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ABSTRACT

This final safety evaluation report’ (FSER) documents the U.S. Nuclear Regulatory Commission
(NRC) staff’s safety review of the early site permit (ESP) application submitted by the
Tennessee Valley Authority (TVA or the applicant), for the proposed Clinch River Nuclear (CRN)
Site, in Roane County, Tennessee.

In a May 12, 2016, letter, TVA submitted an ESP application (ESPA), Revision 0, for the CRN
Site in accordance with Subpart A, “Early Site Permits,” of Title 10 of the Code of Federal
Regulations (10 CFR) Part 52, “Licenses, Certifications, and Approvals for Nuclear Power
Plants.” The proposed CRN Site, which hosted the former Clinch River Breeder Reactor
Project, is a tract of land adjacent to the Clinch River arm of the Watts Bar Reservoir, located
west of the Oak Ridge Reservation, within the city of Oak Ridge, Tennessee. The site is
bounded on the east, south, and west by the Clinch River arm of the Watts Bar Reservoir and
on the north by the Grassy Creek Habitat Protection Area. Communities located near the site
include Kingston (approximately 6.8 mi west), Harriman (9.2 mi west-northwest), Lenoir City
(approximately 8.8 mi southeast), and Knoxville (approximately 25.6 mi east-northeast). The
CRN Site is approximately 935 ac within a 1,200 ac property owned by the United States of
America and managed by TVA. The applicant revised the ESPA over the course of the review
to capture its responses to staff requests for additional information and other information
provided on the docket as the result of regulatory audits described in this FSER. TVA submitted
Revision 1 of the ESPA on December 15, 2017, and submitted Revision 2, the final revision of
the application supporting this FSER, on January 18, 2019.

TVA has not selected a specific reactor technology, but used a plant parameter envelope (PPE)
in developing its application. TVA used technical information from various reactor designs to
develop bounding parameters (i.e., PPE) that are used to evaluate the suitability of the site for
future construction and operation of a nuclear power plant. The PPE is based on construction
and operation at the CRN Site of two or more small modular reactors (SMRs) with a maximum
rated thermal power for a single unit of 800 MW (reactor core). The combined nuclear
generating capacity from the site is not to exceed 2,420 MWt (800 MWe). A future set of reactor
modules on the CRN Site is proposed to be built in the “power block area” location identified in
TVA'’s application.

In its application, TVA seeks an ESP that could be referenced as part of a future application to
construct and operate a nuclear plant at the CRN Site. If the design that is referenced or included
in the future application is bounded by the PPE, then the applicant would not have to revisit safety
issues resolved in the ESP proceeding that depend on the PPE values. To the extent the PPE is
not bounding, however, the COL applicant would have to show that the proposed facility may be
safely located at the CRN Site notwithstanding the variance from the PPE.

Appendix A to this FSER identifies the proposed Permit Conditions, site characteristics, and
bounding design parameters that the staff recommends be imposed, if an ESP is issued to the
applicant. It also includes certain site-related items (combined license [COL] Action Items) that

" This FSER documents the NRC staff’s position on all safety issues associated with the early site permit application.
The relevant SER chapters and sections of this FSER have undergone a final review by the Advisory Committee on
Reactor Safeguards (ACRS), and the results of the ACRS review are in a final report provided by the ACRS (ACRS
2019 - ML19009A286). This report, as well as a response letter from the NRC staff (NRC 2019 — ML19022A306),
are included in Appendix E to this FSER.



will need to be addressed in a COL or construction permit (CP) application that references the
CRN Site ESP. The staff concluded that addressing these items is not required for the staff to
make its regulatory findings on the ESPA and that, for reasons specified in this FSER, the COL
Action Items are more appropriately addressed when the applicant has applied for a COL or CP.



CONTENTS

The chapter and section layout of this final safety evaluation report is consistent with the format
of (1) NUREG-0800, “Standard Review Plan for the Review of Safety Analysis Reports for
Nuclear Power Plants; LWR Edition,” (2) Regulatory Guide 1.206, “Combined License
Applications for Nuclear Power Plants,” Revision 1, and (3) the applicant’s site safety analysis
report (SSAR). Numerous chapters and sections in NUREG-0800 are not within the scope of,
or addressed in, an early site permit (ESP) proceeding. The reader will, therefore, note these
chapters and sections are not included in this document. The subjects of chapters and sections
in NUREG-0800 not addressed herein will be addressed, as appropriate and applicable, in other
applications (design certification, construction permit, or combined license) for a plant that might
be constructed on the CRN Site.

= 1S I 7 0 i
1070 I 8 R iii
APPENDICES. .......oo oottt s s s e a e e e R e n e n e X
L s Xi
LY = 1 0 xiv
EXECUTIVE SUMMARY ...t sssssns s s s s s sssss s s sssssss s s asssass s snsssnss s sansnns XV
ABBREVIATIONS ... s s s s sms e e sm e s e mn e s e s mn e e s e mn e e s e s mnn e e nnnmnn e s Xi
1.0 INTRODUCTION AND GENERAL DESCRIPTION ........ccociiiiirre e es e 1-1
(I B € 1= T 1= = IS L LY Yod o o] 1 o] o P 1-2

1.2 Plant Parameter ENVEIOPE ..........uuuuuiiiiiiiiiiiiiiiiiiiiiiiiitveieieeesveesseeeseeseeeesseenessnssennsnnnne 1-3

1.3 Identification of Agents and Contractors ...............eeeiieiiiiiiiiiiie e 1-4

1.4 Summary of Principal Review Matters .............cc.uuiiiiiiiiiiiie e 1-5

1.5 Summary of Open ltems and Confirmatory Items ... 1-6

1.6 Summary of Combined License Action ItemMS ..o 1-7

1.7 Summary of Permit CoNditioNS.............uuiiiiiiiiiii e 1-7

1.8 Summary of Inspections, Tests, Analyses, and Acceptance Criteria.............cc........ 1-8

2.0 SITE CHARACTERISTICS .......oiiiiiereriere s sssss s ssssss s ssss s s s mn e s mne s s e e e s s mne s 21
2.1 Geography and Demography .............eeeeiiiioiiiiiie e 2-1

2.1.1 Site Location and DescCription........ccccooioioiiiiei e 2-1

2111 Summary of Application.............c 2-1

211.2 Regulatory Basis ...........coiiiiiiiiiie e 2-1

2113 Technical Evaluation ... 2-2

2114 COoNCIUSION ... 2-4

2.1.2 Exclusion Area Authority and Control.............oooiiiiiiiiiiiieeeeeee s 2-4

2.1.2.1 Summary of Application............cc 2-4

21.2.2 Regulatory Basis ..........ccovoiiiiiiiiiiee e 2-4



2.2

23

2.1.2.3 Technical Evaluation ........c.oooeniieoie e 2-5

21.24 CONCIUSION ... 2-5
2.1.3 Population Distribution..........ccoooii e 2-6
2.1.3.1 Summary of Application............cco 2-6
213.2 Regulatory Basis ..........ccoooiiiiiiiiiiiceeiee e 2-6
2.1.3.3 Technical Evaluation ... 2-7
2134 (070 ] o To1 (U< o o IR PRRRRRR 2-10
Nearby Industrial, Transportation, and Military Facilities...........cccccceeeeeeiviriiennnnnnnnn. 2-10
2.2.1 Locations and ROULES .......ccooiiiiiiiee e 2-10
2.2.1.1 Summary of Application...............ccciee, 2-11
2.2.1.2 Regulatory Basis ........ccoooiviiiiiiiii e 2-11
2213 Technical Evaluation ... 2-12
2.2.2 Facility and Route DescriptionS .........oooieiiiiiiii i 2-12
2.2.21 Descriptions of FaCilitieS.............uuuviiiiiiiias 2-13
2.2.2.2 Descriptions of Products and Materials.............cccccccvvvvvvnnnnnne. 2-13
2.2.2.3 Description of Pipelin€s.............uuvuiiiiiiiiiiiiiviiiiivnianes 2-14
2.2.2.4 Description of Waterways...........cccccuveeeeiiiiiiiens 2-14
2.2.2.5 Description of HIghWays .............uuuiiiiiiiiiiiivieiens 2-14
2.2.2.6 Description of Railroads .............cccvvviiviiiiiiiiiiis 2-14
2227 Description of Airports, Aircraft, and Airway Hazards.............. 2-15
2228 Projection of Industrial Growth ................cooooei, 2-15
2229 CONCIUSION ... e 2-15
2.2.3 Evaluation of Potential ACCIdents ............ccoveiiiiiiiiiiiiie e 2-16
2.2.3.1 Summary of Application...............coooiiiiie, 2-16
2.2.3.2 Regulatory Basis ......ccooovviveeiiiiiii e 2-16
2.2.3.3 Technical Evaluation ...........cccccoovvvviiiiiiiiiieeeeeeeee e, 2-17
Y [=] (= ToT o] (oo |V PP PRSPPI 2-21
2.3.1 Regional ClImatology..........uuueiiiiiiiiiiiiiiiiie e 2-22
2.3.1.1 Summary of Application...........cccoeveieviiee 2-22
231.2 Regulatory Basis ..........cciiiiiiiiiiiiiee e 2-23
2.3.1.3 Technical Evaluation ...........cccccoovvvviiiiiiiiiieeeeeeeeeee e 2-25
2314 CONCIUSION....ccoiiiiiiece e 2-38
2.3.2 Local MeteorolOgy .......cooouuuiiiiiiieee ettt 2-39
2.3.2.1 Summary of Application............ccoooeviiviiiiee 2-39
2322 Regulatory Basis ..........ccooiiiiiiiiiiiicee e 2-39
23.2.3 Technical Evaluation ... 2-40
2324 CONCIUSION ... 2-46
2.3.3 Onsite Meteorological Measurements Program ............ccccooeiiiiiieeeceinnnnns 2-47
2.3.3.1 Summary of Application............ooooviiiii e 2-47
2332 Regulatory Basis ..........ccooiiiiiiiiiiieeeee e 2-47
2.3.3.3 Technical Evaluation ... 2-48
2334 CONCIUSION ... 2-53
2.3.4 Short-Term Atmospheric Dispersion Estimates for Accident Releases...... 2-53
2.3.4.1 Summary of Application............coooviiii e 2-53
2.34.2 Regulatory Basis .......ccooeevvviiiiiiiii et 2-54
2343 Technical Evaluation ... 2-55



24

2344 (07013 (o] L1710 o F TR 2-59

2.3.5 Long-Term Atmospheric Dispersion Estimates for Routine Releases........ 2-60
2.3.5.1 Summary of Application...........ooooiiiee 2-60
2352 Regulatory Basis ..........ccouiiiiiiiiiiceeee e 2-60
2.35.3 Technical Evaluation ... 2-61
2354 (©70] o To1 (U< o o [P RRERRR 2-66

[ )VZo [ fo] oTe [ Lol = o To [ =Y=T 4 T Ve [ 2-66

2.4.1 HydrologiC DeSCHPION......ccoeiiiiiiie e 2-67
24.1.1 Summary of Application...............cccieee 2-67
24.1.2 Regulatory Basis .......ccooeviiieiiiiiii e 2-68
2413 Technical Evaluation ... 2-69
2414 CONCIUSION ...t e e e e e e 2-78

A [ Yo Yo [ U SSPRSERR 2-78
2421 Summary of Application...............cccee, 2-78
24.2.2 Regulatory Basis ........cooeoivieiiiiiii e 2-79
2423 Technical Evaluation ... 2-79
2424 CONCIUSION ... e e e e e 2-84

2.4.3 Probable Maximum Flood on Streams and Rivers...........cocccoiieveeeeennnnns 2-84
2.4.3.1 Summary of Application...............cooooiiiiie 2-84
2.4.3.2 Regulatory Basis ......cooovevieeeiiiiiii e 2-85
2433 Technical Evaluation ............ccccvviiiiiiiiiiee 2-85
2434 (O70] o Tox [U 1o o IR PRERRR 2-100

2.4.4 Potential Dam Failures .......ccooooiiiiii 2-100
2441 Summary of Application................ccccc 2-101
24.4.2 Regulatory Basis ......ccoooevviveeiiiiii e 2-101
2443 Technical Evaluation ...........c.covvveiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee 2-102
2444 CONCIUSION....coiiiiii e 2-110

2.4.5 Probable Maximum Surge and Seiche Flooding ..........cccccuiiiiiiieeneninnnns 2-111
2.4.5.1 Summary of Application............cccco i, 2-111
2452 Regulatory Basis ..........ccooiiiiiiiiiiee e 2-111
2453 Technical Evaluation .............coovveiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee 2-112
2454 CONCIUSION....coeieie e 2-113

2.4.6 Probable Maximum Tsunami Hazards .........ccooooveiiiiiiiiiiiiieicccecceeceeeee, 2-113
2.4.6.1 Summary of Application............ccccooe 2-113
246.2 Regulatory Basis ..........ccooiiiiiiiiiie e 2-113
246.3 Technical Evaluation ... 2-114
2464 CONCIUSION...coiiii e, 2-115

247 108 EffECHS ... 2-115
24.71 Summary of Application............ccc 2-115
24.7.2 Regulatory Basis ..........ccoooiiiiiiiiiieee e 2-115
24.7.3 Technical Evaluation ... 2-116
2474 10701 g (o1 1153 o] o D UUTPRTPR 2-119

2.4.8 Cooling-Water Canals and ReServoirs ............cccueeeiieeiiiiiiiiiiiiieeee e 2-119
2.4.8.1 Summary of Application.............c 2-119
2.4.8.2 Regulatory Basis .......ccooovvvviiiiiiii e 2-120
2483 Technical Evaluation ... 2-120



2.5

24.8.4 (0701 [¢] 111710 o FUTE TR 2-121

2.4.9 Channel DIVEISIONS .....ccoiiiiiiiiiccc et eaeeens 2-121
2.4.9.1 Summary of Application............cc 2-121
2492 Regulatory Basis ..........ccooiiiiiiiiiieeeee e 2-122
2493 Technical Evaluation .............ccccoiiiiiiie e, 2-122
2494 (©70] o Tox [U 1< o] o [OOSR 2-125

2.4.10 Flooding Protection Requirements ............cccooiiiiiiiiiiiiiiii i 2-126
2.4.10.1 Summary of Application....................cc 2-126
2.4.10.2 Regulatory Basis .......cccoeevrieiiiiiiiiiieceeeeiiin e 2-126
2.4.10.3 Technical Evaluation .............ccccoiiiiiiiiiiiiiiiiiiieeeeeeeeeee 2-127
24104  CONCIUSION.. ..t a e e 2-128

2.4.11 Low Water Considerations ...........coccuuiiiiiieeee i e e e 2-128
2.4.11.1 Summary of Application....................co 2-128
2.4.11.2 Regulatory Basis ......ccccoevvriiiiiiiiiiieeeeeeeeiiie e 2-128
24.11.3 Technical Evaluation .............cccooiiiiiiiiiiiiiiieeeeeeee 2-129
24114 CONCIUSION ... e e 2-132

2.4.12 GrOUNAWALET .....eeiiiiiee ettt e et e e e e e e e e e e e e e e e e e annnes 2-133
2.4.12.1 Summary of Application................ccccc 2-133
2.4.12.2 Regulatory Basis ......ccccovvieiiiiiiiiiiieeceecee e 2-134
24.12.3 Technical Evaluation ..........c..cccooiiiiiiiiiiiiiiieeeeeeee 2-135
24124  CONCIUSION ...t e e 2-154

2.4.13 Accidental Releases of Radionuclides in Ground and Surface Waters....2-154
2.4.13.1 Summary of Application................cccc 2-155
2.4.13.2 Regulatory Basis .......cccccevveeeiiiiiiieieceeeeciie e 2-155
2.4.13.3 Technical Evaluation ..........c.cccciiiiiiiiiiiiiiiiiiieeeeeeeeeeeee 2-156
2.4.13.4  Accident PPE Liquid Effluent Release Source Term............. 2-156
2.4.13.5  CONCIUSION......coiiiiiiei et 2-168

2.4.14 Technical Specifications and Emergency Operation Requirements......... 2-168
2.4.14.1 Summary of Application............ccccoeei 2-168
24.14.2  Regulatory Basis ........cccceiiiiiiiiiiiiiiieeeiieeee e 2-168
2.4.14.3  Technical Evaluation ..........ccccccccooiiiiiiiiiecee e 2-169
24144  CONCIUSIONS ......cooeiiiiiie e 2-171

Geology, Seismology, and Geotechnical Engineering ..............cuuvvvvvvvvvvvvvnvnnnnnnnn. 2-172

2.5.1 Geologic Characterization Information ... 2-172
2.5.1.1 Summary of Application............ccc 2-173
251.2 Regulatory Basis ... 2-190
2513 Technical Evaluation ..............cccooviiiiiiii e, 2-191
2514 Permit Conditions ..........ccooiiiiiiiiiiccc e 2-204
2515 CONCIUSIONS .o 2-204

2.5.2 Vibratory Ground MOtION ........ccooiiiiiiiiiiiiei e 2-205
2521 Summary of Application............ccc 2-205
2522 Regulatory Basis ... 2-215
2523 Technical Evaluation .............ccccoiiiiiiicc e, 2-216
2524 CONCIUSION....ceiii e 2-227

2.5.3 Surface Deformation..............ceoiiieiiiiiiiiee e 2-228
2.5.3.1 Summary of Application....................c 2-228

Vi



2.5.3.1.1 Geological, Seismological, and Geophysical Investigation ....... 2-229

253.2 Regulatory Basis ..........ccoooiiiiiiiiieeee e 2-236
2533 Technical Evaluation .............cccciiiiiiiie e, 2-238
2534 Geologic Mapping Permit Condition ... 2-249
2535 CONCIUSIONS ..ottt 2-250
2.5.4 Stability of Subsurface Materials and Foundations ..............ccccceeiiiiinnnnn. 2-250
2541 Summary of Application....................c 2-251
2.54.2 Regulatory Basis .......cccooevvviiiiiiii e 2-278
2543 Technical Evaluation ..o 2-282
2544 Permit ConditionS .........coooeeiiiiiiiiiee e 2-304
2545 (7] o To1 (U o] o 13 ERERR 2-304
2.5.5 Stability Of SIOPES ....ccooieiieeeeeeee e 2-305
2.5.5.1 Summary of Application....................c 2-305
2552 Regulatory Basis .......ccooovviiiiiiiiiii e 2-306
2553 Technical Evaluation ... 2-307
2554 [©7 0] Tox [U 1= o] o 1SRRI 2-307
3.0 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS.............. 31
3.5.1.6 Aircraft Hazards..........ccooeoiiii e 3-1
11.0 RADIOACTIVE WASTE MANAGEMENT .......ccooiiiiimmmmrr s innsssssnn s ssssssss s s ssssnses 1141
11.1 Summary of APPlICALION ........uuiiiiiiiii e —————— 11-2
{2 =T o [0 = (o] Y = = T RPN 11-3
11.3 Liquid Effluent REIEASES.........uuviiiiiiiiiiiiiiii e 11-3
11.3.1 Normal PPE Liquid Effluent Release Source Term.............c.cceeeeiieenninnnn. 11-3
11.3.2 Normal PPE Liquid Effluent Release Concentrations.....................coeooo. 11-4
11.3.2.1 Doses from Normal PPE Liquid Effluent Release Source
TEIMS <.t 114
11.3.3 Gaseous Effluent Releases.........cccccoeeiiiii i, 11-6
11.3.3.1 Normal PPE Gaseous Effluent Release Source Term ............ 11-6
11.3.3.2  Normal PPE Gaseous Effluent Release Concentrations......... 11-6
11.3.3.3  Doses from the Normal PPE Gaseous Effluent Release
SOUICE TOIM i 11-7
11.4 Technical Evaluation .............ccoooiiiiiiiii e 11-8
11.4.1 Normal PPE Liquid and Gaseous Effluent Release Source Terms............ 11-8
11.4.2 Doses from Normal PPE Liquid and Gaseous Effluent Release Source
BLIC=14 1 1T TR 11-10
T1.5 CONCIUSION. ..ottt e e e e e e e e e e e et e e e e e e e e ees bt e e eeaaaeeens 11-13
13.0 CONDUCT OF OPERATIONS........ccooiccimmrrrerrsssssssssnnnn s s ssssssssssmssns s s s sssssssssnsnsssssssssssnes 131
13.3 EMergency Planning .........oooeooiiiii e 13-1
13.3.1 Summary of Application...........cooooiiiii 13-3
13.3.2 Regulatory BaSsIS ........cooiiiiiiiiiiiiiiie e 13-4
13.3.3 Technical Evaluation ..., 13-6
13.3.3.1 Significant Impediments to the Development of Emergency
PIANS. e eaaas 13-8

Vii



13.3.3.2

Contacts and Arrangements with Local, State, and Federal

AGENCIES ... 13-11
13.3.3.3  Dose-Based, Consequence-Oriented EPZ Sizing................. 13-13
13.3.3.4  Exemption Requests — Site Boundary and 2-Mile EPZ.......... 13-24
13.3.3.5  Major Features Emergency Plan............cccoeeiieiiiiiiiiiinennnn. 13-61
13.3.4 Conclusions Regarding Emergency Planning ..., 13-126
13.6 PhySICal SECUNTY .. .uuvuiiiiiiiiiiiiiiiiiiiii it aar b aareaaesaaeaansanaesnannnnes 13-131
13.6.1 Summary of Application...........cccccoeeiiii 13-131
13.6.2 Regulatory Basis .......coovii i 13-132
13.6.3 Technical Evaluation ..., 13-132
13.6.3.1 Security Boundaries ............cccccciiiiiiiiiii 13-133
13.6.3.2  Site CharacteristiCs..........cccoviiiiiiiiiiii e 13-134
13.6.3.3  APProacChes .....coooviiiiii e 13-135
13.6.4 CONCIUSION .....eiiiiiiiiie et e e e e e e e e e e e e e e e eaann 13-139
15.0 ACCIDENT ANALYSIS ... . iiiririisssssrr s sssssn s s ssmn s s s s s smmnn s s s s snnnnses 151
15.0.3 Summary of Application.............ccoeoii i, 15-1
15.0.3.1 Regulatory Basis ......cooooeviiieiiiiiii e 15-2
15.0.3.2  Technical Evaluation ..............cccccoouiiiiiiiiiie 15-3
15.0.3.3  CONCIUSION ..ottt 15-6
17.0 QUALITY ASSURANCE ...t sssss s snn s s s 171
17.5 Quality Assurance Program Description — Design Certification, Early Site
Permit, and New License Applicants..........ocuuueciiiiiiiiiiiiicce e 17-1
17.5.1 Summary of Application.............ccoooeii i, 17-1
17.5.2 Regulatory BasiS .......coii i it e 17-1
17.5.3 Technical Evaluation ..., 17-2
17.5.3.1 Organization ..........coooiiiiiii e 17-2
17.5.3.2  Quality Assurance Program..........ccccccouuriuuiirieeeeeeeeiniiiiieeeeenns 17-3
17.5.3.3  Design Control...........ccouiiiiiiiiiiiiiiiee e 17-4
17.5.3.4  Procurement Document Control.............ccccuvvvvvivneeinniinninniinnn, 17-4
17.5.3.5 Instructions, Procedures, and Drawings...........cccccvvvvvveennnennn. 17-5
17.5.3.6  Document Control............uuuuuuiiuuiimniiiiiiiiiieeees 17-5
17.5.3.7  Control of Purchased Material, Equipment, and Services....... 17-5
17.5.3.8 Identification and Control of Materials, Parts, and
COMPONENES ..o 17-6
17.5.3.9  Control of Special ProCesses ............uuvvvruvirviiririiniiiiiiinniinnnnnnns 17-6
17.5.3.10  INSPECHON ....eiiiiiiiiiiiiie e 17-6
17.5.3.11  Test Control......ooouueiiiiic e 17-6
17.5.3.12 Control of Measuring and Test Equipment................cccccveeee. 17-7
17.5.3.13 Handling, Storage, and Shipping............ccccvrieriiiiiiiiiiiiiieeeeen 17-7
17.5.3.14 Inspection, Test, and Operating Status ............ccccccceciinnnnnne. 17-7
17.5.3.15 Nonconforming Materials, Parts, or Components.................... 17-7
17.5.3.16  Corrective ACHON ..........uuuueiiiiiiiiiii e 17-8
17.5.3.17 Quality Assurance RECOrdS ...........cccoormiiiiiimiiiieiiiiiiiiiiieeeeeenn 17-8
17.5.3.18 Quality Assurance AUudits ...........cceeeeiiiiiiiiiiiee e 17-9

viii



17.5.3.19 Non-Safety-Related SSC Quality Assurance Control.............. 17-9

17.5.3.20 Regulatory Commitments...........cccceeeeiiiiiiiiiiii e 17-9

17.5.4 CONCIUSION ...ttt e e e e e 17-11

20.0 REVIEW BY THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS.............. 20-1
21.0 CONCLUSIONS ......cooiiiiciinnnrrr i s s a e e e e s s e a e annn e e e e e e e n s s nnnnns 2141



APPENDIX A.

APPENDIX B.

APPENDIX C.

APPENDIX D.

APPENDIX E.

APPENDICES

PERMIT CONDITIONS, COL ACTION ITEMS, SITE

CHARACTERISTICS, AND BOUNDING DESIGN PARAMETERS .............. A-1
CHRONOLOGY OF AN EARLY SITE PERMIT APPLICATION FOR

THE CLINCH RIVER NUCLEAR SITE ... B-1
REFERENCES ...ttt C-1
PRINCIPAL CONTRIBUTORS.........ceiiiiinire e D-1

REPORT BY THE ADVISIORY COMMITTEE ON REACTOR
SAFEGUARDS AND RESPONSE LETTER FROM NRC STAFF ................. E-1



Figure 2.3-1

Figure 2.3-2
Figure 2.4.1-1

Figure 2.4.1-2

Figure 2.4.1-3

Figure 2.4.1-4a

Figure 2.4.1-4b

Figure 2.4.1-5a
Figure 2.4.1-5b
Figure 2.4.1-5c

Figure 2.4.3-1

Figure 2.4.12-1

Figure 2.4.12-2
Figure 2.4.12-3

Figure 2.4.12-4

FIGURES

Design Basis Hurricane Wind Speeds for the Eastern Gulf of Mexico
and Southeastern Atlantic U.S. Coastline Representing Exceedance
Probabilities of 10" per Year (reproduced from RG 1.221 [NRC 2011-
TN5931]). Values are nominal 3-second gust wind speeds in miles per
hour (meters per second) at 33 ft (10 m) above ground over open
terrain. The approximate location of the CRN Site is indicated by the

YEIOW @ITOW. ...ttt e e e e e e e as 2-31
Effluent Release Zones with Analytical EABS ..o 2-59
CRN Site Region (reproduced from SSAR Revision 1, Figure 2.4.1-2
[TVA 2017-TNS387]). coeeeeeeeieeeeeeeeiiieiieee e e e e e e s e e e e e e e e ee e e e e e e e nnnneees 2-68
CRN Local Site Boundary and Topography (reproduced from SSAR
Revision 1, Figure 2.4.1-3 [TVA 2017-TN53871). «eeeeeeieiiiiiiieeee e 2-70

CRN General Layout of Facilities and Structures at the Site

(reproduced from SSAR Revision 1, Figure 2.4.11-2 [TVA 2017-

LI 11 T4 TSRS 2-71
(Sheet 1 of 2) Geographic Map of Tennessee River and its Tributaries,

and Location of Dams (reproduced from SSAR Revision 1, Figure
2.4.1-5[TVA 2017-TNBS38BT7]) ..ereieee e e et a e 2-74
(Sheet 2 of 2) Geographic Map of Tennessee River and its Tributaries,

and Location of Dams (reproduced from SSAR Revision 1, Figure

2.4 1-5[TVA 2017-TNBS38B7]) .ceeeeeeeeeiiee e e e 2-75
Seasonal Operating Curve for Watts Bar Dam (reproduced from SSAR
Revision 1, Figure 2.4.1-6, Sheet 1 of 11 [TVA 2017-TN5387])................. 2-76
Seasonal Operating Curve for Melton Hill Dam (reproduced from SSAR
Revision 1, Figure 2.4.1-6, Sheet 8 of 11 [TVA 2017-TN5387])................ 2-76
Seasonal Operating Curve for Norris Dam (reproduced from SSAR

Revision 1, Figure 2.4.1-6, Sheet 9 of 11 [TVA 2017-TN5387])................. 2-77

Tennessee River Watershed Sub-basins Used by the Applicant for
Hydrologic Analysis (reproduced from SSAR Revision 1, Figure 2.4.3-1

[TVA 2017-TNBS387]). uerieeieeee e ettt a e e e e e e e ennnees 2-86
Hydrogeologic Stratigraphy of the Site and Surrounding Area

(reproduced from SSAR, Revision 1 Figure 2.4.12-9 [TVA 2017-

TN B8 7] ) eeeiiiee et e e e e e e aaaaaaan 2-136
Study Area Sampling Locations and TVA Aquifer Pumping Test Well
(after TDEC 2016-TN5350, Figure C.1). ...coooieiiiiiiiiee e 2-141
Frequency Distribution of Open Fractures with Elevation (reproduced
from SSAR Figure 2.4.12-33 [TVA 2017-TN5387]). .ccevvvreeeieeeeeeeirieeeen 2-142

Hydrograph of OW-417 Well Pair (top) and, (bottom) Hydrologic Cross
Section through the Clinch River, OW-417, OW-418, OW-202, and OW-

423 from Left to Right (reproduced from Figures 2.4.12-29 and 2.4.12-32
[TVA 2017-TNS387]). «oeecurerreiiieeeeeeeeiieie e e e e e e e e e e e e e e e e e sreeeeeaeeeasnnnnes 2-144

Xi



Figure 2.4.12-5

Figure 2.4.14-1
Figure 2.5.1-1

Figure 2.5.1-2

Figure 2.5.1-3

Figure 2.5.2-1

Figure 2.5.2-2

Figure 2.5.2-3

Figure 2.5.2-4

Figure 2.5.2-5

Figure 2.5.2-6

Figure 2.5.2-7

Figure 2.5.2-8

Location of Wells and Hydrologic Transects Along the Clinch River and,
Cross Sections Along Transects A, B and C (after Bechtel Jacobs

Company [2011-TN6169], Figures 7, 8,9, and 10). ......cceeevviiiiiniiieenneennn. 2-145
Proposed CRN Site Layout (reproduced from Revision 1, Figure 2.1-1

[TVA 2017-TNBS387]). cooeueeeeeeiieeeeeeeiieee e e e e e e e et e e e e e e e e eennrereeeeeaeeeaannnnes 2-171
Map Showing Physiographic Provinces in the CRN Site Region

(reproduced from SSAR Figure 2.5.1-1 [TVA 2017-TN5387]).................. 2-174

Northwest-Southeast Geologic Cross Section Across the CRN Site
Showing Stratigraphic Units Underlying the Site at Locations A and B;
Shear-Fracture Zones Penetrated in the Eidson Member of the
Lincolnshire Formation Under Location B and in the Rockdell Formation
Under Location A; Location of the Chestnut Ridge Fault in the
Subsurface Northwest of Location B; Location of the Copper Creek
Fault and Boreholes CC-B1 and CC-B2 that Penetrate the Fault to the
Southeast of Location A. (Figure reproduced from SSAR Figure 2.5.1-

30 [TVA 2017-TNB3BT]) -eeeeeeeiiiieeeeeiiiieeeeeiieeeeesee e s seee e e e sneeee e e enneeaeeanes 2-179
Simplified Site Vicinity Geologic Map (reproduced from SSAR Figure
2.5.1-27 [TVA 2017-TN5S387]) c.ereeeeeeiiieeeeiieeeeeeeeeesseee e e eneeee e eneeeae e 2-182

Map of Seismicity in the CEUS Surrounding the CRN Site (reproduced
from SSAR Figure 2.5.2-26 [TVA 2016-TN5018]). Colored circles are
earthquakes in the NUREG-2115 (NRC 2012-TN3810) earthquake
catalog. The red circle denotes the 320 km (200 mi) radius. The green

box outlines the ETSZ. ... 2-206
Mean Rock Uniform Hazard Response Spectra for the CRN Site.
(Reproduced from SSAR Figure 2.5.2-53 [TVA 2016-TN5018].) ............. 2-210

Base Case Velocity Profiles for Area A (Black) and Area B (Red) Used

by the Applicant in the Site Response Analysis Based on SSAR Tables
2.5.4-30 and 2.5.4-31 (TVA 2016-TN5018) ......ccceeiiiiiiiiieeeee e 2-211
Horizontal Amplification Factors for Base Case Profile at Area A

considering an M5.5 input response spectrum. (Reproduced from

SSAR Figure 2.5.2-62 [TVA 2016-TN5018]) ....ccccvviiiiiee e 2-213
Horizontal (solid black) and Vertical (dashed black) GMRS for the CRN

Site. (Reproduced from SSAR Figure 2.5.2-78 [TVA 2016-TN5018]) .....2-215
Map of the Staff's Supplementary Earthquake Search. Grey dots are
earthquakes included in the NUREG-2115 (NRC 2012-TN3810)

catalog (M > 2.9). Dark blue dots are M > 2.9 earthquakes added by

the applicant to the catalog between 2009 and mid-September 2013.

Dark green dots are the staff-identified M > 2.9 earthquakes identified

that occurred between October 2013 and July 30, 2017. The black

circle marks the 320 km (200 mi) radius from the CRN Site. .................. 2-218
Comparison of the Applicant’s Base Rock Hazard Curves with the
Staff's Confirmatory Hazard Curves for the CRN Site ... 2-220

Comparison of the Applicant’s (blue) and the Staff’'s Confirmatory
GMRS (red) for the CRN Site. The generic hard rock (Vs = 2.8 km/s
[9,200 fps]) GMRS (black dotted) is shown for comparison. .................... 2-227

Xii



Figure 2.5.3-1
Figure 2.5.4-1
Figure 2.5.4-2
Figure 2.5.4-3
Figure 2.5.4-4
Figure 2.5.4-5

Figure 2.5.4-6

Distribution of Mapped Karst Features in the CRN Site Area

(reproduced from SSAR Figure 2.5.1-47 [TVA 2017-TN5387])................ 2-231
Geotechnical Cross Section of the Stratigraphy of the Power Block

Area (reproduced from SSAR Figure 2.5.4-2 [TVA 2017-TN5387]) ......... 2-253
Boring Location Plan at the CRN Site (reproduced from SSAR Figure

2.5.4-1 [TVA 2017-TNBS38B7]) ..ceerieeeeiiiieeeeiiee e et e e e eireee e enneaa e e 2-260
Geologic and Shear Wave Velocity Profile for Location A (reproduced

from SSAR Figure 2.5.4-18 [TVA 2017-TN5387]) ...eeeeviiieeeeeiieee e 2-268
Geologic and Shear Wave Velocity Profile for Location B (reproduced

from SSAR Figure 2.5.4-19 [TVA 2017-TN5387]) ...ceeeviiiieeeiiiiee e 2-269
Base Case Shear Wave Velocity Profiles for Location A (reproduced

from SSAR Figure 2.5.4-20 [TVA 2017-TN5387]) ...ceeeiiiiieeeiiieee e 2-271
Base Case Shear Wave Velocity Profiles for Location B (reproduced

from SSAR Figure 2.5.4-21 [TVA 2017-TN5387]) ...ceeeiiiiieeeiiieee e 2-272

Xiii



Table 2.3-1
Table 2.4.4-1
Table 2.4.13-1
Table 2.4.14-1
Table 2.4.14-2
Table 2.5.2-1
Table 2.5.4-1
Table 11.1-1
Table 11.4-1
Table 11.4-2
Table 11.4-3
Table 11.4-4
Table 13.3-1

Table 15.0.3-1

TABLES

Precipitation for Stations around Clinch River Nuclear Site (reproduced

from SSAR Table 2.3.1-2 [TVA 2019-TN5855]) .....ccccvriiiieieeeeeeeieeeeeen 2-28
Summary of Flood Elevations at the CRN Site (CRM 17.9) ..........ccc.oo. 2-108
Summary of Equation 2.4.13-2 Radionuclide Transport Parameters. ...... 2-163
Proposed Site Characteristics Related to Hydrology............cccccceeiiiniiins 2-169
Bounding Design Parameters..............ooieiiiiiiiiiiiiiiiee e 2-170
Controlling Earthquakes for the CRN Site (From SSAR, Table 2.5.2-18

[TVA 2016-TNSOT8]) .oouverreeireeeeeeeeiieieiieeee e e e e e ee e e e e e e e esnneeeeeeeeaaeeaannnnes 2-209
Summary of Properties of CRN Rock Stratigraphy ...........covvvevivviiiinnnnnee. 2-256
SMR Design Technologies Considered inthe PPE...............cccciiinn. 11-2
Liquid Effluent Dose Calculation Parameters (used by the staff for
confirmatory @nalySiS)........couviiiiiiiiiiiiiiiiieeeeeeeeeeeeeee e 11-10
Comparison of Doses to the MEI from Liquid and Gaseous Effluents for
Compliance with 10 CFR Part 50 (TN249), AppendiX | .........ccoovvvreeveeneeee. 11-11
Comparison of Doses to the MEI for Compliance with 40 CFR Part 190

(I 251 ) TSP RRRRR 11-12
Gaseous Effluent Dose Calculation Parameters (used by the staff for
confirmatory @nalySiS)........couiiiiiiiiiiiiiiiiiieeieeeeeeeeeeee e 11-12
Plant Parameter Accident Releases for Determining Emergency

Planning Zone Size in Support of Emergency Planning Exemptions....... 13-22
Site Parameter Short-Term x/Q Values for Vendor Design Site

Parameter and Comparison to Site Characteristic x/Q Values................... 15-6

Xiv



EXECUTIVE SUMMARY

The regulations in Title 10 of the Code of Federal Regulations (10 CFR) Part 52, “Licenses,
Certifications, and Approvals for Nuclear Power Plants,” contain requirements for licensing new
nuclear power plants (NPPs).2 These regulations include the U.S. Nuclear Regulatory
Commission (NRC) requirements for early site permits (ESPs), design certifications, and
combined licenses (COLs). The ESP process discussed in 10 CFR Part 52, Subpart A, “Early
Site Permits,” is intended to address and resolve site-related issues. The DC process

(10 CFR Part 52, Subpart B, “Standard Design Certifications”) provides a means for a vendor to
obtain NRC certification of a particular reactor design. Finally, the COL process

(10 CFR Part 52, Subpart C, “Combined Licenses”) allows an applicant to seek NRC
authorization to construct and operate a new NPP. A COL applicant may reference an ESP, a
certified design, both, or neither. A COL applicant referencing an ESP or certified design must
resolve licensing issues that were not resolved as part of the referenced ESP or design
certification proceeding before the NRC can issue a COL.

This final safety evaluation report (FSER) describes the results of a review by the NRC staff (the
staff) of an ESP application (ESPA) submitted by the Tennessee Valley Authority (TVA) for the
proposed Clinch River Nuclear (CRN) Site. The staff’s review verified the applicant’s
compliance with the requirements of 10 CFR Part 52, Subpart A, and other requirements
referenced therein. This FSER documents the staff's conclusions with respect to the ESP
safety review and identifies items to be addressed by a future COL or construction permit (CP)
applicant referencing the CRN Site ESP.

The NRC regulations also contain requirements for an applicant to submit an environmental
report pursuant to 10 CFR Part 51, “Environmental Protection Regulations for Domestic
Licensing and Related Regulatory Functions.” The staff reviews the environmental report as
part of its responsibilities under the National Environmental Policy Act of 1969, as amended.
The staff presents the results of that review in a final environmental impact statement (Final
EIS), which is a report separate from this FSER. The Final EIS is provided to the U.S.
Environmental Protection Agency (EPA). The staff’s Final EIS for the ESPA, NUREG-2226,
“Final Environmental Impact Statement for an Early Site Permit (ESP) at the CRN Site,” can be
accessed through the Agencywide Documents Access and Management System (ADAMS)?3 at
Accession No. ML19087A266.

In a May 12, 2016 letter, TVA submitted an ESPA, Revision 0 (ADAMS Accession No.
ML16139A752) for the CRN Site. The proposed CRN Site, which hosted the former Clinch
River Breeder Reactor Project, is a tract of land adjacent to the Clinch River arm of the Watts
Bar Reservoir, located west of the Oak Ridge Reservation, within the city of Oak Ridge,
Tennessee. The site is bounded on the east, south, and west by the Clinch River arm of the

2 Applicants may also choose to seek a CP and operating license in accordance with 10 CFR Part 50, “Domestic
Licensing of Production and Utilization Facilities” instead of using the 10 CFR Part 52 process.

3 ADAMS is the NRC information system that provides access to all image and text documents that the NRC has
made public since November 1, 1999, as well as bibliographic records (some with abstracts and full text) that the
NRC made public before November 1999. Documents available to the public may be accessed via the Internet at
http://www.nrc.gov/reading-rm/adams.html. Documents may also be viewed by visiting the NRC Public Document
Room at One White Flint North, 11555 Rockville Pike, Rockville, Maryland. Telephone assistance for using web-
based ADAMS is available at (800) 397-4209 between 8:30 a.m. and 4:15 p.m., Eastern Time, Monday through
Friday, except Federal holidays. The staff is also making this FSER available on the NRC new reactor licensing
public Web site at http://www.nrc.gov/reactors/new-reactors/esp/clinch-river.html.
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Watts Bar Reservoir and on the north by the Grassy Creek Habitat Protection Area.
Communities located near the site include Kingston (approximately 11.58 km [7.2 mi] west),
Harriman (16.41 km [10.2 mi] west-northwest), Lenoir City (approximately 14.32 km [8.9 mi]
southeast), and Knoxville (approximately 40.55 km [25.2 mi] east-northeast). The CRN Site is
approximately 935 ac within a 1,200 ac property owned by the United States of America and
managed by TVA. The applicant revised the ESPA over the course of the review to capture its
responses to staff requests for additional information and other information provided on the
docket as the result of regulatory audits described in this FSER. TVA submitted Revision 1 of
the ESPA on December 15, 2017, and submitted Revision 2, the final revision of the application
supporting this FSER, on January 18, 2019.

In accordance with 10 CFR Part 52, the CRN Site ESPA includes, among other information, the
following:

¢ a description of the site and nearby areas that could affect or be affected by a NPP(s)
located at the site;

¢ a safety assessment of the site on which the facility would be located, including an
assessment of the major structures, systems, and components that bear significantly on the
acceptability of the site;

¢ an assessment of whether any physical characteristics of the site could pose a significant
impediment to the development of emergency plans;

¢ a major features emergency plan; and

¢ the quality assurance program under which ESP-related activities were performed.

Unique aspects of the application were the inclusion of two distinct major features emergency
plans; requests for exemptions from emergency planning requirements, including requirements
for the plume exposure pathway (PEP) emergency planning zone (EPZ); and a proposed
methodology that a COL applicant could use to determine the PEP EPZ size. The ESPA
describes how the site complies with the applicable requirements of 10 CFR Part 50, 10 CFR
Part 52, and the siting criteria of 10 CFR Part 100, “Reactor Site Criteria.”

The applicant has not selected a particular reactor design for construction at the CRN Site. To
provide sufficient facility design information for the proposed site, the applicant used the plant
parameter envelope (PPE) approach, selecting a set of bounding parameters to represent a
surrogate plant, and included these parameters in the ESPA along with the site characteristics
that form the basis for an ESP. The PPE approach has been accepted by the NRC in previous
ESPAs.

This FSER presents the conclusions of the staff's review of the application, including
supplemental information submitted by the applicant to staff in support of the ESPA.
Supplemental information was provided by the applicant as a result of NRC staff observations
shared and documented through NRC public meetings, audits, inspections, and requests for
additional information (RAIs) transmitted to the applicant. The staff conducted a four-phase
review of the application. The staff identified several open items during the first phase

(i.e., Phase A, which included RAIls and supplemental RAIls). During the second phase

(i.e., Phase B), the staff received and reviewed the applicant’s responses to all RAls and all
supplemental RAls. In consideration of the applicant’s responses to the RAIs and the results of
the audits and inspections conducted during Phases A and B, the staff issued chapter-specific
Advanced Safety Evaluations (ASEs) with no open items at the end of Phase B. The staff
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presented the ASEs to the NRC Advisory Committee on Reactor Safeguards (ACRS) as part of
Phase C of the review. Phase D is the issuance of the final safety evaluation report (FSER).
Section 1.6 of this FSER provides a brief summary of the process used to resolve issues that
arose during the review; specific details about the resolution of these issues are presented in
the corresponding sections of this report.

Appendix A of this FSER identifies the proposed Permit Conditions, site characteristics, and
bounding design parameters that the staff recommends be imposed, if an ESP is issued to the
applicant. Appendix A also includes certain site-related items (COL Action Items) that will need
to be addressed in a COL or CP application that references the CRN Site ESP. The staff
concluded that addressing these items is not required for the staff to make its regulatory findings
on the ESPA and that, for reasons specified in this FSER, the COL Action Items are more
appropriately addressed when the applicant has applied for a CP or COL.

Inspections, site visits, and regulatory audits conducted by the staff have verified, where
appropriate, information supporting the conclusions in this FSER. The inspections and audits
focused on selected information in the ESPA and its references and are cited and discussed in
the applicable sections of this FSER.

The ACRS also reviewed the bases for the conclusions in this report, as required by 10 CFR
52.23, “Referral to the ACRS.” The ACRS independently reviewed the aspects of the
application that concern safety, as well as the relevant SER chapter sections, and provided the
results of its review to the Commission in a January 9, 2019, report. Appendix E of this FSER
includes a copy of the ACRS letter about the relevant SER chapter sections (ADAMS Accessio