

fuel rods are grouped and supported in fuel assemblies The fuel assemblies

are initially loaded within the core using three different enrichments of
U=235. In subsequent refuelings, one~third of the fuel is discharged from the
central portion of the core and transferred to fue) storage New fuel is

loaded into the periphery of the core and the remaining fuel 1s arranged

the central S of the core in a checkerboard fashion to achieve

vu

optimum power distribution




The reactor is controlled during operation by control rod movement and regula- ‘
tion of the concentration of boric acid, a neutron absorber, in the reactor

coolant. Mechanical rod cluster control assemblies consist of stainless-steel~

clad hafnium or silver-indium-cadmium neutron-absorber rods that are inserted

in Zircaloy guide tubes located in certain fuel assemblies. The rod cluster

control assemblies are attached to stainless steel drive shafts, which will be
raised and lowered within the core by individual control rod drive mechanisms.

The concentration of boron is varied to control reactivity changes that occur
relatively slowly.

Water will serve as both the moderator and the ccoiant and will be circulated
through the reactor vessel and core by four vertical, single-speed centrifugal
pumps driven by water/air-cooled, three-phase induction motors. One reactor
coolant pump is located in the cold leg of each loop. The reactor coolant
will be heated by the core and circulated through four steam generators where
heat will be transferred to the secondary system to p-oduce steam for ttre
turbine generator. The coolant will then be pumped back to the reactor to

complete the cycle. .

An electrically heated pressurizer connected to the hot-leg piping of one of
the Toops will maintain RCS pressure during normal operation, limit pressure
varifations during plant load transients, and keep system pressures within
design limits during abnormal conditions. The pressurizer provides a surge
chamber and a water reserve to accommodate changes in reactor coolant volume
during operation.

The steam generators are vertical shell and U-tube evaporators, which contain
Inconel tubes; they are Westinghouse Model F. The steam produced in the steam
generators will be used to drive a tandem-compound, six=flow, 1,800-rpm turbine
generator and will be condensed in a two-pass, three-shell, deaerating surface
condenser. These components are housed in the turbine building. Condenser
circulating water {s drawn from the circulating water intake structure and

supplied to the condenser by two half-capacity circulating water pumps. Upon
exiting the condenser, the water flows to the discharge netwcrk in the hyper-

bolic natural draft cooling tower. Circulating water is pumped through the ‘
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tubes of the condenser to remove heat from, and thus condense, the steam after
it has passed through the turbine. The condenser is equipped with titanium
condenser tubes, which resist corrosive action.

NSSS auxiliary components are provided to charge makeup water into the RCS,
purify reactor coolant, provide chemistry for corrosion inhibition and reac-
tivity control, cool system components, remove decay he“t, provide for
emergency safety injection, process wastes and provide containment ventila~
tion and cooling.

An engineered safety features actuation system is provided that automatically
initfates appropriate action whenever a condition monitored by the system ap~
proaches preestablished 1imits. This system will act to shut down the reactor,
close isolation valves, and initiate operation of engineered safety features
should any or all of these actions be required.

Supervision and control of both the NSSS and the steam and power conversion
system will be accomplished from the Vogtie control room, located in the
control building. The control room contains all instrumentation and control
equipment required for startup, operation, and shutdown, including normal and
accident conditions.

The emergency core cooling system (ECCS) is designed to cool the reactor core
and to provide shutdown capability by fnjecting borated water following a loss
of coolant accident. The ECCS also provides continuous long=term core cooling
following an accident by recirculating borated water between the reactor core
and the containment sump. The ECCS consists of safety injection accumulators,
cha ging pumps, safety injection pumps, residual heat removal pumps and heat
exchangers, containment recirculation pumps and coolers, boron injection tank,
and the refueling water storage tank along with the associated piping, valves,
instrumentation, and other related equipment. The active components of the
ECCS are powered from separate safety-related buses, which are energized frow
offsite power supplies. In addition, emergency diesel generators ensure
redundant sources of auxfliary onsite power in the event of a loss of offsite
power. The emergency diesel generators are located within separate compart=-
ments in the emergency diesel generator building.
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The containment structure housing the NSS5S is a carbon-steel-11ned, prestnss'
post-tensioned concrete cylinder and hemispherical dome. The containment is
designed to withstand the internal pressure and temperature wnich result from

the energy released in the event of a high-energy-1ine-break accident. The
containrment spray system consists of two redundant, full-capacity trains

designed to redu'e postaccident iodine concentrations inside containment so

that offsite doses are within allowable limits. The containment cooling

system is composed of two redundant, independent, full-capacity trains which
contain equipment to facilitate postaccident safe shutdown of the facility.

Each unit 1s supplied with electrical power from two independent offsite power
sources and is provided with independent and redundant onsite emergency power
supplies capable of supplying power to engineered safety features.

Table 1.2 compares principal design features of Vogtle with those of similar
facilities.

1.3 Unique Plant Features .

The design of Vogtle, Units 1 and 2, includes unique features that have heen or
are bein¢ reviewed by the staff. They include

(1) Nuclear Service Cooling Water (NSCW) Towers

Two 100% capacity NSCW towers per unit serve as the ultimate heat sink at
Vogtie. Ihe NSCW towers are part of the NSCW system whose purpose is to
remove heat from plant auxiliaries to facilitate safe shutdown of the
reactor. Each tower includes a basin containing the water of the ultimate
heat sink and an upper portion where heat is transferred to the atmosphere.
The design cf the ultimate heat sink is such that a single failure in com-
bination with Toss of offsite power will not cause inadequate core cooling
or prevent safe shutdown. Mo components of the ultimate heat sink are
shared between units. The NSCW towers are circular mechanical draft towers
of reinforced concrete constructed to se‘smic Category I. Cooling water
from the tower basins is supplied to each unit via two of three NSCW pump
in each of the two trains. After cooling plant components, the water is ‘

11/01/84 1-8 VOGTLE DSER SEC 1



(2)

(3)

returned to the cooling towers where the heat is rejected to the atmosphere.
Makeup water is provided from NSCW makeup wells and, if necessary, from
the Savannah River.

Auxiliary Feedwater Steam Generator Nozzle

The auxiliary feedwater (AFW) system supplies feedwater to the steam
Generators whenever the temperature of the reactor coolant ‘s above

350°F. Vogtle has a separate 6-in. steam generator nozzle for the
autiliary feedwater flow, rather than having the auxiliary feedwiter flow
enter the steam generator through the main feedwater nozzle. The auxil-
fary feedwater nozzle is connected to the main 16-in. feedwater line by a
6~in. bypass feedwater line. The auxiliary feedwater nozzle is used during
low-load or hot standby conditions when the feedwzter flow and temperature
are Jow. No water is added to the steam generator through the main feed-
water line and nozzle at this time thereby reducing the possibility of

main feedline and nozzle cracking. An elbow with a short transition piece
is cornected to the main and bypass feedwater nozzles minimizing that part
of the feedwater piping which is able to drain into the steam generator

and fi1l with steam. Additionally, both lines contain no high-point pockets
that could trap steam and possibly lead to water hammer.

Safe Shutdown From Outside the Control Room

Instead of one remote shutdown panel per unit, each Vogtle unit has two
remote shutdown panels on separate trzins. This arrangement provides
redundancy so that the plant can be maintained in a hot standby and hot or
cold shutdown condition in case the ma‘n control room can not be occupied
due to an abnormal plaat condition. The main purpose of the shutdown
panels is to maintain hot shutdown outside the control room. However, the
panels may be used to implement cold shutdcwn. The train A panel is
located on level A of the control building next to the train A 4160-V
switchgear room. The train B panel is also on level A b.c adjacent to the
Tower cable spreading room. Automated control access terminals control
access to the panels.
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(4) Radwaste Solidification Building '

The radwaste solidification building is a separate structure containing

the radwaste volume reduction and solidification system. The volume reduc-
tion system has the capability to incinerate dry waste. The solidification
system solidifies the particulate and ash product from the volume

reduction system. The resin transfer system provides the capability to
transfer remotely spent radioactive resin from the radwaste transfer
building through a transfer tunnel to the radwaste solidification

building.

(5) Refueling Water Storage Tank (RWST)

The RWST is the source of water for the safety injection, centrifugal

charging, and residual heat removal pumps following an accident. T[he

Vogtle RWST has a large capacity of 715,000 gallons, which is considerably
larger than that of most other plants. This capacity is sufficient to

supply the water required during the injection phase. The RWST is a
cylindrical, reinforced concrete tank containing a stainless steel liner. ‘

(6) Main Steam Isolation Valves (MSIVs)

Vogtle has two main steam isolation valves per main steamline rather than
the more usual number of a single MSIV per steamline. The valves are
situated as close tc the containment as practical but outside the contain-
ment building. The redundancy of the MSIVs in each line will provide
positive shutoff with minimum leakage during possible line break situations
either upstream or downstream of the valves.

1.4 Significant Issues

During the course of the staff review, certain significant issues were
identified that involved one or more of the following:

(1) novel features of the plant or site resulting in special safety concerns .
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unique technical approaches by the applicant in dealing with safety

recently developed staff safety concerns for which a solution has not

been standardized by the staff or nuclear industry

a major disagreement between the staff and applicant

a major modification to the facility during the course of the staff review

a high level of effort, either by the applicant or the staff, to resolve

11 : i
:r\.e f\_‘, Oang S 4

Open Items

The staff has identified certain open items in it. review that had not been

resolved with the applicant at the time this report was issued. The staff will

complete its review of these items before the operating license is issued. The

staff will discuss the resolution of each of these items in a supplement to
this report. These items are listed in Table 1.3 and are discussed further in

the sections of this report as indicated

nfirmatory Items
At this point in the review there are some items that have essentially been
resolved to the staff's satisfaction, but for which certain confirmatory infor=-
mation has not yet been provided by the applicant (see Table 1 4) In these
instances, the applicant has committed to provide the confirmatory information
in the near future. If staff review of the information provided for an item
does not confirm preliminary conclusions, that item will be treated as open

and the staff will report on its resolution in a supplement to this report.
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1.7 License Condition Items ‘

There are certain issues for which a license condition may be desirable to
ensure that staff requirements are met during plant operation (see Table 1.5).
The license condition may be in the form of a condition in the body of the
operating licenses or a limiting condition for operation in the Technical
Specifications appended to the licenses.

1.8 Unresolved Safety Issues

Section 210 of the Energy Reorganization Act of 1974, as amended, reads as
follows:

Unresolved Safety Issues Plan

Section 210. The Commission shall develop a plan for providing for
specification and analysis of unresolved safety issues relating to

nuciear reactors and shall take such action as may be necessary to ‘
implement corrective measures with respect to such issues. Such plan

shall be submitted to the Congress on or before January 1, 1978, and

progress reports shall be included in the annual report to the Congress
thereafter.

In response to this reporting requirement, the NRC provided a report to the
Congress, NUREG-0410, in January 1978, which describes the generic issues
program of the Office of Nuclear Reactor Regulation (NRR) that had been
implemented early in 1977. The NRR program described in NUREG-0410 provides
for the identification of generic issues, the assignment of priorities, the
development of detailed task action plans to resolve the issues, the projec-
tions of dollar and personnel costs, continuing high-level management oversight
of task progress, and public dissemination of information related to the tasks
as they progress. Since the issuance of NUREG-0410, each annual report has
described NRC progress in resolving these issues.
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The staff continually evaluates the safety requirements used in its review
against new information as it becomes available. In some cases, the staff
takes immediate action or interim measures to ensure safety. In most cases,
however, the initial staff assessment indicates that immediate licensing
actions or changes in licensing criteria are not necessary. In any event,
further study may be deemed appropriate to make Judgments as to whether
existing staff requirements should he mrdified. These issues being studied
are sometimes called generic safety issues because they are related to a
particular class or type of nuclear facility. A discuss. n of these matters
and the NRC program for the resolution of these generic issues is provided in
Appendix C to this report, which includes references to sections of this
report for specific discussions concerning Vogtle, Units 1 and 2.

1.9 Identification of Agents and Contractors

Georgia Power Company (GPC) acts as the agent for the applicant and is
responsible for the design, construction, operation, maintenance, and testing
of Vogtle, Units 1 and 2. GPC uses the technical support services of Southern
Company Services, Inc. (SCS) in licensing, engineering, design, and quality
assurance activities.

The applicant has retained Bechtel Engineering Corporation in Norwalk,
California, to perform architectural-engineering and construction management
services for Vogtle, Units 1 and 2. The Westinghouse Electric Corporation
designed, manufactured, and delivered to the site the NSSS and initial core
for Vogtle, Units 1 and 2.

The turbine generator is manufactured by General Electric Company.

The applicant utilizes consultants, as required in specialized areas; for
example, Pickert, Lowe and Garrick assists in areas of meteorological analyses;
General Physics provided input to the preliminary control room design review;
Law Engineering assists in geotechnical testing and evaluation; and Dames and
Moore rovides services in meteorological tower calibration.
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1.10 Summary of Principal Review Matters .

The staff techrical review and evaluation of the information submitted by tne
applicant considered, or wil) consider, the principal matters summarized
below.

(1) 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 establish that (a) these character-
fstics have been determinad adequately and have been given appropriate
consideration in the plant design and (b) the site characteristics are in
accordance with the Commission siting criteria in 10 CFR 100, taking into
consideration the design of the facility, including the engineered safety
features provided.

(2) The design, fabrication, construction, and testing criteria and the
expected performance characteristics of the plant structures, systems,
and components important to safety to determine that (a) they are in .
accord with the general design criteria, quality assurance criteria,
regulatory guides and other appropriate rules, codes, and standards, and
(b) any departures from these criteria, codes, and standards have been
identified and justified.

(3) The expected response of the facility to various anticipated operating
transients and to a broad spectrum of postulated accidents. On the basis
of this evaluation, the staff determined that the potential calculated
consequences of a few highly unlikely postulated accidents (design-basis
accidents) would exceed those of all other accidents considered. The
staff performed conservative analyses of these design-basis accidents to
determine that the calculated potential offsite radiation doses that
might result = in the very unlikely event of their occurrence - would not
exceed the Commission guidelines for site acceptability given in 10 CFR 100.

(4) The applicant's engineering and construction organization, plans for the

conduct of plant operations (including the organizational structure and
the general qualifications of operating and technical support personnel),
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the plans for industrial security, and the plans for emergency actions to
be taken in the unlikely event of an accident that might affect the
general public to determine that the applicant is technically qualified
to operate the facility safely.

(5) The design of the systems provided for control of radiological effluents
from the facility to determine that (a) these systems are capable of con-
trolling the release of radicactive wastes from the facility within the
limits of the Commission regulations in 10 CFR 20 and (b) the applicant
is capable of operating the equipment provided so that radiocactive
releases are reduced to levels that are as low as is reasonably achiev-
able within the context of the Commission regulations in 10 CFR 50 and to
meet the dose-design objectives of Appendix I to 10 CFR 50.

(6) The applicant's quality assurance program for the operation of the
facilities to ensure that (a) the program complies with the Commission
regulations in 10 CFR 50 and (b) the applicant will have proper controls
over the facility operations so that there is reasonable assurance that
the facility can be operated safely and reliably.

Table 1.6 1ists completed and estimated licensing, construction, and operation
milestones. The future milestones listad are projections based on experience
and as such, are subject to significant change depending on the progress of
the project.
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Table 1.1 Cross-reference table for TMI-2 Task Action Plan items ‘

TMI item Shortened title SER section

I.A.1.1 Shift technical advisor 13.1.2

I.A.1.2 Shift Supervisor responsibilities 13.5

I[.A.1.3 Shift staffing 13.1

I.A.2.1 Immediate upgrade of RO and SRO training and 13.2.1.3
qualification

[.LA.2.3 Administration of training program 13.2.1.3

I[.A.3.1 Revised scope and criteria for licensing exams 13.2

I.B.1.2 Independent Safety Engineering Group 13.4

3.C.2 Shcrt-term accident and procecdure review ' 13.%

I.C.2 Shift and relief turno.er procedures 13.5.1

3.5.3 Shift Supervisor responsibilities 13:9

1.C.4 Control room access 13.5.1 .

1.€.9 Feedback of operating experience 13.9.1

3.5.0 Verification of correct performance of 13.5.1
operating activities

1.C.7 NSSS vendor review of procedures 13.5.2

I1.C.8 Pilot monitoring of selected emergency 13.9.2
procedures for NTOLs

1.0.1 Control room design review 18

1.D.2 Safety parameter display system 18

I1.G. 1 Training during low-power testing 14

I1.B.1 Reactor coolant system vents 15.9.1

I1.B.2 Plant shielding 12.3.2

I1.B.3 Postaccident sampling 2:3.2

11.B.4 Training for mitigating core damage 13.2.1.3

I1.D.1 Relief and safety valve test requirements 3.9.3.2, 5.4.7 ‘

11/01/84 1-16 VOGTLE DSER SEC 1



Table 1.1 (Continued)

TMI item Shortened title SER section

11.D.3 Relief and safety valve position indication 2.2, 7.5.2.3

IT.E.1.1 Auxiliary feedwater system evaluation 10.4.9

IT.E.1.2 Auxiliary feedwater system initiation and flow 8.5
indication

IT.E.3.1 Emergeicy power for pressurizer heaters 8.3.3.4

IT.E.4.1 Dedicated hydrogen penetrations 6.2.5

II.E.4.2 Containment isolation dependability 6.2.4

II.LF.1.1 Noble gas monitor 11.5

II.F.1.2 Iodine/particulate sampling 11.5

IT.F.1.3 Containment high-range monitor 12.3.4

II.F.1.4 Containment pressure 7.5.2.4

II.F.1.5 Containment water level 7.5.2.4

II.F.1.6 Containment hydrogen 7.5.2.4, 6.2.5

I1.F.2 Instrumentation for detection of inadegquate 4.4.8, 7.5.2.5
core cooling

I1.F.3 Instrumentation for monitoring accident 7.5.2.6
conditions

I1.G.1 Power supplies for pressurizer relief valves 5.2.2, 8.3.3 4
and level indicators

II.K.1.5 Review of ESF valves 15.9

I1.K.1.10 Operability status 15.9

IT1.K.2.13 Effect of HPI for small-break LOCA with 15.9
no auxiliary feed

I1.K.2.17 Voiding in RCS 15.9

II1.K.2.19 Benchmark analysis sequential AFW flow 15.9

I1.K.3.1 Auto PORV isolation system 15.9

II.K.3.2 Report on PORV failures 15.9
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Table 1.1 (Continued)

Shortened title

SER section

Keporting SRV failures
Auto trip of RCPs
PID controller modification

Applicant's proposed anticipatory trip at high
power

> Confirm anticipatory trip upon turbine trip

[I1.A.2
I11.0. 1.1

I11.D0.3.3

Report of ECCS outage

Loss or power to pump seal coolers
Small-break LOCA methods
Plant-specific calculations

Upgrade emergency support facilities
Emergency preparedness

Primary coolant outside containment
Inplant radiciodine monitering

Contrnl room habitability

15.9
15.9
s b Boll

15.9

7.8.2.9

2.9.4
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Table 1.2 Comparison of principal design features of
Vogtle, Units 1 and 2, and other facilities

MWt

Comanche
Design feature Vogtle Peak SNUPPS
Containment type* A A A
Rated therma) power, 3411 3411 3411
Gross electrical 1157 1159 1188
output, Mwe
Total steam flow, 15.12 15.14 15.14
10% 1b/hr
Tetal core flow rate, 142.1 140.3 142.1
10% 1b/hr
Nominal system 2250 2250 2250
pressure
Fuel lattice 17 x 17 17 x 17 17 x 17
Number of fuel 193 193 193
assemblies
Number of fuel rods 264 264 264
per fuel assembly
Number of cluster 53/0 53/0 53/0
control assemblies
full/part length
Reactor vessel 173 173 173
inside diameter, in.
Overall reactor 43-10 43-10 43-8
vessel height, ft-in.
Reactor vessel 2485 2485 2485
design pressure, psig
Reactor vesse! 0.125 0.125 0.125
minimum cladding
thickness, in.
Number of loops 4 4 4
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Table 1.2 (Continued)

Comanche
Design feature Vogtle Peak SNUPPS
Number of high- 2 2 2
pressure safety
injection pumps
Number of intermediate 2 2 2
safety injection pumps
Number of low-pressure 2 2 2
safety injection pumps
Maximum heat flux, 436,500 440,300 440,300
Btu/ft2-hr
Peak linear power for 8.9 12.6 12.6
normal operation, kW/ft
Minimum DNBR >1.30 >1.30 >1.30
Total peaking factor 2.30 2.32 2.32

*A = atmospheric
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Table 1.3 Listing of open items

Item SER section
(1) Design basis temperatures for auxiliary systems 2:.3.1
and components
(2) Upgrade of operational meteorological measure- 9.3
ments program
(3) Foundation competency of clay mar] stratum 2.5.4.1.83, 2.5.4.2,
2.5.4.4.3, 2.5.4.4.6
(4) Verification FSAR commitments on compaction of 2.5.4.3
Category 1 backfill
(5) Submittal and evaluation of settlement records 2.5.4.1.3, 2.5.4.4,
2.5.4.4.3
(6) Foundation design and construction inforﬁation on 2.5.4.4
radwaste buildings and tunnels
(7) Bearing capacity stability 2.5.4.4.2
(8) Long-term groundwater and settlement monitoring 2.5.4.4.3, 2.5.4.5
requirements
(9) Acceptability of variations in soil dynamic prop- 2.5.4.4.6
erties
(10) Final pipe whip and jet impingement evaluation 3.6.2
for high-energy piping.
(11) Clarification of pipe break criteria and pipe 3.6.2
whip restraints
(12) Methods to relate measured vibration values to 021
stress levels
(13) Safety-related instrument lines in vibration 3.9.2.1
monitoring program
(14) Design of seismic interface anchors 3.9.2.2
(15) Use of damping values and equivalent static 3.9.2.2
factors
(16) Piping analysis procedures for main steam 3.9.2.2

and feedwater piping outside containment
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Table 1.3 (Continued)

Item SER section
(17) Methodology for load combinations 3.9.3.13
(18) Piping for service level C and D loadings 3.9.3.1
(13) Compliance with NUREG-0737, Item II.D.1 3.9.3.2
(20) Design of safety and relief valves 3.9.3.2
(21) Design and construction of component supports 3.9.3.3
(22) Snubber pre-service examination and 3.9.3.3
preoperational testing program
(23) Preservice and inservice testing of pumps and 3.9.6
valves
(24) Acceptable leak rates 3.9.6
(25) Seismic and dynamic equipment qualification 3.10.1
(26) Pump and valve operability assurance 3.10.2
(a) Extent to which standards are used 3.10.2
(b) Compliance with RG 1.148 3.10.2
(c) Methods and standards for qualification 3.10.2
(d) Qualification of pump and motor 3.10.2
(e) Aging and sequence of environmental condi- 3.10.2
tions in maintenance program
(f) Pumps affected by static shaft analysis 3.10.2
(g) Generic testing criteria for qualifying 3.10.2
check valves
(h) Administrative control of compcnent quali- 3.10.2
fication
(i) Onsite audit 3.10.2
(j) Dependability of containment isolation 3.10.2
(purge valves)
(k) Long-term operability of deep draft pumps 3.10.2, 6.3.1
(IE Bulletin 79-15)
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Table 1.3 (Continued)

Item SER section

(27) Sensitivity of CVCS letdown monitor for detecting 4.2.4.2
fuel rod failures

(28) Postirradiation fuel surveillance program addi- 4.2.4.3
tional surveillance

(29) Postirradiation fuel surveillance program disposi~ 4.2.4.3
tion of failed fuel

(30) Flow measurement capability with crud buildup 4.4 4.2

(31) Thermal-hydraulic design comparison 4.4.5

(32) Loose parts monitoring system 4.4.7

(33) Compliance with NUREG-0737,. Item II.F.2 4.4.8

(34) Steamline break DNBR 4.4.9

(35) Overpressure protection during low temperature 5.2.2.2
operation

(36) Preservice inspection program 5.2.4.3, 6.6

(37) Impact test data and Cv curve for vessel beltline $.3.2
materials

(38) Steam generator tube preservice inspection 5. 4.2.2:.2

(39) Effect of neutron irradiation damage on limiting .33
weld metal

(40) Withdrawal schedules for surveillance specimens 5.3.1

(41) Pressure-temperature curves to include closure 5.3.2
flange regions

(42) Natural circulation boration and cooldown tests 9.4.7.5

(43) RHRS oper2*ion above 450 psig 5.4.7.5

(44) Target Rock valves in RVHVS 5.4.12

(45) Compliance with NUREG-0737, Item II.K.1.5 6.3.1

(46) Compliance with NUREG-0737, Item II.K.3.10 6.3.1
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Table 1.2 (Continued)

Item SER section
(47) Operator errors during switchover to recirculation 6.3.2
(48) Analysis for large break LOCA with CD = 1.0 6.3.5.1
(49) Air leakage discrepancy in control room leak rate 6.4
(50) Data used to estimate control room dose following 6.4
a LOCA
(51) Toxic gas evaluation of chemicals 6 4
(52) Compliance with RG 1.52 and ANSI 509 6.5.1
(a) No high alarm and trip-alarm signals provided
in control room for a temperature sensor
located between the heater and first HEPA
filter
(b) No recorded indication is provided in the
contrcl room for the pressure drop across the
first HEPA filter
(53) Justification for not providing a cooling mech- 6.5.1
anism for the ESF filtration units
(54) Design modification for automatic reactor trip 7.2.2.3
using shunt coil trip attachment
(55) Level measurement errors resulting from environ- 7.3.3.4
mental temperature effects on level instrument
reference legs
(56) Auxiliary feedwater system .3:0.7
(57) Override of isolation signals 7.3.3.8
(58) Isolators used in the BOP design 7.3.3.9
(59) Auxiliary relays used with no-go tested slave 7.3.3.10
relays
(60) Electrical tunnel ventilation system 7.3.3.11
(61) Control room ventilation isolation 7.3.3.22
(62) Emergency response capability - RG. 1.97, Rev. 2 7.9.3.1
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Table 1.3 (Continued)

Item SER section

(63) Compliance with NUREG-0737, Item II.D.3 7.5.2.3

(64) Bypass and inoperable status panel- conformance to 7.5.2.4
Position C.2 of RG 1.47

(65) 1IE Bulletin 79-27, Loss of non-class 1F instru- 7.5.2.5
mentation and cortrol power system bus during
operation

(66) Freeze protection for instrumentation sensing and 7.5.2.6
sampling lines

(67) RCS overpressure protection during low temperature 7.6.2.1
operation

(68) Compliance with NUREG-0737,. Item II.K.3.1 1.6.2.2

(69) Instrumentation for process measurements vsed fer 7.6.2.3
safe'y functions

(70) High-energy-line breaks and consequential ccntrol Totued
system failures

(71) Control system failure caused by malfuncticns of 77.2.3
common power source or instrument line

(72) Compliance with NUKREG-0737, Item II.B.3 9.3.2
(a) Criterion 2
(b) Criterion 10

(73) Fire hazards analysis 9.5.1, C.1.b

(74) Fire doors 9.5.1, C.5.2

(75) Fire dampers 9.5.1, C.5.a

(76) Soundproofing materials 9.5.1, C.5.a

(77) Safe shutdown 9.5.1, C.5.b

(78) Alternate shutdown 9.5.1, C.5.¢

(79) Power supplies for ventilation 9.5.1, C.5.7
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Table 1.3 (Continued)

Item SER section
(80) Fire detection 9.5.1, C.6.a
(81) Valve supervision 9.5.1, C.§.¢
(82) Automatic sprinkler systems $.5.1, C.6.¢c
(83) Standpipes 9.5.1, C.6.¢c
(84) Halon 1301 systems 9.5.1, C.6.d
(85) Control room complex .51, C.2.b
(86) Secondary water chemistry monitoring and control 10.3.5

program

(a) Sampling schedule and control limits

(b) Procedures

(c) Sampling points

(d) Data management

(e) Responsibie authority
(87) Quality assurance for main condenser evacuation 10.4.2

system
(88) Quality assurance for turbine gland sealing system 10.4.3
(89) Volume reduction system 11.4.3, 11.5
(90) Initial training program 13.2.3.1

(a) Simulator training

(b) Walkthrough training

(c) Review and audit

(d) Description of SRO training

(e} Discription of training program for heat
transfer, fluid flow and thermodynamics

(f) Training complete befure preop tests begin

(g) Numbers of personnel for whom training and
licensing is planned to meet Tech Specs
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Table 1.3 (Continued)

SER sj:tson

Licensed operator requalification training program 13.2.1.2
(a) Implementation schedule
(b) Procedures for record retention

(c) Lack of heat transfer, fluid flow and thermo-
dynamic training

(d) Training for mitigating core damage
(e) Revic. of abnormal and emergency procedures
Compliance with NUREG-0737, Item I.A.2.1

(a) Lack of heat transfer, fluid flow, and thermo-
dynamic training

(b) Retesting of simulator response

Compliance with NUREG-0737, Item I.A.2.3

Compliance with NUREG-0737, Item II.B.4

Training for nonlicensed plant staff

(a) Organization teaching the course
Cistribution of training

Health physics training for mechanical and
electrical maintenance personnel

Refresher instruction
Jchedule

Number of personnel for whom training is
planned to meet Tech Specs

protection training
Fire fighting plan
Content of instruction as per BTP CMEB 9.5-1

(e.g., meetings every 3 months, drills,
refresher training)
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Table 1.3 (Continued) .

Item SER Section

(96) Fire protection training (continued) 33.2.2.3, 9.5.1
(c) Qualified individuals as instructors
(d) Training for other plant employees

(97) Shift technical advisor training 13.2.2.2
(a) Mitigating core damage
(b) INPO recommendations

(98) Procedures generation package 13.5.2
(a) Plant-specific technical guideline
(b) Writer's guide
(c) Velidation and verification praograms
(d) Training program description

(99) Initial test program 14 .

(100) Technical Specifications to require four valves 15.4.6
to be closed during refueling

(101) Inadvertent boron dilution during modes 3, 4, 15.4.6
and 5

(102) Compliance with NUREG-0737, 15.6.1
Items I1.K.3.1/11.K.3.2

(103) Radiological consequences of SGTR 15.6.3

(104) Operator action in event of steam generator tube 15.6.3
rupture

(105) Compliance with regulatory guides 17.5

(106) Operational Q¢ program 17.5

(107) Detailed control room design review 18

(108) Safety parameter display system 18
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Table 1.4 Listing of confirmatory items

Item SER section
(1) Parameters measured at meteorological tower 2.3 3
(2) Correlation and analys‘s of data from old and 2.3.3
new meveorological towers
(3) Locations and description of observed cavities 2.5.4.4.1
(4) Method used to establish dynamic passive pressures 2.5.4.4.4
(5) Rod bowing analysis 4.2.3.1(6)
(6) Correct references for the cladding rupture and 4.2.3.2(6),
cladding ballooning and flow blockage models for 4.2.3.3(3)
large-break LOCA
(7) Testing and inspection of new fuel 4.2.4.1
(8) On-line fuel failure detection methods 4.2.4.2
(9) N-1 loop operation 4.4.6
(10) Yield strength of cold-worked austenitic stain- 4.5.1
Tess steels
(11) Discrepancy between WCAP 10529 and FSAR 5.2.2.2
(12) Tech Spec for maximum permissible temperature 9. 8:2.2
mismatch
(13) Operability requirements for vent system in 5.4.12
Technical Specifications
(14) GDC 51 6.2.7
(15) SBLOCA below P-11 interlcck $5.3.5.2
(16) Lead, lag, and rate time constant setpoints 123
used in safety system channels
(17) Turbine trip following a reactor trip 523
(18) Trip setpoint and margins 7.2.2.4
(12) Compliance with NUREG-0737, Item II.K ;.10 7.2.2.8
(20) Test of engineered safeguards P-4 interlock 7.3.3.2
(21) Undetectable failure in online circuitry for 7.3.3.3

engineered safeguards relays
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Table 1.4 (Continued)

Item SER section
(22) Steam generator level instrumentation 7.5.3.8
(23) 1IE Bulletin 80-06 concerns 7.3.3.6
(24) Compliance with NUREG-0737, Item II.D.3 7.5.2.3
(25) Bypass and inoperable status panel 7.5.2.4
(26) Process control program 11.4.3
(27) Exemption from 10 CFR 70.24 12.3.4.1
(28) Program . minimize post-LOCA leakage from 15.4.1.2
ESF systen outside containment
(29) Compliance with NUREG-0737, Items II.K.3.30 15.6.5
and I1.K.2.31
(30) Compliance with NUREG-0737, Item II.F.1 15.9.2
(31) Compliance with NUREG-0737, Item III.D.1.1 15.9.5
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. Table 1.5 Listing of license conditions

License condition SER section
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Table 1.6 Major licensing, construction, and operation milestones

Milestone

Date

Limited work authorization (LWA) issued

Construction permit issued

Suspension of Units 1 and 2, cancellation of Units 3 and 4
Full reactivation of Units 1 and 2

Amendment extending construction completion dates from
April 1981 and April 1982 to April 1983 and April 1984 for
Units 1 and 2, respectively, and adding additional owners*
Amendment extending construction completion dates from
April 1983 and April 1984 to March 1988 and September 1989
for Units 1 and 2, respectively

Fina! Safety Analysis Report docketed

Environmental Report docketed

Safety Evaluation Report issued

ACRS full committee meeting

Safety hearings

Ready for fuel loading (applicant)

May 28, 1974
June 28, 1974

September 12, 1974

July 1, 1978

January 1977

June 1982

September 16, 1983

November 28, 1983
June 1985

July 1985**
February 1986
September 1986

*Oglethorpe Electric Membership Corporation, Municipal Electric Authority

of Georgia, and the City of Dalton, Georgia.

**Estimated.
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2 SITE CHARACTERISTICS

2.1 Geography and Demography

The geography and demography of Vogtlie Electric Generating Plant were reviewed
in accordance with Sections 2.1.1, 2.1.2, and 2.1.3 of NUREG-0800, "Standard
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants. "

July 1981 (SRP). The results of this review are presented below.
2.1.1 Site Location and Description

The site for the Vogtle plant, which is a proposed two-unit plant, consists of
3,169 acres of land located on the west bank of the Savannah River, at River
Mile 151, in the eastern part of Burke County in the state of Georgia. The
exclusion area, which is designated by the plant's property line, and the
plant layout are shown in Figure 2.1. The Vogtle low population zone and the
area within 5 mi (8 kin) of the site are shown in Figure 2.2. A map of the
area in the general vicinity (25 mi) of the site is shown in Figure 2.3. This
map shows some of the towns and transportation routes in the area as well as
the location of the Vogtle site in relation to the Savannah River Plant on the
opposite side of the river. The 1970 Sureau of the Census statistics for the

most populated areas within 100 mi of the site are shown in Figure 2.4.

As can be seen in Figure 2.1, the Unit 1 and Unit 2 reactors are located about
1,097 m (3,600 ft) and 1,189 m (3,900 ft), respectively, west of the river. The
site is about 24 km (15 mi) east-northeast of Waynesboro, Georgia, and about
41.5 km (26 mi) south-southeast of Augusta, Georgia. Augusta is the largest
populated area near Vogtle Except for some limited activity on the river and
the restricted activity associated with the Savannah River Plant located on

the east side of the river in Barnwell County, South Carolina, there is very
little other activity within the 5-mi area surrounding the site. About 30% of

this area is gently rolling farmland. Most of the remaining land within 5 mi,
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particularly west of the river 1is wooded. The cunrdinates of the Vogtle site
are 33° 08' 29" north latitude and 81° 45' 45" west longitude. The Universal

Transverse Mercator (UTM) coordinates are 3,667,028.6 m north and 428,881.8 m

east, in zone 17.

2.1.2 Exclusion Area Authority and Control

The exclusion area for the Vogtle site is defined as an irregularly shaped
area wnich conforms to the site's boundary lines. The minimum distance to the
exclusion area boundary is 1,097 m (3,600 ft) measured from the center of the
Unit 1 containment building. The applicant owns all of the surface and mineral
rights in the designated exclusion area, and thereby has the authority to
determine all activities within the area as required by the Commission's
regulation, "Reactor Site Criteria,” 10 CFR Part 100. The shortest distance
from the plant's gaseous effluent release point to the exclusion area boundary
is 1,128 m (3,700 ft). No one resides within the exclusion area and there are
no highways, railways, or waterways crossing the area. The appiicant owns

and operates Plant Wilson, a combustion turbine plant, that is located in

the east-southeast portion of the site property. Aside from Plant Wilson,

the only other activities that may occur within the exclusion area that are
unrelated to plant operations are those associated with persons in and around
the Visitors Center, and those connected with the operation of the Vogtle
simulator. It should be noted that during Unit 1 operation there will be
onsite construction activities associated with Unit 2 until its completion.
Appi 'ximately 15 of the applicant's employees work at Plant Wilson. Also,

8 staff members and approximately 40 trainees are at the simulator. Because
of the remoteness of the site, only a few persons are expected at the Visitors
Center occasionally The applicant has made arrangements to control and,

if necessary, evacuate the exclusion area in the event of an emergency.

Section 13.3 of this SER has more details about these arrangements.

The staff concludes, by virtue of ownership of the 12.d and control of the
mineral rights within the exclusion area, and on .i:e basis that suitable
arrangements have been made to control all activity unrelated to plant cpera-

tions, that the applicant has the authority to determine all activity within
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the exclusion area as required by 10 CFR Part 100. The staff further concludes
that the activities unrelated to plant operation within the exclusion area

will not interfere with normal plant operations.
2.1.3 Population Distribution

The resident population in the vicinity of the Vogtle site is shown as a
function of distance in the table below. The year 2030 is the nearest census
year to the end of plant life.

The closest resident lives about 1.9 km (1.2 mi) from the reactor building.
The nearest communities in the vicinity of the site with a population of more
than 1,000 persons are Sardis, Georgia, 20.8 km(13 mi) south, and waynesborn,
Georgia, 24 km (15 mi) west-soL ™ 'st, with populations of 1,175 ==~ 7 ;e0,
respectively, in 1980 Girard, Gecrgia, 12 km (7.5 mi) south-southeast, is
the closest residential area and it had a population of only 225 in 1980.
There are no large communities with populations of 5,000 or more persons
within 8 km (5 mi) of the site. The population within 5 mi in 1980 was 1,085
and within 10 mi it was 2,560. As indicated in Table 2.1, the population
within 5 mi of the site by 1990 is expected to drop to about 262 (after Units
1 and 2 become operational) and is expected to almost double during the life
of the piant. The applicant reported that there were 509,222 people living
within 80 km (50 mi) of the site in 1980, and they expect this number to
increase to 589,111 by 1990. By the year 2028, the population within 50 mi of
Vogtle is projected to reach 903,493. Augusta, Georgia, located about 41.5 km
(26 mi) north-northwest, is the largest populated area around the site and it
had a 1980 population of 47,532. There are no cities larger than Augusta
within 50 mi of Vogtle. Columbia, South Carolina, with a 1980 population of
101,208 is the closest large city, and it is about 120 km (75 mi) away. The

applicant conservatively projects a populatior. growth rate of about 48% during

the life of the plant for the area within 50 mi of the site. This reprasents

a growth of abwout 12% per decade for this period. The staff, using the Bureau
of Economic Analysis (BEA) projections, calculated the population withirn 50 mi
of the site and determined that the popu'ation will increase about 44% for the

same period.
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The applicant has designated a low-populaticn zone (LPZ) for the site which is ‘
a circular area with a 3.2 km (2 mi) radius measured from the midpoint of the
centerline between Units 1 and 2. Except for the Savannah River, the LPZ

consists mostiy of wooded areas and a small amount of agricultural land much

the same as the rest of the area in the general vicinity around the Vogtle

plant.

There is very little transient population within the LPZ because of the
remoteness of the area. A limited amount of recreational activity takes place
on the river, including fishing and boating. During the winter season there
is a minimal amount of hunting on the Georgia side of the river, but there are
no hunting lodges or camps in the area. According to the applicant, about 500
people reside within the LPZ and will remain there until construct: n work at
Unit 2 is completed. By 1990, however, only about 30 people will live in the
LPZ; this number is expected to increase to about 65 during the life of the

plart. There is one church, the Ebenezer Baptist Church, located within the

LPZ about 2.7 m (1.7 mi) from the site which has a congregation of about 100

persons. ‘

The transient population within a 10-mi radius of the Vogtle site is quite low
because cf the lack of recreational facilities or industry in the vicinity,

and because of the restricted nature of the Savannah River Plant which

occupies almost one-half of the 10-mi area. The Savannah River Plant employs
aboutl 6,675 persons. There are no migrant workers in this area. Five private
beat-landing facilities are located within a 10-mi stretch of the river near
the site. The applicant estimates that about 231 fishermen use these facil-
itie~ during the span of a year. Surveys conducted by the Georgia Department
of Natural Rescurces indicate that Burke County has the lowest hunting vields
in the state, thus most of the hunting is done outside the 10-mi area, specifi-

cally in the Georgia counties northwest of the site.

There are no prisons, hospitals, nursing or convalescent homes, day-care

centers, federal/state parks or forests, beaches, amusement parks, or federal
highways within 10-mi of the plant. The Girard Elementary School is the oniy

school within 16 km (10 mi) of the site. It has a staff of 23 and an enroll-

ment of 200 students, but is expected to close before Unit 1 goes into operatior.
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There are about 24 churches within 10 mi of Vogtle. The frequency of services
at these churches varies considerably, from twice a week to once a month, and
services usually occur on Sunday. The total attendance at all church services
combined is about 4,800 per month. In the 10 mi surrounding the Vogtle site
there are about 26 cemeteries or burial grounds. Some are private family grave-
sites or church affiliated cemeteries, and some are open to the public. About
one-third of them are inactive, while the others may be used from once every
two years to once a month. Section 13.3 of this SER provides a discussion of
the emergency preparedness plans for protecting the public in this area.

The nearest densely populated center of about 25,000 or more persons, as
defined by 10 CFR Part 100, is Augusta, Georgia, which is about 25 mi north-
northwest of the site. This distance is at least 1-1/3 times the distance to
the LPZ outer radius, as required by 10 CFR Part 100.

2.1.4 Conclusion

This review is based on the 10 CFR Part 100 definitions of the exclusion area,
the LPZ, and the population center distance, as well as the staff's analysis
of the onsite meteorological data, from which the relative concentration
factors (x/Q) were calculated (see Section 2.3 of this SER), and the ralcu-
lated potential radiological dose consequences of design-basis accidents (see
Section 15 of this SER). The staff has concluded that the exclusion area,
LPZ, and population center distance satisfy the criteria of 10 CFR Part 100
and are acceptable.

2.2 Nearby Industrial, Transportation, and Military Facilities

Insofar as act1v1t1ef‘at nearby industrial, transportation, and military
AL Concrrvwmg

facilities, Vogtle was reviewed in accordance with Sections 2.2. i, 3.2.2,

2.2.3, 3.5.1.5, and 3.5.1.6 of the SRP. The results of the review are

contained in this section.
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2.2.1 Transportation Routes

There are no highways, railways, or waterways traversing the Vogtle exclusion
area. River Road, a secondary road which formerly ran in a southeasterly
direction through the center of the exclusion area, has been relccated and now
runs jut inside the western and southern edge of the site. This road is used
principally for local traffic. There are several side roads exiting off River
Road that provide access to the plant irea, the Visitors Cente-, the simulator
building and Plant Wilscn. The nearest primary road in the vicinity of the
site is Georgia Highway 23 which is located about 4.5 mi south-southwest.
Highway 23 handles commercial traffic and serves as a link for hauling timber
and wood products between Augusta and Savannah, Georgia. The only major roads
in the area are U.S. Highways 25 and 301 which are located about 15 mi west
and 20 mi southeast of the plant, respectively. South Carolina Highway 125
runs through the Savannah River Plant, on the opposite side of the river,
about 8.8 km (5.5 mi) northeast of Vogtle. There is essentially no hazardous
material transported on River Road, except for that used at the Vogtle site.
Because of the separation distances Jetween the major highways and the site,
accidents which may occur on these roads do nct pose a threat to the safe
operation of the plant.

The closest railway to Vogtle is the Seaboard Coast Line Railroad which runs
through and provides service to the Savannah River Plant. It is located abou*
7.2 km (4.5 mi) rortheast of the site. Hazardous materials transported on
this railroad inciude: ammonia, carbon dioxide, and sulfuric acid. The
applicant's analysis takes into consideration the frequency of shipments and
the fact that there have been no accidents on this line in the vicinity of the
plant in more than 10 years. This provides assurance that the likelihood of
an accident affecting the safe operation of the plant is sufficiently low so
as to pose little risk. In addition, because of the separation <’ :‘ance
involved, ai. accident on this railroad would not pose a significanc hazard to
the plant. A rail spur connected to the Centrai of Georgia Railway, about

12 mi west of the site, will service the Vogtle site.
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The Vogtle plant is located about 3,600 ft west of the Savannah River. The
river separates the site from the Savannah River Plant. In addition to some
minor recreational activity, the river is also used for relatively infrequent
commercial traffic between Augusta and Savannah, Georgia. There are no locks
or dams on the river in the vicinity of the site, and there have been no
accidents within a 30-mi stretch of the river near Vogtle in the past 15
years. Approximately 100 barge tows carry less than 100 tons of cz2igo past
the site annually. Gasoline and fue) oil comprise about 3% and 90% of the
shipments, respectively. About 7% of the shipments are solid chemicals and
less than 0.1% are steel products. The applicant analyzed the potential
hazards to the plant resulting from a transportation accident on the river
involving gasoline and fuel oil. They determined that the risk associated
with a potential explosion, considering the frequency of shipment on the
river, quantity of material shipped, the previous accident rate, and the
potential concentrations necessary to cause ignition and subsequent explosion
is Tower than 10-7 per year. The staff evaluated the analysis and agrees with
the applicant's conclusion that the risks associated with the postulated
explosions do not pose a hazard to the Vogtle plant. With respect to therma)
hazards, the thermal flux from a gasoline or o0il fire on the river would be
less than the peak solar flux (1,000 - 1,200 watts/m2) measured in the United
States, which would not affect the safe operation of the pla.t.

Accidents involving river traffic, with the potential of striking the intake

structure or spilling corrosive or other material into the river, will not

prevent the safe shutdown of the plant because this system only provides

makeup water to the nonsafety-related circulating water system.

2.2.2 Nearbv Facilities

The closest industrial activity, other than that associated with the con-
struction of Unit 2, is in connection with the operation of Plant Wilson. This
is an oil-fired combustion plant operated by the applicant that is located
within the exclusion area about 5,000 ft east-southeast of the nuclear plant.
The storage capacity of the three fuel storage tanks at Plant Wilson totals

9 x 106 ga'"ons. These tanks are surrounded by an earthen dike so that, in
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the event of a tank rupture, the tank contents will be contained within the .
dike. Because of the distance involved, the potential hazard to the nuclear
plant is less from the fuel oil stored at Plant Wilson than from that trans-
ported on the river. To protect control room perscnnel from potential smoke
inhalation, the applicant has installed redundant smoke detectors in both tye
control room and the outside air intakes. There is some industrially related
activity at the Department of €nergy's Savannah River Plant (Savannah) located
on the east bank of the Savannah River. Savannah is a closed government
reservation with controlled access. The closest activity at Savannah, in
relation to the Vogtle site, is the heavy-water extraction and recovery facility
located about 4.5 mi from the Vogtle site. There are several nuclear production
and test reactors, and associated support facilities at the Savannah compiex.
The functions of these facilities, in addition to extracting heavy water from
natural water, include: fuel fabrication, dissolution of irradiated material,
and the separation of nuclear products “rom radioactive products. Because of
the distances involved, these facilities do not present a problem to the safe
operation of the Vogtle plant. There is a 34-ton chlorine storage facility at
Savannah that is located about 3-mi from the Vogtle plant. There are also 48
one-ton cylinders and two 150-1b cylinders of chlorine on the Savannah site.
These cylinders are located at four different storage areas and are used for

the various water treatment systems. Redundant chlorine detectors have been
installed in the outside air intakes to the control room which will aucomati-
cally isolate the control room in the event of an accidental release of chlorine.
Sectior 6.4 of this SER provides more details on the control room habitability
systems. There are no other industrial facilities nearby and no significant
industrial expansion program is planned for the area around the Vogtle plant

in the foreseesable future.

There are no pipelines located within 10-mi of the Vogtle plant. The three

closest pipelines, all carrying natural gas and varying in size from 8 in. to

16 in. 1n diameter, are located about 20 mi from the plant. There are no plans

to move these pipelines or transport other products in them. On the basis of

past reviews of natural-gas pipelines, these pipelines are sufficiently far

from the Vogtlie plant so that they do not pose a significant hazard to the
operation of the plant. No mining or quarry operations and no other hazardous

gas or liquid storage facilities are located within 5 mi of the plant. ‘
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There are no military bases, bombing ranges, munitions plants, missile
installations, or major airports within the general vicinity of the Vogtle
plant. The closest airport, Burke County Airport, is located about 16 mi west-
southwest of the site. This airport has a 3,200-ft runway and is used by
single-engine aircraft for private use and for crop dusting operations. About
15,000 flights per year leave from or arrive at this airport and no increase

in traffic is expected in the near future. The closest commercial airport is
Bush Field which is about 17 mi north-northwest of the site. It has one
6,000-ft and one 8,000-ft runway, and considering all types of traffic (commer-
cial, general, and military), the airport handled about 72,000 flights in 1980.
Some expansion is proposed at Bush Field including a new 10,000-ft runway and

a 500-ft extension to the curret 8,000-ft runway. Assuming this expansion is
completed as planned, traffic at Bush Field is expected tc increase about 60%
by 1990. There are no low-level military aircraft training routes or federal
airways in the airspace around the Vogtle site. On the basis of separation
distances and the nature of these facilities, as well as previous staff reviews
of aircraft hazards, the staff concludes that the aircraft activities in the
vicinity of the site wiil not affect the safe operation of the Vogtle plant.

2.2.3 Conclusions

On the basis of (1) the information provided by the applicant, and (2) the
staff's review based upon criteria in 10 CFR Part 50 (Appendix A, GDC 4) and
in SRP Section 2.2.3, the staff has determined that the plant is adequately
protected and can be operated with an acceptable degree of safety - activities
at nearby industrial, transportation, and military facilities notwithstanding.

2.3 Meteorology

Evaiuation of regional and local climatological information, including extremes
of climate and severe weather occurrences which may affect the design and
siting of a nuclear plant, is required to ensure that the plant can be designed
and operated within the requirements of Commission regulations. Information
concerning atmospheric diffusion characteristics of a nuclear power plant site
is required for a determination that radioactive effluents from postulated
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accidental releases, as well as routine operational releases, are within
Commission guidelines. Sections 2.3.1 through 2.3.5 have been prepared in ‘
accordance with the review procedures described in the Standard Review Plan
(NUREG-0800), utilizing information presentec in FSAR Section 2.3, respunses

to requests for additional information, and generally available reference

materials as described in the appropriate sections of the Standard Review Plan
(SRP).

2.3.1 Regional Climatology

The plant is located in eastern Georgia along the Savannah River, about 26
miles south-southeast of Augusta.

Maritime tropical air masses dominate the region in summer and alternate
with continental air masses in winter. The mean annual temperature in the
area is about 17.4°C (63°F), ranging from about 7.8°C (46°F) in December and
January to about 26.7°C (80°F) in July. Annual precipitation in the area is

about 1090 mm (43 in.). ‘

The Vogtle plant is located near a principal track of cyclonic storms that
originate along the Gulf Coast and move northeastward along the East Coast,
resulting in a variety of severe weather phencmena. About 77 thunderstorms

can be expected on about 56 days each year, being most frequent in June,

July, and August. Considering the frequency of thunderstorms in the region,

the applicant has estimated about 10 lightning strikes per year in the

square kilometer area containing the Vogtle plant. Hail often accompanies
severe thunderstorms. In the period 1955-1967, hail with diameters 19 mm

(3/4 in.) or greater was reported six times in the one-degree latitude-longitude
square containing the site.

Tornadoes also occur in the area. About 30 tornadoes have occurred within

the one-degree latitude-longitude square containing the site in the period
1954-1983, resulting in an annual tornado occurrence frequency of 1.1. The
applicant has conservatively computed a recurrence interval for a tornado at

the plant site to be about 500 years. The staff has performed an independent '
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assessment of tornado occurrences in the Vogtle region and computed a
recurrence interval for a tornadec at the plant site to be about 4800 years.
Waterspouts are not considered likely on the Savannah River in the vicinity of
the Vogtle plant.

The design-basis toriado characteristics selected by the applicant conform
to the recommendations of RG 1.76, “Design Basis Tornado for Nuclear Power
Plants," for this region of the country. These characteristics are: rota-
tional speed - 290 mph; translational speed - 70 mph; and a total >ressure
drop of 3 psi occurring at a rate of 2 psi/sec.

Hurricanes or remnants of hurricanes pass through the region occasionally.
Ouring the period 1871-1982, 40 tropical cyclones (tropical depressions,

tropical storms and hurricanes) passed within 100 nautical miles of the
site.

Occurrences of high windspeeds in the area are associated with severe
thunderstorms, extratropical cyclones, tropical storms, and hurricanes. The

highest "fastest mile" wind speed reported at Augusta was 62 mph ir June

1965. The app'‘zant has identified the "fastest mile" wind speed at a height

of 30 ft with a return period of 100 years of 105 mph. However, for design of
seismic Category I structures, the applicant has used a "design wind velocity"
(operating basis windspeed) of 110 mph at 30 ft above the ground, including
gust factors and vertical velocity profiles developed in accordance with the
criteria of American National Standards Institute (ANSI) AS58.1, “"Building Code

Requirements for Minimum Design Loads in Buildings and Other Structures" (1972).

The applicant has identified the basins of the nuclear service cooling water
towers (circular mechanical draft) as the ultimate heat sink for the Vogtle
plant. The applicant examined meteorological data from Augusta, Georgia, for
the period 1947-1981 to determine the meteorological design conditions for the
ultimate heat sink. The conditions to maximize water temperature and water
usage were selected as the l-hour combinaticn of dry bulb and wet bulb temper-
atures in the period of record resulting in the highest water usage and in the

Mmaximum temperature in the cooling tower basins followed by the 24-hr period
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resulting in the maximum average temperature in the basins and highest 1-day
water usage. These conditions were repeated to synthesize a 30-day period.
The synthesized meteorological conditions selected by the applicant for the

design of the ultimate heat sink appear appropriately conservative.

Heavy snowfall is not common in the region, but roof loads may accumulate
from a wintertime mixture of snow, ice and rain. Average annual snowfall at
Augusta is only about 25 mm (1 in.). The applicant has reported the maximum
snowfall in a 24-hr period in the area to be 350 mm (13.7 in.) in February
1973. The applicant has estimated the weight of the 100-year return period
snowpack at ground level to be 8 psi. Ice storms, which can plug drains and
scuppers as well as disrupt offsite power, occur in the area. The applicant
has indicated that freezing rain occurs on about 2 days each year. The
applicant has also indicated that freezing rain has been reported to last as
long as 17 hr. The accumulation of water on the roofs is the most likely
cause of severe and extreme environmental loads for consideration in the
design of *he roofs of safety-related structures at Vogtle. The adequacy of
such roof loadings is discussed in Section 2.4.3 of the SER.

The applicant has considered the following meteorological conditions in the
design of the HVAC systems for all safety-related buildings: 98°F dry bulb/
80°F wet bulb temperatures for summer air conditioning; 93°F dry bulb/78°F wet
bulb temperatures for summer ventilation; 17°F dry bulb temperature for winter
heating; and average windspeeds of 7.5 mph and 15 mph for summer and winter,
respectively. The bases for the selection of the temperatures for air condi-
tioning and heating were the 1X probability of cccurrences (summer) and 99%
(winter) probability of occurrence values from the distributions presented by
American Society of Heating, Refrigerating and Air=Conditioning Engineers
(ASHRAE). The bases for the summer ventilation conditions was the 5% ASHRAE
values for temperature. Windspeeds are supposed to be characteristic seasona)
averages. The applicant has indicated in the response to Question 451.5 that
safety-related auxiliary systems and components (including the diesel gener-
ator a, intake, service water vazlves, mair steam isolation valves, and

impulse lines) are enclosed in seismic Category I structures maintained within
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acceptable environmental conditions by safety-reiated HVAC systems. Extreme
temperatures of 41.7°C (107°F) and -16.1°C (3°F) have been reported at Augusta.
Temperatures in excess of 32.2°C (90°F) are expected at Augusta about 60 days
each year. The applicant has analyzed onsite data for the periods December
1972-%ecember 1973 and April 1977-December 1983 and determined that “the
maximum consecutive du,aticn of the dry bulb and wet bulb temperatures exceed-
ing the design values is 8 hours and 5 hours, respectively," and that "the
maximum consecutive duration of the dry bulb temperature lower than the design
value is 18 hours." Conditions with return periods of 100 years are normally
considered for design of safety-related auxiliary systems and components.

The extreme temperatures for the 100-year return period in the Vogtle area

are approximately 43.9°C (111°F) and -20°C (-4°F). Although temperature
excursions beyond the design values are infrequent, further justification of
the adequacy of the extreme temperatures considered by the applicant for the
design of safety-related auxiliary systems and components is required. Also,
the applicant has not directly addressed the diesel generator air intake. The
design-basis temperatures for auxiliary systems and components is an open
item.

Large-scale episodes of atmospheric stagnation occur frequently in the region.
About 90 atmospheric stagnation cases totaling about 360 days were reported in
the area in the period 1936-1970. Ten of these cases lasted 7 days or more.

As discussed above, the staff has reviewed available information relative to
the regional meteorological conditions of importance to the safety design
and siting of this plant in accordance with the criteria contained in SRP
Section 2.3.1. On the basis of this review, the staff concludes that, with
the exception of design-basis temperatures for auxiliary systems and compo-
nents, the applicant has identified and considered appropriate regional
meteorological conditions in the design and siting of this plant, and, there-
fore, meets requirements of 10 CFR 100.10 and GOC 2 (10 CFR 50, Appendix A).
The applicant selected design-basis tornado characteristics that conform to
the position set forth in RG 1.76, and, therefore, meet the requirement of
GDC 4 (10 CFR 50, Appendix A), to determine an acceptable design-basis tornado
for missile generation.
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2 Local Meteorology ‘

Climatological data from Augusta, Georg x, and available onsite data have

been used to assess local meteoroiogical characteristics of the plant site.

Precipitation is well distributed throughout the year, ranging from about

35 mm (2.2 in.) in October to about 130 mm (5.1 in.) in July. Maximum and
minimum monthly amounts of pracipitation observed at Augusta have been 355 mm
(14.0 in.) in July 1906 and a trace (less than 0.01 in.) in October 1953. The
maximum amount of precipitation in a 24-hr period at Augusta was 250 mm (9.8 in.)
in October 1929. Snowfall is not common at Augusta, although snow has occurred
in each month from November through March. The maximum monthly snowfall at
Augusta was 355 mm (14 in.) in February 1973, and the maximum amount of snowfall
in a 24-hr period was 350 mm (13.7 in.) also in February 1973. The annual
average total precipitation measured at the site for the composite period
December 1972-November 1973 and April 1977-March 1979 is about 675 mm (26.6 in.)

compared with the annual average at Augusta of 1035 mm (40.7 in ) for the same
period of record. Annual average precipitation recorded at Augusta for tha sam‘

composite 3-year period as the onsite data showed reasonable agreement with the
long-term climatological averages. Although spatial variability in precipita-
tion occurrences is expected and may contribute to these anomalies, the most
likely source of the differences in annual average amounts is the applicant's

measurement of precipitation and data reduction techniques.

Wind data taken from the 10-m level of the onsite meteorological tower for a
3-year composite period of record (April 4, 1977-Apri] 4, 1979 and April 1,
1980-March 31, 1981) indicate that winds are wel)} distributed, and that wind

direction frequencies varywse from about 4% to about 8%.
The average windspeed at the 10-m leve] is about 4 m/sec. Calm conditions

(defined as windspeeds less than the starting threshold of the anemometer)

occur infrequently, at less than 0.5% of the time.
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Slightly stable (Pasquill type E) conditions predominate at the Vogtle site,
occurring about 34% of the time as defined by the vertical temperature gradient
between the 45.7-m and 10-m levels. Moderately stable (Pasquill type F) and
extrem~ly stable (Pasqill type G) conditions occur about 16% and 9% of the
time, respectively, for the same stability indicator. Moderately stable and
extremely stable conditions were observed with relatively the same freauency
during the preoperational program (December 4, 1972-December 4, 1973) for the
Vogtie plant.

As discussed above, the staff has reviewed available information relative to
local meteorological conditions of importance to the safe design and siting
of this plant in accordance with the criteria contained in SRP Section 2.3.2.
Althouch the staff is concerned about apparentiy anomalous precipitation
measurements at the Vogtle site, the staff concludes that the applicant has
identified and considered appropriate local meteorological conditions in the
design and siting of this plant and, therefore, meets the requirements of

10 CFR 100.10 and GDC 2 (10 CFR 50, Appendix A).

2.3.3 Onsite Meteorological Measurements Program

Meteorological measurements at the Vogtle site were initiated in April 1972.
The meteorological tower used to provide data to support both the constructior
permit and operating license applications is located about 1500 m (5000 ft)
south-southwest of the Unit 1 containment building. Windspeed and wind direc-
tion are measured at the 10-m (33-ft) and 45.7-m (150-ft) levels, and vertical
temperature gradient is measured between the 10-m and 45.7-m levels. Ambient
dry bulb and dew point temperatures are measured at the 10-m level, and pre-
cipitation and solar radiation are measured near the ground. The applicant
has analyzed the overall measurement system accuracies for each parameter, and
concluded that the system accuracies for analog recording are not within the
specifications presented in RG 1.23. System accuracies for digital recording
appear to comply with the specifications presented in RG 1.23. The meteor-
ological data provided with the operating license application have been checked
for reasonableness. The preliminary results indicate that the data collected
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by the meteorological measurements program are reasonable compared with other ‘
data collected in the area. However, the staff's review is not yet complete.

The applicant provided three years (April 4, 1977-April 4, 1979 and April 1,
1980-March 31, 1981) of meteorological data with the operating license appli-
cation. Meteorological data from all the collection periods (including data
for the period December 4, 1972-December 4, 1973) have been compared, and no
significant differences have been identified. The three most recent years of
onsite data have been combined into Jjoint frequency distribution of windspeed
and wind direction by atmospheric stability for use in the atmospheric disper-
sion assessments presented in Sections 2.3.4 and 2.3.5. Windspeed and wind-
direction data for these assessments were based on measuraments at the 10-m
level, and atmospheric stablity was defined by the measurement of vertical
temperature gradient between the 10-m and 45.7-m levels.

Analog strip charts have been used to record meteorological data provided with
the operating license application. Since 1977, the applicant has calibrated
the system twice per year. Joint data recovery of windspeed and wind direction
at the 10-m level by atmospheric stability (defined by the vertical tmperature‘
gradient between the 10-m and 45.7-m levels) was 92% for the J-year composite
period described above. Because the periods of missing data were sufficiently
random during the 3 years of record, the composite data set is expected to
reasonably reflect expected diurnal, seasonal, and annual airflow and stability
patterns at the Vogtle site. The 3-year period of record is also expected to
reasonably represent occurrences of extreme atmospheric iditions of
importance for assessments of local transport and diffusion characteristics.
The frequencies of occurrence of moderately stable and extremely stable
conditions at Vogtle agees reasonably well with other sites in the south-
eastern United States. Dose consequence assessments based on available onsite
meteorological data are expected to be reasonably conservative. Extreme
meteorological conditions for design of safety-related structures, systems,

and components (discussed in Section 2.3.1) were based on long-term (30 years
or more) climatological data from nexrby National Weather S¢ ‘vice stations,

and not directly on the 3 years of onsite data. However, the representative-
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ness of lorig-term offsite data was determined by comparisons of concurrent
offsite data with available onsite data.

For the postoperational meteorological measurements program, the applicant
has installed a new meteorological tower located in the vicinity of the old
tower. The tower will be instrumented at the 10-m and 60-m levels. Although
the applicant has not specified the parameters to be measured, most likely
windspeed and direction will be measured at the 10-m and 60-m levels and
vertical temperature difference will be measured between the 60-m and 10-m
levels. The applicant should clarify this information. This is a confirmatory
item. The new tower was installed in January 1984, and the applicant has
indicated that one full year of data from this tower will be available in
February 1985. The appiicant will correlate and analyze data from both the
old and new towers and will provide data to the staff in time for the staff
to prepare the SER.

To address metecrologi:al requirements for emergency preparedness planning
outlined in 10 CFR 50.47 and Appendix E to 10 CFR 50, the applicant will be
required to upgrade the operational meteorological measurements program to
meet the criteria in NUREG-0654, Appendix 2, "Criteria for Preparation and
Evaluation of Radiological Emergency Response Plans and Preparedness in
Support of Nuclear Power Plants." The upgradq)’nust be in accordance with the
schedule of NUREG-0737, "Clarification of TMI Action Plan Requirements," Item
III.A.2, or its supplement. The incorporation of current meteorological data
into a real-time atmospheric dispersion model for dose assessments will also
be considered as part of the upgraded capability. This is an open item.

The staff has reviewed the onsite meteorological measurements system in accor-
dance with the criteria contained in SRP Section 2.3.3. The applicant has indi-
cated that instrumentation and data reduction procedures for analog recording do
not conform to the recommendations of RG 1.23, "Onsite Meteorological Programs."
The staff is continuing to check the reasonableness of the data collected to
date, and the staff will ensure that the new meteorological measurements

program conforms to the specifications of RG 1.23. The current meteorological
measurements prog..m appears to have provided data to represent onsite meteor-
ological conditions as required in 10 CFR 100.10; however, the staff is con-
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tinuing its evaluation of the adequacy of these data. Nevertheless, the staff.
concludes that the site data provide a reasonable basis for making preliminary
conservative estimates of atmospheric dispersion conditions for estimating
consequences of design-basis accident and routine releases from the plant

because the resulting windspeed, wind direction, and atmospheric stability
distributions appear reasonable for the location of the Vogtle site. Additional

analyses will be performed to confirm this conclusion.
2.3.2 Short-Term (Accident) Diffusion Estimates

To audit the applicant's estimates, the staff has performed an independant
assessment of short-term (less than 30 days) accidental releases from buildings
and vents using the direction-dependent atmospheric dispersion mode] described
in RG 1.145, "Atmospheric Dispersion Models for Potential Accident Consequence
Assessments at Nuclear Power Plants," with consideration of increased lateral
dispersion during stable conditions accompanied by low windspeeds. Three years

(as described in Section 2.3.3) of onsite data were used for this evaluation

Windspeed and wind-direction data were based on measurements at the 10-m leve] ‘

and atmospheric stability was defined by the vertical temperature gradient
measured between the 10-m and 45.7-m levels. A ground-level release with a
building wake factor, cA, of 1184 m? wis assumed. The relative concentration
(x."7) value for the O-Zi:hr time period was determined to be 1.8 x 10-% sec/m?
for the 5% overall site limit at an exclusion boundary distance of 1097 m.
Virtually identical x/Q values were calculated at the exclusion arei boundary
In the east-northeast, south, south-southwest, and southwest sectors. The 5%
overall site limit x/Q at the outer boundary of the low=population zone (LPZ)
was also slightly higher than the x/Q values in individual sectors. The x/Q
values for appropriate time oeriods at the LPZ distance of 3218 m are:
Time period x/Q (sec/m?)

0-8 hr 3.1 x 10-5

8-24 hr 2.2 x 10~

1-4 day: 1.0 x 10-5

4-30 days 3.4 x 10-%
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The applicant has calculated an identical x/Q value at the exclusion area
boundary. The x/Q values calculated by the applicant for various time
periods at the LPZ distance are very similar to those calculated by the
staff, with the largust difference (about 25%) occurring for the value for
the 4-30-day time period.

On the basis of the above evaluation performed in accordance with the criteria
contained in SRP Section 2.3.4, the staff concludes that the applicant has
considered appropriate atmospheric dispersion estimates for assessments of

the consequences of radiocactive releases in accordance with the requirements

of 10 CFR 100.11. The staff used the atmospheric dispersion estimates provided
in this section in an independent assessment of the consequences of radioactive

releases for design-basis accidents. The acaclle of thii Oudsaiment are
dirtuuassd wn dickion 15 of thaa SER,

2.3.5 Long-Term (Routine) Diffusion Estimates

To audit the applicant's estimates, the staff has performed an independent ~al-
culation of annual average relative concentration (x/Q) and relative deposition
(0/Q) values using the straight=line Gaussian atmospheric dispersion model
described in RG 1.111, "Methods for Estimating Atmospheric Transport and Dis-
persion of Gaseous Effluents in Routine Releases From Light-Water-Cooled Reactors."
The results of this mode] were adjusted to reflect spatfal and temporal varia-
tions in airflow using the correction factors contained in NUREG/CR-2919.

Releases from the plant vents (atop the containment building) were considered
as a mixture of elevated and ground leve:, except for the transpourt directions
(affected sectors) of east-northeast and east, where the natural draft cooling
towers could significantly affect atmospheric dispersion. For the transport
directions of east-northeast and east, releases from plant vents were considered
as ground level. Releases from the turbine building (including the air ejector
exhausts) were considered as ground level, with mixing in the turbulent wake of
the major plant structures. Releases from the radwaste building were also
considered as ground level, with mixing ‘n the turbulent wake of that building.
The same 3-year period of record described in Section 2.3.4 vas used for this
evaluation,
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On the basis of é:hc above evaluation performed in accordance with the cri- .‘
teria contained in SRP Section 2.3.5, the staff concludes that site-specific
atmospheric d‘spersion conditicns have been considered in demonstrating

compliance with the numerical guides for doses containad in 10 CFR 50, Appen-

dix I. The atmospheric dispersion estimates developed Ly the staff are

included \n the assessment of the radiologiza! impact to persons resulting

from routine releases to the atmosphere contained in the staff's environmental
statement. :

2.4 Hydrologic Engineering

Later

2.5 Geology and Seismology

For this DSER, the stafr has reviewed all available relevant geologic and

seismologic information obtained since the issuance of the Safety Evaluation

Report - Construction Permit stage (SER-CP) and supplements to the SER=CP in ‘
1974 (NRC, 1974) in accordance with the SRP.

In the SER-CP the staff and its consultant, the U.S. Geological Survey (USGS),
concluded that:

(1) Geologic and seismologic investigations and information provided by the
applicant offer an adequate basis for determining that no faults exist
at, or in the immediate vicinity of, the plant site that could localize
sefsmicity.

(2) Ground motion values of 0.20 g and 0.12 g for the safe shutdown earthquake
(SSE) and the operating basis earthquake (0BE), respectively, are ade~
quately conservative.

Since the issuance of the CP-SER, the applicant has performed further detafled

geologic and geophysical investigations of the site and site region. This
includes geologic mapping of the excavation for the main power block area, and .
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a fault investigation prompted by a USGS cpen-file report postulating the
existence of the Millett Fault 7 mi south of the plant site. A staff review
of this investigation is discussed in Section 2.5.3 of this DSER.

During the current review, the NRC staff identified the following issues for
evaluation:

(1) new geological and seismological information discovered since the CP
review

(2) the postulated Millett Fault south of the Vogtle site

(3) significance of clastic dikes and associated structures at the site and
in the site region

(4) the adequacy of the seismic design response spectrum

Much of the new geolcqgic and seismic data have been developed from research in
the southeastern United States, particularly in the Charleston, South Caroiina,
area. During past licensing decisions the NRC (and the former AEC) have held
to the position that the relatively high seismic activity within the Coastal
Plain Province in the vicinity of Charleston, S.C., including the 1886 Modified
Mercalli Intensity (MMI) X earthquake, was, in the context of Appendix A to

1C CFR Part 100, related to a unique tectonic structure there. Therefore, in
the context of the tectonic province approach, an MMI X earthquake should not
be .ssumed to occur anywhere else. Tnis conclusion was based primarily on the
sersistent historical sefsmicity that has characterized the meizoseismal zone
of the 1886 Charleston, S.C., earthquake. It was also based on evidence,
though not strong, of unique geologic structure. Lacking definitive informa-

tion, both the NRC and the AEC based their conclusions in part on advice from
the USGS.

In 1973, with AEC funding, the USGS began extensive geologic and seismic
investigations in the Charleston, S.C., region. These studies are still under
way. As a result of these investigations, a great deal of information has
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been obtained, but the source mechanism of the sefsmicity still is not known. .
Many working hypotheses have been developed based on the research data. These
hypotheses are described in the Virgil C. Summer Safety Evaluation Report

(NRC, 1981), and will not be discussed here, except to say that some of these
theories postulate that an earthquake the size of the Charleston, S.C., earth-

quake of 1886 could recur in other arezs of the Piedmont, Atlantic Coastal

Plain, and continental shelf in addition to the epicentral area.

Because of the wide range of opinions within the scientific community con=
cerning the tectonic mechanism for the Charleston, S.C., seismicity, the USGS
clarified its position regarding the localization of the seismicity in the
vicinity of Charleston, S.C., including the 1386 MMI X earthquake (Novem=

ber 18, 1982 letter from James F. Devine, USGS, to Robert E. Jackson, NRC).

The NRC staff has formulated an interim position concerning eastern seismicity
in general and Charieston, S.C., seismicity in particular (see Section 2.6 of
this DSEK). As part of future research efforts described in that position,

the NRC staff is addressing the uncertainties abcut eastern seismicity by
probabilistic studies funded by NRC and conducted by Lawrence Livermore Nationa]‘
Laboratory (LLNL). At the conclusion of these studies, the NRC staff will

assess the need for a modified position with respect to specific sites.
Considering the speculative nature of most of the eastern seismicity hypotheses,
the low probabi ity of large earthquakes in the eastern U.S. and present
knowledge of the geology and seismology of the region, the NRC staff considers
the Vogtle desi¢n basis appropriate. The staff does not consider this issue

an open item.

After careful review of the new information provided and evaluated by the
applizant, the staff concludes that there is no basis for altering its con-
clusions stated in the CP-SER concerning the safety of the Vogtle site.

The staff has evaluated the FSAR and subsequent documents and information

including excavation and trench mapping, and the fault investigation report,

"Studies of Postulated Millett Fault" (Georgia Power Co., 1983). The staff

has concluded that the applicant has (1) performed satisfactory sits and

regfonal geologic and geophysical investigations, (2) reviewed all available ‘

10/26/84 2-22 VOGTLE DSER SEC 2



pertinent literature, and (3) provided the staff with all information necessary

to evaluate, assess, and support the applicant's conclusions concerning the

safety of the Vogtle site from the geologic and seismologic standpoint. In
addition, the staff finds the applicant has satisfied the requirements of and

is in compliance with applicable portions of the following:
p .

(1) Appendix A te 10

>tandard Format and Content

, "Site Investigations for Founda*ions of
licable to the development of ( and
logic information relevant to the stratigraphy, lithology, geoiogic

tural geology of the site
ite Suftability Criteria for Nuclear Power Stations

esign Response Spectra for Seismic Desian of lear Power

through 2.5.3, the staff reviews the

18

and bases.

the staff reviews the stabi Ity o7 subsurface materials and

The three fundamental geoloqic concerns addressed

«

f v b .
.

" the geologic safety of the site, were




(1) the large body of new information rapidly accumulating in the soutn- ‘
eastern U.S., in the Piedmont and Coastal Plain, partly because of NRC-
funded research, that has resulted in greater knowledge of the subsurface
and modifications of interpretations of the tectonic history of eastern
North America

(2) the problematic, and almost ubiquitous, occurrence of clastic dikes in
the upper Eocene and lower Miocene strata of Georgia, South Carolina, and
North Carolina, the origin of which had not been investigated in depth

(3) the possibility of a fault of unknown age exists 7 mi south of the
Vogtle site (postulated by USGS Open-File Report 82-156)

The conclusions reached:

(1) No new information detrimental to the safety of the Vogtle site has been
‘ncovered.

(2) Although the origin of the clastic dikes is still not demonstrated with .
certainty, their apparent great age, in the hundreds of thousands to
millfons of years, ensures that they are nct a safety concern to the
plant site.

(3) Geological and geophysical investigations confirm that no fault is present
at or near the site that has offset any strata younger than 40 million

years old.

The sections that follow provide the background and justification for these
conclusions.

2.5.1.1 Regional Geclogy
The Vogtle site is located within the Atlantic Coastal Plain Province about 25

mi southeast of Augusta, Georgia, and on an upland curface about 100 ft above
and adjacent to the Savannah River. At the plant site Coastal Plain sediments .
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range in thickness from 800 to 1,000 ft: consist predominantly

of sandstone,

shale, limestone, claystone, and marl; and range in age from Upper Cretaceous
(138 million years before present to 63 mybp) to Holocene (10,000 years before

present %o the present).

except for river alluvium and gravels of Quaternary age (2 mybp to present), t

youngest, most extensively exposed formation in the region is the Hawthurn

(or

Altamaha) Formaticn, a red and yellow, thick-bedded sandy clay, of Miocene age

(25 mybp=5 myb

Hawthorn Formation is the Upper Eocene (¢

Imestone, and a variety of rapidly

. ' rtar
assortet

both laterally and vertically

ldest exposed

n the banks of

Because of its

density

bearing strati

rest unconformably on Paleocene (63 mybp-

T BN . - | TR 4 r ‘ {» % g : -
and Diack 1ignitic sands which are also distinctive nese ove

Lretaceous (96 mybp-63 mybp) T.scaloosa Fo on unconformab]
sediments are the oldest of the late Mesozoic (240 mybp=~60 myb
gression deposits that constitute the Coastal Plain covermass

of layers of coarse-grained sand and gravel with lenses

Adjacent to and northwest of the Atlantic

mont Province The boundary between the tw

Line which s approximately 25 mi northwest

~hanagi
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n
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55 mybp-38 mybp) Barnwel




acterize the Piedmont disappear beneath the Coastal Plain sediments at the .
Fall Line, but no structurally significant boundary exists.

2.3.1.1.2 Structure and Tectonics

In several places in the Piedmont, west and north of the Coastal Plain, Tri-
assic down-faulted basins filled with distinctive Triassic sedimentary rocks
and some Triassic-Jurassic basaltic fgneous rocks are exposed. Similar basins
have been recognized beneath the Coastal Plain. Une such basin, the Dunbarton
Basin, trending northeastward, has been identified on the basis of aeromagnetic
anomalies and drilling for the Savannah River Plant (Marine and Siple, 1974).
The Vogtle plant overlies the basin, close to the northern boundary. As this
basin is downfaulted, presumably into Piedmont rocks, it is assumed that the
rocks below and surrounding the basis are Precambrian (older than 570 mybp)

and early Paleozoic (570 mybp-240 mybp) metamorphic rock.

At the surface, the Coastal Plain strata overlying the Piedmont and Triassic

Basins gently dips toward the southeast, and, on the large scale, is relatively ‘
undeformed, reflecting the relative tectonic quiescence of a passive continental
margin at great distances from a lithospheric plate boundary, where most

seismic, volcanic, and tectonic activity occur according to the plate tectonics
paradigm.

Recent deep sefsmic reflection profiling (Cook et al., 1979) has identified a
large-scale detachment surface under the Appalachians, from the Allegheny
Plateau to at least the central part of the Southern Piedmont, indicating a
large allochthonous mass above the continental basement. There is, however,
no certainty that the detachment continues under the Coastal Plain (Iverson
and Smithson, 1983). Although it has been suggested that this detachment
surface may be localizing seismicity (Seeber and Armbruster, 1982), this has
not been demonstrated. As this is also one of the hypotheses regarding the
source of the Charieston 1836 earthquake, it fs being addressed in the Interim
Charleston Position of the NRC (see Appendix A of the DSER).

10/26/84 2-26 VOGTLE DSER SEC 2



Geophysical evidence has suggested the possibility that the Piedmont and its
extension under the Coastal Plain is censtructed of several discrete, litho~
logically and geophysically distinct masses (or terrains). These are postulated
to have coalesced by accretion during middle and late Paleozoic tectonic

events as the pre-Atlantic lapetus Ocean closed, resulting in the continental

collision of North America with Africa (Williams and Hatcher, 1982). Although

attempts to correlate modern seismicity with these terrain boundaries have

been made (Wheeler and Bollinger, 1984) the correlation is not convincing and,

U

therefore, this hypothesis has not gained much favor. Moreover, the | ]

e Vog
site 1s not near the postulated terrain boundaries and thus is not affected Dy

this information

Cretaceous and

Plain and the
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and an unnamed pair of
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Dikelike structures are common and widespread in tne Sounger Tertiary sedi-

mentary strata of the Miocene (24 mybp=5 mybp) They are found in the upper

foastal Plain from Georgia to North Carolina in two upper Miocene formations

-

the Barnwe!l Formation and the overiying Hawthorn

dArawn by the a;.‘:" fcant ; imited referen

{investigation required Dy the staff 1s that dikes do not

a0

safety issue because they appear to De very old, between

AN




The staff concurs with this assessment and suggests the possibility of the

dikes having formed close to 20 million years ago.

The following material provides some of the background and information that

were the bases for the above-stated conclusions.

The origin of the structures, primarily "clastic” dikes, some with associated
faults and folds, is still not understood. Because of the lack of detailed
information, they have been proposed, among other possible causes, to have had
a seismic origin, possibly related to the Charleston 1886 earthquake (Seeber
and Armbruster, 1983), the result of subsidence, differential compaction,
weathering and soil formation, or infilled extension cracks 1in soil Several

. A

authors have studied the dikes (Heron et al.. 1971; Zupan and Abbott, 1975;

Ay &

Secor, 1979; Mc ] d Hou: 1983) None of these, however, was a long-

term systematic ( ro relate all the features, nor to determine

the age, extenc, jeometry

At the request of the staff, the applicant did more reference work and recon-

naissance field observations toO provide further information, in an effort to

determine the dikes represent a safety-related concern

1

large waste trench

2 C n nt ] + ¢ inaa roancstruc=-
area, \ g plant, or burying construc

he trench, about 900 15 ft and 35 ft high,

exposed
several interesting features, ¢ ludi subsidence sag fault {kes d

tand e + . ,
apiric structures

Along with other features seen in the vicinity and within 30 mi of the plant,

the trench exposure provided more information on some a pects of dike genesis
in the area The applicant logged the trench and submitted a detailed report
and analysis A staff ageoscientist toured the area with tne applicant's

y ]

nsultants and evramined the trench before a map was ma e

The report describes several 11thic units nosed in the trench, interpreted

be the upper sands of the Barnwell Formation=-the lower massive sandy cla




of the Hawthorn Formation which 15 truncated by erosion and overlain unconform=-
ably by a layer of fine gray aeolian sands. The strata are warped into
sev “al folds; the downwarps are accompanied commonly by normal faults and

gr.. alike structures, indicative of differential subsidence of the strata into

voids below.

Narrow, relatively planar dikes of clay emerge from the Barnwell sands, commonly
along tne faults and, often, unrelated to faults. The dikes appear to flare
out upward in the dense, compact sandy clay, into a myriad of branches or
distributaries, irregular and nonplanar in shape, sometimes somewhat vertical
but curving n arch over downwarps. The gray clay dikes are distinguished
against the red or yellow host
scme areas alons t c blobs and clumps of the same material

dikes can be seen t co with the overlyi

neling and weathering of the middle thick sandy clay

elow the overlying gray sand. The dikes appear

with the aeolian sands.

Elsewhere in the site area, dikes often are fairly planar, much thicker than
in the trench 3-4 in. to 1-3 in. in the trench. The most
striking

a deep

characteristic weather-

within the sandy units

A few exposures along the local roads show narrow dikelike
coarse sand units in which there a to be no distincti

Detween the dikes and host stratum. The applicant reports

clay content of the "dikes" and the host stratum.

These observations have (ed the applicant to conclude in the report that the

Gikes are primarily a weathering phenomenon in which groundwater has made its

|18

way along pre-existing fractures, bearing and depositi transported clays or
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leaching out chemicals to alter the character of the fracture zones. The
altered fractures then appear to have been intruded by clastic or clay materia
In addition, the surface weathering, soil development, channeling. and trunca-
tion of dikes at the aeolz2an sand-dike bed contact sujgest to the applicant a
great length of time from the formation of the dikes and the weathering and

erosion of the upper part of th . The estimate based on weathering alone

is 10.000 to

4V, UUU TC

Although the staff does not agree with all aspects of the applicant's report,
particularly the mode of formation of the dikes, it concurs that the dikes are

1d, probably having formed ear'y in the development of the strata in

2

found, which is between 24 mybp and 20 mybp

in narrow channels and flare outward into
very S lay laj ch is the reverse of what would be expected if they

were liguefactiol ! it is suggested that the strata must have been

very loosel soli )r still saturated in order for the dike material to

penetrate what is now almost impermeable clay layers. Such a condition wcu"

exist in the early stages of sedimentation almost 20 mybp=25 mybp.

d considering the Iikely great

features represent a safety

*

It is the applicant’'s view that extensive core drilling and mapping of the
nain power Liock excavation has provided evidence that the bearing stratum
sound, Tacking faults, solutioning, or any other geologic feature that may

“epresent a sa?’e:y concern

Although small depressions can be seen in several localities in and around the
plant site, driliing has shown they are the result of soluticning of the Utley
Limestone, a thin, fossiliferous, basal unit of the Barnwell Group. Overlying

strata, such as that seen in the trench, have subsided into solution cav‘tie‘




The applicant reports that no evidence for solutioning in the Lisbon clay-mar)
bearing stratum below the Utley Limestone has been found in drilling or in the
excavations.

The staff's evaluation of the characteristics of tne bearing stratum are
addressed in Section 2.5.4 of this SER.

2.5.2 Vibratory Ground Mction

The conclusion reached during the construction permit (CP) review by the staff
and the staff's consultants, the U.S. Geological Survey, and the U.S. Army
Corps of Engineers was that 0.20 g (SSE) and 0.12 g (OBE) accelerations were
adeguate.

During the operating license (OL) review, the staff's seismological review was
based on geclogic and seismologic information in the Vogtle PSAR and FSAR and
other available literature. The review concentrated on the following:

(1) seismicity of the region and the association of earthquakes with geologic
and tectonic features

(2) vibratory ground motion at the site determined from the maximum historical
earthquake within the tectonic province, and from recurrence of the 1886
Charleston, S.C., earthquake

(3) ground motion estimated in (2) above compared with the SSE proposed for
the site

The staff's review indicates that those conclusions reached during the CP
review regarding the adequacy of the SSE and OBE at Vogtle are stil)

appropriate.

2.5.2.1 Seismicity
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Bulletins of the southeastern U.S. Seismic Network describe the seisricity .
since 1977 in the vicinity of Vogtle. Before that, most of what is known
about seismicity in the region of the site was based mainly on intensity data.

In general, the seismicity within 50 mi of the site is very low. The maximum
historical event within that radius is Modified Mercalli Intensity (MMI) IV.
Within 200 mi of the site, the only earthquake of epicentral intensity greater
than or equal to VII was the Union County, S.C., earthquake of January 1, 1913.
This earthquake, which occurred in the southern Piedmont had an epicentral MMI
of VII (Stover et al., 1984) and was not felt at the Vogtle site. In additien
to this earthquake, larger earthquakes at distances greater than 200 mi were
examined. The New Madrid, Missouri, earthquake seguence of 1811-1812 occurred
in the New Madrid Seismic Zone about 530 mi northwest of Vogtle and included a
maximum epicentral MMI of XI (Stover et al., 1984). Nuttli (1973) indicated
that this earthquake was felt in Georgia with ¢ maximum MMI of VI. The Giles
County, Virginia, earthquake of May 31, 1897, occurred about 280 mi north of
the site in the Valley and Ridge Province and had an epicentral MMI VIII
(Bollinger, 1973). Bollinger indicated that intensity III may have been felt
at the site. Another earthquake was the New Brunswick earthquake of January 9,
1982, which was about 1250 mi from the Vogtle site and had a magnitude of 5.75
and an epicentral intensity of VI. This earthquake occurred in the Piedmont-New
England Tectonic Province.

An earthquake of significance to Vogtle is one of MMI X (Stover et al., 1984)
at Charleston-Summerville, S.C. This is the largest historic event along the
eastern seaboard of the United States and occurred in a concentration of
seismic activity in the Atlantic Coastal Plain Province about 78 mi from the
site. The intensity of this earthquake at the site was VI. Other earthquakes
in the Atlantic Coastal Plain are discussed in Section 2.5.2.2 of this report.

2.5.2.2 Tectonic Provinces and Maximum Historical Earthquakes
The Vogtle site is located in the Atlantic Coastal Plain Province. This

province extends from the Fall Line (the southern boundary of the Piedmont
Province) 25 mi to the northwest, to the edge of the continental shelf to the‘
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east and southeast. Other tectonic provinces within 200 mi of the site include
the Valley and Ridge Province and the New England-Piedmont Tectonic Province.
Other than the Coastal Plain Province, the above provinces and all other
provinces outside the 200-mi radius are at sufficient distance so as not to
have any impact on the Vogtle seismic design. In the Southern Appalachian
area, the staff has, for the purpose of licensiry, treated the southern Pied-
mont as a separate area within the assumed New England-Piedmont Tectonic
Province (i.e., McGuire, Summer, Catawoa SERs). On the basis of available
information, it was not possible to relate past earthquakes to geological
structures in the southern Piedmoit or the Coastal Plain Province. Except for
the Charleston, S.C., area where the high seismicity cannot be considered
typical of the rest of the Atlantic Coastal Plain, this province is character-
ized by low to moderate seismicity. The largest repcrted earthquakes in the
Atlantic Coastal Plain Province are the Asbury Park, New Jersey, earthquake of
1927 (MMI VII), and the Wilmington, Delaware, earthquake of 1871 (MMI VII).
Therefore, an event similar to the MMI VII event mentioned above shouid be
considered as the maximum historical earthquake likely to affect the site.

On the basis of the estimated felt area, the Asbury Park earthquake and the
Wilmingten earthquake (Kafka, 1980) had an estimated magnitude less than 5.0.
Nuttli and Herrmann (1978) indicated that an appropriate equivalent magnitude
to an epicentral intensity of VII is a magnitude 5.3. The staff concludes
that the maximum random earthquake in the Coastal Plain Province can conserv-
atively be defined as having an estimated magnitude of 5.3.

The August 31, 1886, Charleston, S.C., earthquake is listed with epicentral
intensity X (Stover et al., 1984). The center of the area of maximum intensity
was located near Middleton, S.C. The USGS and other investigators are presently
investigating the Charleston-Summerviile, S.C., regfon. Interpretations that
have been published so far regarding the cause of the Charleston earthquake
differ considerably as far as cthe possible mechanisms are concerned.

The current staff position, as in the past (V.C. Summer Nuclear Station,

NUREG-0717) 1s that in accordance with the tectonic province approach (Appen~
dix A to 10-CFR 100), the effects of a recurrence of an event the size of the
Charleston earthquake in the Charleston-Summerville area shall be postulated

10/26/84 VOGTLE DSER SEC 2



s0 as to assess its influence on Vogtle. For discussion refer to Section 2.5
of this report. Additional discussion of the Charleston earthquake is found
in Sections ~.5 and 2.6 of this report.

2.5.2.3 Safe Shutdown Earthquake

At the CP stage (SER-CP, Suppl. 1) the staff concluded that the maximum site
intensity wi1]l be no greater than VII and the SSE acceleraticn of 0.2 g used
for the Vogtle units is adequately conservative.

The staff's position regarding the Vogtle site is that the following seismic
issues should be considered for the SSE design.

(1) the maximum random event in the Coastal Plain Tectonic Province, an event
of MMI VII equivalent to m, = 5.3, where My equals body wave magnitude

(Nuttli and Herrmann, 1978) in the vicinity of the site

(2) an event of the size of the 1886 Charleston earthquake (MMI X) occurring.
in the vicinity of the Charleston Summerville area about 78 mi from the
site.

On the basis of the tectonic province approach, the staff finds that the maximum
random event in the Coastal Plain was of MMI VII. The resulting mean value of
peak horizontal acceleration at the site was estimated to be 0.13 g (Trifunac
and Brady, 1975). In recent safety evaluation reports (for example, Millstone,
NUREG-1031; Limerick, NUREG-0991) the staff has indicated that site-specific
spectra obtained from appropriate suites of strong motion records of earthquakes
are more in accord with the controlling earthquake size, frequency content of
response spectra, and local site conditions than are standard RG 1.60 spectra.
In this method the use of the peak acceleration and RG 1.60 spectrum shapes

are repiaced by spectra obtained from earthquakes within half a magnitude of

the SSE earthguake recorded at a distance 'ess than 25 km from the earthquake
source with geologic conditions similar to those at the site. It is the

staff's position that spectra obtained by this method more realistically
estimate the seismic ground motion for Vogtle. The spectra should be based
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an appropriate ensemble of records with "blg =5.3 ¢ 0.5 obtained at a soil
site within 25 km of the source where "blg equals the body wave magnitude
based on the 1-g seismic wave. The staff's position has been that the 84th

percentile spectrum is appropriate for describing grcund motion to be used in
evaluating the design spectra of nuclear power plants.

Previous staff reviews of site-specific spectra for soil sites (Wolf Creek,
NUREG-0881; Palo Verde, NUREG-0857) indicate that the RG 1.60 spectrum anchored
at 0.2 g is adequate for describing ground motion for a magnitude 5.3 event.

With respect to the Charleston earthquake of 1886, Nuttli et al., (1979)
estimated the magnitude (mb) to be 6.6. The distance between the Vogtle site
and the meisoseismal area of the 1886 earthquake is 78 mi. Using the equations
derived by Nuttli (1983) and Campbell (1981), the staff estimated the 84th
percentile accelerations at Vogtle from the reoccurrence of such an event to

be less than 0.2 g.

On the basis of consideration of both the local magnitude 5.3 and the reoccur-
rence of an earthquake the size of the 1886 earthquake in the Charleston area,
the staff considers the RG 1.60 response spectrum anchored at 0.2 g used for
the design of Vogtlie to be acceptable.

2.5.7.4 <Uperating Basis Earthquake

The applicant has proposed 0.12 g for the acceleration level corresponding to
the OBE. This represents more than half of the SSE acceleration 0.20 g,
consistent with Appendix A to 10 CFR 100 which indicates that the OBE is at
least half of the SSE. Therefore, the staff finds tnhe acceleration level of
the operating basis earthquake acceptable.

2.5.3 Surface Faulting

2.5.3.1 Postulated Millett Fault
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For the construction permit, the applicant's geological investigations conclu‘
that there was no surface faulting in the vicinity of the Vogtle site.

Before the FSAR was submitted for the OL review, a document released by the
USGS, Open-File Report (OFR) 82-156 (Faye and Prowell, 1982), postulated the
existence of a fault, the Millett Fault, 7 mi souch of the site. Although the
report was a water-resources study about the hydrology and geology of the
Coastal Plain in the vicinity of the Savannah River, indirect avidence from
secondary sources suggested to the authors the possibility of a fault across
the Savannah River.

The report further postulated a second fault, the Statesboro Fault, 32 mi
south of the plant.

As interpreted by Faye and Prowell, the Millett Fault trends northeastward
across the Savannah River, fs approximately 40 mi long, and has vertically
uplifted the buried Triassic/Cretaceous contact more than 600 ft on the south-

east side of the fault. .

The main evidence for the inferred fault came from a comparison of well cut-
tings taken several years before the USGS study from two water wells, P5R and
AL66. Interpretation of the “ER&F fragments suggested that Triassic rocks
were present below -1100 ft in iibut above 600 ft in AL66 four miles to the
south. Further, an examination of surface and groundwater flow records over a

period of 40 years indicated some anomalous craracteristics which Faye and
Prowell interpreted as resulting from a subsurface barrier. By extrapolation
from the Belair Fault 35 mi to the north, the USGS study inferred that an
impermeable gouge zone above the postulated Millett Fault forced the south-
flowing groundwater from a lower aquifer to a higher one on the south side of
the fault. As the trace of the postulated fault traverses a segment of the
Savannah River where a straight stretch of the river changes to a more charac-
teristic meandering flow pattern, the USGS study considered this observation
additional support for the inferred fault.
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Evidence for the trend and length of the pcstulated faults was by extrapolation
from other post-Cretaceous Coastal Plain faults in the southeastern United
States.

Although no age of faulting was suggested, the USGS study indicated that rocks
at least through the Eocene epoch (55 mybp=-38 mybp) were involved.

2.5.3.2 Fault Investigation
2.5.3.2.1 Introduction

At the request of the NRC staff the applicant undertook a detailed investi=
gative program, because the age and, therefore, capability of the inferred
faults were undetermined.

In October 1982, the applicant submitted to the NRC a report of a fault-specific
fnvestigation entitled, "Studies of Postulated Millett Fault" (Georgia Power
Company, 1983). Two postulated faults, the Millett and Statesboro Faults,

were investigated; the primary focus was on the Millett Fault, which was

closer to Vogtle.

Techniques Used in the Investigation

The applicant utilized a wide range of techniques to explore the surface and
subsurface for both geologic and hydrologic information in order to locate and
date the fault. Included in the study was (1) field geologic mapping, (2)
aerial and Landsat imagery for remote sersing analysis, (3) core drilling on
both sides of the Savannah River and straddling the interval of the two wells
described in the open file report, (4) petrographic, x-ray, and heavy mineral
analyses of core samples, (5) downhole geophysical studies including gamma,
neutron, and electric logging, (6) seismic reflection profiling, (7) regional
gecphysical and sefsmicity studies, (7) weli-water-level monitoring, (8)
groundwater modeling, and (9) analysis of surface water flow.

Staff Review
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Because of the wide range of techniques used, several NRC staff revievers hav
contributed to this evaluation of the utility's report: a geologist covered
the varied geologica! investigations, a sefsmologist covered the historic and
presentday seismicity of the area, a geophysicist covered the seismic reflection
profiling, and a hydrologist reviewed the surface and groundwater study. In
addition, the geologist and one of the geophysicists have visited the site
region with the NRC project manager and the applicant's staff to examine the
cores drilled for this study, the stratigraphy, and various aspects of the
surface features, in ordcr to have first-hand experience in evaluating the
fault investigation report.

Conclusions:

On the basis of the results of the study, the applicant concluded that there

fs no evidence a capablzs fault exists; and that if such a fault does exist, it
is more than 40 mybp million years old. The staff agrees that this conclusion
s consistent with the reported information and results of the various investi-
gative technigues.

2.5.3.2.2 Summary of Fault Investigation and Results

A brief summary of these results, the applicant's views, and the bases for the
applicant's and staff's conclusions follow.

Geologic Investigation

The geologic investigation included (1) field mapping and remote sensing to
fdentify evidence for surface faulting; (2) core drilling with petrographic,
x=ray, and heavy-mineral analysis of the strata in the cores in order to
correlate layers from core to core to determine any offset of the strata;

(3) downhole geophysical logging, which identifies ‘ndividual strata by
characterfistic signatures that are dependent upon the physical properties of
the rock units, also with a view to correlating the strata from core to core,
and (4) review of other geophysical studies.
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(1) Field mappirg and remote sensing techniques failed to uncover any evidence
of surface faulting, or linear features indicative of surface or near-surface
rupture. The staff reviewed of some of the original imagery used for the

study and checked the site area to verify this conclusion.

(2) Twelve drill cores we e taken along two parallel north-south lines,
crossing the inferred trace of the Millett Fault, one in South Carolina close

to the two wells studied by Faye and Proweil, and one in Georgia. Along both
Tines, one cora was taken from the location closest to the trace of the fault
and the others were equally spaced north and south of the fault. Eight holes
were cored in Georgfa, about 1 mi apart (north-south), and four were cored

fn South Carolina. Visual examination and petrographic and mineralogic analyses
fdentified distinctive marker beds. One of these, the Blue Bluff mar), appeared
consistently between 100 ft abovc sea level to 100 ft below, showing no change
in elevation (other than that due to the gentle regicnal dip to the south) on
either side of the postulated fault in Georgia and South Carolina. This
indicates that no vertical offset, and therefore no fault of the type postulated
in the USGS open file report, is present down to strata at least 40 million
year old at the inferred 'ucation of the postulated fault. Furthermore,

core VS.-4, on strike with, and 200 ft from, well AL66 in which the USGS
interpre <d |- assic rocks at an elevation of =600 ft, was the deepest hole in
the study The core at =1000 ft was still in distinctive Cretaceous Tuscaloosa
sands. The staff examined this core and agrees that it has none of the charac-
teristics of Triassic rocks and looks much like other Cretaceous samples.

This result 1s in direct disagreement with the USGS interpretation upon which
the fault is postulated.

(3) Downhole geophysical logs, especially the gamma log, provided distinctive
signatures that verified the petrographic identification of the strata, and in
particuiar the Blue Bluff marl, confirming the continuity of the unit across
the inferred location of the Millett Fault.

Seismic Reflection Study
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A 19-mi acoustical seismic reflection survey was conducted in the Savannah Ri
in the vicinity of the postulated Millett Fault. The survey used three differ-
ent energy sources (Uniboom, a 10-in.3 air gun, and a 20-in.3 afr gun), to
obtain high resolution and deep penetration of the subsurface formations. The
survey was carried out in water between 10-ft and 25-ft deep.

The reflection survey identified several key horizons, A through I, at different
depths ranging between +70 and -1150 ft. Some of the horizons, such as reflector
E, which correlates with the top of the limestone that is the lowest unit in

the Barnwell Group, of the late Eocene age (40 mybp) and a reflector G, which
represents the unconformable contact between the unnamed sands of the Middle
Eocene Lisbon Formation and the top of the Paleocene kaolinitis clay (60 mybp)
are well correlated with adjacent core holes. Some of the reflectors are well
defined; others are weakly defined. Some of the horizons showed small features
which may indicate past channelization or buried karstic surfaces. The continu=
fty of the reflectors above the Triassic/Cretaceous contact and the absence of
not iceable displacement in the higher horizons above =500 ft elevation indicate
the absa ice of faulting within the last 60 million years in the vicinity of t
postulated Millett Fault. This conclusfon agrees with that of the applicant's
report, that no capable fault has been identified by the seismic reflection
data obtained for this study.

In addition, seismic reflection data obtained by the applicant from the Savannah
River Plant investigation of the deeper horizons in the vicinity of both plants
suggest the possibility of a small normal offset of the Triassic/Cretaceous
contact of 50-100 ft in the vicinity >f the postulated fault. No evidence,
however, for offset in younger horizons can be detected.

Seismoiogy Study

The avaflable sefsmicity information includes (1) felt earthquakes, (2) recent
instrumentally located events, and (3) data from the Savannah River Plant

array, Jjust across the Savannah River from the Vogtle site. The applicant
concludes that historic sefsmicity reveals no evidence of active faulting in

the area. This conclusfon s consistent with the data. The sefsmicity wnhh‘
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50 mi of the site has been scattered and low level (maximum MMI of IV). No
clustering of earthquakes fs occurring near the postulated Millett or Statesboro
Faults.

Hydrology Study

Faye and Prowell used, as part of their case, severa) hydroiogic arguments to
support the existence of the postulated fault. The applicant investigated
these arguments thoroughly in this study. The applicant addressed issues of
different unit base flows in river reaches (generally above and below the
postulated fault), levels of well water across the postulated fault, and
groundwater piezometric surface contours. After carefully reviewing all the
contractor's hydrologic evaluations, the staff concurs in the conclusion that
the hydrologic data provide "no basis to support or preclude the existence of
a fayult."

Conclusions

On the basis of (1) the continuity of strata across the inferred location of
the postulated Millett Fault as determined by (a) drill cores, (b) downhole
geophysical logging, and (c) sefsmic reflection profiles; (2) the absence of
Triassic rocks at levels above ~1000 ft, as shown by drill core VSC~4 on the
south side of the postulated fault; (3) the scattered and low=level seismicity;
and (4) the hydrologic information which neither indicates nor disproves the
presence of a fault, the applicant's report concludes that there is no evidence
that a capable fault exists in the vicinity of the Vogtle plant.

The staff has carefully reviewed the report, has visited the site and examined
the cores, the logs, and remote sensing imagery, and checked the surface features.
The anv‘oun-t:!staff"Eonsido{ the applicant's conclusion to be consistent

with the data as reported, and conclude, therefore, that no capable fault as
defined in Appendix A to 10 CFR Part 100 is present in the vicinity of the

Vogtle plant, based on all presently available data.
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Further support for this conclusion comes from Prowell's later (1983) report ‘
on Cretacecus and younger faults of eastern North America. The Millett and
Statesboro Faults are not included as documented faults.

It is concluded, therefore, that no surface faulting capable of Tocalizing
earthquakes is present at the plant site on in the vicinity of the site.

2.5.4 Stability of Subsurface Materials and Foundations

Sections 2.5.4.1 through 2.5.4.7 summarize the staff's geotechnical engineering
review of the Vogtle Electric Generating Plant, Units 1 and 2, as presented in
the Final Safety Aralysis Report (FSAR) through Amendment 3, dated August 1984,
and the applicant's response to st 'f guestions Q241.1 through Q241.24. The
stability of subsurface materials and foundations (FSAR Section 2.5.4) has

been evaluated in accordance with the applicable criteria outline in 10 CFR 50;
10 CFR 100; Appendix A of 10 CFR 100; RG 1.70, “Standard Format and Content of
Safety Analysis Reports for Nuclear Power Plants" (Rev. 3); RG 1.132, "Site
Investigations for Foundations of Nuclear Power Plants;"™ RG 1.138, “"Laborator, .
Investigations of Soils for Engineering Analysis and Design of Nuclear Por er
Plants"; and the Standard Review Plan (SRP), NUREG-0800, July 1981.

2.5.4.1 Site Conditions

The site conditiors which exist at the Vogtle site do not involve stability of
s'opes nor embankment and dams, and therefore, FSAR Sections 2.5.5 and 2.5.6
are not addressed in th1j'ﬂ5port.

2.5.4.1.1 General

The Vogtle Electric Generating Plant Units 1 and 2 is located on the southwest

side of the Savannah River in Burke County, Georgic, approximately 26 mi

southeast of Augusta, Georgia. The topography of the site 1s one of rolling

nills with original ground surface elevations in the immediate plant area

(excluding the river intake canal and structure) generally ranging from el 255 ft
above mean sea level to el 280 ft. Final plant grade at e] 219.5 ft required ‘
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the removal of the upper natural soils. The Savannah River at its closest
point to the site !s approximately 3000 ft northeast from the main plant area
and has a normal water elevation of 80 ft. The maximum water leve] in the
Savannah River has been es:'imated at e] 165 ft under assumed probable maximum
flood (PMF) conditions that include allowance for wave runup. As described in
Section 2.4 of this SER, groundwater movement has been observed in an upper
water table aquifer system and a confined aguifer system that 1: located below
approximately el 70 ft. The foundation designs of sefsmic Category I struc-
tures have been based on a maximum groundwater elevation of 165 ft and this
maximum leve! would be located in the upper water table aquifer system.

2.5.4.1.2 Site Foundation Description

The subsurface conditions as revealed by explorations and foundation excava-
tions 1n the plant site area may be divided into three principal strata. The
top stratum consists of sands (SP), silty sands (SM), and clayey sands (5C)
and in the FSAR this top layer is identified as the upper sand stratum. The
upper sand stratum fs about 85 ft in thickness below plant grade and has a
bottom elevatfon at approximately el 135 ft. A shelly limestone (Utley Lime-
stone), which subsurface explorations showed to be subjected to extensive
leaching and to solutfon cavities, 1s locatec at the base of the upper sand
stratum and ranged up to 12 ft in thickness. The stratum below the Utley
Limestone is the major foundation=supporting layer and is identified as the
clay mar) bearise stratum. The clay mar] stratum s approximately 65 ft in
thickness in the main plant area and ranges in elevation between 135 ft and
70 ft. The c'av mar) stratum is a gray to greenish-gray, calcareous silty
clay with shell f-agments and interbedded with 1imestone and sand lenses.
Ori11ing recove-ies show the mar! to be predominantly a hard to very hard,
weakly cemented materfal with some zones * softer marl. Seismic explorations
indicated a velocity interface about 15 ft below the top of the clay nar)
stratum which is a reflection of weathering in the upper 15 ft of the mar)
zone. A thick, dense, coarse~to-fine sand zone with minor interbedding of
siity clay and clayey silt layers 1s located beneath the clay mar) stratum.
This lower sand stratum 1s estimated to be in excess of 750 ft 1n thickness;
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recorded blow counts per foot of penetration in the standard penetration test .
(SPT) are generally in excess of 100 blows.

The applicant cecided to excavate the upper natural sofls and extend this
excavation into the clay mar] stratum in order to avoid foundation difficulties
with the shelly limestone layer and to eliminate any potential for liquefaction
in the upper sand stratum. Liquefaction had been indicated to be a possibility
fn the upper sands when evaluated, allowing for a seismic event equivalent to
the safe shutdown earthquake (SSE). This extensive foundation excavation
operation required the removal of approximately 5 million cubic yards of sofl
to el 130 ft and measured approximately 1000 ft along each side at the bottom
of the excavation which was roughly square in shape. A deeper excavation to

el 108.5 ft in the clay mar] stratum was made over a rectangular area measuring
120 ft x 440 ft to accommodate the basemat for the deeper portion of the
auxiliary buflding. Description of the geologic mapping, dewatering activities,
rebound monitoring, surface cleanup and protection measures, and foundation
inspection and approval procedures are provided in Appendix 2B of the FSAR.

The foundations of seismic Category I structures that are evaluated in this .
report include the reactor containment buildings, nuclear service cooiing water
(NSCW) towers and pumphouses, auxiliary building, fuel=handling building,

control building, diesel generator buildings, diesel fuel of! storage tanks

and buildings, condensate storage tanks, auxiliary feedwater pumphouses,
refueling water storage tanks, reactor makeup water storage tanks, and Category I
piping, conduits and tunnels. Reinforced concrete mat foundations were used

for Category I structures with the exception of wall ‘ootings for certain

tanks, and box culverts for piping and tunnels. FLAR Figure 241.”~1 provides

a plan view of the main plant layout and identifies the outline of sefs. i
Category I structures.

Excavating the natura)l soils to the clay mar] stratum placed the foundations

of most sefsmic Category ! structu-es on compacted backfill. Only the more

deeply founded auxiliary building, NSCW towers, and instrumentation cavity of

the containment building are founded on the clay mar). A1l other foundations

of the power block structures are supported on Category 1 backfill and have .
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foundation elevations ranging from el 158 ft (reactor building) to el 218 ft
(reactor makeup water storage tanks).

Category 1 backfill was selectively excavated from nearby borrow sources and
consisted of medium to fine sands (SP) and sands with some silt (SP=SM).
Although permitted by PSAR and FSAR documentation to contain up to 25% by
weight passing the No. 200 sieve, the percent of fines actually contained in

the Category 1 backfill that was placed and compacted was limited in the field
to about 12%. A)) Category 1 backfill in the power block area was to be
compacted to an average of 97% of the maximum dry density determined by American
Socfety of Testing Materials (ASTM) D1557, with no tests below 93% and not

more than 10% of the tests between 95 and 93%. On the basis of the results of
test fill studies, the applicant indicated his intent was to control the
placement moisture content of the Category 1 backfill to within £ 2% of the
optimum moisture content determined by ASTM D1557 (FSAR Section 2.5.4.5.2.7).
The staff's evaluation on the adequacy of the compacted backfill 1s subsequently
discussed in this DSER 1n Sec.ion 2.5.4.3.

2.5.4.1.3 Site Investigations

Field fnvestigations at the site were fnitfally started in January 1971 and

were continued during construction; 38 borings were drilled from the bottom of
the foundation excavation on the top of the clay mar] bearing stratum in 1977

fn the power block area. The field investigations have included drilling,
geophysical sefsmic surveys, groundwater studies, and geologic mapping of
foundation excavations. A total of 474 holes have been drilled, of which 111
holes were completed subsequent to the PSAR investigations. Table 2B~1 of the
FSAR provides a list of borings with summary information for foundation investi~
gations completed for the PSAR.

The site investigations were completed to define the various subsurface materials
and stratification, to obtain sof) samples for laboratory testing and the
estab’ishment of engineering properties, to fdentify sources of suitable

borrow, to permit measurement of shear and compression wave velocities, to
determine fn situ foundation material permeabilities and groundwater movement
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and for geologic mapping and inspection (e.g. for faulting, cavities, soft ‘
zones) of foundation excavations for approval before concrete was placed. The
fnvestigations completed at the Vogtle site did not extend to firm bedrock

which is estimated to be approximately 750 ft below the bottom of the clay

marl stratum.

On the basis of its review of the information presented in the FSAR, the staff
concludes that the site fnvestigations completed by the applicant are accept-~
able and adequate to identify the important subsurface features and foundation
conditions, with the exception of the "CS" series holes drilled in 1977 from
on top of the clay mar] stratum.

In Question 241.3 of its review of the FSAR, the staff attempted to understand

the reasons for the poor core recovery in the clay mar] stratum that was

indicated in 9 of the 36 borings which were drilled in 1977. Because the

staff cannct accept portions of the applicant’'s response to Q241.3 which were

provided in Amendment 6 (May 1984), this concern remains an open review item.

The basis for this staff's position includes the following: .

(1) The Applicant's response to Q241.3 indicates that the 1377 mari-sampling
program was not an exploration program and was not designed to obtain 100%

core recovery but, rather, was intended to obtain selected samples of the clay

mar] for laboratory testing. The staff has great difficulty in undarstanding

this response. The staff finds that the borings of the “(S" series, some of

which were drilled within the foundation 1imits of the NSCW towers, auxiliary
building, containment buildings, control building, and fuel-handling building,

were important to assessing the foundation competency of the clay mar] stratum

and should have been drilled in accordance with good engineering practice and

the guidelines of RG 1.13Z "Site Investigations for Foundations of Nuclear

Power Plants." Good engineering practice would require a full and complete
description of the materials encountered for the entire depth and an explanation

on the bering logs for 0% recoveries in order to properly assess this condition

on the adequacy of foundation design and future butlding peformance. Supplementary
explorations specifically intended to determine the features of the zones of

the poor core recovery would normally be completed. The applicant's response .
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that this program was intended to :bbta1n selected representative samples of X
the marl stratum needs to be further explained, if it implies only good intact
rock core specimens were to be laboratory tested.

(2) The staff is unclear as to the significance in the applicant's response

of indicating that six of the nine borings with zero recovery are located
outside of the limits of seismic Category I structures. Certainly the borings
are close enough to safety-related structures to reasonably permit extrapulation
of the subsurface information to these structures. The staff recognizes that
the applicant has made similar extrapolation of subsurface data in its assess~
ment of the clay marl stratum where it has relied on information from caisson
excavations and outcrup locations that exist at considerably greater distances
from seismic Category I structures. The staff also recognizes that widely
spaced borings may not, in many instances, allow detection of adverse anomalies,
discontinuities or Tenses or pockets of unsuitable material and that there is

an important need to respond to these indicat’ons, such as 0% recovery when it
does occur, particularly at locations where leaching and solution cavities

have been observed.

(3) Although the staff agrees with the applicant that the preponderance of
subsurface information indicates that no open cavities exist below the top of
the clay mar] stratum, the staff is less certain that zones of softer material
do not exist in the clay marl. Such softer zones could be a factor as engineering
properties there would be significantly lower than values used in foundation
design. The staff attempted to gain confidence in the foundation adequacy of
the marl layer, in spite of the difficulties with the "CS" borings, by reviewing
the recorded settlements of structures founded on or close to the top of the
clay marl stratum. As discussed in Section 2.5.4.4.3 of this report, the
settlement records provided for the auxiliary building and reactor containment
building are indicating total settlements Yarger than anticipated for the years
of plant operation with approximately 87% of the total static loading already
placed. Settlement records for the NSCW towers have not yet been provided.

2.5 4.2 Engineering Properties of Foundation Materials
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The types of foundation materials have been described in Section 2.5.4.1.2 of .
this report. The engineering properties of these materials were established

by laboratory testing and field testing and are summarized in the following

FSAR tables and figures:

. Range of Engineering Static Properties for Site (Natural) sofls (FSAR
Table 2.5.4-1)

. Engineering Static Properties Adopted in Design-Site (Natural) Soils
(FSAR Table 2.5.4.2)

. Engincering Dynamic Properties Adopted in Design=Site Soils (FSAR
Table 214.12-1 and FSAR Figures 3.7.8.1-9, 3.7.8.1-10, 3.7.8B.2-6, 3.7.B.2-7)

On the basis of its review of the information provided in the FSAR, the staff
concludes that the engineering properties determined for foundation matertals
are acceptable and conform with the applicable portions of the Commission's
regulations, the Standard Review Plan, and RG 1.138, "Laboratory Investigations .
of Soils for Engineering Analysis and Design of Nuclear Power Plants.” The
staff also notes, however, the extremely varfable properties of undrained shear
strength and soil modulus of elasticity for the clay marl that have been
established in laboratory testing. It is the extreme variability that gives
the staff concern for the appropriateness of the adopted design values for
undrained shear strength and sofl modulus of elasticity (FSAR Table 2.5.4-2)
and for the strain-dependent dynamic soi] shear moduli and damping curves
(Figures 3.7.8.2-6 and 3.7.B.1-9) for the clay mar! stratum. The staff's con-
erns are further discussed in this report in Sections 2.5.4,1.3, 2.5.4.4.3,

and 2.5.4.4.6.

2.5.4.3 Engineering Properties of Backfi]] Materials
A description of the materials placed and compacted as Category 1 backfil) soils
has been provided in Section 2.5.4.1.2. In localized areas that restricted

compaction because of space limitations, lean concrete was used in place of
backfill. The engineering properties of Category 1 backfill were established '
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by laboratory testing and are summarized in the following FSAR tables and
figures:

. Engineering Static Properties Adopted in Design (FSAR Table 2.5.4-8)

. Engineering Dynamic Properties Adopted in Design (FSAR Figures 241.12-1,
3.7.8.1-8, 3.7.8.2-5)

Test fills on Category 1 backfill were constructed to determine the appropriate

V11ft thickness and the number of passes, and to evaluate the performance of

different compactors in order to achieve the required maximum densities.

The FSAR, as originally submitted, did not provide information on the actua)
results from field control testing on compacted Category 1 backfill. In
response to staff Q241.4 and to discussions at a March 1984 site visit, the
applicant provided compaction control records for backfill material placed
during the first 6 months of 1983. Following its review and evaluation of the
field records, the staff expressed the following difficultes with the submitted
information.

(1) Many of the laboratory-determined maximum dry densities (ASTM 1557)
appeared unusually low. These low densities, when used to establish the
percent compaction, would result in the reporting of values in excess of
100%.

(2) The field procedures used by the applicant to demonstrate that £i1]
placement moisture contents met FSAR commitments also gave & problem to
the staff. The field procedures followed would consist of running a fill
moisture content immediately before compaction to verify that the fil)
moisture was within the specified range of an average cptimum moisture
content that had been predetermined on stockpiled fi11 material. The
staff's problem resulted from the moisture testing of the fi1] before
compaction and using this result to decide on moisture acceptability
rather than the more normal practice of testing the fill after compac-
tion. The normal practice of testing after compaction has the advantage
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of verifying the uniform mixing of water ihroughout the entire 1ift .
thickness, which 1s required by the compaction control specification

Also 1t is the compacted condition of the fill (density and molding water
content) which will govern-the resulting engineering properties. The

applicant's procedure of using an average optimum moisture content also

presented a problem to the staff because it differs from normal procedures

where the optimum moisture is directly established in the lab on the same

type of material that is field tested for density.

In order to address the staff's concern with compaction of Category 1 backfill,
a confirmatory laboratory testing program was agreed upon with the applicant
and testing was initiated in June 1984. The major objectives of the confirma-
tory testing program consisted of the following:

(1) Evaluate the acceptability of the quality control test procedures and
test results for the compacted Category 1 backfill by determining whether
FSAR commitments (Sectfon 2.5.4.5.2) had been met in obtaining the required
maximum dry densities. The check on acceptability was to be made by

requiring both the field laboratory and an ‘ndependent testing laboratory
to perform control tests (gradation, moisture-density relationships, rela-
tive density and permeability) on the same Category 1 backfil]l material.

Identical samples of fi11 material were selected from existing stockpiles.

(2) Reexamine the FSAR commitments on compaction control (maximum dry density
and placement moisture contents) after evaluation of the results from the
confirmatory testing program and determine if modifications of FSAR
commitments are war-anted far the future control of Category 1 backfill
that remains tc be placed.

The laboratory results of the confirnatory testing program were provided to

the NRC in an August 10, 198Q,suhn1tta!. The applicant has also submitted a

report to the NRC dated September 27, lsef’which evaluates the testing program

results. The staff has not yet evaluated this report. The confirmatory

testing program is an open item. Preliminary observations of the staff based

oi the results provided in the August 10, 1934) submittal indicate the following: .
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(1) A comparison of the maximum dry densities determined by the field laboratory
and the independent testing laboratory indicates that the independent
laboratory results show higher value of maximum densities in all of the
12 tests performed using ASTM D1557. The increase in densities ranged
from 0.8 1b/ft® up to 3.5 1b/ft3. The maximum difference in dry density
from the loosest state to the densest state for the medium to fine sand
(SP) is about 20 1b/ft3. The differences in results between the testing
laboratories for optimum moisture content determinations were more widely
scattered--differences ranged from 7.6% moisture below optimum to 2.5%
above for the tests on the same type of material,

(2) The test results also indicate that the backfill sofls which have a smal)
amount of fines (less than 6% passing the No. 200 sfeve) attained their
highest densities when tested in the relative density test (ASTM D4253)
in six of the seven tests performed. The increase in maximum dry densities
between modified Proctor (ASTM D1557) by the field laboratory and the
relative density (ASTM D4253) testing ranged from 2.4 b/ft? up to
4.5 1b/ft?. Recognition of these results would encourage a modification
to current control procedures that require: the running of both the
relative density test and the modified Proctor test in order to establish
the maximum dry densities and percent compaction for this type backfill
which has the small amount of fines.

The opportunity for the staff to observe a portion of the actual testing by the
independent laboratory has helped the staff understanc why higher densities are
not more consistently obtained in the ASTM D1557 test. Ouring tnis laboratory
test a large part of the heavy compaction effort that is specified 1s actually
lost during compaction, because of the large shear displacements which rereatedly
occur fn the test sample mold under the impact of the h: wer weight. These
displacements and resulting loss 1n compactive effo; appear to be greatest

for soils being compacted at moistures on the wet side of optimum moisture
content. The staff belifeves the large displ. "ements and resulting loss in
compactive effort are a major reason for the differences in test results
between tne field laboratory which was indicated to use a mechanical tamper,
and the fndependent testing laboratory, which manually compacted the test
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specimens. Under manual compaction conditions there is a natura) tendency to
locate the next hammer blow where the displacements are occurring, whereas in
mechanical tamping, a set pattern and sequence in compaction effort is followad.
The differences in results between the two testing laboratorica'xhor'for'. are
more the result of the particular soil behavior under the specified compactor
and allowable test procedures of ASTM D1557, rather than the result of errors

or unacceptable test procedures between the laboratories. The staff also
believes the densities obtained in the relative density tests are higher because
the displacements do not occur and that the relative density test is better
suited for Vogtle backfill materials with less than 6% fines.

The staff anticipates that in the applicant's future report which addresses
the objectives of the confirmatory test program, the higher maximum dry
densities obtained, for the three types or backfill materials tested, will be
used to establish the percent compaction for all Category 1 backfill compacted
to date. Preliminary observations, when using the higher densities for the
field records from the first six months of 1983, indicate that FSAR require=-
ments have essentially been met but at lower percent compaction values than
originally reported.

2.5.4.4 Foundation Stability

With the exception of the NSCW towers, the instrumentation cavity of the
containment building and the auxiliary building, all seismic Category [ struc-
tures are founded on compacted Category 1 backfill. The applicant's response
to staff question Q241.17 indicates that little or no settlement data are
presently available for the auxiliary feedwater pumphouses, diese) generator
buildings, diesel fuel oil storage pumphouses and Category I tanks since these
structures are efther fn the initial stages of construction or construction
has not begun. Also in response to auestion Q241.17, the applicant indicates
that settlement records for the NSCW towers and Category I tunnels are to be
submitted to the NRC. Until this construction is completed and described and
the settlement data are provided to the NRC for evaluation, the staff would
not be in a position to complete 1ts final report on foundation stability.
Therefore, this is an open item.
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The applicant's response to Q241.1 indicates that the radwaste transfer building
and radwaste transfer tunnel, although not seismic Category I structures,

could potentially adversely affect seismic Category I structures. On the

basis of guidance in RG 1.29, the foundation design and construction of these
structures would also then be required to meet the equivalent of seismic
Category I requirements. The foundation design and construction information

for these structures shouid, therefore, be provided for staff review. The
appiicant is also asked to provide the reasons why the radwaste solidification
building, which has been founded on drilled caissons (refer to staff ques-

tion Q241.20), would not fall into this same category. This item is open.

2.5.4.4.1 Construction Notes

During the years of plant construction, several conditions became evident that
cou'ld affect the long-term stability of tne foundation. These conditions
included (1) detecting the solution cavities in the Utley Limestone above the
clay mar] stratum and then treating the foundation and (2) detecting the

erosfon of already placed Category 1 backfill (November 1979) that resulted

from the heavy rainfall and surface runoff that entered the foundation excavation
area.

Several cavities of varying size were exposed on the slopes of the foundation
excavation where the slopes intersected the limestone shel) bed. The ‘argest
cavity was located on the northwest corner of the power block area and measured
10 ft x 10 ft at the opening and extended approximately 30 ft back into the
slope where it narrowed to a smal) size. Other small cavities were encountered
at varying intervals all along the north side of the power block foundation
excavation. The cavities were cleaned of loose debris and then backfilled
with crushed rock. In the larger cavity the crushed rock was forced into the
opening for at least a 25-ft length beyond the upening by a ram attached to
the blade of a bulldozer. The cavities were filled to provide a buttress on
the foundatfon excavation slope against which structural backfill could be
placed and compacted.
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The areas affected by the soil erosion problem that became evident in

November 1979 included zones (1) between the electrical shafts of the control
building for Units 1 and 2 and the turbine building, (2) between the containment
buildings for Units 1 and 2 and the electrical tunnels, (3) along the perimeter
of the Unit 1 containment building, and (4) under the mud slab of the Unit 2
tendon gallery. The applicant provided detailed description of the areas
affected and the remedial measures completed in the August 15, 1980 report,
“Final Report on Dewatering and Repair of Erosion in Category 1 Backfill in
Power Block Area." The limits of the areas disturbed by erosion were determined
by inspection, field explorations, and testing, using proving ring and dynamic
core peretrometers and sand cone density tests. The remedial measures completed
betveen January and August, 1980, included (1) reshaping foundation excavation
slopes and protecting them with gunite, (2) improving surface water controls,
(3) installing additional dewatering measures and piezometers to ensure that

the level of the water table was deep enough in the Category 1 backfill to

allow mud slabs and disturbed sofls to be replaced under dry conditions, and

(4) pumping grout into veids in the backfill in space-restricted areas.

The staff concludes that the applicant's investigations and remedial measures
are acceptable, but also recognizes that the success of these actions in
addressing the erosfon problem and fi1ling the cavities can best be Jjudged by
continued visual inspections of the structures' performance and long=term
settlement behavior. The staff asks that the applicant locate al) observed
cavities on appropriate FSAR figures and describe them in terms of their
extent. This information could prove useful when future settlement records
are reviewed. This is a confirmatory item.

2.5.4.4.2 Bearing Capacity

The applfcant's responses to staff questions Q241.5 and 241.15 indicate that
the results of bearing capacity analysis under static and dynamic loading will
be submitted to the staff by December 1, 1984. The staff will complete its
safety evaluation on the acceptability of the resulting margins of safety
against bearing-capacity-type failure after it reviews the December 1984
submittal. This item 1s open.
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2.5.4.4.3 Settlement

The applicant has responded to staff questions Q241.17 and 241.18 by providing

a portion of the settlement records for seismic Category I structures. The
settlement records that remain to be submitted are identified in Section 2.5.4.4
of this report. The settlement records provided ir reponse to Q241.17 are in

a form that makes review and evaluation difficult. The applicant needs to use
the same time scale for plotting data on settlement versus time and for plotting
data on appiication of loading versus time. Only then can settlement behavior
under structure loading be reasonably evaluated. Such impravement is important
for future data submittals and essential before the staff can decide on long=term
settlement-monitoring requirements for the Technical Specifications.

The applicant's reply to staff question Q241.18 is not acceptable for the
following reasons:

(1) Contrary to the staff's request there is no discussion or comparison
between total and differential settlements allowed for in design and actual
settlement records at specific locations of structures. The applicant's
statement that, because all major seismic Category I structures are separated
from each other by seismic gaps they are unaffected by differential settlements,
fails to recognize tha:.zxcessivo settlements can cause (a) unacceptable
cracking in structures,(b) high stresses and unacceptable tipping of the
structure. The staff's review of the 1imited settlement records that the
applicant has provided indicates that values of total settlement larger than

the upper predicted values have been recorded for certain settlement markers
(Nos. 128, 133, 134, 234, 235, 323, 324, 325) at the auxiliary building and
Unit 1 containment buflding. These larger settlements have been recorded with
approximately 87% of the total static load applied in comparison to the pre-
dicted values which were estimated for the 40-yr plant life. The discussion
requested in staff question Q241.18 asked that the specific maximum recorded
settiements be identified for each structure and be compared to design estimates.
he recorded settlements may have potentially significant and adverse impact

to future structural performance (e.g., cracking, high stresses). The larger
settiements peing observed may be the result of the clay mar] stratum being
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less competent than orginally anticipated or niy possibly be related to the .
soil erosion problem. Foundation design mcdifications may be warranted. The
engineering basis for the response to the above considerations should be

clearly described in the applicant's response.

(2) The applicant's response to Q241.18 provides general information on
differential settlements whict are typically addressed in the design of seismic
Category I piping but the response needs to be completed by providing information
specific for Vogtle (locatfons, sectional views where appropriate) showing

where tota! and differential settlements have been recorded and discussing the
significance of these settlements on the piping system's capability to safely
withstand them.

2.5.4.4.4 Llatera) Pressures

The walls of seismic Category I structures below plant grade el 219.5 ft were

designed for static loading to resfst at-rest lateral earth pressures using

the equivalent fluid pre:sure concept. The adopted design pressure diagrams .
are presented in response to Q241.21 and are discussed in FSAR Section 2.5.4 10.5.

An at-rest lateral earth pressure coefficient of 0.7 was used in design for

the backfill materfals. A water leve! at el 165 ft was conservatively used to

establish the hydrostatic prescure contribution to latera! pressures.

For dynamic loading conditions, the Seed simplified version of the Mononobe-Uxaue
method was used for active earth pressures. DOynamic passive pressures were
calculated using a method by Kapila that s based on the Mononobe-Okabe method.

A peak horizontal ground surface acceleration of 0.20 g was used for SSE
condition to estimate fnertial forces.

With the exception of the approach for dynamic passive pressures, the staff
concludes that the methods used to estimate lateral earth pressures are conserva-
tive and acceptable and are in accordance with current state-of-the-art engi-
neering practice. The staff needs to complete its evaluation of the method

used to establish dynamic passive pressures. This is a confirmatory item.
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2.5.4.4.5 Liguefaction Potential

The applicant's decision to remove all the upper sand stratum materials and
excavate the power block area to the top of the clay mar] stratum has the
significant advantage of eliminating the potential for liquefaction that was
indicated for the upper sand material. The staff agrees with the applicant
that neither the clay mar] stratum nor the deeper, dense lower sand stratum is
susceptible to 1iquefaction under SSE conditons assuming a peak horizontal
ground surface acceleration of 0.20 g.

To demonstrate that an acceptable margin of safety against liquefaction is
available for structures and piping founded in the Category 1 backfill, the
applicant conducted cyclic shear strength tests on a representative range of
backfill materials which were compacted to 97% of maximum dry density determined
by ASTM D1557. The lowest factors of safety against liquefaction type failure
were on the order of 1.9 to 2.0 using the Seed and Idriss (1971) simplified
method and the cyclic test results.

The staff concurs with the applicant's findings that an acceptable margin of
safety against liquefaction potential does exist for Category 1 backfill that
is compacted to 97% of maxium dry density. The staff plans to reexamine this
conclusion on liquefaction potential following resclution of the concern
discussed in SER Section 2.5.4.3 on compaction control procedures. This is a
portion of that open item.

2.5.4.4.6 Dynamic Loading

In staff questions Q241.11 and 241.12 the applicant was asked to provide the
soil properties (shear modulus and damping values) for the soil springs used

in the finite-element and Tumped-parameter dynamic studies and to compare

these properties with the results from field geophysical surveys and laboratory
cyclic triaxial testing completed for Vogtle. The staff has reviewed the
applicant’s responses and concludes that:
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(1) The strain-dependent soil damping curves for the compacted sand backfill
(FSAR Figure 3.7.B.1-8) and the lower sand stratum (FSAR Figure 3.7.8.1-10)
are reasonable best estimates and are acceptable. The staff does not under-
stand the basis for the change made by the applicant for the damping curve
(FSAR Figure 3.7.8.1-9) for the clay marl str.tum between the time of FSAR
docketing and Amendment 6 (May 1984). The staff requires that the applicant
provide the basis for this change and include a comparison that permits
evaluation of the effects on structure behavior (e.g., reponse spectra) when
both sofl damping curves are used in design. This is a part of the open item
discussed previously in Sections 2.5.4.1.3, 2.5.4.2, and 2.5.4.4.3 (item 1 in
Table 2.2).

(2) The staff finds the strain-dependent shear moduli curves (FSAR Figures
3.7.B.2-5 through 3.7.B.2-7) to be reasonable best estimates. The staff
requires, however, that the results of the study which varied the soil shear
moduli values (discussed in FSAR Section 3.7.B.2.4.1) by a factor of ¢ 1.5 be
provided and discussed, and that the results permit a comparison of the
resuiting response spectra with final design spectra for the range of shear
moduli values considered. The acceptability of variations in soil dynamic
properties is an open item.

2.5.4.5 Instrumentation and Monitoring

Because of the primary importance of the groundwater regime in the solution
process and the resulting potential for ground subsidence, the staff will
require adequate monitoring of both groundwater levels and settlement during
the life of the Vogtle project.

The observation wells which will be active as indicated in the applicant's
response to Q241.10 need to be supplemented with additional wells closer to
the main plant complex and be located in both the upper water table aquifer
and in the clay mar] stratum at representative depths. The staff requires
that the applicant provide a plan which locates, as requested, the additional
wells and the pertinent information on well installation and monitoring that
is requested in (Q241.10.
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The siaff requires clarification of the applicint's response to Q241.19 as to
whether it is intended that all settlement markers shown on FSAR Figure 241.19-1
are to b2 monitored for the entire 1ife of the Vogtle. The staff feels it is
initially important to resolve the issues identified in Section 2.5.4.4.3 of
this report, particularly to hive a better understanding of the significance

of the settlements which have already occurred. Following resolution of the
concerns expressed in Section 2.5.4.4.3, the staff would be in a better posi=
tion to evaluate the applicant's proposal for long-term settlement monitaring.
This is an open item.

2.5.4.6 Remaining Issues

The remaining operating license safety review items which have been identified
and discussed in the preceding SER sections are listed in Table 2.2.

2.5.4.7 Conclusions

On the basis of the staff's review of the information provided by the applicant
in the FSAR, the staff has concluded that the following features of foundation
stability are acceptable, except as impacted by items in Table 2.2.

(1) site investigations

(2) engineering static properties of foundation materials

(3) foundation preparation measures including treatment of cavities
(4) methods for estimating lateral earth pressures

(5) margin of safety against liquefaction potential

(6) engineering dynamic soil properties

Final conclusiors on plant foundation stability requires resolution of the
remaining issues identified in Table 2.2.

2.5.5/2.5.6 The site conditions which exist at Vogtle do not involve stability

a——
of lepes nor embankment and dams; therefore, these are not addressed.

—
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2.6 Interim Position on Charleston Earthquake for Licensing Proceedings .

The staff position with respect to the MMI X 1886 Charleston earthquake has

been that, in the context of the tectonic province approach used for licensing
nuclear power plants, this earthquake should be restricted to the Charleston
vicinity. This position was based, in part, on information provided by the

USGS in a Tetter dated December 30, 1980 from J. E. Devine to R. E. Jackson

(see Summer Safety Evaluation Report). The USGS has been reassessing its

position and issued a clarification on November 18, 198%,10 another letter

from J. E. Devine to :R. €. Jackson. As a result of this letter, a prelim=- X
fnary evaluation and outline for NRC action was forwarded to the Commission in

a memorandum from W. J. Dircks on November 19, 1982.

The USGS Tetter states that:

Because the geclogic and tectonic features of the Charleston region
are similar to those in other regions of the eastern seaboard, we
conclude that 2lthough there is no recent or historical evidence
that other regions have experienced strong earthquakes, the histor- .
fcal record is not, of itself, sufficient grounds for ruling out the
occurrence in these other regions of strong seismic ground motions
similar to those experienced near Charleston in 1886. Although tnhe
probability of strong ground motion due to an earthquake in any
given year at a particular location in the eastern seaboard may be
very low, deterministic and probabilistic evaluations of the seismic
hazard should be made for individual sites in the eastern seaboard
to establish the seismic engineering parameters for critical
facilities.

The USGS clarification represents not so much a new understanding but rather a
more explicit recognition of existing uncertainties with respect to the
Causative structure and mechanism of the 1886 Charleston earthquake. Many
hypotheses have been proposed as to the locale in the eastern seaboard of
future Charleston-size earthquakes. Some of these could be very restrictive
fn Tocation while others would allow this earthguake to recur over very large
areas. Presently none of these hypotheses are definitive and all contain a
strong element of speculation.

The staff is addressing this uncertainty in both longer term deterministic and
shorter term probabilistic programs. The deterministic studies, funded primarily ‘
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by the Office of Research of the NRC should reduce the uncertainty by better
‘ fdentifying (1) the causal mechanism of the Charleston earthquake and (2) the
potential for the occurrence of large earthquakes throughout the eastern
seaboard. The probabilistic studies, primarily that being conducted for NRC
by Lawrence Livermore National Laboratory (LLNL), will take into account
existing uncertainties. They will have as their aim to determine differences,
if any, between the probabilities of seismic ground motion exceeding design
levels in the eastern seaboard (i.e., as affected by the USGS clarified position
on the Charleston earthquake) and the probabilities of seismic ground motion
exceeding design levels elsewhere in the central and eastern United States.
Any plants for which the probabilities of exceeding design level ground motions
are significantly higher than those calculated for other plants in the cantral

and eastern United States will be identified and evaluated for possible further
engineering analysis.

|
|
|
l

Given the speculative nature of the hypotheses with respect to the recurrence

of large Charleston-type earthquakes as a result of present limited scientific

knowledge and the generalized low probability associated with such events, the
' staff dces not see a need for any action for specific sites at this time. It

is the staff's position, as it has been in the past, that facilities should be

designed to withstand the recurrence of an earthquake the size of the 1886

earthquake in the vicinity of Charleston, S.C. At the conclusion of the

shorter term probabilistic program and during the longer term deterministic

studies, the staff will be assessing the need for a modified position with

respect to specific sites. |
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Figure 2.1 Exclusion area/property line and plant layout of Vogtle



Figure 2.2 Low-population zone and area within 5 miles of Vogtle site

10/26/84 2-63 VOGTLE DSER SEC 2




Figure 2.3 Transportation routes and area within 25 miles of Vogtle site ‘
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Figure 2.4 Heavily populated areas within 100 miles of Vogtle site



Table 2.1 Resident population vs. distance from reactor building

Year 0-1 mi 0-2 mi 0-3 mi 0-4 mi 0-5 mi 0-10 mi
1980 - 4395 773 885 1085 2560
1987 - 517 806 923 1133 2669
1990 - 27 74 121 262 1330
2030 - 66 153 235 499 2551

Table 2.2 Remaining

safety review items .om ection 2.5.4

Rev

iew item SER Sections Status
(1) Foundation competency of clay mar) 2.5.4.1.3, 2.5.4.2,
stratum 2.5.4.4.3, 2.5.4.4. Open
(2) Verification of FSAR commitments on
compaction of Category 1 backfill 2.5.4.3 Open
(3) Submittal and evaluation of settle- e.5.4.1.3,
ment records 2.5.4.4, 2.5.4.4.3 Open
(4) Foundation design and construction
information on radwaste buildings
and tunnels 2.5.4.4 Open
(5) Locations and description of
observed cavities 2.5.4.4.1 Confirqaatory
(6) Bearing capacity stability 2.5.4.4.2 Open
(7) Long-term groundwater and settle-
ment monitoring requirements 2.5.4.4.3, 2.5.4.5 Open
(8) Acceptability of variations in soil
dynamic properties 2.5.4.4.6 Open
(9) Method used to establish dynamic
passive pressures 2.5.4.4.4 Confirmatory
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3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

51 Confornancellgth General Design Criteria and NRC Regulations

In FSAR Section 3.1 the applicant presents a discussion of conformance of the
NRClﬁeneral design criteria (GDC) for nuclear power plants specified in Appen-
dix A to 10 CFR 50. T2 staff has reviewed a final design and the design
criteria using this information to verify that the plant has been designed to
satisfy the requirements of the GDC.

In its review of structures, systems, a'd components, the staff relied extensivelyv
on the application of industry codes an: standards that have been used as

accepted industry practice. These codes and standards are cited in this

report and have been previously reviewed by the staff, found acceptable, and
incorporated into the Standard Review Plan (NUREG-0800).

3.2 Later

3.3 Later

3.4 Later

3.5 Later

Sbtaten JoaaT
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3.6.2;' Determination of Rupture Locations and Dynamic Effects ‘
Associated J#ith the Postulated Rupture of Piping

General Design Criterion 4, "Environmertal and Missile Design Bases", of 10
CFR Part 50, Appendix A, requires that structures, systems, and components
important to safety shall be designed to be compatible with and to accommodate
the effects of the environmental conditions as a result of normal operations,
maintenance, testing, and postulated accicents, including loss-of-coolant
accidents. These structures, systems, and components shall be adequately
protected against dynamic effects, including the effects of missiles, pipe
whipping, and discharging fluids, that may result from equipment failures and
from events and conditions outside the nuclear power plant.

The staff's review, conduzted in accordance with Standard Review Plan
(NUREG-0800), Section 3 6.2, "Determination of Break Locations and Dynamic
Effects Associated with the Postulated Rupture of Piping", pertains to the .
methodology used for protecting safety-related structures, systems, and com=-
ponents against the effects of postulated pipe breaks both inside and outside
containment. The staff has used the review procedures identified in SRP 3.6.2
to evaluate the effect that breaks in high energy fluid systems would have on
adjacent safety-related structures, systems, or components with respect to jet
impingement and pipe whip. The staff also reviewed the location, size, and
orientation of postulated failures and the methodology used to calculate the
resultant pipe whip and jet impingement loads that might affect nearby safety-

related structures, systems, or components. The details of the staff's review
follow.

Pipe whip need only be considered in those high-energy piping systems having
fluid reservoirs with sufficient Capacity to develop a jet stream. The criteria
for determining high- and moderate-energy lines is found in Branch Technical
Position ASB 3-1 of Standard Review Plan 3.6.1, "Plant Design for Protecticn
Against Postulated Piping Failures in Fluid Systems Qutside Containment "
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Thir criteria ha\;bun used correctly by the applicant. A 1list of all high x
. energy systems is included in the FSAR.

For high energy Piping within the containment penetration area where breaks are
not postulated, SRP Section 3.6.2 sets forth certain criteria for the analysis
and subsequent augmented inservice inspection requirements. Breaks need not be
postulated in those portions of piping within the containment penetration region
that meet the requirements of the ASME Code, Section III, Subarticle NE-1120
and the additional requirements outlined in Branch Technical Position MEB 3-1

of SRP Section 3.6.2. Augmented inservice inspection is required for those
portions of piping within the break exclusion region.

For ASME Section III Class 1 high energy fluid system piping not in the contain=-
ment penetration area, SRP Section 3.6.2 states that breaks are to be postulated
at every location where the fatigue cumulative usage factor, as determined by
the ASME Code, is greater than 0.1. Additionally, breaks are also to be postu~-
Tated at those ASME Class 1 piping locations where the primary or secondary
stress intensity range (including the zero load set) as calculated by equation

' (10) and either equation (12) or (13) in Paragraph NB-3653 of ASME Section Il
exceeds 2.4 Sm for normal and upset conditions including the Operating Basis
Earthquake (0BE).

The applicant has provided drawings of break locations showing types of breaks,
structural barriers, restraint locations and constrained directions for each
restraint for the primary cooclant loop and all breaks inside containment.

The following are considered to be open ftems.
* The applicant has not yet completed the final pipe whip and jet impingement
evaluation for all high energy piping systems. The staff's review cannot

De completed until this information is available for review. (Q240.30)

* Clarification is required on some aspects of the applicant's pipe break
criteria and pipe whip restraints. (Q210.25-Q210.29, Q210.31, Q210.32)
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Based on the staff's review of FSAR Section 3.6.2 and resolution of the above '
open items, the staff's findings are as follows.

In its evaluation, the staff concludes that the pipe rupture postulation and the
associated effects are adequately considered in the plant design, and, there-
fore, are acceptable and meet the requirements of General Design Criterion 4.
This conclusion is based on the following.

(1) The proposed pipe rupture locations have been adequately assumed and the
design of piping restraints and measures to deal with the subsequent
dynamic effects of pipe whip and jet impingement provide adequate protec-
tion to the structural integrity of safety-related structures, systems
and components.

(2) The provision for protection 'gainst dynamic effects associated with pipe
ruptures of the reactor coolant pressure boundary inside containment and
the resulting discharging fluid provide adequate assurance that design
basis loss-of-coolant accidents will not be aggravated by the sequential .
failures of safety-related piping, and emergency core cooling system
performance will not be degraded by these dynamic effects.

(3) The proposed piping and restraint arrangement and applicab’e design cen-
siderations for high- and moderate-energy fluid systems inside and outside
of containment, fncluding the reactor coolant pressure boundary, will pro-
vide adequate assurance that the structures, systems, and components
important to safety that are in close proximity to the postulated pipe
rupture will be protected. The design will be of a nature to mitigate the
consequences of pipe ruptures so that the reactor can be safely shut down
and maintained in a safe shutdown condition in the event of a postulated
rupture of a high or moderate energy piping system inside or outsice of

}conta1nment.

3'7 wCP »” ’

3. . . M‘:' e

3.9 !gCHANICAZ SYSTEMS AND CEMPONENT ﬂffi#“

The review performed under SRP Sections 3.9.1 through 3.9.6 of NUREG-0800 per- ‘
tains to the structural integrity and functional capability of various safety-
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related mechanical components in the plant. The staff's review is not limited
to ASME Code components and supports, but is extended to other components such
as control rod drive mechanisms, certain reactor internals, and any safety-
related piping designed to industry standards other than the ASME Code.

The staff reviews such issues as load combinations, allowable stresses, methods
of analysis, summary of results, and preoperational testing. The staff's
review must arrive at the conclusion that there is adequate assurance of a
mechanical component performing its safety-related function under all postu=
lated combinations of normal operating conditions, system operating transients,
postulated pipe breaks, and seismic events.

3.9.1 Special Topics for Mechanical Components

The review of this section was performed following SRP Section 3.9.1, "Special
Topics for Mechanical Components.”" A1) areas of review and review procedures
identified in SRP Section 3.9.1 were followed. The staff has reviewed the
design transients and mothods of analysis used for all seismic Category I com-
ponents, component supports, core support structures and reactor internals
designated as Class 1 and CS under the ASME Code, Section III, and those not
covered by the Code. The assumptions and procedures used for the inclusion of
transfents in the fatigue evaluation of ASME Code Class 1 and CS components
have been reviewed. The staff's review also covered the computer programs used
in the design and analysis of seismic Category I components and their supports
and experimental and inelastic analytical techniques.

The applicant has provided a list of the design transients and the number of
cycles for each design transient used for design. Five OBEs of ten cycles each
and one Safe Shutdown Earthquake (SSE) of ten cycles have been inc)uded. This
is in conformance with the requirements of SRP 3.9.1.

Analysis of mechanical components by the use of computer programs was performed
Dy the applicant. A list showing all computer programs used by the applicant

for static and dynamic analyses to determine the structural integrity and func-
tional integrity of seismic Category I Code and non-Code ftems, and the analyses
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to determine stresses along with a description of the program is included in the ‘

FSAR. Design control measures to verify the adequacy of the design of safety-
related components is required by 10 CFR Part 50, Appendix B.

Based upon the staff's review of FSAR Section 3.9.1 its findings are as follows.

The staff concludes that the design transients and resulting loads and load
combinations with appropriate specified design and service limits for mechanical
components and supports are acceptable and meets the relevant requirements of
General Design Criteria 1, 2, 14, 15; and 10 CFR Part 50, Appendix B; and 10
CFR Appendix A. This is based on the following.

(1) The applicant has met the relevant requirements of General Design Cri-
teria 14 and 15 by demonstrating that the design transients and resulting
loads and load combinations with appropriate specified design and service
Timits which the applicant has used for designing Code Class 1 and CS com-
ponents and supports, and reactor internals provide a complete basis for
design of the reactor coolant pressure boundary for all conditions and
events expected over the service Tifetime of the plant.

(2) The applicant has met the relevant requirements of General Design Cri-
teria 2 and 10 CFR Part 100, Appendix A by including seismic events in
design transients which serve as design bases to withstand the effects of
natural phenomena.

(3) The applicant has met the relevant requirements of 10 CFR Part 50,
Appendix B, and Genera) Design Criteria 1 by having submitted information
that demonstrates the applicability and validity of the design methods and
computer programs used for the design and analysis of seismic Category I
Code Class 1, 2, 3 and CS structures, and non-Code structures within the
present state-of-the-art limits and by having design control measures which
are acceptable to assure the quality of the computer programs.
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. 3.9.23 Dynamic Testing and Analysis of Systems, Components and Equipment\"
v

The staff has reviewed the methodology, testing procedures, and dynamic

analyses employed by the applicant to ensure the structural integrity and func-
tionality of piping systems, mechanical equipment, and their supports under
vibratory loadings. The principal document used in this review is SRP
(NUREG-08C0) Section 3.9.2, "Dynamic Testing and Analysis of Systems, Compo-
nents, and Equipment." A1l areas of review and review procedures identified

in SRP Section 3.9.2 were followed. The staff's review included (1) the piping
vibration, thermal expansion, and dynamic effect testing, (2) the seismic system
analysis methods, (3) the dynamic responses of structural components within the
reactor cau.ed by steady-state and operational flow transient conditions for
non=prototype reactors, (4) flow-induced ,ibration testing of reactor internals
to be conducted during the precperational and start-up test program, and (5) the
dynamic analysis methods used to confirm the structural design adequacy and
functional capability of the reactor internals and piping attached to the reac-
tor vessel when subjected to loads from a loss-of-coolantaccident (LOCA) in

‘ combination with an SSE.

3.9.2.1 Piping Precperational Vibration and Dynamic Effects Test[gg"

Piping vibration, thermal expansion, and dynamic effects testing will be con-
ducted during a precperational testing program. The purpose of these tests is
to assure that the piping vibrations are within acceptable limits and that the
piping system can expand thermally in a manner consistent with the design
intent. During the Vogtle plant's preoperational and start-up testing program,
the applicant will test various piping systems for abnormal, steady-state or
transient vibration and for restraint of thermal growth. Systems to be moni-
tored will include 1) ASME Code Class 1, 2 and 3 piping systems, 2) high energy
piping systems inside seismic Category I structures, }) high energy portions of
systems whose failure could reduce the functioning of seismic Category I plant
features to an unacceptable safety level, and 4) seismic Category I portions of
moderate energy piping systems located outside -ontzinment. Steady-state
vibration, whether ¢low-induced or caused by nearby vibrating machinery, could
cause 10° or 10* cycles of stress in the pipe during its 40-year 1ife. For
. this reason, the staff requires that the stresses assocfated with steady-state
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vibration be minimized and Timited to acceptable Tevels. The test program wiil .

consist of a mixture of instrumented measurements and visual observations by
qualified personnel.

The following are considered to be open items.

* A description is needed for the methods to be used to relate measured
vibration values to stress levels. (Q210.40)

* Assurance is needed that al! essential safety-related instrument lines
will be included in the visration monitoring program during preopera-
tional or start-up testiry. (Q210.41)

Based upon the staff's review of FSAR Section 3.9.2.1 and resolution of the

open items, the staff concludes that the applicant has met the relevant require-
ments of General Design Criteria 14 and 15 with respect to the design and
testing of the reactor coolant pressure boundary. This provides reasonable
assurance that rapidly propagating failure and gross rupture will not occur as

a result of vibratory loadings. 1In additfon, the testing assures that design
conditions are not exceeded during normal cperation including anticipated
operational occurrences by having an acceptable vibration, thermal expansion,
and dynamic effects test program which will be conducted during start-up and
initfal cperation of specffigd high and moderate energy piping, including all
associated restraints and suhBorts. The tests provide adequate assurance that
the piping and piping supports have been designed to withstand vibrationa!
dynamic effects due to valve closures, pump trips, and other ocperating modes
associated with the design basis flow conditions. In addition, the tests pro-
vide assurance that adequate clearances and free movement of snubbers exist for
unrestrained thermal movement of piping and supports during ncrmal system heatup
and cooldown operations. The planned test wil) develop loads similar to those
experienced during reactor operations.

3.9.2.2 Seismic Subsystem Anaiysis

The staff's review performed according to Standard Review Plan Section 3.9.2
included Section 3.7.3 of the applicant's FSAR, "Seismic Subsystem Analysis. "

10/25/84 34ﬁ VOGTLE DSER SEC 3.6.2 INPUT



Areas reviewed were seismic analyses methods, determination of the number of
earthquake cycles, basis for selection of frequencies, the combination of modal
responses and spatial components of an earthquake, criteria used for damping,
torsional effects of eccentric masses, interaction of other piping with
Category I piping, and Category I buried piping systems.

The scope of the review of Vogtle's seismic system and subsystem analysis
includes the seismic analysis methods for all seismic Category I piping systems
and components. The staff has reviewed the manner in which the dynamic system
analysis is performed, the method of selection of significant modes, whether
the number of masses or degrees of freedom is adequate, and how consideration
is given to maximum relative displacements. The review fncluded design method-
ologies and procedures used for the evaluation of the interaction of non-seismic
Category I piping with seismic Category I piping, and the seismic methods which
consider the effect of settlement and movement at support points, penetration,
and anchors for seismic Category I buried piping systems. In addition, the
staff reviewed seismic analysis procedures for reactor internals. The system
and subsystem analyses are performed by the applicant cn an elastic basis.
Mcdal response spectrum, multi-degr2e of freedom and time history methods form
the basis for the analyses of all major seismic Category I systems and compo-
nents. When the response spectrum method is used, moda) responses are combined
oy the Square-root-sum-of-the-squares (SR3S) rule.

For the dynamic analysis of seismic Category I piping, each piping system was
idealized as a mathematical mode] consisting of Tumped masses connected by
elastic members. The stiffness matrix for the piping system was determined
using the elastic properties of the pipe. This includes the effects of
torsional, bending, shear, and axial deformaticns as well as change in stiff-
ness due to curved members. Next, the rade shapes ard the undamped natural
frequencies were ottained. The dynamic response of the system was calculated
by using the response spectrum method of analysis. For a piping system which
was supported at points with aifferent dynamic excitations, the response
analysis was jerformed using an enveloped response spectrum.
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The following are considerec to be open items. ‘

* The staff has requested further information on the design of seismic
interface anchors. (210.39)

* (Clarification is required on the use of damping values and equivalent
static factors other than those discussed in the SRP. (Q210.33, Q210.34,
Q<10.37)

* The staff has requestea detailed information regarding the piping
analysis procedures used for the main steam ard feedwater piping outside
containment. (Q210.35, Q210.36)

Based upon the staff's review of FSAR Section 3.7.3, and contingent upon
resclution of the cpen items, the staff concludes that the applicant has met

the relevant requirements of General Design Criteria 2 with respect to demon-
strating the design adequacy of all Category I piping systems, Components, and
their sugpgrts to withstand earthquakes by meeting the regulatory positions of ‘
ﬂ!g!*!tosﬁsziﬁdos 1.61 and 1.92 and by providing acceptable seismic analysis x
procedures and criteria. The scope of review of the seismic system analysis
included the seismic analysis methods of all Category I piping systems,

components, and their supports. It included review of procedures for model-

ing, and inclusion of torsfonal effects, seism'c analysis of multiply-supported
equipment and components with distinct inputs, and determination of composite
damping. The review has included design criteria and procedures for evalua-

tior of the interaction of non-Category I piping with Category I pioing. The
review has also included criteria and seismic analysis procedures for reactor
internals.

3.9.2.3 Preoperational Flow=Induced Vibration Testing of Reactor Internals
.

Flow=induced vibration testing of reactor internals will be conducted during
the preoperational and startup test program. The purpose of this test is to
demonstrate that flow-induced vibrations similar to those expected during
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operation will not cause unanticipated flow-1induced vibrations of significant
magnitude, or structural damage.

The Indian Point Unit 2 reactor has been established as the prototype for the
Westinghouse four-loop plant internals verification program. The only signifi-
cant differences between Vogtle's internals and Indian Point Unit 2's

internals are the replacement of the annular thermal shield with neutron shield
parels and the substitution of 17x17 fuel assemblies for 15x15 assemblies, and
the change to the UHI-style inverted top hat support structure configuration.

The change to the neutron shield panels and 17x17 fuel assemblies has been
tested at the Trojan plant. The change to the UHI-style inverted top hat
support structure configuration has been tested at the Sequoyah Unit ) plant.
The Four Loop Internals Assurance Program conducted on Indian Point Unit 2
supplemented by the Trojan and Sequoyah Unit ) data Jointly satisfy Regulatory
Guide 1.20.

The applicant has committed to test the reactor fnternals in accordance with
the provisions of Regulatory Guide 1.20, “"Comprehensive Vibration Assessment
Program for Reactor Internals During Preoperational and Start-Up Testing,"
Revision 2, for non=prototype Category I plants. The applicant will conduct a
visual inspection prior to hot functional testing and after hot functional
testing the applicant has committed to inspecting all major load-bearing sur-
faces, torsional, lateral, and vertical restraints, locking and bolting devices
whose failure could adversely af‘ect the structural integrity of the internals,
and all other locations examined on the prototype design. The inside of the
vessel will be inspected with all the internals removed both prior to and sub-
sequent to hot functional testing to verify that no loose parts or foreign
material are present.

The applicant will subject the internals to an operating time of sufficient
duration to assure that a @inimum of 10° cycles of vibration will be experi=-
enced oy the critical components. At completion of the flow test, the vessel
head will be removed and the internals will be fnspected for evidence of wear
and loose parts. The inspection will cover all components which were examined
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on the prototype design. Important welds, bearing surfaces, and alignment and
locking devices in the internals will be inspected with the aid of 5x or 10x
magnifying glass.

The staff finds the inspection program to be sufficient and the hot functional
test to be of adequate length. Based upon the staff's review of FSAR Section
3.9.2.4, findings are as follows.

The staff concludes that the applicant has met the relevant requirements of
General Design Criteria 1 and 4 with respect to the reactor internals being
designed and tes:ed to quality standards commensurate with the importance of
the safety functions being performed and being appropriately eﬁgiected against
dynamic effects by meeting the regulatory positions of Pttt | 20
for the conduct of precperational vibration tests and by having a preopera-
tional vibration program planned for the reactor internals which provides an
acceptable basis for verifying the design adequacy of these internals under
test loading conditions comparable to those that will be experienced during
operation. The combination of tests, predictive analysis, and post-test
inspection provide adequate assurance that the reactor internals will, during
their service Tifetime, withstand the flow-induced vibrations of the reactor
without Toss of structural integrity. The integrity of the reactor internals
in service is essential to assure the proper positioning of reactor fuel
assemblies and urimpaired operation of the control rod assemblies to permit
safe reactor operation and shutdown.

3.9.2.4 Dynamic System Anal.sis of Reactor Internals Under Faulted Conditions

T S

The applicant has analyzed its reactor internals and unbroken loops of the
reactor coolant pressure boundary, fncluding the supports, for the combined
loads que to a simultaneous loss-of-coolant-accident and safe shutdown earth-
quake. The applicant has described the methodology used in developing the

dynamic loads resulting from an asymmetric load from a postulated pipe break at

the RP\ nozzle sare-end in FSAR Section 3.9.N.2.5.
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Based on the staff's review of FSAR Seciion 3.9.N.2.5 and the load combinatinns
and stress limits as presented in tables contained in FSAR Section 3.9.3, the
staff concludes that the applicant has met the relevant requirements of Genera)
Design Criteria 2 and 4 with respect to the design of systems and components
important to safety to withstand the effects of earthquakes and the appropriate
combinations of the effects of normal and postulated accident conditions with
the effects of the safe shutdown earthquake (SSE) by performing a dynamic
system analysis which provides an acceptable basis for confirming the struc-
tural design adequacy of the reactor internals and unbroken piping lcops to
withstand the combined dynamic loads of a postulated loss of coolant accident
(-0CA) and the SSE. The analysis provides adequate assurance that the combined
stresses and strains in the components of the reactor coolant system and
reactor internals will noc exceed the allowable design stress and strain limits
for the materials of construction, ind that the resulting deflections or dis-
placements at any structural element of the reactor internals will not distort
the reactor internals geometry to the extent that core cooling may be impaired.
The methods used for componeni analysis have been found to be compatible with
those used for the system analysis. The proposed combination of component and
system analyses are, therefore, acceptable. The assurance of structural
intearity of the reactor internals under LOCA conditions for the most adverse
postulated loading event provides added confidence that the design will with-
stand a spectrum of lesser pipe breaks and seismic loading events.

3.9.3 ASME Code Class 1, 2, and 3 Components, Component Supports and Core
‘ R B
Support Structures

The staff's review under Standard Review Plan Section 3.9.3 is concerned with
the structural integrity ana functional capability of pressure-retaining com-
ponents, their supports, and core stpport structures which are designed in
accordance with the ASME Boiler and Pressure Vessel Code, Section III, or
earlier industrial standards. Al] areas of review and review procedures
fdentified in SRP Section 3.9.2 were followed. The staff has reviewed loading
combinations and their respective stress limits, the design and installation of
pressure relief devices, and the design and structural fntegrity of ASME Code
Class 1, 2, and 3 components and component supports. Details of the staff's
review are included in the f&]lov?ng sections.
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3.9.3.1 Loading Combinations, Design Transients, and Stress Limits ‘
The first area of review is the methodology used for load combinations and
allowable stress limits in FSAR Section 3.9.3.

The following is considered an open item.

* The applicant's methodology used for load combinations does nct appear to
conform to the acceptance criterifa in SRP 3.9.3. Specifically, the
applicant does not appear to have included the LOCA loads in evaluation
of the faulted condition limits for ASME Class 2 and 3 components and
their supports where such loads are appropriate. (Q210.43)

* The applicant is to provide the basis for assuring that ASME Code Class L,
2, and 3 piping can perform its intended function for service levels C
and D Toadings. (Q210.42)

Based upon the staff's review of FSAR Sections 3.9.8.3.1 and 3.9.N.3.1 and ‘
contingent upon the satisfactory resolution of the open items, the staff's
findings will be as follows.

The applicant has met the requirements of 10 CFR 50.55a and General Design
Criteria 1, 2, and 4 with respect to the design and service load combinations
and associated stress and deformation limits specified for ASME Code Class 1,
2, and 3 components by ensuring that systems and components important to safevy
are designed to quality standards commensurate with their importance to safety
and that these systems can accommodate the effects of normal operation

as well as postulated events such as loss-of-coolant accidents and the dynamic
effects resulting from earthquakes. The specified design and service combina-
tions of loading as applied to ASME Code Class 1, 2, and 3 pressure retaining
components in systems designed to meet seismic Category I standards are such as
to provide assurance that in the event of an earthquake affecting the site for
other service loading caused by postulated events or system operating tran-
sfents, the resulting combined stresses imposed on system components will not

exceed allowable stress and strain limits for the materials of construction. ‘
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Limiting the stresses under such loading combinations provides a conservative
basis for the design of system components to withstand the most adverse com-
bination of loading events without loss of structural integrity.

3.9.3.2 Design and Installation of Pressure Relief Devices
. T

The staff has reviewed Section 3.9.3.3 of the applicant's FSAR with respect to
the design and installation, and testing criteria applicable to the mounting of
pressure relief devices used for the overpressure protection of ASME Class 3 5
and 3 components. This review, conducted in accordance with SRP Section 3.9.3
(NUREG-0800) . includes evaluation of the applicable loading combinations and
stress criterfa. The design rev.ew extends to consideration of the means pro=
vided to accommodate the rapidly applied reaction force when a safety valve or
relief valve cpens, and the transient fluid-induced loads applied to the piping
downstream of a safety or relief valve in a closed discharge piping system.

The staff also reviewed the applicant's relief and safety valve test results as
required in Item II.D.1 of NUREG-0737.

In accordance with Item 11.D.1 of NUREG-0737, rressurized water reactor and
boiling water reactor licensees and applicants are required to conduct testing
to qualify the reactor coolant system relief and safety valves, block valves,
and associated piping and supports under expected operating conditions for
cesign-basis transients and accidents.

The Electric Power Research Institute (EPRI) was contracted by the PWR Owners
Group to develop and carry out a generic test program and to provide the
generic test data to be used by the PWR utilities to satisfy the NUREG-0737,
Item I1.D.1, requirements.

Testing of valves in the EPRI program was completed by December 21, 198].
By letter dated Apri) 1, 1982, from D. P. Hoffman, Chairman of the PWR Safety

and Relief Valve Test Program Subcommittee, the EPRI/PWR Owners Group transmitted
the following reports to NRC:
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(1) Velves Selection/Justification Report

(2) Valve Inlet Fluid Condition for Pressurizer Safety and Relief Valves in

Westinghouse-Designed Plants (note:
also received)

(3) Test Condition Justification Report

(4) Safety and Relief Valve Test Report

two other NSSS vendor reports were

‘ (5) Application of RELAPS/MOD 1 for Calculation of Safety and Relief Valve

Cischarge Piping Hydrodynamic Loads

Additionally, by letter dated June 1, 1982, from R. C. Youngdahl to H. Denton,
reports documenting blrck valve testing performed by EPRI were transmitted to

NRC. These generic reports are currently being reviewed by the staff. On the

basis of a preliminary review of “he EPRI generic reports, the staff has con-
cluded that they contan data that can be used by the applicant to prepare an

Item IT.D.1 plant-specific response for the valves and associated piping for

Vogtle.

The staff requires that these plant-spec

ific submittals be made before fuel

Toad in accordance with the schedule of NUREG-0737 and the September 29, 1981,
clarification letter on this matter. Once the staff has received this

information, it will report its findings
an open item.

fn a supplement to this SER. This 1s

The staff requires additional information on the design of safety and relief
valves. (Q210.44 and Q210.46) This is an open item.

The applicant has met the requirements o
Criteria 1, 2, and 3 with respect to the

f 10 CFR 50.55a and General Design
criteria used for design and instal~-

lation of ASME Code Class 1, 2, and 3 overpressure relief devices by ensuring

that safety and relief valves and their
which are commensurate with their safety
date the effects of discharg; caused by

10/25/84
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installations are designed to standards
functions, and that they can accommo-
normal operation as well as postulated

VOGTLE DSER SEC 3.6 2 INPUT




events such as loss-of-coolant accidents ana the dynamic effects resulting from
the safe shutdown earthquake. The relevant requirements of General Design
Criteria 14 and 15 are also met with respect to assuring that the reactor
coolant pressure boundary design limits for normal operation including antici-
pated operational occurrences are not exceeded. The criteria used by the
applicant in the design and installation of ASME Class 1, 2, and 3 safety and
relief valves provide adequate assurances that, under discharging conditions,
the resulting stresses will not exceed allowable stress and strain limits for
the materials of construction. Limiting the stresses under the loading combi-
nations associated with the actuation of these pressure relief devices provides
a conservative basis for the design and installation of the devices to withstand
these loads without loss of structural integrity or impairment of the over-
pressure protection function.

3.9.3.3 Component Supporgg\_,

The staff's review of Section 3.9.3.4 of the applicant's FSAR relates to the
methodology used by the applicant in the design of ASME Class 1, 2, and 3
component supports. The review includes assessment of design and structural
integrity of the supports. The review addresses three types of supports:

plate and shell, Tinear, and component standard types. Additional information
to ensure a complete basis and consistent pproach for the design and construc-
tion of component supports is required. The specific concern has beer trans-
mitted to the applicant in Q210.45. Additionally, a commitment is required from
the applicant regarding the snubber pre-service examination and pre-operational
testing program discussed in Q210.47. This is an cpen item.

Based upon the staff's review of FSAR Section 3.9.3.4 and contingent upon the
resolution of the open item, the staff findings will be as follows.

The applicant has met the requirements of 10 CFR 50.55a and General Design
Criteria 1, 2, and 4 with respect to the design and service load combinations
and associated stress and deformation Timits specified for ASMF Code Class 1,
2, and 3 component supports Ly ensuring that component supports important to
safety are designed to quality standards commensurate with their impertance to
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safety, and that these supports can accommodate the effects of normal opera=- .
tion as well as postulated events such as loss-of-coolant accidents and the
dynamic effects resulting from the safe shutdown earthquake. The combination of
loadings (including system operating transients) considered for each component
support within a system, fncluding the designation of the appropriate service
stress limit for each loading combination, has met the positions and criteria
of Regulatory Guides 1.124 and 1.130 and are in accordance with NUREG-0484,
Revision 1. The specified design and service loadinrg combinations used for the
design of ASME Code Class 1 2, and 3 component supports in systems classified
as seismic Category I provide assurance that in the event of an earthquake or
other service 1oad{ngs caused by postulated events or system operating tran-
sients, the resulting combined stresses imposed on system comporents will not
exceed 1llowable stress and strain limits for the materials of construction.
Limiting the stresses under such loading combinations provides a conservative
basis for the design of support components to withstand the most adverse com-
Bination of loading events without loss of structural integrity.

Class CS component evaluation findings are covered in SER Section 3.9.5 in .
connection with reactor internals.

3.9.4 Cortrol Rod Drive Systemsigs

The staff's review under Standard Review Plan Section 3.9.4 covers the design

of the control rod drive System up to its interface with the control rods.

The rods and drive mechanism shall be capable of reliably controlling reactivity
changes either under conditions of anticipated normal plant operational occur-
rences, or under postulated accicent conditions. The staff reviewed the
information in FSAR Section 3.9.4 relative to the analyses and tests performed
tc assure the structural integrity and functionality of this system during
normal operation and under accident conditions. The staff also reviewed the
life=cycle testing performed to demonstrate the reliability of the control rod
drive system over its 40-year life.

A detailed review of the design of the control rod drive system with respect
to its capability of controlling reactivity and cooling the reactor core with .
appropriate margin in conjunction with either the emergency core cooling system
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or the reactor protection system was not performed because of the system
similarity with other Westinghouse plants which were found to be acceptable.
The staff is not aware of any significant design changes in the control rod
drive system for the Vogtle plant.

Based on the staff's review of the above information, it was concluded that the
design of the control rod drive system is acceptable and meets the requirements
of General Design Criteria 1, 2, 14, 26, 27, and 29, and 10 CFR 50.55a. This
conclusion is based on the following.

(1) The applicant has met the requirements of GDC 1 and 10 CFR 50.55a, with
respect to designing components important to safety to quality standards
commensurate with the importance of the safety functions to be performed.
The design proceaures and criteria used for control rod drive systems are
in conformanc~ with the requirements of appropriate ANSI and ASME codes.

(2) The applicant has met the requirements of GDC 2, 14, and 26 with respect
to designing the control red drive system to withstand effects of earth-
quakes and anticipated normal operational occurrences with adequate margins
to assure its structural integrity and functional capability and with
extremely low probability of leakage or gross rupture of reactor coolant
pressure boundary. The specified design transients, design and service
loadings, combination of loads, and limiting the stresses and deformations
under such loading combinations are in conformance with the requirements
of appropriate ANSI and ASME codes and acceptable regulataory positions
specified in SRP Section 3.9.3.

(3) The applicant has met the requirements of GOC 27 and 29 with respect to
designing the control rod drive system to assure its capability of con-
trolling reactivity and cooling the reactor core with appropriate margin,
in conjunction with either the emergency core coo’ing system or the reactor
protection system. The operability assurance program is acceptable with
respect to meeting system design requirements ‘n observed performance as
to wear, functioning times, latching, ard overcoming a stuck rod.
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3.9.5 Reactor Pressure Vessel Intarnals_,, .

The staff's review under Standard Review Plan 3.9.5 is concerned with the load
combinations, allowable stress limits and other criteria used in the design of
the Vogtle reactor internals. The staff has limited their review of SRP Sec-
tion 3.9.N.5 to include the design and analysis of the reactor internals and
the deformation limits specified for those components. A detailed review of
the configuration and general arrangement of the mechanical and structural
internal elements was not performed because of the similarity with other
Westinghouse plants which were found acceptable. The staff is not aware of any
significant design changes in the reactor fnternals for the Vogtle plant.

Based on the staff's review of FSAR Section 3.9.5, the staff concludes that the
design of reactor internals is acceptable and meets the requirements of General
Design Criteria 1, 2, 4, and 10 and 10 CFR 50.55a. This conclusion is based on
the folluwing.

(1) The applicant has met the requirements of GOC 1 and 10 CFR 50.55a with ‘
respect to designing the reactor internals to quality standards commen-
surate with the irportance of the safety functions to be performed. The
design procedures and criteria used for the reactor internals are in con-
formance with the requirements of Subsection NG of the ASME Code,
Section III.

(2) The applicant has met the requirements of GDC 2, 4, and 10 with respect
to designing components important to safety to withstand the effects of
earthquake and the effects of normal operation, maintenance, testing, and
postulated loss-of-coolant accidents with sufficient margin to ensure that
capability to perform its safety functions is maintained and the specified
acceptance fuel design limits are not exceeded.

The specified design transients, design and service loadings, and combination
of loadings as applied to the design of the reactor internals structures and

components provided reasonable assurance that in the event of an earthquake or
of a system transient during normal plant operation, the resulting deflections .
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and associated stresses imposed on these structures and components would not
exceed allowable stresses and deformations under such loading combinations.
This provides an acceptable basis for the design of these structures and com-
ponents to withstand the most adverse loading events which have been postulated
to occur during service lifetime without loss of structural integrity or
impairment of function.

3.9.6 Inservice Testing of Pumps and Valves
N

The review under Standard Review Plan 3.9.6 is concerned with the inservice
testing of certain safety-related pumps and valves typically designated as ASME
Class 1, 2, or 3. OQther pumps and valves not categorized as Code Class 1, 2,
or 3 may be included if they are considered to be safety-related by the staff.

In Sections 3.5.2 and 3.9.3 of the Safety Evaluation Report, the staff discusses
the design of safety-related pumps and valves in the Vogtle plant. The load
combinations and stress limits used in the design of pumps and valves assure
that the component pressure boundary integrity is maintained. In addition, the
applicant will periodically test and perform periodic measurements of all its
safety-related pumps and valves. These tests and measurements are performed in
accordance with the rules of Section XI of the ASME Code. The tests verify

that these pumps and vaives operate successfully when called upon. The periodic
measurements are made of various parameters and compared to baseline measurements
fn order to detect long-term degradation of the pump or valve performance. The
staff reviews the applicant's program for preservice and inservice testing of
pumps and valves using the guidance of SRP Section 3.9.6, and gives particular
attention to the completeness of the program and to those areas of the test
program for which the applicant requests relief from the requirements of
Section XI of the ASME Code. The applicant must provide a commitment that the
inservice testing of ASME Class 1, 2, and 3 components will be in accor.ance
with the rules of 10 CFR Section 50.55a, paragraph (g).

The appiicant has submitted its program for the preservice testing of pumps

and valves by letter dated May 1, 1984. The applicant has not yet submitted
fts program for the inservice testing of pumps and valves. The staff has not
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yet completed its review. The staff will report the resolution of these issues ‘

in a supplement to this Safety Evaluation Report. The preservice and inservice
testing of pumps and valves is an open item. (Q210.49)

There are several safety systems connected to the reactor coolant pressure
boundary that have design pressure below the rated reactor coolant system (RCS)
pressure. There are also some systems which are rated at full reactor pressure
on the discharge side of pumps but have pump suction below RCS pressure. In
order to protect these systems from RCS pressure, two or more isolation valves
are placed in series to form the interface between the high pressure RCS and
the low pressure system. The leak tight integrity of these valves must be
ensured by periodic leak testing to prevent exceeding the design pressure of
the low pressure systems.

Pressure isolation valves are required to be Category A or AC per IWV-2000 and
to meet the appropriate reguirements of IWV=3420 of Section XI of the ASME
Code, except as discussed below.

Limiting Conditions for Operation (LCO) are required to be added to the technical
specifications which will require corrective action; f.e., shutdown or system
isolation when the final approved leakage limits are not met. Also, surveil-
lance requirements, which will state the acceptable leak rate testing frequency,
shall be provided in the technical specifications.

Periodic leak testing of each pressure isolation valve is required to be per-
formed at least once per each refueling outage, after valve maintenance prior
to return to service, and for systems rated as less than 50% of RCS design
pressure each time the valve has moved from its fully closed position unless
Justification is given. Leak testing should also be performed after all
disturbances to the valves are compiete such as prior to reaching power opera-
tion following a refueling outage, and maintenance.

The staff's position on leak rate limiting conditions for operation is that

leak rates must be equal to or less than 1 gallon per minute (gpm) for each
valve to ensure the fntegrity of the valve, demonstrate the adequacy of the
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redundant pressure isolation function and give an indication of valve degrada-
tion over a finite period of time. Significant increases over this limiting
value would be an indication of valve degradation from one test to another.

The Class 1 to Class 2 boundary will be considered the isolation point which
must be protected by redundant isolation valves. In cases where pressure
isolation is provided Dy two valves, both will be independently leak tested.
When tnree or more valves provide isolation, only two of the valves need to be
Teak tested.

The applicant has provided a list of Vogtle pressure isolation valves to be
included in the leak rate testing program. However, the applicant has not
committed to the staff's position on acceptable leak rates. This is an open
ftem and will be addressed in a supplement to this SER. (Q210.48)

A
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3.10 Seismic and Dynamic ualification of Safety-Related Mechanical and

Electrical Equipment .

3.10.1 Seismic and Dynamic Qualification

The staff evaluated the adequacy of the applicant's program for qualification
of safety-related mechanical and electrical equipment for seismic and dynamic
loads. The staff determined the acceptability of the procedures used, standards
followed, and the completeness of the program in general, and audited (on

site) selected equipment items to develop the basis for the staff to judge the
completeness and adequacy of the implementation of the entire seismic and
dynamic qualification program.

The Seismic Qualification Review Team (SQRT), consisting of engineers from the
Equipment Qualification Branch (EQB) and the Idaho National Engineering Labora-
tory (INEL, EG&G), has reviewed the methodology and procedures of the equipment
seismic and dynamic qualification program contained in the pertinent FSAR
Sections 3.9.2, 3.9.3, and 3.10. The SQRT has concluded that the information ‘
contained in the FSAR sections mentioned above does meet the intent of the
current licensing criteria as described in IEEE Std. 344-1975, RGs 1.92 and
1.100, and SRP Section 3.10. In FSAR Sections 3.9.2, 3.9.3, and 3.10, a
surveillance and maintenance program was not addressed which would ensure that
all safety-related Class 1f and age-sensitive mechanical components in both
harsh and mild environments will be functional throughout the entire life of
the plant. In addition, the qualified life of these equipment items was not
discussed. The staff also found that in the above FSAR sections there is a
lack of applicant commitment in establishing a central filing system that is
capabie of retrieving qualification documentation, in an auditable manner,
before the plant operates.

The staff has informed the applicant that a substantial portion (85% to 90%)

of the .quieront should be qualified, docun%gscd in an auditable manner, and

installed ogeitc bafore the SQRT can pcrforaAon:fftc audit. The staff also X
indicated to the applicant the type of information necessary for the SQRT to

select the equipment items for a detailed onsite review. The applicant has .
not indicated when its work will be substantially complete. The staff is
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currently waiting for information it needs in order to determine a target
audit date and to select the equipment to be audited. The staff's review of
this area will Ye completed after the applicant has demonstrated the adequacy
of its qualification program through a satisfactory audit. The staff shall
report the results of its audit in a future supplement to the SER.

3.10.2 Pump and Valve Operability Assurance

The staff's evaluation of the adequacy of the applicant's pump and valve
operability assurance program consists of two parts. First a determination is
made of the completeness of the program with regard to the standards and

guides used and the procedures used for program implementation. This determi-
nation is based on the sufficiency of information in the FSAR and its supporting
documents which gives positive evidence of the applicant following a disciplined
and thorough program for operability assurance and equipment qualification.

The staff's pump and valve operability review team (PVORT) has reviewed the
scope, methodology, and procedures of the pump and valve operability assurance
program described in FSAR Sections 3.9 and 3.10.

The information in the FSAR suggests compliance with the general intent of the
staff's acceptance criteria as specified in SRP Section 3.10. On the basis of
the commitments in the FSAR, the applicant's qualification program for nuclear
steam supply system and balance of plant equipment satisfies the requirements
and recommendations of IEEE Std. 323-1974 and IEEE Std. 344-1975. However, the
staff requires that the FSAR describe further what use is made of applicable
references in SRP Section 3.10 and other guidelines to ensure that the equip-
ment is qualified and will operate properly under all imposed design and
service conditions, including the loadings imposed by the safe shutdown earth-
quake (SSE), postulated accidents, and loss-of-coolant accidents. The following
areas require clarification or resolution:

(1) The extent to which the complete draft standards ANSI/ASME QNPE-1 (NS551.1),
QNPE-2 (NS551.2), QNPE-3 (N551.3), QNPE-4 (N551.4), and N41.6, and issued
standard ANSI/ASME B.16.41 are used needs to be clearly stated in the
FSAR.

2
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(2)

(3)

(4)

(5)

(6)

(7)

The applicant has stated compliance with RG 1.148. However, the discussion .
of testing in the operational condition is limited. Assessment of degraded
conditions and how testing was tailored to meet the requirements of SRP

Section 3.10, paragraph II.la(2) should be addressed in the FSAR. Also,

a comnmitment to RG 1.148 for replacement components should be clearly

stated in the FSAR.

The applicant should amend the existing tables of pumps and valves in the
FSAR to include the methods and standards used for qualification. As an
alternate, a separate table may be provided which includes the above
information correlated to Tables 3.9.8.3-8, 3.9.B.3-9, and 3.11.N.1-1.

For those components for which qualification and/or operability assurance
was performed by analysis alone, some question remains as to the confi~
dence level assured by this methodology. The need for additional component
testing is being considered, and such need cannot be established without

an inspection at the plant site.

In many cases the motor of an assembly was independently qualified and ‘
the pump separately qualified for operation, using the inputs at the

mounting. Further justification is needed in the FSAR to describe how

an acceptable qualification of the assembly was determined, considering
simultaneous dynamic interacticns between the pump, motor, and pedestal/

mounting structure.

Aging and the sequence of environmental conditions on the qualification
process are only briefly addressed in the FSAR. The applicant should
clarify how these findings will be reflected in the maintenance and sur-
veillance program. The FSAR should include the criteria for the mainte-
nance program as it relates to equipment qualification test and analysis
results.

FSAR Section 3.10.N.2.2.1, indicates that static shaft analysis of the

rotor is performed with SSE accelerations and compared with allowable

rotor clearances. FSAR Section 3.10.N.2.2.1 further states, "if rubbing .
or impact is predicted, it is required that it be shown by prototype or
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existing documented data the pump will not be damaged. . . ." The applicant
should identify all pumps affected and the test and/or documentation used to
ensure operability.

(8) The FSAR should be amended to include the generic testing criteria for
qualifying check valves for service conditions. The applicant should
address considerations of load conditions (end loads, vibrations, seismic
and reverse flow) and environmental conditions (thermal and radiation
aging of sensitive materials) and their impact on valve function and
valve leakage.

(9) The FSAR should be amended to include information regarding administrative
control of component qualification. The information should describe com-
ponent qualification, the equipment qualification file, the handling of
documentation, the applicant's internal acceptance review procedures,
etc.

The applicant should submit FSAR amendments to resolve the identified FSAR
deficiencies. In addition, the PVORT will follow the applicant's effort
closely, and will confirm its implementation during the onsite audit. ODuring
the plant site audit the staff will review in detail: the applicant's imple-
mentation of the qualification program to confirm that all applicable loads
and combinations of loads have been defined and utilized; operability has been
verified through appropriate tests and analyses; assemblies rather than indi-
vidual components have been verified operable; and that, for all safety-related
equipment, operability can be ensured throughout the plant life. At least 85%
of the safety-related equipment must be qualified, documented in an auditable
manner, and installed on site before the PVORT can perform an onsite audit.
when the applicant indicates that its work is substantially complete, the
PVORT will schedule an o(:}ite audit. The staff will report the results of
the audit and the followup and resolution ~f the concerns described above in a
future supplement to the SER.

In addition, the staff has not received information in the following areas and
these areas remain open:

A
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(1) dependability of containment isolation {purge valves) .
(2) long-term operability of deep draft pumps (IE Bulletin 79-15)

3.11 Environmental Design of Mechanical and Electrical Equipment

Later

4
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4 REACTOR

4.1 Summary Description

The Vogtle, Units 1 and 2 (Vogtle), nuclear steam supply system (NSSS) is
supplied by Westinghouse Electric Corporation and is designed to operate at a
core thermal power of 3411 MWt. Sufficient margin exists to ensure that fuel
damage will not occur during steady-state operation or anticipated operational
occurrences.

The NSSS, a four=-loop design, has a primary coolant flow rate of 138.7 x 10°
1b/hr. The reactor coolant and moderator is light water at a nominal system
pressure of 2250 psia. The reactor core consists of 193 fuel assemblies of
similar mechanical design, but different fuel pellet enrichments. Each assembly
¥s a 17 x 17 array containing 264 fu2l rods. Each fuel assembly has 24 posi-
‘ tions for guide thimbles for the rod cluster control assemblies which consist
of stainless-steel-clad hafnium or silver-indium-cadmium neutron absorber rods.
There are 24 absorber rods per cluster. The center position in each assembly
fs used for incore instrumentation.

The design of the Vogtle reactors is similar to that of the Millstone Unit 3
and Standardized Nuclear Unit Power Plant System (SNUPPS) reactors.

The review addressed in this section was performed in accordance with the
applicable portions of the Standard Review Plan (SRP) (NUREG-0800).

4.2 Fuel Design

The fuel assembly described in the FSAR for Vogtle 1s a 17 x 17 array of fuel
rods having a diameter of 0.374 in. This design will be referred to as the
standard fuel assembly (SFA) in the following paragraphs.
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Section 4.2 of the FSAR presents the design bases for the SFA. For the
Westinghouse (W) analysis, plant design conditions are divided into four
categories of operation that are consistent with traditional industry classi~
ficatfon (ANSI Stds. N18.2-1973 and N-212-1974): condition 1 is normal opera-
tion, condition 2 is incidents of moderate frequency, condition 3 {s infrequent
fncidents, and condition 4 is limiting faults. Fuel damage is then related to
these conditions of operation, which are coupled to the fuel design bases and
design limits. The subsections of the design bases section address topics such
as (a) cladding, (b) fuel material, (c) fuel rod performance, (d) spacer grids,
(e) fuel assembly structural design, (1) in-core control components, and (g)
surveillance program. Thus, 2s part of the discussion of the cladding design
bases, cladding mechanical properties, stress-strain limits, vibration and
fatigue, and cladding chemical properties are also pre-sented. A similar
approach is taken for the other major subtopics. .

he acevding o Suly 1981
The review and safety evaluation willf*oddow SRP Section 4.2 (NUREG-OBOO.qﬂ.JEJ!!.

The objectives of this fuel system safety review are to provide assurance that
(a) the fuel system is not damaged as a result of normal operation and
anticipated operational occurrences, (b) fue! system demage is never so severe
as to prevent control rod insertion when it 1s required, (c) the number of fue!
rod failures is not underestimated for postulated accidents, and (d) coolability
s always maintained. “Not damaged" is defined as meaning that fuel rods do

not fail, that fuel system dimensions remain within operational tolerances, and
that functional capabilities are not reduced below those assumed in the safety
analysis. This objective implements GOC 10 of 10 CFR Part 50, Appendix A
("General Design Criteria for Nuclear Power Plants"), and the design limits

that accomplish this are called specified acceptable fuel design 1imits (SAFDLs).
“Fuel rod failure" means that the fuel rod leaks and that the first fission
product barrier (the cladding) has, therefore, been breached. Fuel rod failures
must be accounted for in the dose analysis required by 10 CFR 100 ("Reactor

Site Criteria“) for postulated accidents. "Coolability," which 1s sometimes
termed "coolable geometry," means, in general, that the fue! assembly retains
fts rod-bundle geometrical configuration with adequate coolant channels to
permit removal of residual heat after a severe accident. The general require~

ments to maintain control rod fnsertability and core coolability appear repeatedly
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fn the GOC 27 and 35. Specific coolability requirements for the loss-of-
coolant accidents are given in 10 CFR 50.46 ("Acceptance Criteria for Emergency
Core Cooling Systems for Light Water Nuclear Power Reactors").

To meet the above-stated objectives of the fuel system review, the following
specific areas are critically examined: (a) design bases, (b) description and
design drawings, (c) design evaluation, and (d) testing, inspectifon, and
surveillance plans. In assessing the adequacy .f the design, several items
fnvolving operating experience, prototype testing, and analytica) predictions
are weighed in terms of specific acceptance criteria for fuel system damage,
fuel rod failure, and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>