Enclosure 6 to E-42121

NUHOMS' EOS System Safety Analysis Report, Revision 3

(Public Version)



PUBLIC VERSION

AREVA

AREVA Inc.

NUHOMS® EOS System
Safety Analysis Report

Docket Number 72-1042
Revision 3

June 2015

AREVA TN AMERICAS
7135 Minstrel Way, Suite 300 « Columbia, MD 21045



The proprietary notice is withheld from this public SAR version.



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

Table of Contents

1. GENERAL INFORMATION ...cuiiniiricrisseisecssissenssecssecsssssnsssessssssasssessasssssssssssssssssssssane 1-1
1.1 INtrodUCTION...uueeeceeeeiiiecteeieeecstnecsneesnaeessaseesssseessssesssssesssssnsssssessssssssssnssssanee 1-2

1.2 General Description and Operational Features of the
NUHOMS® EOS SYSEEIN cu.euveceereereracrncssesnesssssssessessessessssssssessessessessesssssesasss 1-4
1.2.1 NUHOMS® EOS System CharacteriStics .............eveveeeureereeerrreenenns 1-5
1.2.2 Transfer EQUIPMENt .......ccc.ooviiiiiiiiiieiiee e 1-10
1.2.3 Operational Features .........ccceovcueiiriieeiiiieciieeciee et 1-10
1.3 DIraWINEGS coccvveiiiiiisnnicnissnricssssasnecsssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssass 1-15
1.3.1 NUHOMS® EOS-37PTH DSC ....covvemimeeeeeeeeeeeeeeeeeeeeeee e, 1-15
132 NUHOMS® EOS-8IBTH DSC ....oveeeeeeeeeeeeeeeeeeeeeeeeeseeeee s 1-38
1.3.3  NUHOMS® EOS-HSM/EOS-HSMS.......ooivorieieeeeeeeeseereeeeeesnns 1-63
1.3.4  NUHOMS" EOS-TCs (EOS-TC108 and EOS-TC-125/135)............. 1-82
1.4 NUHOMS® EOS SYStem CONLENLS ......vcvecreereersersecsscssessessessasssessessessasssessenss 1-122
1.4.1 EOS-37PTH DSC CONtENtS .....eouvereieiieieniieniieieeiienieeiesieesieeie e 1-122
1.42  EOS-89BTH DSC CONtents.........ccoeevuerieniieieniienieeieseeseeee e 1-122
1.5 Qualification of AREVA Inc. (Applicant) ......ccccceeecescrnnrccssssnnnecsssnssecssnnnes 1-124
1.6 QUAlity ASSUIANCE...uueiiiieriiinricsnresssnnessnnessseessssnesssssessssnesssssesssssssssssssssasses 1-125
1.7 REfErenCes...uueevueiiruiiiiiitinsiictinseiniecstecneisaesseessessssisssessssssssessssssssesssasssss 1-126
1.8 Supplemental Data.........coeeeneeninenienniennsnenssennsnecsensssessseesssesssssssasssssssssessses 1-127
1.8.1 Generic Cask ATTAYS .....coouirviriinieeieniereeeeteeee e 1-127
2. PRINCIPAL DESIGN CRITERIA ......uuiiiiitiiseinninsnncssissssnsssessssnsssssssssssssssssesssse 2-1
2.1 SSCs Important to SAfety ......ccuveeerveecisricssricssnrisssnncsssnnissssnessssnssssnesssssossssseses 2-2
2.1.1 Dry Shielded CaniSters ...........coveeiieriieriiieriieeie et 2-2
2.1.2 Horizontal Storage Module (EOS-HSM/EOS-HSMS).........cccceevrennee. 2-2
2.1.3 ISFSI Basemat and Approach S1abs ..........ccccooveeviiiinininiiniccnee. 2-3
2.14 Transfer EQUIPMENT ........cccuviiiiiiiiiiiieiiie e 2-3
2.1.5 Auxiliary EQUIPMENt........coooiiiiiiiiiiiiieiieeeee e 2-4
2.2 Spent Fuel to Be Stored .........ceiiinviicisiinisnninssnninssnnissssncssssnessssssssssessssssssssseses 2-5
22.1 EOS-37PTH DSC ...t 2-6

Page 1



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

222 EOS-8IBTH DSC.....ooiiiiiiiiiiieeceeees ettt 2-7
2.3 Design Criteria for Environmental Conditions and Natural
PRENOMENA....uueecneiiiniiinieiineeisneecsneecsntecsstsessesssssesssssnessssesssssnsssssasssssassssanse 2-8
23.1 Tornado Wind and Tornado Missiles for EOS-HSM ..., 2-8
232 Tornado Wind and Tornado Missiles for EOS-TC...........ccccooveiennnnne. 2-9
233 Water Level (Flood) Design .........cccveeviieeriieeiiieeiee e 2-10
234 SEISMIC DESIZN...cuviiiiiiiiieeiiieiieeie ettt 2-11
2.3.5 Snow and Ice Loading .........ceeeevieeiiieiiiieeieecee e 2-12
23,60 TSUNAMIc.eiiuiiiiieiieieeiiesieeie ettt ettt ettt s e b 2-12
2.3.7 LAGRENING ..ttt 2-12
24 Safety Protection SYSTEIMS ....ccccveeiersvsnnrecsssnrncssssssnscsssssssssssssssssssssssssssssssssssnns 2-13
24.1 GENETAL....oiiiiii e 2-13
2.4.2 SHUCLUTAL.....eiiiiiiiie e e 2-15
243 Thermal.......cocooiiiiii e 2-16
24.4 Shielding/Confinement/Radiation Protection ..........c..cccceeveerieneenenne. 2-16
245 CIItICAITLY cnveeieiieee e e 2-17
2.4.6 Material SeleCtion ........c.eeviiiiiieriiiiieie e 2-18
2.4.7 Operating Procedures...........ooiuiiiriieiriiieeriieesiie et 2-19
2.4.8  Acceptance Tests and Maintenance.............coeceeeieeneessiienieenieesieene 2-19
2.49 DeCOMMISSIONING ....eeeeuviiieiiieeiiieeiieeeiieeeiteeereeeareeeeaeeeeneeseeeeeneees 2-19
2.5 RECIENCES . .cceeneriiinriisniicitenisneessnecssnnecssntiesssnesssssessssseessssssssssessssssssssssssssnsssses 2-20
3.  STRUCTURAL EVALUATION ....cciivinicsricsenssecssecssnssesssessssssesssessssssassssssssssasssssssssssess 3-1
3.1 Structural DESIZN c....ucccceiecisereisrnncsssnncsssancssssnsssssssssssssssssssssssssssssssssssssssnssssssssssss 3-2
3.1.1 DESIZN CTILETIA ..vveeeieeeiiieeiiieeiieeeiteeereeeteeeiteesaeeesreeesaeeesareeennseeens 3-2
3.2 Weight and Centers of Gravity.......cceeieccicnnniccssssnnicsssssssecsssssssesssssssssssssssssese 3-5
33 Mechanical Properties of Materials ........coueevneensennsnensenssnensecssnecsesssaessanesnne 3-6
3.3.1 EOS-37PTH DSC/EOS-89BTH DSC......ocoiiiiiiiiiiiieieeeeeeiee, 3-6
332 EOS-HSM ..o 3-6
333 EOS-TC .ttt sttt naeeneas 3-6
34 General Standards for EOS SyStem........cciicnviicnsnncsssnicssenesssncsssncsssssessssees 3-7
34.1 Chemical and Galvanic Reaction.............coecueevieniiiiieniiienieeiceie e, 3-7
3.4.2  POSIIVE CLOSUIE ..ottt 3-7

Page 2



NUHOMS® EOS System Safety Analysis Report

Rev. 3, 06/15

343 Lifting DEVICES.....ceiiiiiieiiieeiieeiie ettt ettt ettt enee e 3-7

344 HEAL ..o et 3-7

3.4.5 GO0 e 3-15
3.5 Fuel Rods General Standards for NUHOMS® EOS System..........c.ceevnenn. 3-16

3.5.1 Fuel Rod Temperature LimitS..........ccccvevveeriieniiienieeiienieeieeee e 3-16

3.5.2 Fuel Assembly Thermal and Irradiation Growth...........cccceeeuveennnenn. 3-16

353 Fuel Rod Integrity during Drop Scenarios.........cccceeeveeveeerveenueenneene 3-16
3.6 Normal Conditions of Storage and Transfer.......c..ccceeverevcvercscercscercscercsnns 3-17

3.6.1 EOS-37PTH DSC/8IBTH DSC .....ooviiiiiiiiiiiieeieneeeeeeeeieeene 3-17

3.6.2 EOS-HSM ..t 3-18

3.63 EOS-TC ettt e 3-19
3.7 Off-Normal and Hypothetical Accident Conditions of Storage

AN TranSTEr ..ucceeiiiiiiiiiiitiinttecttecteeceeeceessseessseesssseessssessssssessssnsssses 3-20

3.7.1 EOS-37PTH DSC/89IBTH DSC ..ot 3-20

3.7.2 EOS-HSM ...t 3-22

3.73 EOS-TC e e 3-22
3.8 RECIENCES . .ceeiuneiiitirisninisteecsteensneessnnecissstesssnesssssesssssesssssesssssessssssssssasssssnsssses 3-23

3.9.1 DSC SHELL STRUCTURAL ANALYSIS .uuinieriisnsecsnecsenssnsssrcsssssesssscsssssessessaee 3.9.1-1
3.9.1.1 General DesCription .........ccoceiciseicssnncssnecssanicssssessssssssssssssssssssssssssssssssassons 3.9.1-1
3.9.1.2 DSC Shell Assembly Stress AnalySis ....coueeceeeseensnenssnnssnenssncsssecssseesanssneens 3.9.1-1
3.9.1.3 DSC Shell Buckling Evaluation ........ccccccceeveecesercssnrcsssnncssnescssnsrssssssssnsses 3.9.1-24
3.9.1.4 DSC Fatigue ANALYSIS coceceveersreesnncsnnssnesssenssnecssnsssncsssassssesssssssassssassssessases 3.9.1-25
3.9.1.5 DSC Weld Flaw Size Evaluation ..........cecueecveinveensecssnecsennsaenssnccssecsnnes 3.9.1-28
3.9.1.6  CONCIUSIONS ...cceerueressrecssnncssnncsssnncsssnesssssecssssesssssessssssssssssssssessssasssssssssnsnes 3.9.1-29
3.9.1.7  RefeIeNCeS....uucineiirreinseinsunisenissecsssicsseisssnsssesssseessessssssssasssssssssssssssssassssasssse 3.9.1-30
3.9.2 EOS-37PTH AND EOS-89BTH BASKET STRUCTURAL ANALYSIS ............. 3.9.2-1

3.9.2.1 EOS-37PTH Basket Structural Evaluation for Normal/Off-

NOIrmMAl LOAdS ..ccccueeiineiininienieiesiencsssnncssnncsssnscssssecssssecssssssssssessssssssssssssssess 3.9.2-1
3.9.2.2 EOS-89BTH Basket Structural Evaluation for Normal/Off-

NOIrmal LOads ...cccueeieiericieienieicssnicssnncssnncsssnncssssecssssecssssssssssessssssssssssssssses 3.9.2-9
3.9.2.3 EOS-37PTH Basket Structural Evaluation for On-Site

Accident Drop Loads .......ueiiiieiciseiciseicssnnicssnnecssnnicsssesssssesssssesssssesenes 3.9.2-14

Page 3



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

3.9.2.4 EOS-89BTH Basket Structural Evaluation for On-Site
Accident Drop LOads ......eieeeicnsricssnicssnnicssnnicsssnesssssssssssessssessssssssssssses 3.9.2-22
3.9.2.5  RefCIrenNCeS....uueeecueieiseecisneiessnteessnnicssanecsssnesssssessssnessssssssssssssssnsssssasssssasssssnes 3.9.2-28
3.9.3 NUHOMS® EOS SYSTEM ACCIDENT DROP EVALUATION ......oovvuerrernvenne 3.9.3-1
3.9.3.1 Application Independent Parameters and Background.............cccccuueeeeee. 3.9.3-1
3.9.3.2 Benchmarking and SenSitivity ........ccceeveecvsrecssnrccssnncsssnncsssncsssncssssncssssncnes 3.9.3-1
3.9.3.3 NUHOMS® EOS System with EOS-TC108 and EOS-37PTH
Side and Corner Drop Evaluation using LS-DYNA.........ccoeveeviriuensnecnne 3.9.3-2
3.9.3.4 NUHOMS®EOS System with EOS-TC108 and EOS-89BTH
Side and Corner Drop Evaluation using LS-DYNA.........ccoeceeviriuensnennne 3.9.3-5
3.9.3.5  RefCrenCeS....uueieieriisneeiineenisneenssnnecssseecssseecsssnecsssnecsssnsssssnsssssssssssssssssasssssnsaes 3.9.3-6
3.9.4 EOS-HSM STRUCTURAL ANALYSIS ccotirninrinneensnnnsnensnesssesssncsssesssnsssassssascnne 3.94-1
3.9.4.1 General DesCription ........cccceeeciveicssanecssancsssanesssssesssssssssssssssssssssssssssssssssssses 3.94-1
3.9.4.2 Material Properties......iinneecssnecssnnecssnecssnnecsssnsssssnessssesssssesssssssssscses 3.94-2
R B N D T2 72d 1 I 03 3 1) o - S 3.94-3
3.9.4.4  L0Ad CASES..uuuericuericsnnrinsnrcssnncssnncsssncssssecssssscssssesssssssssssssssssssssssesssssssssssssns 3.94-4
3.9.4.5 Load Combination .......ecceiiveinseiisuenisecnsenssnecsensssecssnnsssesssecsssessssssssssssasns 3.9.44
3.9.4.6 Finite Element Models........ccoiiivviiiisiicisnneissnnicssnnisssnncssssncssssnesssnesssssenes 3.9.4-4
3.9.4.7 Normal Operation Structural AnalySsiS.......cccecceeesercssnrcssnrcssercsserssssescnes 3.94-7
3.9.4.8 Off-Normal Operation Structural Analysis.......ccccceevvreruersnessuecssnecsaensanenns 3.9.4-8
3.9.4.9 Accident Condition Structural Analysis .....cccccceeeeercssercssnrcssercssnnrcsssnsenes 3.9.4-9
3.9.4.10 Structural EValuation ..........cceieiieiciinicnsencsseicssnncssssscssssscssssecssssesssssees 3.94-13
3.9.4.11 CoONCIUSIONS ...ccuueiieiiseinsnnisenissenssnicsnssssesssessssecssnssssssssassssssssassssssssassssasssae 3.9.4-23
3.9.4.12 RefCrenNCeS....uueieecereisnecssnncssnncsssnncssssecsssseessssesssssssssssessssesssssessssssssssssssssans 3.9.4-24
3.9.5 NUHOMS® EOS-TC BODY STRUCTURAL ANALYSIS .....evcevurrrerrerressenseessenee 3.9.51
3.9.5.1 General INformation........ceeeciseicisnccisencnssnnesssnncssssecsssnessssnessssnessssnsssssseses 3.9.5-1
3.9.5.2 EOS Transfer Cask Accident (Side and End) Drop Evaluation
for 658 Static Load.......uueeeeueeneennnicnnennnensnennnensnecssnesssessssssssnesssesssssssasns 3.9.5-2
3.9.5.3 Lead Gamma Shielding Slump Evaluation ...........coeeeeeverccsvnrccssnnccssenccnns 3.9.5-3
3.9.5.4 EOS Transfer Cask Trunnions and Local Shell Stress
Evaluation......iiiiieiiiiiniinnineinnicncnneinnisnicneissecssssssssssssssssssssesssens 3.9.5-3
3.9.5.5 EOS Transfer Cask Neutron Shield Shell Structural
Evaluation......ieiiiiiiiiiiinninnennninnecnnecnnisniineissecsssessssssssssesssssssssens 3.9.5-7

Page 4



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

3.9.5.6  ReferencCes.....uuceiueeeiieeciieecisnnenssnneessneecssnnecsssnecssssscsssessssssscsssssssssasssssasssssnes 3.9.5-13
3.9.6 NUHOMS® EOS FUEL CLADDING EVALUATION ......coevvueereersenssessessssssessenees 3.9.6-1
3.9.6.1 General DesCriPtion ....c..eeiiceccseerecssssnenccssssnsessssssssesssssssssssssssssssssssssssssssssssss 3.9.6-1
3.9.6.2 Material Properties....cccuveicsseicssnicssnnicssanesssssessssnsssssssssssssssssssssssssssssses 3.9.6-1
3.9.6.3 Evaluation of Effect of Side Drop on PWR Fuel Assemblies................... 3.9.6-1
3.9.6.4 Evaluation of Effect of Corner Drop on PWR Fuel Assemblies.............. 3.9.6-3
3.9.6.5 Evaluation of Effect of Side Drop on BWR Fuel Assemblies................. 3.9.6-10
3.9.6.6 Evaluation of Effect of Corner Drop on BWR Fuel Assemblies ........... 3.9.6-13
3.9.6.7 ReEICIreNCEeS...uuueeecueeiiieeiisnereisnnecsintecsssnecsssnessssnessssnnssssssssssssssssnsssssasssssasssssaee 3.9.6-16
3.9.7 NUHOMS® EOS SYSTEM STABILITY ANALYSIS .....evuerrreereerscssessessssssessenees 3.9.7-1
3.9.7.1 EOS-HSM Stability EValuation .........ccccccovveencsercsssercssnncssnncssssscssssssssssscses 3.9.7-1
3.9.7.2 EOS Transfer Cask Missile Stability and Stress Evaluation................. 3.9.7-12
3.9.7.3  RefereNCeS....uucineiireeisseicsuiisenisnecsnicsesssscsssensssecsssssssssssasssssessasssssssssssssasssss 3.9.7-23
4. THERMAL EVALUATION....uuiiniiinniiisnicsnissnicssisssssssssssssssssssssssssssssssessssssssssssssssses 4-1
4.1 Discussion of Decay Heat Removal System .........cooueeevvercncsercssnncssercssnercssnenes 4-2
4.2 Material and Design Limits......ceiciveicisnicisnnnisnnecssnnccssneccsssncssssnsssssesssssesssnes 4-4
4.2.1 Summary of Thermal Properties of Materials .........cccccoceevericniincnnnn 4-5
422 Neutron Absorber Plate Conductivity Requirements ......................... 4-27
4.3 Thermal Loads and Environmental Conditions ...........ccooceeecceecsineeessneeennnne 4-28
4.4 Thermal Evaluation for Storage.........eiennennsenseensnensnnnsnenssecsssessnecsaenes 4-29
4.4.1 EOS-37PTH DSC - Description of Loading Cases for Storage ......... 4-29
4.4.2 EOS-37PTH DSC - Thermal Model for Storage in EOS-HSM ......... 4-31
4.43 EOS-37PTH DSC - Normal Conditions of Storage.............ceccevuenneee. 4-51
444 EOS-37PTH DSC - Off-Normal Conditions of Storage..................... 4-52

4.4.5 EOS-37PTH DSC - Hypothetical Accident Conditions of
SEOTAZE .ttt et e ee e e 4-53
44.6  EOS-89BTH DSC - Description of Loading Cases for Storage......... 4-53
4.4.7 EOS-89BTH DSC - Thermal Model for Storage in EOS-HSM.......... 4-55

448  EOS-89BTH DSC - Justification for Use of Temperatures
Determined for EOS-37PTH DSC in EOS-HSM .......ccccoviiveviieenen. 4-63
4.4.9 EOS-89BTH DSC - Normal Conditions of Storage ............cccceeueneee. 4-66

Page 5



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

4.5

4.6

4.7

4.8

4.4.10 EOS-89BTH DSC - Off-Normal Conditions of Storage .................... 4-67
44.11 EOS-89BTH DSC - Hypothetical Accident Conditions of

SEOTAZE ..ttt et 4-67
Thermal Evaluation for Transfer in EOS-TC125 or EOS-
1O K 3 O 4-68
4.5.1 EOS-37PTH DSC - Description of Load Cases for Transfer ............. 4-69
452 EOS-37PTH DSC - Thermal Model for Transfer in EOS-

T2 ettt ettt eneen 4-72
453 EOS-37PTH DSC - Normal and Off-Normal Conditions of

TTANSTET ..ottt enaee s 4-80
454 EOS-37PTH DSC - Time Limits for Normal/Off-Normal

Transfer OPErations ........cccueeeecueeeeiiieeriireeieeeeieeesieeesreeesaeeeeaeeenenee s 4-81
455 EOS-37PTH DSC - Hypothetical Accident Conditions of

TTANSTOT ..ot e e et e e enaee s 4-82
4.5.6  EOS-89BTH DSC - Description of Load Cases for Transfer............. 4-82
4.5.7 EOS-89TBH DSC - Thermal Model for Transfer in EOS-

TCL2S ettt ettt e et e teeae e e enns 4-85
4.5.8 EOS-89BTH DSC - Normal and Off-Normal Conditions of

TTANSTRT ..ottt ettt e 4-85
459 EOS-89BTH DSC - Time Limits for Normal/Off-Normal

Transfer OPErations .........c.eeveeeiueerieerieenieeiee e eiee e siee e esaee e e e 4-87
4.5.10 EOS-89BTH DSC - Hypothetical Accident Conditions of

TTANSTRT ..ottt ettt e 4-88
4.5.11 Thermal Evaluation for Loading/Unloading Conditions..................... 4-88
Thermal Evaluation for Transfer in EOS-TC108 ........ccccoevvriicrcvnrrccssnnneces 4-90
4.6.1 Description of Load Cases for Transfer..........ccceeevievciieencieeenciieennen. 4-90
4.6.2 Normal and Off-Normal Conditions of Transfer...........c.cccccveeeneeennee. 4-92
4.6.3 Time Limits for Normal/Off-Normal Transfer Operations in

EOS-TCI08.....ceieiieeeeteee ettt ettt aeennesneens 4-94
4.6.4  Hypothetical Accident Conditions of Transfer............c.ccceevvevuerennennne. 4-95
Maximum Internal Pressure..... . iiiccninnnicssssnnicsssssssecssssssessssssssassssnnss 4-96
4.7.1 Maximum Internal Pressure in EOS-37PTH DSC........ccccccovevvvennnnne. 4-98
4.7.2 Maximum Internal Pressure in EOS-89BTH DSC...........ccccoue...e. 4-100
ReEfErenNCes..ccueiiiieiniiiieistenstinsninneennecstecsntissnesssnessseesssesssesssassssessssssssasssssssss 4-101

Page 6



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

4.9.1 CALCULATION OF EFFECTIVE PROPERTIES FOR

HOMOGENIZED FUEL ASSEMBLIES........uiiniinninniinnennencsessssesssesssnes 4.9.1-1
4.9.1.1 Effective Thermal Properties for PWR Spent Fuel Assemblies

IN EOS-3TPTH DSCluuuuiiiiiinrinuennninsnnnssnecsnnsssesssncsssecssessssssssassssessssssssasss 4.9.1-2
4.9.1.2 Effective Thermal Properties for BWR Spent Fuel Assemblies

IN EOS-8IBTH DSC ....uuiiriininnnensnennsnensnssssensessssesssnsssssssssssssessssssssens 4.9.1-3
4.9.1.3 Scaling Factors for Short and Long Fuel Assemblies.......cccccceceeerccnnerecsanes 4.9.1-5
4.9.1.4  RefCIeNCES...ceevircriirrennsuenssrecsanissneisncssseessnssssnsssessssessssssssssssassssesssssssassssassss 4.9.1-7

4.9.2 BENCHMARKING OF THE CFD MODEL AGAINST THERMAL

TEST OF HSM-H MOCKUP .....uuiiiuiiiiiiinninnnissnicssisssssssssssssssssissssssssssssssssssssse 4.9.2-1
4.9.2.1 ASSUIMPLIONS ccooevererinrerssercssencsssnnsssssssssssssssasssssassssssssssssssssssssssssssssssssssnsssssnes 4.9.2-1
4.9.2.2 MethOdology ......cceevvueieiveriissnninssnnensnncssnncsssncssssscssssscsssssssssssssssssssssssssssssssnss 4.9.2-2
4.9.2.3  COMPULALIONS ..uvvrrrrrnrecssarcsssancsssanssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 4.9.2-2
4.9.2.4 Results, Conclusions, and Recommendations .......cccccceervvrcnnneeeerecccesscnnns 4.9.2-10
4.9.2.5 REFEIeNCES . ..uuererruricrrrrisssancsssarcsssansssaresssssssssssssssssssssssssssssssssssssssssssssssssssssses 4.9.2-14
4.9.3 MESH SENSITIVITY ..uucioniiiiiiiiniinsninsiinsnissssnsssisssssssssssssssssssssssssssssssssssssssssssssssss 4.9.3-1
4.9.3.1 Mesh Sensitivity for Storage Analysis.......ccceeveesverccssercssrnresssnressensssneresnes 4.9.3-1
4.9.3.2 Mesh Sensitivity for Transfer AnalysiS......cceceerreecssvnnsenssncsseenssnecsaensnennne 4.9.3-7
4.9.3.3  REEIeNCES . ..uueierrrirrrurisssancsssanssssanssssasssssssssssssssssssssssssssssssssnssssssssssssssssssssssnes 4.9.3-9
5. CONFINEMENT ..ccoiiiiiiiiiinnicnninsniinssisssssssisssisssssssssssssssssssssssssssssssssssssssssssssessssssssesssss 5-1
5.1 Confinement BoOUNAArY .....ccuiiiiviinivnninssnnisssnnissssncssssnsssssnesssssssssssssssssssssassssssss 5-2
5.1.1 Boundary Definition/Design Features ...........cccceveveevieeiienienieenreenen. 5-2
512 Confinement Penetrations...........coceereeriiiniiiiienieeiieeeeeiee e 5-3
5.1.3 Seals and Welds .......ccveviieiiiiiiiiiecie e 5-3
5.14 CLOSUTE ...ttt ettt et ettt et e et esabeebee e 5-3
5.2 DeSIZN Criteria cuuecueineensenssnnnsuensnesssensnnsssensnssssesssnssssesssnssssssssnsssssssassssassssassnns 5-4
5.2.1 Requirements for Normal Conditions of Storage ............ccceeevvveeevenns 5-4

522 Confinement Requirements for Hypothetical Accident
CONAILIONS ...ttt ettt et e e e saaeens 5-4
53 REfCIENCES ..ccecueriernricsniininiinineicsnteisntcsssncssstessssissssssessssnsssssssssssssssssssssssessssaes 5-6
6. SHIELDING EVALUATION . ...ccuiiviniisicsenssenssecssncsesssncssessssssesssssssssssssssssssssassssssasssasses 6-1
6.1 Discussions and ReSUlLS ......oueeeieeiisneicsseeissiensnennssnnecssneessssecssssecsssseessssecssenes 6-2




NUHOMS® EOS System Safety Analysis Report

Rev. 3, 06/15

6.2

6.3

6.4

6.5

7. CRITICALITY EVALUATION

7.1
7.2
7.3

7.4

7.5

Source SPecifiCation.......eeiceicrericssssnnccsssnricssssnnnecsssssssssssssssssnns
6.2.1 Computer Programs ...........occcveeeeriieeeenniieeeeeiieeeeeieeee e
6.2.2  PWR and BWR Source Terms.........c.ccecceveenueevuenienennnne
6.2.3 Axial Source Distributions and Subcritical Neutron
MUltiplication........coovieriieriieiierie et
6.2.4 Control COmMpPONENtS ........cccveeeeveeriieeriieeeiee e eevee e
6.2.5 Blended Low Enriched Uranium Fuel...........cccccoceenen.
6.2.6 Reconstituted Fuel ...
6.2.7 [rradiation GaSES ........ccceeeereerieeienierenie e
Model Specification........coceeercercssnnrcssnercsssnecssnnecssssecsennes
6.3.1 Material Properties.........ccoceevuierieenieenieeiienieeieeiee e
6.3.2 MCNP Model Geometry for the EOS-TC ........................
6.3.3 MCNP Model Geometry for the EOS-HSM......................
Shielding ANAlLYSis .c..ccccevercrsricssnicssanisssncssssncssssnesssnessssrcsssssosensecs
6.4.1 Computer COodes.......ooviuieiiieiieniieeiieeie et eee e
6.4.2 Flux-to-Dose Rate Conversion .........c.ccceeeeeeeeneerieennenne
6.4.3 EOS-TC Dose Rates ........cccoevviieeeiiiieeeeiiee e
6.4.4 EOS-HSM Dose Rates.......cccceerueinienieeniiniciiienieceeee,
Supplemental INformation ..........ccoecvveeecsscsnnrccsssnreccssnsnccssssnsscsnns
6.5.1 References. .....c.ooviiiiiiiiiiiieceee e

Discussion and Results

Package Fuel Loading.........ccccevveicicueicisnnicssnncsssnncssnsssssssesssescsnns
Model Specification.......ueeveecseensseecsaensnesssensanessaessanessnes

7.3.1 Description of Criticality Analysis Model..........c...cc.c......
7.3.2 Package Regional Densities........ccceeuveeeveeenieeenieecieeenee,
Criticality Calculation ..........ccovvveeicssssnnricsisnnrecsssnnncssssnssscssssassees
7.4.1 Calculational Method............coceiiiiiiiiniiieeeeee
7.4.2 EOS 37PTH Fuel Loading Optimization...........c...cc.c.......
7.4.3 EOS 89BTH Fuel Loading Optimization .........................
7.4.4  Criticality Results.......c.cccoceeviniiiiniiniiniiicccceecee
Critical Benchmark EXperiments..........ccccecceecseercscnrcssnercssnnecsenns

Page 8



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

7.5.1 Benchmark Experiments and Applicability..........ccoceevieniiieniennenne. 7-28
7.5.2 Statistical Analysis and Determination of USL..........ccccoeeviveennnnnnne. 7-30
7.5.3 Results of the Benchmark Calculations..........ccccceceveeviinicnicncnnennne. 7-31
7.6 REfErenNCeS . ..cuueiiiiitiiiiitiiitiitiitintnnneieeciesnsisssesssesssasssesssssssssssssssssesssae 7-32
8. MATERIALS EVALUATION ..uuiiviiinninrensenssissenssessssssssssssssssssssssssssssssssssssssssssssssssssas 8-1
8.1 General INfOrmation.......eeeeiniennennnnensennsnenneennenneeesesssesseesseesssssessssesss 8-1
8.1.1 NUHOMS® EOS System Materials. .............ov.oveeeeeeveerereereeeeeereseennne 8-1
8.1.2 Environmental Conditions ..........c.cccooeeriiiniiiiiiniciiieiceeeeeeieeees 8-1
8.1.3 Engineering DIawings ........ccccovueeiiieniieiieiiieie ettt 8-2
8.2 Materials SeleCtion.......cueeueeireeiseeiseensenssnenssennsensnessessssesssessssesssesssseessesssasesss 8-3
8.2.1 Applicable Codes and Standards and Alternatives...........cocceeeeuennnenne. 8-3
8.2.2  Material PrOPerties.......cccuevuierierieriieieeiesieeie ettt 8-6
8.2.3 Materials for ISFSI Sites with Experience of Atmospheric
Chloride COTTOSION. ...c...iiiiiiiiieiie ettt 8-7
8.2.4  Weld Design and INSPECtiON .......c.ccevueeieriiniienierieniieieeieneeieseesieeee 8-8
8.2.5 Galvanic and Corrosive Reactions..........c.ceceevievienieneniienieneeieeee 8-8
8.2.6  Creep Behavior of Aluminum.........ccccceceevieiiiniiniineniinicneciceeeiene 8-10
8.2.7  BoOlt APPIICALIONS ...eoovviiiiieiiieiieeieeie ettt aesre e ens 8-11
8.2.8  Protective Coatings and Surface Treatments ...........ccoceeveereevuerciennnene 8-12
8.2.9 Neutron Shielding Materials...........cceevviieeiiiiiiiieiieeeeeee e 8-12
8.2.10  Materials for Criticality Control .........c..cccceeverviiniininiinicnecicnicneens 8-13
8.2.11  Concrete and Reinforcing Steel .........cocvveviiieniiiieniiieieeeeeee e, 8-13
B.2.12 SIS .utieieeiietiee ettt e nteens 8-13
8.2.13  Low Temperature Ductility of Ferritic Steels...........ccccoevveeriercreennnnns 8-13
83 Fuel Cladding .......ccoueeeevensuinsenirensunssenssensnssenssesssessasssssssessssssssssssssssssssssssssssssss 8-15
8.3.1 FUuel BUIMUD ...ooviiieieee e e e 8-15
8.3.2 Cladding Temperature LImitS.........ccceevierienierieniienienenieeeenieeieneene 8-15
8.4 Prevention of Oxidation Damage During Loading of Fuel.......................... 8-16
8.5 Flammable Gas Generation ............eeieciseecssennsnenseccssensssecsessssssssecssesssane 8-17
8.6 DSC Closure Weld TeStiNg .......ccooeerseecsaenssnesssenssnnssaesssnesssnsssnessassssassssasssssssases 8-18
8.6.1 Periodic INSPECLIONS .......eeueieiieiiiieiieie et 8-18
8.7 REfEIreNCEeS . .ccoueeiiieirniiiiinstiiinenseectenstesaenssecsseesssesssessssesssasssseessssssssssssssssasssss 8-19

Page 9



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

9.

10.

OPERATING PROCEDURES .....uiiiiiiininstinsensinssissnnsesssssssnsssssssssssssssssssssssssssssssssssass 9-1
9.1 Procedures for Loading the DSC and Transfer to the HSM...............cccuueuueee 9-3
9.1.1 TC and DSC Preparation ..........cccccueereeeeiieniieeiieenieeieesieeeeeseesveeseeens 9-3
9.1.2  DSC Fuel Loading ......c.ccocvieiiieiiieiieeieeiie ettt seae v 9-5
9.1.3 DSC Drying and Backfilling.........ccccocerieniniiniininiinienenceeieeee 9-7
9.14 DSC Sealing Operations ..........ccueeecveeerieeenieeeniiieenieeenreeeereeesreeenenees 9-10
9.1.5 TC Downending and Transfer to ISFST.........ccccoooiniiiininininiines 9-11
9.1.6  DSC Transfer to the EOS-HSM........ccccooiiiiiiiinieeeeeeen 9-12
9.1.7  Monitoring OPErations..........ccceeruerierierruieeeneeniereeseeneeeeseesieeseeennes 9-14
9.2 Procedures for Unloading the DSC.........ccuuiiivvriissnninssnnicssnncsssnncssnnessssnesenns 9-15
9.2.1 DSC Retrieval from the HSM..........oooiiiiiiniiiiiiciece, 9-15
9.2.2  Removal of Fuel from the DSC ........cccooiiiiiiiiiiiceeeee, 9-16
9.3 RECIENCES . .cceiuneierneicstiicsniicsteensneiisnnecssstiesstecssssesssssesssssesssssessssssssssasssssnssssas 9-20
ACCEPTANCE TESTS AND MAINTENANCE PROGRAM..........cceruecruesecsuecnnnes 10-1
10.1 ACCEPLANCE TESLS couvererererssaresssancsssancssnrsssasssssasssssassssssssssssssssssssssssssssssssssnsssssnss 10-2
10.1.1  Structural and Pressure Tests........cccevverieriiiieniienieieeieeee e 10-2
10.1.2 L@k TeStS .eeeiieeiiieiieeie ettt et 10-3
10.1.3  Visual Inspection and Non-Destructive Examinations....................... 10-3
10.1.4  Shielding TestS....cccucrirruiriirieiiiiereee et 10-4
10.1.5  Neutron AbSOrber TeStS ........ccvuiiriiriiiiieniieiereeeeeeeee e 10-5
10.1.6  Thermal ACCEPLANCE ......c..eevueieiieiieeieerie ettt 10-9
10.1.7 Low Alloy High Strength Steel for Basket Structure ....................... 10-10
10.1.8  Cask Identification ..........cceeriieiiieniieiieeie e 10-10
10.2 Maintenance Programl ........eeiceeicnsssncsssncssssncssssssssssssssssesssssssssssssssssssssssses 10-11
10.2.1  INSPECLION ...eiiutieiiieitieiie ettt ettt sttt 10-11
LO.2.2  TOSES ettt et ettt et e 10-12
10.3 Repair, Replacement, and Maintenance........cccecvveeeecscsneecsssssssecsssassesssnanes 10-13
10.3.1 Transfer Cask Repair, Replacement, and Maintenance.................... 10-13
10.3.2  HSM Repair, Replacement, and Maintenance...........c.ccecceeeereenenne 10-13
10.3.3  Maintenance of Thermal Monitoring System............ccccceervercrrennnnnn. 10-14
104 REfCIENCES . .cceeueeiineiistiiistiecsteeciteesstecsssntcsssnesssssesssssesssssessssssssssssssssnsssssnssns 10-15

Page 10



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

11.

12.

RADIATION PROTECTION ...uccoiiivinnuinensinsaissenssesssnssssssssssssssssssssssssasssssssssssssssssassses 11-1
11.1 Radiation Protection Design Features .........ccceeveeevercccnrcssnrcssnnrcssnnncssnsncsenns 11-2
11.2 Occupational Dose ASSESSIMENT.....ccccvverieesssssrrecsssssrcsssssssessssssssssssssssssssssssssases 11-3
11.2.1 EOS-DSC Loading, Transfer, and Storage Operations ...................... 11-3
11.2.2  EOS-DSC Retrieval Operations...........ccceevereenerieneeneeneeneeneeneennnes 11-4
11.2.3  Fuel Unloading Operations ...........cccecveereeeeriereeesueeneeeireeneeeveenenesnnens 11-5
11.2.4  Maintenance OPErations ...........ceceeeereerueneenieenereeneenieereneenieeeesanes 11-5
11.2.5 Doses during ISFSI Array EXpansion...........cccceevveeviienieeneenieenneenne. 11-5
11.3 Offsite Dose Calculations ........coeeecieeeiieeicssnennsnecsssnecsssnecsssnessssessssseessssnsssnes 11-6
11.3.1 Normal Conditions (10 CFR 72.104)........ccccieeiiiieiieeiieeee e 11-6
11.3.2  Accident Conditions (10 CFR 72.100) ......cceoeeviiiiiiiiieieeieeeeee 11-9
11.4 Ensuring that Occupational Radiation Exposures Are ALARA............... 11-10
11.4.1  Policy Considerations ..........c.ceccueerueerrreruiesieenieesieenieesseessnesseenneeans 11-10
11.4.2  Design Considerations ..........cc.eeevuveeeiireensireeniieeenieeenieeesneeesveesnneens 11-10
11.4.3  Operational Considerations..........cccceeuereerierieneeneerieneeneeeeeeeneenne 11-12
11.5 REfErenNCes . .ccueeeniiiuiiiieistenntinsuinneensecstecstisssesseessseessssssssssscsssessssssssssssssssss 11-13
ACCIDENT ANALYSIS cuuiotiiiisinsninsensenssissesssessssssssssssssssssssssssasssssssssssssssssssssssssssssssss 12-1
12.1 INtrodUCTION....uciiceeiiiiriciiiecintenitticintessnstessssecsssstessssecssssesssssssssssssssssessssnsssnns 12-1
12.2 Off-NOrmal EVENtS.....cccuiineiinecsseinsinsseinsenssnicseisssisssessssessssssssssssessssssssssssssns 12-2
12.2.1  Off-Normal Transfer Load........c..ccocerieiiniiniiniiieneceeeceeen 12-2
12.2.2  Extreme Temperature..........coceeevuieeniieiniieerieeeniee et 12-4
12.3 Postulated ACCIAENT .....cuueevueeenueniseeisennsnensencsnenssnicsenssecsssessssecssnssssesssassssesssnee 12-5
12.3.1  EOS-TC DIOD weetieieeiieiieieeiestesie e ete sttt sae e sseeseseaesseenseennas 12-5
12.3.2  EarthqQuake .......cccooooiieiiieiieieciece e 12-8
12.3.3  Tornado Wind and Tornado Missiles Effect on EOS-HSM................ 12-9
12.3.4 Tornado Wind and Tornado Missiles Effect on EOS-TC................. 12-10
|20 e T O 1o 1o e TSR 12-11
12.3.6  Blockage of EOS-HSM Air Inlet and Outlet Openings.................... 12-12
12.3.7  LAGRtNING c..eiiiiiiiieie et 12-13
12.3.8  Fire/EXPlOSION.....ciiiiiiiieiiieiieeie ettt ettt et evaesane e 12-13
124 REfCIENCES . .cceeueeiineiistiiistiecsteeciteesstecsssntcsssnesssssesssssesssssessssssssssssssssnsssssnssns 12-15

Page 11



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

13.  OPERATING CONTROLS AND LIMITS ...cccceeviirensensuissensessanssssssessssssssssessasssassseses 13-1
13.1 Proposed Operating Controls and Limits ..........cooveeeiveicssnicssnnccssnnccscnnessnnns 13-2
13.1.1 NUREG-1536 [13-1] (Standard Review Plan) Acceptance
(39173 5 - H O OO PUPRRRPO 13-2
13.2 Development of Operating Controls and Limits......cccccccceeeenivnrrccscsnnreccscnnnes 13-3
13.2.1  Training Programi..........cccceeeoiieeiiieeie ettt 13-3
13.2.2  Retraining Program...........cccccoeviiiiiiiiiiiieiiieie e 13-4
13.2.3  Administration and Records ...........ccooceeviriinieninienieceeceeceeen 13-4
13.2.4  Dry RUN Traifing......cccoeeiuieiieeiieiieeieerie ettt 13-4
13.2.5 Functional and Operating Limits, Monitoring Instruments, and
Limiting Control SettNgS ........cceeveeeiieriieeiieeieeie et 13-4
13.2.6  Limiting Conditions for Operation (LCO)........cccceeeverrienienieeirenen. 13-5
13.2.7  Surveillance ReqQUIrEMENLS .......c..ccoeeeerienieriienienieieeicneeicseesieeeees 13-5
13.2.8  Design Features........cccveviiieiiiieiiieeiieecte et 13-5
13.2.9  Administrative COntrolS...........cceveeeeiiieeeiieeeiie et eevee e 13-5
13.3 Technical SPeCifiCAtiONS .....c.cccevvercicvnrisisnnisssnrcsssnnissssnessssnessssnessssessssessssssssnns 13-6
134 RECIENCES . .ceeiuneiiitirisninisteecsteensneessnnecissstesssnesssssesssssesssssesssssessssssssssasssssnsssses 13-7
B 2.0 SAFETY LIMITS (SLS) ccouttttiisrtinsninsiissninsnssssssssssssssssssssssssssssssssssssssssssssssasssssssass 13.A-3

B 3.0 LIMITING CONDITION FOR OPERATION (LCO)

APPLICABILITY cuuiiiiiiiiinniinninsicssnnsssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssessss 13.A4
B 3.0 SURVEILLANCE REQUIREMENT (SR) APPLICABILITY ....ccccceevueisuuccnennnns 13.A-8
B.3.1 DSC FUEL INTEGRITY 13.A-13
B.3.2 CASK CRITICALITY CONTROL 13.A-20
B.3.3 RADIATION PROTECTION ....cccieviisveinsunissnncsnnesssssssessssssssssssssessssssssens 13.A-22
14. QUALITY ASSURANUCE ....uuuiiitiirtentiisninssninsesssecsssessssssssessssssssesssssssssssssssssssssssssanss 14-1
14.1 INtrOdUCTION....uuceieeieiteeinieineeiteessneesnneessstecsssseesssseessssssssssecssssscsssasssssasssses 14-2
14.2 “Important-to-Safety and “Safety-Related” NUHOMS® EOS
System COMPONENLS....ccccvvrreerssrnrecsssssrrcsssssssessssssssssssssssssssssssssssssssssssssssssssssass 14-3
14.3 Description of AREVA TN Americas 10 CFR 72, Subpart G
L T2 N0 i 3170 ) 1 1 L 14-5
14.3.1  Project Organization ...........ccceeerveeerieeesieeeieieeeieeeeneeesseeesveeeseveeennns 14-5
14.3.2 QA Program .....ccccceieiiiiiiiiiieiiieesiee ettt ettt e e eiree e 14-5




NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

14.4
14.5

14.3.3  Design COntrol......ccoevieiiieriieeiieiie ettt et 14-6
14.3.4  Procurement Document Control .........ccccceviiiiiiiiiiiiiniiiienceeeen 14-6
14.3.5 Procedures, Instructions, and Drawings............ccccceevveerieeiiienieeneennen. 14-6
14.3.6  Document CONtrol...........c.ooiiiiiiiiiiiiiieiie et 14-6
14.3.7  Control of Purchased Items and Services .......c..ccoceeveevuerieneeneniennnn. 14-7
14.3.8 Identification and Control of Materials, Parts, and Components........ 14-7
14.3.9  Control of Special Processes.........ccoevveerieriiienieeiieie e 14-7
14.3.10 INSPECHION ...eeiiiieiiiieciie ettt et e et e e rre e et e et e e et e e ereeeenbeeesnseeenseeennns 14-7
14.3. 11 Test CONIOL ...veiiiiiiiiiiieiieieeiieeee ettt 14-7
14.3.12 Control of Measuring and Test Equipment............ccccceeveviiniieeninennns 14-8
14.3.13 Handling, Storage and Shipping ..........cccceeveerirneniinieenenienicneeieees 14-8
14.3.14 Inspection and Test Status ........ccccveeriieeriieeniie e 14-8
14.3.15 Control of Nonconforming Items.........ccccceceevirniniineenenienieeneniene. 14-8
14.3.16  COITectiVE ACHION .. .eeiuiiiiiieiieeiieeite sttt ettt sttt 14-8
14.3.17 RECOTAS ..uvveieiiieciiee ettt et e eve e e v e e e aae e e aaeesasaeenes 14-8
14.3.18 Audits and Surveillances...........coceveereeiinieniereeeseeee e 14-9
Conditions of Approval Records ........ccccevevnriccscsnriccsssnnnicssssasnecsssnssesssnanns 14-10
Supplemental INfOrmation .........coeiieiviicssnicisnnicssnnisssnncssssnessssnessssnessnsncsnns 14-11
14.5.1  RefeTeNCES. ...cuiiuiiriiiiieieiieiee e 14-11

Page 13



NUHOMS® EOS System Safety Analysis Report

Rev. 3, 06/15

Acronym List

(3 pages)
Acronym Definition
3D Three-Dimensional
AEG Average Energy Group Causing Fission
ALARA As Low As Reasonably Achievable
APSRA Axial Power Shaping Rod Assembly
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
AWS Automated Welding System
B&W Babcock and Wilcox
BLEU Blended Low-Enriched Uranium
BPRA Burnable Poison Rod Assembly
BRC Below Regulatory Concern
BWR Boiling Water Reactor
CcC Control Component
CE Combustion Engineering
CEA Control Element Assembly
CFD Computational Fluid Dynamics
CISCC Chloride-Induced Stress Corrosion Cracking
CoC Certificate of Compliance
COR Coefficient of Restitution
CRA Control Rod Assembly
CTE Coefficient of Thermal Expansion
DBT Design Basis Tornado
DO Discrete Ordinates
DOE Department of Energy
DOF Degrees of Freedom
DRL Dose Rate Location
DSC Dry Shielded Canister
DW Dead Weight
EALF Energy of Average Lethargy of Fission
FA Fuel Assembly
FE Finite Element
FEM Finite Element Model
GCI Grid Convergence Index
GTAW Gas Tungsten Arc Welding

Page 14



NUHOMS® EOS System Safety Analysis Report

Rev. 3, 06/15

Acronym List

(3 pages)
Acronym Definition
HLZC Heat Load Zone Configuration
HSM Horizontal Storage Module
IBCP Inner Bottom Cover Plates
IBS Inner Bottom Shield
IFBA Integral Fuel Burnable Absorber
IMD Internal Moderator Density
ISFSI Independent Spent Fuel Storage Installation
ITCP Inner Top Cover Plate
LWR Light Water Reactor
MCNP Monte Carlo N-Particle
MMC Metal Matrix Composite
MRF Most Reactive Fuel
MRC Most Reactive Configuration
MRS Monitored Retrievable Storage
NDE Non-Destructive Examination
NDRC National Defense Research Committee
NFAH Non-Fuel Assembly Hardware
NRC U.S. Nuclear Regulatory Commission
NSA Neutron Source Assembly
OBCP Outer Bottom Cover Plate
ORA Orifice Rod Assembly
ORNL Oak Ridge National Laboratory
OTCP Outer Top Cover Plate
PPSS Peripheral Power Suppression Assemblies
ppm Parts Per Million
PT Liquid Penetrant Testing
PWR Pressurized Water Reactor
QA Quality Assurance
RCCA Rod Cluster Control Assembly
SAR Safety Analysis Report
SFA Spent Fuel Assembly
TC Transfer Cask
TD Theoretical Density
TPA Thimble Plug Assembly

Page 15



NUHOMS® EOS System Safety Analysis Report

Rev. 3, 06/15

Acronym List

(3 pages)
Acronym Definition
TSP Top Shield Plug
UDF User Defined Function
USL Upper Subcritical Limit
VDS Vacuum Drying System
VSI Vibration Suppression Insert
WABA Wet Annular Burnable Absorber
WE Westinghouse
ZPA Zero Period Acceleration

Page 16



NUHOMS® EOS System Safety Analysis Report

Rev. 3, 06/15

CHAPTER 1
GENERAL INFORMATION
Table of Contents

GENERAL INFORMATION ...ccconiiniiisenssnensnnsssensseesssecssessssesssnssssesssasssssssssssssasssssssasses 1-1
1.1 INErOdUCHION...uueccceeieiniiecneieiintecssnneesnnecsssnecsssnecssssesssssesssssessssssssssssssssssssssnssssssssssanes 1-2
1.2 General Description and Operational Features of the NUHOMS®

FEOS SYSTEIM ccciieiinniiiriisnricssssnnnicssssnsnessssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssass 1-4

1.2.1 NUHOMS® EOS System CharacteriStiCs ............vwewevreeeeererersrsrereseeenne 1-5

1.2.2  Transfer EQUIPMENT .....cccoviiiiiiiiiiiiieeiceeeee e 1-10

1.2.3 Operational Features .........c.coevcuiieiiiiiiiiieniieeeeeee e 1-10
1.3 DIFAWIIES ceeiiirirnriecssssnrnccssssnsnesssssssessssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssssssassass 1-15

1.3.1 NUHOMS® EOS-37PTH DSC ....oovovoeeoeeeeeeeeeeeeeeeeeee oo 1-15

132 NUHOMS® EOS-89BTH DSC .......ovvoveireeeeeeeseeeeeeeeeseseeseeseesseeseenenns 1-38

133  NUHOMS® EOS-HSM/EOS-HSMS....c.oomiiioieoeeeeeeeeeeeeeeeeeeeeensnenn. 1-63

1.3.4  NUHOMS" EOS-TCs (EOS-TC108 and EOS-TC-125/135)......cc.coo....... 1-82
1.4 NUHOMS® EOS SyStem COMLENLS .....ucvrrecrecrsersersessecssessessessesssessessessssassassssses 1-122

1.4.1 EOS-37PTH DSC COontents ........cccceeveerueenienieenieenieenieesieeieesee e 1-122

1.42  EOS-89BTH DSC Contents.......cccccecueerierieiniienieenieenieeieesiieeieesee e 1-122
1.5 Qualification of AREVA Inc. (APPlICANT) ....uueericrivrnnricsssnnrccsssnnsrcssssnssessssssssees 1-124
1.6  QuUAlity ASSUIANCE...cccueierrurrcrsaricssanecsssrecsssnecsssnesssssesssnesssssesssssesssssssssssssssssssssssses 1-125
1.7 ReECIENCES c.uuccueeineiineisteiiniistissneiseisssesssssssessssssssessssnsssessssssssassssssssassssssssssssasssss 1-126
1.8 Supplemental Data.........coueeeeenseensnenssnncsnenssnccsecssnesssessssssssecssnes 1-127

1.8.1 Generic Cask ATTAYS .....covuiriiriirieierieeee ettt 1-127

Page 1-i



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

List of Tables
Table 1-1 Key Design Parameters of the NUHOMS® EOS System Components........... 1-128

Page 1-ii



NUHOMS® EOS System Safety Analysis Report

Rev. 3, 06/15

Figure 1-1
Figure 1-2
Figure 1-3
Figure 1-4
Figure 1-5
Figure 1-6
Figure 1-7
Figure 1-8

Figure 1-9

Figure 1-10
Figure 1-11
Figure 1-12
Figure 1-13

List of Figures

EOS-37PTH DSC ...ttt 1-130
EOS-37PTH BasKet .......ccceeviiiiiiiiieieeiesieeetesee et 1-131
EOS-89IBTH DSC ..ottt 1-132
EOS-89BTH BasKet.......cceevuiiiiniiiieriiesieeieceseee et 1-133
EOS-HSM ...ttt st 1-134
TC125/135 Transfer CasK........cocuevieveriinieniiierieeieeeeee e 1-135
TCI08 Transfer Cask ........coouiiiiiiiiiee e 1-136
NUHOMS® EOS System Components, Structures, and Transfer

EQUIPIMENT ..ottt et e et e e e e snbeeenaeeens 1-137
Typical Transfer Trailer.........ccocieiiiiiiiiieiiieeeee e 1-138
Typical Cask Support SKid ........cccviieiiiiiiieeieeee e 1-139
Typical Double Module Row ISFSI Layout with EOS-Medium Modules ..... 1-140
Typical Single Module Row ISFSI Layout with EOS-Medium Modules....... 1-141
Typical Combined Single and Double Module Row ISFSI Layout with
EOS-Medium ModUles ...........cocuiiiiiiiiiiiieieee e 1-142

Page 1-iii



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

1. GENERAL INFORMATION

This Safety Analysis Report (SAR) describes the design and forms the licensing basis
for 10 CFR 72 [1-1], Subpart L certification of the NUHOMS® EOS dry spent fuel
storage system. The NUHOMS® EOS System provides for the horizontal storage of
high burnup spent pressurized water reactor (PWR) and boiling water reactor (BWR)
fuel assemblies (FAs) in dry shielded canisters (DSCs) that are placed in an EOS
horizontal storage module (EOS-HSM) utilizing an EOS transfer cask (EOS-TC). The
NUHOMS® EOS System is designed to be installed in an independent spent fuel
storage installation (ISFSI) at power reactor sites under the provision of a general
license in accordance with 10 CFR 72, Subpart K. This system has been specifically
optimized for high thermal loads, limited space, and needs for superior radiation
shielding performance.

The quality assurance (QA) program applicable to this design satisfies the
requirements of 10 CFR 72, Subpart G and is described in Chapter 14. To facilitate
U.S. Nuclear Regulatory Commission (NRC) review of this application, this SAR has
been prepared in compliance with the information and methods defined in Revision 1
to NRC NUREG-1536 [1-2].

The NUHOMS® EOS System is an improved version of the NUHOMS® HD System
described in Certificate of Compliance (CoC) No. 1030 [1-3]. The EOS-DSCs
included in this application are similar to the DSCs licensed in the NUHOMS® HD
Horizontal Modular Storage System For Irradiated Nuclear Fuel Updated Final Safety
Analysis Report (UFSAR), Revision 4 [1-4]. The EOS-HSMs are similar to the
previously licensed HSM-H. The EOS-TCs are similar to the previously licensed
TCs, but with a larger diameter.

The NUHOMS" EOS System is designed for enhanced heat rejection capabilities, and
to permit storage of intact PWR spent fuel assemblies (SFAs) with or without control
components (CCs), and BWR SFAs with or without channels. Protection afforded to
the public is similar to the HSM-H designs described in the NUHOMS® HD System
UFSAR. Details of the system design, analyses, operation, and margins are provided
in the remainder of this SAR.
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1.1 Introduction

The type of fuel to be stored in the NUHOMS® EOS System is light water reactor
(LWR) fuel of the PWR and BWR type. The EOS-37PTH DSC is designed to
accommodate up to 37 intact PWR FAs with uranium dioxide (UO,) fuel, zirconium
alloy cladding, and with or without control components (CCs). The EOS-89BTH
DSC is designed to accommodate up to 89 intact BWR FAs with uranium dioxide
(UOy) fuel, zirconium alloy cladding, and with or without fuel channels. The physical
and radiological characteristics of these payloads are provided in Chapter 2.

The NUHOMS" EOS System consists of the following components as shown in
Figure 1-1 through Figure 1-7:

Two new dual-purpose (storage and transportation) DSCs that provide
confinement in an inert environment, structural support and criticality control for
the FAs; the EOS-37PTH DSC and the EOS-89BTH DSC. The DSC shells are
welded stainless or duplex steel pressure vessels that includes thick shield plugs at
either end to maintain occupational exposures as-low-as reasonably-achievable
(ALARA).

Two new DSC basket designs. In addition, depending on the boron content and
neutron poison material in the basket poison plates, each basket type is designated
as follows for the EOS-37PTH basket: Type A (low B-10) or Type B (high B-10),
and for the EOS-89BTH: Type M1-A (low B-10), M1-B (moderate B-10) and
M2-A (high B-10).

A new HSM design, designated as either the EOS-HSM or the EOS-HSMS, is
equipped with special design features for enhanced shielding and heat rejection
capabilities. The HSM base has two alternatives, a single piece or a split base.
The HSM with the split base is designated as the EOS-HSMS. Finally, the
EOS-HSM and EOS-HSMS can be fabricated with three lengths to accommodate
the range of DSC lengths, provided in the table below.

DSC Length without
Grapple Ring (in.) Total EOS-
NUHOMS® Minimum | Maximum HSM
Module (in.) (in.) Length (in.)
EOS-Short 165.5 179.5 228
EOS-Medium 185.5 199.5 248
EOS-Long 205.5 219.5 268

EOS-HSM and EOS-HSMS modules are arranged in arrays to minimize space
and maximize self-shielding. The DSCs are longitudinally restrained to prevent
movement during seismic events. Arrays are fully expandable to permit modular
expansion in support of operating power plants.
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e The EOS-HSM and EOS-HSMS provides the bulk of the radiation shielding for
the DSCs. The EOS-HSM/EOS-HSMS can be arranged in either a single-row or
a back-to-back arrangement. Thick concrete supplemental shield walls are used at
either end of an EOS-HSM and EOS-HSMS array and along the back wall of
single-row arrays to minimize radiation dose rates both onsite and offsite. Two or
more empty modules can be substituted for the end walls until the array is fully
built.

e A new EOS-TC system is provided with a top cover plate that allows air
circulation through the TC/DSC annulus during transfer operations at certain heat
loads when time limits for transfer operations cannot be satisfied. The EOS-TC
system consists of a 135-ton cask (EOS-TC135), a 125-ton cask (EOS-TC125),
and a 108-ton cask (EOS-TC108).

The EOS-37PTH DSC is designed for a maximum heat load of 50 kW when
transferred in the EOS-TC125/135, and a maximum heat load of 41.8 kW when
transferred in the EOS-TC108. The EOS-89BTH DSC is designed for a maximum
heat load of 43.6 kW when transferred in the EOS-TC125/135, and a maximum heat
load of 41.6 kW when transferred in the EOS-TC108. The EOS-37PTH DSC can be
transferred in any EOS-TC with a maximum heat load of 36.35 kW without air
circulation available and, similarly, the EOS-89BTH with a maximum heat load of
34.4 kW.

The NUHOMS" EOS System is designed to be compatible with removal of the stored
DSC for transportation and ultimate disposal by the Department of Energy, in
accordance with 10 CFR 236(m). However, this application only addresses the
storage of the spent fuel in the NUHOMS® EOS System.

The cavity length of the DSCs is adjustable to match the length of the fuel to be
stored. This eliminates or reduces the need for fuel spacers to address secondary
impact of the fuel on the lids during transportation accident scenarios.

The NUHOMS® EOS System provides structural integrity, confinement, shielding,
criticality control, and passive heat removal independent of any other facility
structures or components.

Approval of the NUHOMS® EOS System components described above is sought
under the provisions of 10 CFR 72, Subpart L for use under the general license
provisions of 10 CFR 72, Subpart K. The EOS-HSMs and DSCs are intended for
outdoor or sheltered storage on a reinforced concrete pad at a nuclear power plant. In
addition to these components, the system requires use of an onsite TC, transfer trailer,
and other auxiliary equipment that are described in this SAR. Similar equipment was
previously licensed under NUHOMS® HD System UFSAR, Revision 4. Sufficient
information for the transfer system and auxiliary equipment is included in this SAR to
demonstrate that means for safe operation of the system are provided.
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1.2

General Description and Operational Features of the NUHOMS® EOS System

The NUHOMS® EOS System provides for the horizontal, dry storage of canisterized
SFAs in a concrete EOS-HSM. The storage system components consist of a
reinforced concrete EOS-HSM and a stainless or duplex steel DSC confinement vessel
that houses the SFAs. The general arrangement of the NUHOMS® EOS System
components is shown in Figure 1-8. The confinement boundary is defined in Section
5.1 and shown in Figure 5-1. This SAR addresses the design and analysis of the
storage system components, including the EOS-37PTH DSC, the EOS-89BTH DSC,
the TC135, the TC125, the TC108, the EOS-HSM, and the EOS-HSMS, which are
important to safety in accordance with 10 CFR 72.

In addition to these storage system components, the NUHOMS®™ EOS System also
utilizes transfer equipment to move the DSCs from the plant's fuel or reactor building,
where they are loaded with SFAs and prepared for storage in the EOS-HSM where
they are stored. This transfer system consists of a TC, a lifting yoke, a ram system, a
prime mover, a transfer trailer, a cask support skid, and a skid positioning system.
This transfer system interfaces with the existing plant fuel pool, the cask handling
crane, the site infrastructure (i.e., roadways and topography) and other site-specific
conditions and procedural requirements. Auxiliary equipment, such as a TC/DSC
annulus seal, a vacuum drying system, and a welding system, are also used to facilitate
DSC loading, draining, drying, inerting, and sealing operations. Similar transfer
system and auxiliary equipment has been previously licensed under the NUHOMS®
HD System.

During dry storage of the spent fuel, no active systems are required for the removal
and dissipation of the decay heat from the fuel. The NUHOMS® EOS System is
designed to transfer the decay heat from the fuel to the DSC and from the DSC to the
surrounding air by conduction, radiation and natural convection. The NUHOMS®
EOS System ISFSI can also be housed in enclosed buildings provided the ISFSI with
the building design is bounded by the design criteria described in Chapter 2 and the
Technical Specification. No credit is taken for the building in the Safety Analysis of
the NUHOMS® EOS System.

Each PWR DSC is identified by a Model Number, XXX-EOS-37PTH-YYY-Z, where
XXX typically identifies the site for which the EOS-37PTH DSC was fabricated, Z
designates the basket type, and YYY is a sequential number corresponding to a
specific DSC. The basket types are described in SAR drawing no. EOS01-1010-SAR.
Similarly, each BWR DSC is identified by a Model Number, XXX-EOS-89BTH-
YYY-Z. The basket types are described in SAR drawing no. EOS01-1020-SAR.

The NUHOMS® EOS System components do not include receptacles, valves,
sampling ports, impact limiters, protrusions, or pressure relief systems, except for the
neutron shield tanks on the EOS-TCs, which include pressure relief valves.
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1.2.1

1.2.1.1

NUHOMS® EOS System Characteristics

EOS-37PTH DSC

The key design parameters of the EOS-37PTH DSC are listed in Table 1-1. The
primary confinement boundary for the EOS-37PTH DSC consists of the cylindrical
shell, the top and bottom inner cover plates, the drain port cover plate, vent plug, and
the associated welds. The outer top and bottom cover plates, test port plug, and
associated welds form the redundant confinement boundary. The top and bottom
shield plugs provide shielding for the EOS-37PTH DSC so that occupational doses at
the ends are minimized during drying, sealing, handling, and transfer operations.

The cylindrical shell and inner bottom cover plate confinement boundary welds are
fully compliant with Subsection NB of the ASME Code and are made during
fabrication. The confinement boundary weld between the shell and the inner top cover
(including drain port cover plate and vent plug welds), and the structural attachment
weld between the shell and the outer top cover plate (including the test port weld) are
in accordance with Alternatives to the ASME code as described in Section 4.4.4 of the
Technical Specifications [1-7].

Both drain port cover plate and vent plug welds are made after drying operations are
completed. There are no credible accidents that could breach the confinement
boundary of the EOS-37PTH DSC, as documented in Chapters 3 and 12.

The EOS-37PTH DSC basket structure, shown schematically in Figure 1-2, consists of
interlocking slotted plates to form an egg-crate type structure. The egg-crate structure
forms a grid of 37 fuel compartments that house the PWR SFAs. The egg-crate grid
structure is composed of one or more of the following: a steel plate, an aluminum plate
and a neutron absorber plate. The steel plates are fabricated from ASTM A506 Gr
4130 (AISI 4130) steel, hot rolled to meet SAE/AMS-6345C, heat-treated and
tempered per AMS-H-6875 at 1,050 °F, and provide structural support for the FAs.
The poison plates are made of borated metal matrix composites (MMCs) and provide
the necessary criticality control. The aluminum plates, together with the poison plates,
provide a heat conduction path from the FAs to the DSC rails and shell.

Basket “transition rails” provide the transition between the rectangular basket structure
and the cylindrical DSC shell. The transition rails are made of extruded aluminum
open or solid sections, which are reinforced with internal steel, as necessary. These
transition rails provide the transition to a cylindrical exterior surface to match the
inside surface of the DSC shell. The transition rails support the fuel basket egg-crate
structure and transfer mechanical loads to the DSC shell. They also provide the
thermal conduction path from the basket assembly to the DSC shell wall, making the
basket assembly efficient in rejecting heat from its payload. The nominal dimension
of each fuel compartment opening is sized to accommodate the limiting assembly with
sufficient clearance around the FA.
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1.2.1.2

The EOS-37PTH DSC is designed for a maximum heat load of 50.0 kW. The internal
basket assembly contains a storage position for each FA. The criticality analysis
credits the fixed borated neutron absorbing material placed between the FAs. The
analysis also takes credit for soluble boron during loading operations. Sub-criticality
during wet loading/unloading, drying, sealing, transfer, and storage operations is
maintained through the geometric separation of the FAs by the basket assembly, the
boron loading of the pool water, and the neutron absorbing capability of the
EOS-37PTH DSC materials, as applicable. Based on poison material and boron
loading, two basket types are provided, as shown on drawing EOS01-1010-SAR and
described in Chapter 10.

In general, the dimensions of the EOS-37PTH DSC components described in the text
and provided in figures and tables of this SAR are nominal dimensions for general
system description purposes. Actual design dimensions are contained in the drawings
in Section 1.3.1 of this SAR. See Sections 1.4.1 and 2.2.1 for a discussion of the
contents authorized to be stored in this DSC.

EOS-89BTH DSC

The key design parameters of the EOS-89BTH DSC are listed in Table 1-1. The
primary confinement boundary for the EOS-89BTH DSC consists of the cylindrical
shell, the top and bottom inner cover plates, the drain port cover plate, vent plug, and
the associated welds. The outer top and bottom cover plates, test port plug and
associated welds form the redundant confinement boundary. The top and bottom
shield plugs provide shielding for the EOS-89BTH DSC to minimize occupational
doses at the ends during drying, sealing, handling, and transfer operations.

The cylindrical shell and inner bottom cover plate confinement boundary welds are
fully compliant with Subsection NB of the ASME Code and are made during
fabrication. The confinement boundary weld between the shell and the inner top cover
(including drain port cover plate and vent plug welds), and structural attachment weld
between the shell and the outer top cover plate (including the test plug weld) are in
accordance with Alternatives to the ASME code as described in Section 4.4.4 of the
Technical Specifications [1-7].

Both drain port cover plate and vent plug welds are made after drying operations are
complete. There are no credible accidents that could breach the confinement boundary
of the EOS-89BTH DSC as documented in Chapters 3 and 12.

Page 1-6



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

The EOS-89BTH DSC basket structure, shown schematically in Figure 1-4, consists
of interlocking slotted plates to form an egg-crate-type structure. The egg-crate
structure forms a grid of 89 fuel compartments that house the BWR SFAs. The
egg-crate grid structure is composed of one or more of the following: a steel plate, an
aluminum plate, and a neutron absorber plate. The steel plates are fabricated from
ASTM A506 Gr 4130 (AISI 4130) steel, hot rolled to meet SAE/AMS-6345C, heat-
treated and tempered per AMS-H-6875 at 1,050 °F, and provide structural support for
the FAs. The poison plates are made of borated MMCs or BORAL® and provide the
necessary criticality control. The aluminum plates, together with the poison plates,
provide a heat conduction path from the FAs to the DSC rails and shell.

Basket “transition rails” provide the transition between the rectangular basket structure
and the cylindrical DSC shell. The transition rails are made of extruded aluminum
open or solid sections, which are reinforced with internal steel as necessary. These
transition rails provide the transition to a cylindrical exterior surface to match the
inside surface of the DSC shell. The transition rails support the fuel basket egg-crate
structure and transfer mechanical loads to the DSC shell. They also provide the
thermal conduction path from the basket assembly to the DSC shell wall, making the
basket assembly efficient in rejecting heat from its payload. The nominal dimension
of each fuel compartment opening is sized to accommodate the limiting assembly with
sufficient clearance around the FA.

The EOS-89BTH DSC is designed for a maximum heat load of 43.6 kW. The internal
basket assembly contains a storage position for each FA. The criticality analysis
credits the fixed borated neutron absorbing material placed between the FAs.
Sub-criticality during wet loading/unloading, drying, sealing, transfer, and storage
operations is maintained through the geometric separation of the FAs by the basket
assembly, and the neutron absorbing capability of the EOS-89BTH DSC materials, as
applicable. Based on poison material and boron loading, three basket types are
provided, as shown on drawing EOS01-1020-SAR and described in Chapter 10.

In general, the dimensions of the EOS-89BTH DSC components described in the text
and provided in figures and tables of this SAR are nominal dimensions for general
system description purposes. Actual design dimensions are contained in the drawings
in Section 1.3.2 of this SAR. See Sections 1.4.2 and 2.2.2 for a discussion of the
contents authorized to be stored in this DSC.
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1.2.1.3

Horizontal Storage Module

Each EOS-HSM or EOS-HSMS provides a self-contained modular structure for
storage of spent fuel canisterized in an EOS-37PTH or EOS-89BTH DSC. The
EOS-HSMS is essentially identical to the EOS-HSM except that the base is split into
two sections (upper and lower), which are tied together via shear keys and six grouted
tie rods. Henceforth in this SAR, EOS-HSM is used interchangeably for both the
EOS-HSM and EOS-HSMS. The EOS-HSM is constructed from reinforced concrete
and structural steel. The thick concrete roof and walls provide substantial neutron and
gamma shielding. Contact doses for the EOS-HSM are designed to be ALARA. The
key design parameters of the EOS-HSM are listed in Table 1-1.

The nominal thickness of the EOS-HSM roof is four feet for biological shielding.
Separate shield walls at the end of a module row in conjunction with the module base
wall, provide a minimum total thickness of four feet for shielding. Similarly, an
additional shield wall is used at the rear of the module if the ISFSI is configured as
single module arrays to provide a minimum total thickness of four feet of shielding
with the module base rear wall. Sufficient shielding is provided by thick concrete side
walls between EOS-HSMs in an array to minimize doses in adjacent EOS-HSMs
during loading and retrieval operations.

The EOS-HSMs provide an independent, passive system with substantial structural
capacity to ensure the safe dry storage of SFAs. To this end, the EOS-HSMs are
designed to ensure that normal transfer operations and postulated accidents or natural
phenomena do not impair the DSC or pose a hazard to the public or plant personnel.

The EOS-HSM provides a means of removing spent fuel decay heat by a combination
of radiation, conduction and convection. Ambient air enters the EOS-HSM through
ventilation inlet openings located on both sides of the lower front wall of the
EOS-HSM and circulates around the DSC and the heat shields. Air exits through air
outlet openings located on each side of the top of the EOS-HSM. The EOS-HSM is
designed to remove up to 50.0 kW of decay heat from the bounding EOS-37PTH
DSC.

Decay heat is rejected from the DSC to the EOS-HSM air space by convection and
then removed from the EOS-HSM by natural circulation air flow. Heat is also
radiated from the DSC surface to the heat shields and EOS-HSM walls and roof,
where the natural convection air flow and conduction through the walls and roof aid in
the removal of the decay heat. The passive cooling system for the EOS-HSM is
designed to preserve fuel cladding integrity by maintaining SFA peak cladding
temperatures below acceptable limits during long-term storage.

The EOS-HSMs are installed on a load bearing foundation, which consists of a
reinforced concrete basemat on a subgrade suitable to support the loads. The
EOS-HSMs are not tied to the basemat.
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1.2.14

Dimensions of the EOS-HSM components described in the text and provided in
figures and tables of this SAR are, in general, nominal dimensions for general system
description purposes. Actual design dimensions are contained in the drawings in
Section 1.3.3.

Transfer Casks

The EOS-TCs are designed to provide shielding and protection from potential hazards
during DSC loading and closure operations and transfer to the EOS-HSM. The key
design parameters of the TC are listed in Table 1-1. The EOS-TCs included in this
SAR are limited to onsite use under 10 CFR 72. The EOS-TCs are non-pressure-
retaining, except the neutron shield tanks, atmospheric cylindrical vessels with welded
bottom assemblies, and bolted top cover plates, and they are designed to ASME
Division III Subsection NF Class 1 criteria. The neutron shield tanks retain pressure
and are designed to ASME III Subsection ND criteria. The primary function of the
EOS-TC is to provide onsite transport of loaded DSCs between the plant’s spent fuel
pool and the plant’s onsite ISFSI. The TC provides the principal biological shielding
and heat rejection mechanism for the EOS-DSC and SFAs during handling in the fuel
or reactor building, EOS-DSC closure operations, transfer to the ISFSI, and placement
in the EOS-HSM.

The TC is designed to provide sufficient shielding to provide reasonable assurance
that dose rates are ALARA. Two top-lifting trunnions are provided for handling the
TC using a lifting yoke and overhead crane. Lower pocket trunnions are provided for
rotating the cask from/to the vertical and horizontal positions on the support
skid/transport trailer.

The EOS-TC108 is designed with a removable neutron shield for use at nuclear plant
sites with space limitations and/or crane capacity limits and, therefore, cannot use one
of the other EOS-TCs. A schematic sketch of the EOS-TC125/135 is shown in
Figure 1-6, and of the EOS-TC108 with removable neutron shield is shown in

Figure 1-7.

A cask spacer is required in the bottom of the EOS-TC to provide the correct interface
at the top of the EOS-TC during loading, drying, and sealing operations for DSCs that
are shorter than the cavity length. All EOS-TCs utilize a bottom cover incorporating
wedges and top cover assembly that allows for air circulation. This mechanism
enables cooling air to travel through the annular space between the EOS-DSC and the
TC inner diameter through the entire cask length and to exit through the vent passages
in the modified top cover assembly of the cask.

Dimensions of the EOS-TC components described in the text and provided in figures
and tables of this SAR are in general nominal dimensions for general system
description purposes. Actual design dimensions are contained in the drawings in
Section 1.3.4.
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1.2.2

1.2.3

Transfer Equipment

Transfer Trailer:

The typical transfer trailer for the NUHOMS® EOS System consists of a heavy
industrial trailer used to transfer the empty cask, support skid and the loaded transfer
cask between the plant's fuel or reactor building and the ISFSI. The trailer is designed
to ride as low to the ground as possible to minimize the overall EOS-HSM height and
the transfer cask height during DSC transfer operations. The trailer is equipped with
leveling jacks to provide vertical alignment of the cask with the EOS-HSM. The
trailer is self-powered or towed by a conventional heavy-haul truck tractor or other
suitable prime mover. A typical transfer trailer is depicted in Figure 1-9.

Cask Support Skid:

A typical cask support skid for the NUHOMS® EOS System is shown in Figure 1-10,
and is similar to the cask support skids described in the NUHOMS® HD System
UFSAR. Key design features are:

e The skid is mounted on a surface with sliding support bearings and hydraulic
positioners to provide alignment of the cask with the EOS-HSM. A mechanism is
provided to prevent movement during trailer towing.

e A hydraulic or mechanical ram is mounted on the skid to insert or retrieve the
DSC from the EOS-HSM.

e  The cask support skid is mounted on a low profile heavy-haul or self-powered
industrial trailer.

The plant's fuel or reactor building crane or other suitable lifting device is used to
lower the cask onto the support skid, which is secured to the transfer trailer. Specific
details of this operation and the plant-specific building arrangement are covered by the
provisions of the 10 CFR 50 operating license for the plant.

Ram:

A hydraulic or mechanical ram system consists of a hydraulic cylinder or mechanical
frame with a capacity and a reach sufficient for DSC insertion into and retrieval from
the EOS-HSM. The design of the ram support system provides a direct load path for
the ram reaction forces during DSC insertion and retrieval. The system uses a rear
ram support for alignment of the ram to the DSC. The design provides positive
alignment of the major components during DSC insertion and retrieval.

Operational Features

This section provides a discussion of the sequence of operations involving the
NUHOMS® EOS System components.
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1.2.3.1 Spent Fuel Assembly Loading Operations

The primary operations (in sequence of occurrence) for the NUHOMS® EOS System
with the EOS-TC125 or EOS-TC135 are:

1. Prepare TC

2. Prepare DSC

3. Place DSC in TC

4. Fill TC/DSC Annulus with clean water and seal

5. Fill DSC cavity with water (may be accomplished in step 6)
6. Lift TC and place in fuel pool

7. Load spent fuel

8. Place top shield plug

9. Lift TC from pool (DSC water may be drained and replaced with helium
during draindown)

10. Seal inner top cover

11. Vacuum Dry and Backfill

12. Pressure test

13. Leak test

14. Seal outer top cover plate

15. Drain TC/DSC annulus and place TC top cover plate
16. Place loaded TC on transfer skid/trailer
17. Move loaded TC to EOS-HSM

18. Prepare and align TC/EOS-HSM

19. Insert DSC into EOS-HSM

20. Close EOS-HSM

For operations (in sequence of occurrence) for the NUHOMS® EOS System with the
EOS-TC108 the following additional steps may be used to meet crane limits.
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e  Concurrent with Step 1 the TC108 neutron shield tank may be removed from the
cask and positioned for installation onto the cask once it is loaded and removed
from the fuel pool.

e Between Step 9 and Step 10, the neutron shield tank is reinstalled and filled with
water.

These operations are described in the following paragraphs. The descriptions are
intended to be generic and are described in greater detail in Chapter 9. Plant specific
requirements may affect these operations and are to be addressed by the licensee.

Prepare TC:

Transfer cask preparation includes exterior washdown and interior decontamination.
These operations are performed on the decontamination pad/pit outside the fuel pool
area. The operations are similar to those for a shipping cask, which are performed by
plant personnel using existing procedures. For the TC108, this includes removing the
neutron shield tank if required to meet crane capacity limits or cask loading space
considerations.

Prepare DSC:

The internals and externals of the DSC are inspected and cleaned if necessary. This
ensures that the DSC will meet plant cleanliness requirements for placement in the
spent fuel pool. If the neutron shield tank is removed from the TC108, position the
tank such that it can be installed onto the cask once the cask is loaded and removed
from the fuel pool.

Place DSC in TC:

The empty DSC is inserted into the TC.

Fill TC/DSC annulus with clean water and seal:

The TC/DSC annulus is filled with uncontaminated water and is then sealed prior to
placement in the pool. This prevents contamination of the DSC outer surface and the
transfer cask inner surface by the pool water.

Fill DSC cavity with water:

The DSC cavity is filled with pool water to prevent an in-rush of water as the transfer
cask is lowered into the pool.

Lift TC and place in fuel pool:

The TC, with the water-filled DSC inside, is then lowered into the fuel pool. The
TC125 and TC135 liquid neutron shield may be left unfilled to meet hook weight
limitations.
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Load spent fuel:

Spent fuel assemblies are placed into the DSC. This operation is identical to that
presently used at plants for shipping cask loading.

Place top shield plug:

This operation consists of placing the top shield plug into the DSC using the plant's
crane or other suitable lifting device.

Lift TC from pool:

The loaded TC is lifted out of the pool and placed (in the vertical position) on the
drying pad in the decontamination pit. This operation is similar to that used for
shipping cask handling operations. If the neutron shield for the EOS-TC125 and EOS-
TC135 is not filled, fill tank at this time. If using the EOS-TC108 without the neutron
shield tank installed, install the neutron shield tank and fill with water.

Seal inner top cover:

The water contained in the space above the shield plug is drained. The inner top cover
plate is installed and welded to the shell. This weld provides the top (confinement)
seal for the DSC.

Vacuum dry and backfill:

The initial draining of the DSC is accomplished by pumping from the DSC cavity
through the drain port while backfilling the cavity with helium through the the vent
port. The water in the cavity is pumped out through the siphon tube and routed back
to the fuel pool or to the plant's liquid radwaste processing system via appropriate size
flexible hose or pipe, as appropriate. The DSC is then evacuated to remove the
residual liquid water and water vapor, and helium in the cavity. When the system
pressure has stabilized, the DSC is backfilled with helium.

Pressure test: A pressure test of inner top cover weld is performed by backfilling the
DSC cavity with helium. After the pressure test, remove the helium lines. Then, the
drain port cover plate and vent plug are installed and welded to the inner top cover.

Leak test:

A leak test of the inner top cover to the DSC shell weld, drain port cover plate and
vent plug welds is performed using a temporary test head or after the root pass on the
outer top cover plate through the test port or any other alternative means.

Seal outer top cover plate:

After helium backfilling, the DSC outer top cover plate is installed by using a partial
penetration weld between the outer top cover plate and the DSC shell.
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The outer cover plate to shell weld and inner top cover plate weld provide redundant
seals at the upper end of the DSC.

Drain TC/DSC annulus and place TC top cover plate:

The TC/DSC annulus is drained. A swipe is then taken over the DSC exterior at the
top cover plate and the upper portion of the shell. Demineralized water is flushed
through the TC/DSC annulus, as required, to remove any contamination left on the
DSC exterior. The TC top cover plate is installed, using the plant's crane or other
suitable lifting device, and bolted closed.

Place Loaded Transfer Cask on Transfer Skid/Trailer:

The TC is lifted onto the TC support skid and downended onto the transfer trailer from
the vertical to horizontal position.

Move Loaded Transfer Cask to EOS-HSM:

The transfer trailer is moved to the ISFSI along a predetermined route on a prepared
road surface. Upon entering the ISFSI, the cask is positioned and aligned with the
designated EOS-HSM into which the DSC is to be transferred.

Prepare and alien TC/EOS-HSM:

At the ISFSI with the TC positioned in front of the EOS-HSM, the TC top cover plate
is removed. The EOS-HSM door is removed and the transfer trailer is then backed
into close proximity with the EOS-HSM. The skid positioning system is then used for
the final alignment and docking of the TC with the EOS-HSM and the cask restraint
installed.

Insert DSC into EOS-HSM:

After final alignment of the TC, EOS-HSM, and ram, the DSC is pushed into the
EOS-HSM by the ram.

Close EOS-HSM:

Install DSC axial retainer and install EOS-HSM door.
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1.3.1

1.3 Drawings

NUHOMS" EOS-37PTH DSC

EOS01-1000-SAR

EOS01-1001-SAR

EOS01-1010-SAR

EOSO01-1011-SAR

NUHOMS® EOS System Transportable Canister 37PTH DSC Main
Assembly (6 sheets)

NUHOMS® EOS System Transportable Canister 37PTH DSC Shell
Assembly (2 sheets)

NUHOMS® EOS System Transportable Canister 37PTH Basket
Assembly (8 sheets)

NUHOMS® EOS System Transportable Canister 37PTH Basket
Transition Rails (6 sheets)
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1.3.2

NUHOMS® EOS-89BTH DSC

EOSO01-1005-SAR

EOSO01-1006-SAR

EOS01-1020-SAR

EOS01-1021-SAR

NUHOMS® EOS System Transportable Canister S9BTH DSC Main
Assembly (6 sheets)

NUHOMS® EOS System Transportable Canister S9BTH DSC Shell
Assembly (2 sheets)

NUHOMS®™ EOS System Transportable Canister S9BTH Basket
Assembly (9 sheets)

NUHOMS® EOS System Transportable Canister S9BTH Basket
Transition Rails (7 sheets)
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1.3.3 NUHOMS® EOS-HSM/EOS-HSMS

EOSO01-3000-SAR NUHOMS® EOS System Horizontal Storage Module (EOS-HSM)
Main Assembly (18 sheets)
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1.3.4

NUHOMS® EOS-TCs (EOS-TC108 and EOS-TC-125/135)

EOS01-2000-SAR

EOS01-2001-SAR

EOS01-2002-SAR

EOS01-2003-SAR

EOS01-2010-SAR

EOS01-2011-SAR

EOS01-2012-SAR

NUHOMS® EOS System Onsite Transfer Cask EOS-TC108 Main
Assembly (5 sheets)

NUHOMS® EOS System Onsite Transfer Cask EOS-TC108 Inner
and Outer Shells (7 sheets)

NUHOMS" EOS System Onsite Transfer Cask EOS-TC108
Shielding and Rails Details (4 sheets)

NUHOMS" EOS System Onsite Transfer Cask EOS-TC108
Removable Neutron Shield (7 sheets)

NUHOMS" EOS System Onsite Transfer Cask EOS-TC125/TC135
Main Assembly (5 sheets)

NUHOMS" EOS System Onsite Transfer Cask EOS-TC125/TC135
Inner and Outer Shells (7 sheets)

NUHOMS® EOS System Onsite Transfer Cask E EOS-TC125/TC135
Shielding and Rails Details (4 sheets)
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1.4.1

1.4.2

14 NUHOMS® EOS System Contents

EOS-37PTH DSC Contents

The EOS-37PTH DSC is designed to store up to 37 intact PWR FAs with or without
CCs.

The EOS-37PTH DSC is qualified for storage of Babcock and Wilcox (B&W) 15 x 15
class, Combustion Engineering (CE) 14 x 14 class, CE 15 x 15 class, CE 16 x 16
class, Westinghouse (WE) 14 x 14 class, WE 15 x 15 class, and WE 17x17 class
PWR FA designs, as described in Chapter 2.

The EOS-37PTH DSC payload may include CCs that are contained within the FA,
such as described in Chapter 2.

Reconstituted assemblies containing up to five replacement irradiated stainless steel
rods per assembly or an unlimited number of low enriched or natural uranium fuel
rods or non-fuel rods are acceptable for storage in an EOS-37PTH DSC as intact FAs.

The EOS-37PTH DSC is also authorized to store FAs containing blended low
enriched uranium (BLEU) fuel material. Limitations for storing BLEU fuel are
provided in Chapter 2.

The contents of the DSC are stored in an inert atmosphere of helium.

The maximum allowable planar average initial enrichment of the fuel to be stored is
5.00 weight % U-235, and the maximum assembly average burnup is 62,000
MWdJ/MTU. The FAs (with or without CCs) must be cooled to meet the decay heat
limits specified in Figure 1 of the Technical Specifications [1-7] prior to storage.

The criticality control features of the EOS-37PTH DSC are designed to maintain the
neutron multiplication factor k-effective (including uncertainties and calculational
bias) at less than 0.95 under normal, off-normal, and accident conditions.

The quantity and type of radionuclides in the SFAs are described and tabulated in
Chapter 6. Chapter 7 covers the criticality safety of the EOS-37PTH DSC and its
parameters. These parameters include rod pitch, rod outside diameter, material
densities, moderator ratios, soluble boron content and geometric configurations. The
maximum pressure buildup in the EOS-37PTH DSC cavity is addressed in Chapter 4.

EOS-89BTH DSC Contents

The EOS-89BTH DSC is designed to store up to 89 intact BWR FAs with or without
channels.

The EOS-89BTH DSC is qualified for storage of 7x7, 8x8, 9x9, and 10x10 class BWR
FAs of initial design or equivalent reload FAs as described in Chapter 2.

Page 1-122



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

Reconstituted assemblies containing up to five replacement irradiated stainless steel
rods per assembly or an unlimited number of low enriched or natural uranium fuel
rods or non-fuel rods are acceptable for storage in an EOS-89BTH DSC as intact FAs.

The EOS-89BTH DSC is also authorized to store FAs containing BLEU fuel material.
Limitations for storing BLEU fuel are provided in Chapter 2.

The contents of the DSC are stored in an inert atmosphere of helium.

The maximum allowable lattice average initial enrichment of the fuel to be stored is
4.80 weight % U-235 and the maximum assembly average burnup is 62,000
MWd/MTU. The FAs (with or without channels) must be cooled to meet the decay
heat limits specified in Figure 2 of the Technical Specifications [1-7] prior to storage.

The criticality control features of the EOS-89BTH DSC are designed to maintain the
neutron multiplication factor k-effective (including uncertainties and calculational
bias) at less than 0.95 under normal, off-normal, and accident conditions.

The quantity and type of radionuclides in the SFAs are described and tabulated in
Chapter 6. Chapter 7 covers the criticality safety of the EOS-89BTH DSC and its
parameters. These parameters include rod pitch, rod outside diameter, material
densities, moderator ratios, and geometric configurations. The maximum pressure
buildup in the EOS-89BTH DSC cavity is addressed in Chapter 4.
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1.5 Qualification of AREVA Inc. (Applicant)

The prime contractor for design and procurement of the NUHOMS® EOS System
components is AREVA TN Americas, an operating division of AREVA Inc. AREVA
TN Americas will subcontract the fabrication, testing, onsite construction, and QA
services, as necessary, to qualified firms on a project-specific basis, in accordance
with AREVA TN Americas QA program requirements.

The design activities for the NUHOMS® EOS Safety Analysis Report were performed
by AREVA TN Americas and subcontractors, in accordance with AREVA TN
Americas QA program requirements. AREVA TN Americas is responsible for the
design and analysis of the EOS-37PTH DSC, the EOS-89BTH DSC, the EOS-HSMs,
the onsite EOS-TCs, and the associated transfer equipment.

Closure activities associated with welding the top cover plates on the DSCs following
fuel loading are typically performed by the licensee under the licensee’s NRC
approved QA program.
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1.6 Quality Assurance

AREVA TN Americas’ (an operating division of AREVA Inc.) QA program has been
established in accordance with the requirements of 10 CFR 72, Subpart G [1-1]. The
QA program applies to the design, purchase, fabrication, handling, shipping, storing,
cleaning, assembly, inspection, testing, operation, maintenance, repair, and
modification of the NUHOMS® EOS System and components identified as “important

to safety” and “safety-related.” These components and systems are defined in Chapter
2.

The complete description and specific commitments of the AREVA Inc. QA program
are contained in the AREVA Inc. QA Program Description Manual [1-6]. This
manual has been approved by the NRC for performing 10 CFR Part 72-related
activities.
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1.8.1

1.8 Supplemental Data

Generic Cask Arrays

The DSC containing the SFAs is transferred to, and stored in, an EOS-HSM in the
horizontal position. Multiple EOS-HSMs are grouped together to form arrays whose
size is determined to meet plant-specific needs. Arrays of EOS-HSMs are arranged
within the ISFSI site on a concrete basemat(s) with the entire area enclosed by a
security fence. Individual EOS-HSMs are arranged adjacent to each other. The decay
heat for each EOS-HSM is primarily removed by internal natural circulation flow and
conduction through the EOS-HSM walls. Figure 1-11, Figure 1-12 and Figure 1-13
show typical layouts for NUHOMS® EOS System ISFSIs, which are capable of
modular expansion to any capacity. These are typical layouts only and do not
represent limitations in number of modules, number of rows, and orientation of
modules in rows. Two empty modules are required at the end of an array to allow for
future expansion until an end shield wall is used adjacent to a final loaded module.
Back-to-back module configurations require expansion in sets of pairs. Expansion can
be accomplished, as necessary, by the licensee provided the criteria of 10 CFR 72.104,
10 CFR 72.106 and Chapter 14 are met. The parameters of interest in planning the
installation layout are the configuration of the EOS-HSM array and an area in front of
each EOS-HSM to provide adequate space for backing and aligning the transfer trailer.
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Table 1-1
Key Design Parameters of the NUHOMS® EOS System
Components
(2 Pages)
EOS-37PTH DSC
) 219.12 (max for TC135)
Overall Length (in.)
197.65 (max for TC125 and TC108)
Outside Diameter (in.) 75.50
To fit fuel to be stored accounting for
Cavity Length (in.) irradiation growth and differential thermal
growth.
Shell Thickness (in.) 0.5
Design Weight of Loaded EOS-37PTH 135,000 (max for TC135)
DSC (Ibs.) 124,000 (max for TC125 and TC108)
Stainless steel or duplex shell assembly
Materials of Construction and carbon steel internals, carbon steel
shield plugs, aluminum
Neutron Absorbing Material MMC as specified in Chapter 10
Internal Atmosphere Helium
EOS-89BTH DSC
Overall Length (in.) 197.65 (max. for TC125 and TC108)
Outside Diameter (in.) 75.50
To fit fuel to be stored accounting for
Cavity Length (in.) irradiation growth and differential thermal
growth.
Shell Thickness (in.) 0.5
Design Weight of Loaded EOS-89BTH
DSC (Ibs.) 124,000 (max for TC125 and TC108)
Stainless steel or duplex shell assembly
Materials of Construction and carbon steel internals, carbon steel
shield plugs, aluminum
Neutron Absorbing Material ]13(? RAL ", MMC, as specified in Chapter
Internal Atmosphere Helium
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Table 1-1
Key Design Parameters of the NUHOMS® EOS System

Components
(2 Pages)

Horizontal Storage Module (EOS-HSM/EOS-HSMS):

19° EOS-Short

Overall length (without back shield wall)

20’ 8” EOS-Medium

22’ 4” EOS-Long

Overall width (without end shield walls)

95_8”

Overall height (without vent covers)

18’ 6”

311,000 EOS-Short

Total Weight not including DSC (lbs.)

334,000 EOS-Medium

351,000 EOS-Long

Materials of Construction

Reinforced concrete and structural steel

Heat Removal

Conduction, convection, and radiation

OnSite Transfer

Cask (EOS-TC)

Overall Length (in)

206.76 EOS-TC108

208.01 EOS-TC125

228.59 EOS-TC135

Outside Diameter (in)

90.61 EOS-TC108 w/ NS tank

88.50 EOS-TC108 w/o NS tank

95.38 EOS-TC125

95.38 EOS-TC125

199.17 EOS-TC108

Cavity Length (in) 199.25 EOS-TC125
219.75 EOS-TC135
2.50 EOS-TC108

Lead Thickness (in) 3.63 EOS-TC125

3.63 EOS-TC135

Gross Weight (with neutron shield and
steel lid and no payload) (tons)

46.5 EOS-TC108

62.1 EOS-TC125

67.9 EOS-TC135

Materials of Construction

Carbon steel shell assemblies and closures
with lead shielding, aluminum and carbon
steel lids and aluminum neutron shield
tank for the TC108

Internal Atmosphere

Air
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LIFTING LUG

INNER & OUTER
COVER PLATES

Figure 1-1
EOS-37PTH DSC
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EOS-37PTH Basket
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Figure 1-3
EOS-89BTH DSC
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Figure 1-5
EOS-HSM
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F7108

NEUTRON SHIELD

INNER SHELL

OUTER SHELL

TOP TRUNNION

BOTTOM TRUNNION

POCKET CASK LID

LEAD GAMMA SHIELD

Figure 1-6
TC125/135 Transfer Cask
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INNER SHELL

REMOVABLE NEUTRON SHIELD

OUTER SHELL

BOTTOM TRUNNION
POCKET

CASKLID

LEAD GAMMA SHIELD

TOP TRUNNION [

TOP TRUNNION

REMOVABLE TRANSFER
NEUTRON CASK 108
SHIELD

BOTTOM
BALL TRANSFER TRUNNION
FEET F7107 POCKET

Figure 1-7
TC108 Transfer Cask
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EOS TRANSFER CASK HORIZONTAL STORAGE MODULE

GRAPPLE

RAM
INSTALLATION
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AND POSITIONING SYSTEM
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Figure 1-8
NUHOMS® EOS System Components, Structures, and
Transfer Equipment
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Figure 1-9
Typical Transfer Trailer
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Figure 1-10
Typical Cask Support Skid
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Figure 1-12
Typical Single Module Row ISFSI Layout with EOS-Medium Modules
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PRINCIPAL DESIGN CRITERIA
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2. PRINCIPAL DESIGN CRITERIA

This section provides the principal design criteria for the NUHOMS® EOS System
described in Chapter 1. Section 2.1 identifies the structures, systems, and components
(SSCs) important-to-safety (ITS) for the NUHOMS® EOS System design. Section 2.2
presents a general description of the spent fuel to be stored. Section 2.3 provides the
design criteria for environmental conditions and natural phenomena. Section 2.4
discusses safety protection systems.
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2.1.1

2.1 SSCs Important to Safety

Table 2-1 provides a list of major NUHOMS® EOS System independent spent fuel
storage installation (ISFSI) components and their classification. Table 2-1 identifies
all SSCss that are ITS. Components are classified in accordance with the criteria of

10 CFR Part 72. Structures, systems, and components classified as ITS are defined in
10 CFR 72.3 as the features of the ISFSI whose function is:

e To maintain the conditions required to store spent fuel safely.
e To prevent damage to the spent fuel container during handling and storage.

e To provide reasonable assurance that spent fuel can be received, handled,
packaged, stored, and retrieved without undue risk to the health and safety of the
public.

These criteria are applied to the NUHOMS® EOS System components in determining
their classification in the paragraphs that follow.

Dry Shielded Canisters

The EOS-37PTH dry shielded canister (DSC) and EOS-89BTH DSC provide the fuel
assembly (FA) support required to maintain the fuel geometry for criticality control.
Accidental criticality inside a DSC could lead to offsite doses comparable with the
limits in 10 CFR Part 100 [2-1], which must be prevented. The DSCs also provide the
confinement boundary for radioactive materials. Therefore, the DSCs are designed to
maintain structural integrity under all accident conditions identified in Chapters 12
without losing its function to provide confinement of the spent fuel assemblies
(SFAs). The DSCs are designed, constructed, and tested in accordance with a quality
assurance (QA) program incorporating a graded quality approach for ITS requirements
as defined by 10 CFR Part 72, Subpart G, paragraph 72.140(b) and described in
Chapter 14.

Horizontal Storage Module (EOS-HSM/EOS-HSMS)

The EOS horizontal storage module (HSM) and EOS-HSMS are essentially identical
except the EOS-HSMS base is split into two parts. EOS-HSM is used herein for both
the EOS-HSM and EOS-HSMS. The EOS-HSMs are considered ITS since these
provide physical protection and shielding for the DSC during storage. The reinforced
concrete HSM is designed in accordance with American Concrete Institute (ACI) 349-
06 [2-3] and constructed to ACI-318-08 [2-4]. The level of testing, inspection, and
documentation provided during construction and maintenance is in accordance with
the quality assurance requirements as defined in 10 CFR Part 72, Subpart G and as
described in Chapter 14. Thermal instrumentation for monitoring EOS-HSM concrete
temperatures is considered “not important-to-safety” (NITS).
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2.13

2.14.1

2.14.2

ISFSI Basemat and Approach Slabs

The ISFSI basemat and approach slabs and buildings for indoor storage are considered
NITS and are designed, constructed, maintained, and tested as commercial-grade
items.

Licensees are required to perform an assessment to confirm that the license seismic
criteria described in Section 2.3.4 are met.

Transfer Equipment

Transfer Cask and Yoke

The transfer casks (EOS-TCs) are ITS since they protect the DSC during handling and
are part of the primary load path used while handling the DSCs in the fuel/reactor
building. An accidental drop of a loaded transfer cask (TC) (weighing up to 135 tons)
has the potential for creating conditions in the plant that must be evaluated. These
possible drop conditions are evaluated with respect to the impact on the DSC in
Chapters 3 and 12. Therefore, the EOS-TCs are designed, constructed, and tested in
accordance with a QA program incorporating a graded quality approach for ITS
requirements as defined by 10 CFR Part 72, Subpart G, paragraph 72.140(b) and
described in Chapter 14.

A lifting yoke is used for handling the TC within the fuel/reactor building and it is
used by the licensee (utility) under their 10 CFR Part 50 [2-5] program requirements.

Due to site-unique requirements, rigid or sling lifting members can be used to augment
the lifting yoke. These members shall be designed, fabricated and tested in
accordance with the same requirements as the cask lifting yoke.

Other Transfer Equipment

The NUHOMS® EOS System transfer equipment (i.e., ram, skid, transfer trailer) are
necessary for the successful loading of the DSCs into the EOS-HSM. However, these
items are not required to provide reasonable assurance that spent fuel can be received,
handled, packaged, stored, and retrieved without undue risk to the health and safety of
the public. Therefore, these components are considered NITS and need not comply
with the requirements of 10 CFR Part 72. These components are designed,
constructed, and tested in accordance with good industry practices.
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2.1.5

Auxiliary Equipment

The vacuum drying system and the automated welding system are NITS. Performance
of these items is not required to provide reasonable assurance that spent fuel can be
received, handled, packaged, stored, and retrieved without undue risk to the health and
safety of the public. Failure of any part of these systems may result in a delay of
operations, but will not result in a hazard to the public or operating personnel. These

components are designed, constructed, and tested in accordance with good industry
practices.
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2.2 Spent Fuel to Be Stored

The NUHOMS® EOS System is designed to accommodate pressurized water reactor
(PWR) (14x14, 15x15, 16x16 and 17x17 array designs) and boiling water reactor
(BWR) (7x7, 8x8, 9x9 and 10x10 array designs) fuel types and reload assemblies that
are available for storage. As described in Chapter 1, there are two DSC designs for
the NUHOMS" EOS System: the EOS-37PTH DSC for PWR fuel and EOS-89BTH
DSC for BWR fuel. The EOS-37PTH DSC is designed to accommodate up to 37
intact PWR FAs with uranium dioxide (UQO,) fuel, zirconium-alloy cladding, and with
or without control components. The EOS-89BTH DSC is designed to accommodate
up to 89 intact BWR FAs with UO, fuel, zirconium-alloy cladding, and with or
without fuel channels.

The cavity length of the DSC is determined for a specific site to match the FA length
used at that site, including control components (CCs), as applicable. Both DSCs store
intact, including reconstituted and blended low enriched uranium (BLEU), FAs as
specified in Table 2-2, Table 2-3 and Table 2-4. Any FA that has fuel characteristics
within the range of Table 2-2, Table 2-3 and Table 2-4 and meets the other limits
specified for initial enrichment, burnup and heat loads is acceptable for storage in the
NUHOMS® EOS System.

The maximum allowable assembly average burnup is limited to 62 GWd/MTU and the
minimum cooling time is three years. Dummy FAs, reconstituted FAs are also
included in the EOS-37PTH DSC and EOS-89BTH DSC payloads. Reconstituted
assemblies containing up to five replacement irradiated stainless steel rods per
assembly or an unlimited number of low enriched or natural uranium fuel rods or non-
fuel rods are acceptable for storage in an EOS-37PTH DSC and ESO-89BTH DSC as
intact FAs.

Fuel assemblies that contain fixed integral non-fuel rods are also considered as intact
FAs. These FAs are different than reconstituted assemblies because fuel rods are not
“replaced” by non-fuel rods, rather the non-fuel rods are part of the initial fuel design.
The non-fuel rods displace the same amount of moderator, with zirconium-alloy (or
aluminum) cladding and typically contain burnable absorber (or other non-fuel)
material. The radiation and thermal source terms for the non-fuel rods are
significantly lower than those of the fuel rods since there is no significant radioactive
decay source. The internal pressure of the non-fuel rods after irradiation is lower than
those of the fuel rods since there is no fission gas generation. The reactivity of the
fuel rods (from a criticality standpoint) is significantly higher than that of non-fuel
rods. In summary, the mechanical, thermal, shielding, and criticality evaluations for
these rods are bounded by those of the regular fuel rods. Therefore, no further
evaluations are required for the qualification of these FAs.
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For FAs with up to five irradiated stainless steel rods the minimum cooling time is 15
years or the cooling time to meet the decay heat limit for the location it is to be stored
in the DSC basket, whichever is longer. The stainless steel rods are assumed to have
two-thirds the irradiation time as the remaining fuel rods of the assembly. The
reconstituted UO; rods are assumed to have the same irradiation history as the entire
FA. The reconstituted rods can be at any location in the FAs.

There is no limit on the number of reconstituted FAs per DSC. For BLEU fuel the
Co-60 activity in the BLEU fuel must be limited to the values shown in Tables 2 and 7
of the Technical Specifications [2-18]. The EOS-37PTH DSC may contain less than
37 FAs and the EOS-89BTH DSC may contain less than 89 FAs. In both DSCs, the
basket slots not loaded with FAs shall be loaded with dummy FAs. The dummy FAs
approximate the weight and center of gravity of an FA.

Following loading, each DSC is evacuated and then backfilled with an inert gas,
helium, to preclude detrimental chemical reaction between the fuel and the DSC
interior atmosphere during storage. Multilayer, double seal welds at each end of the
DSC and multi-layer circumferential and longitudinal DSC shell welds ensure
retention of the helium atmosphere for the full storage period.

EOS-37PTH DSC

The EOS-37PTH DSC stores up to 37 intact PWR FAs with characteristics as
described in Table 2-2 and the PWR FAs listed in Table 2-4. One or more PWR fuel
designs are grouped under a “PWR class”. EOS-37PTH DSC payloads may also
contain Control Components (CCs), such as identified below, with thermal and
radiological characteristics as listed in Table 3 and Figure 1 of the Technical
Specifications [2-18]:

e  Control spiders,

e  Burnable poison rod assemblies (BPRAs),

e Neutron source assemblies (NSAs),

e  Thimble plug assemblies (TPAs),

e Control rod assemblies (CRAS),

e Axial power shaping rod assemblies (APSRAS),

e  Orifice rod assemblies (ORAs),

e Integral fuel burnable absorber assemblies (IFBAs),
e  Peripheral power suppression assemblies (PPSAs),
e Rod cluster control assemblies (RCCAs),

e  Wet annular burnable absorbers (WABAs),

e  Vibration suppression inserts (VSIs),

e Neutron sources and,
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e  Control element assemblies (CEAs)

Furthermore, non-fuel hardware that is positioned within the fuel assembly after the
fuel assembly is discharged from the core such as guide tube or instrument tube tie
rods or anchors, guide tube inserts, BPRA spacer plates or devices that are positioned
and operated within the FA during reactor operation such as those listed above are also
considered as CCs.

Figure 1 of the Technical Specifications [2-18] defines the maximum decay heat and
other parameters for PWR fuel assemblies, with or without CCs, authorized for
storage. These tables are used to ensure that the decay heat load of the FA to be stored
is less than that as specified in each table, and that the corresponding radiation source
term is consistent with the shielding analysis presented in Chapter 6. The maximum
weight of a FA plus CC, if applicable, is 1,900 Ibs.

Calculations were performed to determine the FA type that was most limiting for each
of the analyses including shielding, criticality, thermal and confinement. These
evaluations are performed in Chapter 6, 7, 4 and 5, respectively.

EOS-89BTH DSC

The EOS-89BTH DSC design accommodates up to 89 intact BWR FAs with
characteristics as described in Table 2-3, and the BWR FAs listed in Table 2-4. One
or more BWR FA designs are grouped under a “BWR Fuel ID”. The EOS-89BTH
accommodates:

e Fuel assemblies with and without channels,

e  Fuel assemblies with and without channel fasteners.

Figure 2 of the Technical Specifications [2-18] define the maximum decay heat and
other parameters for BWR fuel assemblies authorized for storage. These tables are
used to ensure that the decay heat load of the fuel assembly to be stored is less than
that as specified in each table, and that the corresponding radiation source term is
consistent with the shielding analysis presented in Chapter 6. The maximum weight
of an FA plus channel, if applicable, is 705 1bs.

Calculations were performed to determine the FA type that was most limiting for each
of the analyses including shielding, criticality, thermal and confinement. These
evaluations are performed in Chapter 6, 7, 4 and 5, respectively.
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2.3.1.1

2.3.1.2

2.3 Design Criteria for Environmental Conditions and Natural Phenomena

The NUHOMS® EOS System ITS SSCs described in Section 2.1 are designed
consistent with the 10 CFR Part 72 [2-6] §122(b) requirement for protection against
environmental conditions and natural phenomena. The criterion used in the design of
the NUHOMS®™ EOS System ensures that exposure to credible site hazards does not
impair their safety functions.

Tornado Wind and Tornado Missiles for EOS-HSM

The EOS-HSM is designed to safely withstand 10 CFR 72.122 (b)(2) tornado missiles.
To ensure that the EOS-HSM design covers existing plants designed to earlier U.S.
Nuclear Regulatory Commission (NRC) criteria, the EOS-HSM is designed to resist
the bounding most severe tornado characteristics. The tornado characteristics as
specified in NRC Regulatory Guide 1.76, Revision 0 [2-7] are used to qualify the
EOS-HSM and the missiles spectrum of NUREG-0800, Revision 2, Section 3.5.1.4 [2-
9] with missile velocity for Region I is used to qualify the EOS-HSM.

Extreme wind effects are much less severe than the specified design basis tornado
(DBT) wind forces. The design basis extreme wind for the EOS-HSM is calculated
per [2-12].

Tornado Wind Design Parameters

The design basis tornado wind intensities used for the EOS-HSM design are obtained
from NRC Regulatory Guide 1.76, Revision 0 [2-7]. Region I intensities are utilized
since they result in the most severe loading parameters. For this region, the maximum
wind speed is 360 mph, the rotational speed is 290 mph and the maximum
translational speed is 70 mph. The radius of the maximum rotational speed is 150 feet,
the pressure drop across the tornado is 3 psi and the rate of pressure drop is 2 psi per
second.

Determination of Forces on Structures

Tornado loads result from three separate loading phenomena and these loading effects
are combined in accordance with Section 3.3.2 of NUREG-0800, Revision 3 [2-10]:

e Pressure or suction forces created by drag as air impinges on and flows past the
EOS-HSM. These pressure or suction forces are due to tornado-generated wind
with maximum wind speed of 360 mph.

e Pressure or suction forces created by tornado generated pressure drop or
differential pressure load of 3 psi.

e Impact forces created by tornado-generated missiles striking the EOS-HSM.

Page 2-8



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

23.13

232

The determination of the DBT velocity pressure is in accordance with the
requirements of American Society of Civil Engineers (ASCE) 7-10 [2-12]. The
resistance to overturning and sliding of the EOS-HSM under these design pressures is
determined considering the bounding condition of a single EOS-HSM with end shield
walls.

Tornado Missiles

The four missiles listed below envelope the missile spectrum of NUREG-0800,
Revision 2, Section 3.5.1.4 [2-9]. These missiles also bound the missile spectrum of
NRC Regulatory Guide 1.76, Revision 1 [2-8] and NUREG-0800, Revision 3, Section
3.5.1.4 [2-10]. Evaluation for the effects of small diameter solid spherical missiles is
not required because there are no openings in the EOS-HSM leading directly to the
DSC through which such missiles could pass.

e  Utility wooden pole, 13.5” diameter, 35° long, 1,124 lbs, traveling 180 fps.
e Armor piercing artillery shell, 8 diameter, 276 lbs, traveling 185 fps.
e Steel pipe, 12” diameter, schedule 40, 15 ft. long, 750 Ibs, traveling 154 fps.

e  Deformable massive missile simulated by a 4,000-pound automobile traveling
through the air not more than 25 feet above the ground level with a contact area of
20 ft*, impacting at normal incidence with a horizontal velocity of 195 fps.

In determining the overall effects of a DBT missile impact, overturning, and sliding of
the EOS-HSM, the force due to the missile impact is applied to the structure at the
most adverse location. For hand calculations, conservation of momentum is used to
demonstrate that sliding and/or tipping of a single module does not result in an
unstable condition for the module. The coefficient of restitution is conservatively
assumed as zero so that 100% of the missile energy is transferred to the EOS-HSM.
The missile energy transferred to the EOS-HSM dissipates by sliding friction and/or
an increase in potential energy by raising the EOS-HSM center of gravity. The
calculations assume the missile impact force as evenly distributed over the impact
area, and use a 0.6 coefficient of friction for concrete on concrete surfaces.

For localized damage of the EOS-HSM resulting from DBT missile impact, the four
postulated missiles are used in the evaluation of concrete penetration, scabbing, and
perforation thickness. The modified National Defense Research Committee (NDRC)
empirical formula is used for this evaluation as recommended in NUREG-0800,
Section 3.5.3, Revision 3 [2-11].

Tornado Wind and Tornado Missiles for EOS-TC

The EOS-TC is evaluated for the tornado characteristics as specified in NRC
Regulatory Guide 1.76, Revision 1 [2-8] and the missiles spectrum of NUREG-0800,
Revision 3, Section 3.5.1.4 [2-10] with missile velocity for Region I. The evaluation
is performed for an EOS-TC secured horizontally to the cask support skid/transport
trailer. Both overall stability and maximum cask stresses are evaluated.
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Tornado Wind Design Parameters

The DBT wind intensities used for the EOS-TC designs are obtained from NRC
Regulatory Guide 1.76, Revision 1 [2-8]. Region I intensities are utilized since they
result in the most severe loading parameters. For this region, the maximum wind
speed is 230 mph, the rotational speed is 184 mph and the maximum translational
speed is 46 mph. The radius of the maximum rotational speed is 150 feet, the pressure
drop across the tornado is 1.2 psi and the rate of pressure drop is 0.5 psi per second.

Tornado Missiles

The tornado missiles specified in NRC Regulatory Guide 1.76, Revision 1 [2-8] are
used to evaluated the EOS-TC. As specified in NUREG-0800, Revision 3, Section
3.5.1.4 [2-10], the postulated missiles include at least (1) a massive high-
kinetic-energy missile that deforms on impact, (2) a rigid missile to test penetration
resistance, and (3) a small rigid missile of a size sufficient to just pass through any
openings in protective barriers. The DBT missiles used in the evaluation of EOS-TC
are listed below:

Missile Type Schedule 40 Pipe Automobile Solid Steel Sphere
Dimensions 6.625 in. dia x 15 ft long 164 ftx 6.6 ftx 4.3 ft 1 in. dia
Mass 287 1b 4000 Ib 0.147 1b
CpA/m 0.0212 ft’/lb 0.0343 ft’/lb 0.0166 ft’/lb
V™™ 135 ft/s 135 ft/s 26 ft/s

Barrier design should be evaluated assuming a normal impact to the surface for the
Schedule 40 pipe and automobile missiles. The automobile missile is considered to
impact at all altitudes less than 30 feet above grade level.

Water Level (Flood) Design

EOS-HSM inlet vents are blocked when the depth of flooding is greater than 0.76 m (2
ft-6 in.) above the level of the ISFSI basemat. The DSC is wetted when flooding
exceeds a depth of 1.7 m (5 t-8 in.) above ISFSI basemat. Greater flood heights result
in submersion of the DSC and blockage of the EOS-HSM outlet vents.

The DSC and EOS-HSM are conservatively designed for an enveloping design basis
flood. The flood is postulated to result from natural phenomena such as tsunamis and
seiches as specified by 10 CFR 72.122(b) [2-6]. A bounding assumption of a 15-
meter (50-foot) flood height and water velocity of 4.6 m/sec (15 fps) is used for the
flood evaluation. The EOS-HSM is evaluated for the effects of the 4.6 m/sec (15 fps)
water current impinging upon the side of the submerged EOS-HSM. The DSC is
subjected to an external pressure equivalent to a 15-meter (50-foot) head of water.
These evaluations are presented in Chapter 3 and Section 12.3.5. The effects of water
reflection on DSC criticality safety are addressed in Chapter 7. Due to its short term
infrequent use, the onsite EOS-TC is not explicitly evaluated for flood effects. ISFSI
procedures should ensure that the EOS-TC is not used for DSC transfer during flood
conditions.
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The plant-specific design basis flood (if the possibility for flooding exists at a
particular ISFSI site) should be evaluated by the licensee and shown to be enveloped
by the flooding conditions used for this generic evaluation of the NUHOMS® EOS
System.

Seismic Design

The seismic design criteria for the EOS-HSM are based on the NRC Regulatory Guide
1.60 [2-13] response spectra anchored at a zero period acceleration (ZPA) of 0.5g in
the horizontal direction and 0.333g in the vertical direction and enhanced frequency
content above 9 Hz. The horizontal and vertical components of the design response
spectra correspond to a maximum horizontal ground acceleration of 1.0g are shown in
Figure 2-1. The seismic structural evaluations consider both stability evaluation and
stress qualification of the EOS-HSM. The stability criteria for seismic loading are
based on the stability response of a single, freestanding EOS-HSM with and without
an end shield wall.

Since the DSC can be considered to act as a large diameter pipe for the purpose of
evaluating seismic effects, the "Equipment and Large Diameter Piping System"
category in NRC Regulatory Guide 1.61, Table 1 [2-16] is applicable. Therefore, a
damping value of 3% of critical damping for the design bases safe shutdown
earthquake is used. Similarly, from the same Regulatory Guide table, a damping value
of 7% of critical damping is used for the reinforced concrete structural components of
the EOS-HSM.

Reference [2-13] also states that, for sites with acceleration values different from
maximum horizontal ground acceleration of 1.0g, the response spectra used for design
should be linearly scaled in proportion to the maximum specified horizontal ground
acceleration. The maximum horizontal ground acceleration component selected for
design of the NUHOMS® EOS-HSM is 0.5g. The maximum vertical acceleration
component selected is two-thirds of the horizontal component, which is 0.333g.

The EOS-HSMs in the array have no anchorage to the concrete basemat and there are
no structural ties between HSMs. The stability analyses consider the effects of sliding
and rocking motions, and determine the maximum possible sliding of a single module
with and without an end shield wall. The EOS-HSM will neither slide nor overturn at
design ZPA of 0.5¢g in the horizontal direction and 0.333g in the vertical direction. It
is recommended to provide shims under the end and rear shield walls when the
concrete pad surface is uneven.

For sites having higher peak ground acceleration than the design ZPA, more than one
module may need to be tied together to prevent significant sliding or to prevent the
modules from banging into each other causing unacceptable damage. The
reinforcement requirement may also need to be reviewed and additional rebar may be
added for such sites. The methodology, as documented in COC 1029 [2-19], may be
used for higher seismic load cases.

Page 2-11



NUHOMS® EOS System Safety Analysis Report Rev. 3, 06/15

235

2.3.6

2.3.7

Snow and Ice Loading

Snow and ice loads for the EOS-HSM are derived from ASCE 7-10 [2-12]. The
maximum 100-year roof snow load, specified for most areas of the continental United
States for an unheated structure, of 110 psf is assumed.

Snow and ice loads for the onsite TC with a loaded DSC are not evaluated because
these are negligible due to the smooth curved surface of the cask, the heat rejection of
the SFAs, and the infrequent short term use of the cask.

Tsunami

Specific analyses including analysis for tip-over are not done for tsunamis as they are
typically bounded by the tornado wind and flooding load conditions. The licensee
should evaluate site-specific impacts of a tsunami.

Lightning

A lightning strike will not cause a significant thermal effect on the EOS-HSM or
stored DSC. The effects on the EOS-HSM resulting from a lightning strike are
discussed in Section 12.3.7.
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24 Safety Protection Systems

General

The NUHOMS® EOS System is designed to provide long-term storage of spent fuel.
The DSC materials are selected for degradation to not be expected during the storage
period. The DSC shell and bottom end assembly confinement boundary weld is made
during fabrication of the DSC in accordance with the subsection NB of the ASME
code. The top and bottom shield plugs and covers provide shielding for the DSC so
that occupational doses are minimized during drying, sealing, and handling operations.
The confinement boundary weld between the DSC shell and inner top cover (including
drain port cover and vent plug welds) and structural attachment weld between the DSC
shell and outer top cover plate are in accordance with alternatives to the ASME code
as described in Section 4.4.4 of the Technical Specifications [2-18].

The radioactive material stored in the NUHOMS® EOS System is the SFAs and the
associated contaminated or activated materials.

During fuel loading operations, the radioactive material in the plant's fuel pool is
prevented from contacting the DSC exterior by filling the TC/DSC annulus with
uncontaminated, demineralized water prior to placing the cask and DSC in the fuel
pool. In addition, the TC\DSC annulus opening at the top of the EOS-TC is sealed
using an inflatable seal to prevent pool water from entering the annulus. This
procedure minimizes the likelihood of contaminating the DSC exterior surface. The
combination of the above operations ensures that the DSC surface loose contamination
levels are within those required for shipping cask externals. Compliance with these
contamination limits is ensured by taking surface swipes of the upper end of the DSC
before transferring the cask from the fuel building.

Once inside the DSC, the contents are confined by the DSC confinement boundary.
The fuel cladding integrity is ensured by maintaining the storage cladding
temperatures below levels that are known to cause degradation of the cladding. In
addition, the SFAs are stored in an inert atmosphere to prevent degradation of the
cladding, specifically cladding rupture due to oxidation and its resulting volumetric
expansion of the fuel. Thus, a helium atmosphere for the DSC is incorporated into the
design to protect the fuel cladding integrity by inhibiting the ingress of oxygen into the
cavity.

Helium is known to leak through valves, mechanical seals, and escape through very
small passages because it has a small atomic diameter, is an inert element, and exists
in a monatomic species. Helium will not, to any practical extent, diffuse through
stainless or duplex steel. For this reason, the DSC has been designed as a welded
confinement pressure vessel with no mechanical or electrical penetrations and meets
the leak-tight criteria as described in Chapter 10. See Chapter 5 for a detailed
discussion of the confinement boundary design.
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The DSC itself has a series of barriers to ensure the confinement of radioactive
materials. The cylindrical shell is fabricated from rolled ASME stainless steel plate or
duplex steel, which is joined with full penetration welds that are 100% inspected by
non-destructive examination. All top and bottom end closure welds are multiple-layer
welds. This effectively eliminates any pinhole leaks that might occur in a single pass
weld, since the chance of pinholes being in alignment on successive weld passes is not
credible. Furthermore, the cover plates are sealed by separate, redundant closure
welds. Pressure boundary welds and welders are qualified in accordance with Section
IX of the ASME Boiler and Pressure Vessel Code and inspected according to the
appropriate articles of Section III, Division 1, Subsection NB including alternatives to
ASME Code as specified in Section 4.4.4 of the Technical Specifications [2-18].
These criteria ensure that the as-deposited weld filler metal is as sound as the parent
metal of the pressure vessel.

Pressure monitoring instrumentation is not used since penetration of the pressure
boundary would be required. The penetration itself would then become a potential
leakage path and by its presence compromise the integrity of the DSC design. The
shell and welded cover plates provide total confinement of radioactive materials.
Once the DSC is sealed, there are no credible events, as discussed in Chapter 12,
which could fail the cylindrical shell or the closure plates that form the confinement
boundary.

The NUHOMS"™ EOS System provides safe and long-term dry storage of SFAs. The
key elements of the NUHOMS® EOS System, and its operation requiring special
design consideration, are:

A. Minimizing contamination of the DSC exterior by fuel pool water.

B. Double-closure seal welds on the DSC shell to form a pressure retaining
containment boundary, and to maintain the DSC interior helium atmosphere.

C. Minimizing personnel radiation exposure during DSC loading, closure, and
transfer operations.

D. Maintaining EOS-TC and DSC ITS features under postulated accident conditions.

E. Passive ventilation of the EOS-HSM providing effective decay heat removal
thereby maintaining fuel cladding temperature below the maximum limit.

F. DSC basket assembly to ensure that the SFAs are maintained in a subcritical
configuration.

Components of the NUHOMS® EOS System that are ITS and NITS are listed in
Table 2-1.
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Structural

EOS-DSC Design Criteria

The principal design criteria for the DSCs are presented in Table 2-5 and Table 2-6.
The EOS-37PTH DSC is designed to store intact PWR FAs with or without CCs. The
EOS-89BTH DSC is designed to store intact BWR FAs with or without fuel channels.
The maximum total heat generation rate of the stored fuel is limited to 50 kW per DSC
for the EOS-37PTH DSC and 43.6 kW per DSC for the EOS-89BTH DSC, in order to
keep the maximum fuel cladding temperature below the limit necessary to ensure
cladding integrity. The maximum heat load for any single assembly is 2 kW for the
EOS-37PTH DSC and 0.6 kW for the EOS-89BTH DSC. The fuel cladding integrity
is assured by limiting fuel cladding temperature and maintaining a nonoxidizing
environment in the DSC cavity as described in Chapter 4.

EOS-HSM Design Criteria

The principal design criteria for the EOS-HSM/EOS-HSMS, both the module and
DSC support structure, are presented in Table 2-7.

The EOS reinforced concrete EOS-HSM is designed to meet the requirements of ACI
349-06 [2-3]. The ultimate strength method of analysis is utilized with the appropriate
strength reduction factors as described in Appendix 3.9.4. The load combinations
specified in Section 6.17.3.1 of ANSI 57.9-1984 are used for combining normal
operating, off-normal, and accident loads for the EOS-HSM. All seven load
combinations specified are considered and the governing combinations are selected for
detailed design and analysis. The resulting EOS-HSM load combinations and the
appropriate load factors are presented in Appendix 3.9.4. The effects of duty cycle on
the EOS-HSM are considered and found to have negligible effect on the design.

EOS-TC Design Criteria

The EOS-TCs are designed in accordance with the applicable portions of the ASME
Code, Section III, Division 1, Subsection NF for Class 1 vessels, except for the
neutron shield tank, which is designed to ASME Code, Section III, Division 1,
Subsection ND, since it will see pressure greater than 15 psig. The load combinations
considered for the TC normal, off-normal, and postulated accident loadings are shown
in Table 2-8. Service Levels A and B allowables are used for all normal operating and
off-normal loadings. Service Levels C and D allowables are used for load
combinations that include postulated accident loadings. The maximum shear stress
theory is used to calculate principal stresses in the cask structural shell. Allowable
stress limits for the lifting trunnions conservatively meet the requirements of ANSI
N14.6- 1993 [2-14] for critical loads.
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Thermal

The NUHOMS® EOS System relies on natural convection through the air space in the
EOS-HSM to cool the DSC. This passive convective ventilation system is driven by
the pressure difference due to the stack effect (APs) provided by the height difference
between the bottom of the DSC and the EOS-HSM air outlet. This pressure difference
is greater than the flow pressure drop (APy) at the design air inlet and outlet
temperatures. The details of the ventilation system design are provided in Chapter 4.

Thermal analysis is based on FAs with decay heat up to 50.0 kW per DSC for the
EOS-37PTH and up to 43.6 kW per DSC for the EOS-89BTH. Zoning is used to
accommodate high per assembly heat loads. The heat load zoning configurations
(HLZCs) for the DSCs are shown in Figures 1 and 2 of the Technical Specifications
[2-18].

The thermal analyses is performed for the environmental conditions listed in
Table 2-9.

Peak clad temperature of the fuel at the beginning of the long-term storage does not
exceed 400 °C for normal conditions of storage, and for short-term operations,
including DSC drying and backfilling. Fuel cladding temperature shall be maintained
below 570 °C (1058 °F) for accident conditions involving fire or off-normal storage
conditions.

For onsite transfer in the EOS-TC, air circulation may be used, as a recovery action, to
facilitate transfer operations when the heat loads in the EOS-37PTH DSC are above
36.35 kW and 34.3 kW in the EOS-89BTH DSC as described in the Technical
Specifications [2-18].

Shielding/Confinement/Radiation Protection

As described earlier, the DSC shells are a welded stainless or duplex steel pressure
vessel that includes thick shield plugs at both ends to maintain occupational exposures
as-low-as-reasonably-achievable (ALARA). The top end of the DSC has nominally
10 inches of steel shielding and the bottom eight inches of steel shielding. The
confinement boundary is designed, fabricated, and tested to ensure that it is leaktight
in accordance with [2-15]. Section 2.4.2.1 provides a summary of the features of the
DSCs that ensure confinement of the contents.
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The EOS-HSM/EOS-HSMS provides the bulk of the radiation shielding for the DSCs.
The EOS-HSM designs can be arranged in either a single-row or a back-to-back
arrangement. Thick concrete supplemental shield walls are used at either end of an
EOS-HSM array and along the back wall of single-row arrays to minimize radiation
dose rates both onsite and offsite. The nominal thickness of the EOS-HSM roof is 44
inches for biological shielding. Separate shield walls at the end of a module row, in
conjunction with the module wall, provide a minimum thickness of four feet for
shielding. Similarly, an additional shield wall is used at the rear of the module if the
ISFSI is configured as single module arrays. Sufficient shielding is provided by thick
concrete side walls between EOS-HSMs in an array to minimize doses in adjacent
EOS-HSMs during loading and retrieval operations. Section 11.3 provides a summary
of the offsite dose calculations for representative arrays of design basis EOS-HSMs
providing assurance that the limits in 10 CFR 72.104 and 10 CFR 72.106(b) are not
exceeded.

The EOS-TCs are designed to provide sufficient shielding to ensure dose rates are
ALARA. The EOS-TCs are constructed of steel and lead gamma shielding with
high-density polyethylene neutron shielding at the bottom and water neutron shielding
jackets/tanks. The dose rates on and around the EOS-TCs are provided in Chapter 6
and the occupational exposures associated with a loading campaign are provided in
Section 11.2. Off-normal and accident doses and dose rates are provided in Chapters
6 and 12.

There are no radioactive releases of effluents during normal and off-normal storage
operations. Also, there are no credible accidents that cause significant releases of
radioactive effluents from the DSC. Therefore, there are no off-gas or monitoring
systems required for the EOS-HSM. An off-gas system is required only during DSC
drying operations. During this operation, the spent fuel pool or plant's radwaste
system is used to process the air and helium exchanges required to establish a DSC
interior inert atmosphere.

Criticality

The criticality analyses are performed with the CSASS5 module of the SCALE system
[2-17]. For the EOS-37PTH DSC a combination of soluble boron in the fuel pool, the
fixed poison in the basket and geometry are relied on to maintain criticality control.
The structural analysis shows that there is no deformation of the basket under accident
conditions that would increase reactivity. The EOS-37PTH basket is fabricated with
one of two neutron poison loading options as shown in Table 5 of the Technical
Specifications [2-18].
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These two basket types allow flexibility to accommodate the payload fuel types and
initial enrichments, with and without CCs, and credit for soluble boron (2000 — 2500
ppm) in the fuel pool during loading and unloading operations. Table 4 of the
Technical Specifications [2-18] and Chapter 7 documents the minimum soluble boron
required as a function of basket type and FA design/initial enrichment to be stored.
Pressurized water reactor FAs with maximum planar average enrichments up to 5.0
wt.% U-235 can be stored.

For the EOS-89BTH DSC, a combination of fixed poison in the basket and geometry
are relied on to maintain criticality control. The structural analysis shows that there is
no deformation of the basket under accident conditions that would increase reactivity.
The EOS-89BTH basket is fabricated with one of three neutron poison loading options
as shown in Table 8 of the Technical Specifications [2-18].

These three basket types allow flexibility to accommodate the payload fuel types and
initial enrichments, with and without channels during loading and unloading
operations. Table 8 of the Technical Specifications [2-18] and Chapter 7 documents
the allowed fuel assembly design/initial enrichment as a function of basket type
allowed to be stored. Fuel assemblies with maximum lattice average enrichments up
to 4.8 wt. % U-235 can be stored in the M2-A basket type.

The criticality analysis in Chapter 7 takes 90% credit for the B-10 content of the metal
matrix composite (MMC) material and 75% credit for the B-10 content of the
BORAL® material. Chapter 10 provides the testing requirements to justify the B-10
credit used in the criticality analysis.

Material Selection

Materials are selected based on their corrosion resistance, susceptibility to stress
corrosion cracking, embrittlement properties, and the environment in which they
operate during normal off-normal and accident conditions. The confinement boundary
for the DSC materials meet the requirements of ASME Boiler and Pressure Vessel
Code, Section III, Article NB-2000 and the specification requirements of Section II,
Part D, with code alternatives provided in Section 4.4.4 of the Technical
Specifications [2-18]. The DSC and TC materials are resistant to corrosion and are
not susceptible to other galvanic reactions. Studies under severe marine environments
have demonstrated that the shell materials used in the DSC shells are expected to
demonstrate minimal corrosion during a 80-year exposure. The DSC internals are
enveloped in a dry, helium-inerted environment and are designed for all postulated
environmental conditions. The EOS-HSM is a reinforced concrete component with an
internal DSC support structure that is fabricated to ACI and AISC Code requirements
with code alternatives provided in Section 4.4.4 of the Technical Specifications [2-18],
respectively; both have durability well beyond their design life of 80 years. Chapter 8
provides an additional discussion related to the materials used for the NUHOMS®
EOS System.
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2.4.7
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Operating Procedures

The sequence of operations are outlined for the NUHOMS® EOS System in Chapter 9
for loading of fuel, closure of the DSC, transfer to the ISFSI using the TC, insertion
into the HSM, monitoring operations, and retrieval and unloading. Throughout
Chapter 9, CAUTION statements are provided at the step where special notice is
needed to maintain ALARA, protect the contents of the DSC, protect the public and/or
ITS components of the NUHOMS"™ EOS System.

Acceptance Tests and Maintenance

Chapter 10 specifies the acceptance testing and maintenance program for important to
safety components of the NUHOMS® EOS System (DSC, EOS-HSM and EOS-TCs).

Decommissioning

The DSC is designed to interface with a transportation system for the eventual offsite
transport of stored canisters by the Department of Energy (DOE) to either a monitored
retrievable storage (MRS) facility or a permanent geologic repository.
Decommissioning of the ISFSI will be performed in a manner consistent with the
decommissioning of the plant itself since all NUHOMS® EOS System components are
constructed of materials similar to those found in existing plants.

If the fuel is to be removed from the DSC at the plant prior to shipment, the DSC will
likely be contaminated internally by crud from the spent fuel, and may be slightly
activated by neutron emissions from the spent fuel. The DSC internals can be cleaned
to remove surface contamination and the DSC disposed of as low-level waste.
Alternatively, if the contamination and activation levels of the DSC are small enough
(to be determined on a case-by-case basis), it may be possible to decontaminate the
DSC and dispose of it as commercial scrap pending NRC rulings on below regulatory
concern (BRC) waste disposal issues.

While the intent for the NUHOMS® EOS System includes the eventual disposal of
each DSC following fuel removal, current closure weld designs do not preclude future
development of a non-destructive closure removal technique that allows for reuse of
the DSC shell/basket assembly. Economic and technical conditions existing at the
time of fuel removal would be assessed prior to making a decision to reuse the DSC.

The exact decommissioning plan for the ISFSI will be dependent on the DOE's fuel
transportation system capability and requirements for a specific plant. Because of the
minimal contamination of the outer surface of the DSC, no contamination is expected
on the internal passages of the EOS-HSM. It is anticipated that the prefabricated
EOS-HSMs can be dismantled and disposed of using commercial demolition and
disposal techniques. Alternatively, the EOS-HSMs may be refurbished and reused at
another site, or at the MRS for storage of intact DSCs transported from the plant.
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Table 2-1

NUHOMS® EOS System Major Components and Safety Classification

Component

10 CFR 72 Classification”

Dry Shielded Canister (EOS-37PTH DSC and EOS-89BTH DSC)

Horizontal

Basket Steel Plate
Poison Plate
Basket Aluminum Plate
Transition Rails
Transition Rail Tie Rod and Nuts
Transition Rail Angle Plates
Transition Rail Screw, Washer and Nut
Shell
Outer Top Cover Plate
Top Shield Plug
Inner Top Cover Plate
Inner Bottom Cover Plate
Bottom Shield Plug
Outer Bottom Cover Plate
DSC Lifting Lug
Siphon Assembly
Drain Port Cover and Vent Plug
Test Port Plug
Grapple Ring and Grapple Support
Basket Key
Weld Filler Metal
Storage Module (EOS-HSM/EOS-HSMS)
Reinforced Concrete
DSC Support Structure
Thermal Instrumentation (if used)

ISFSI Basemat and Approach Slabs
Transfer Equipment

Eos-TC (TC135/TC125/TC108)
Cask Lifting Yoke

Transfer Trailer/Skid

Ram Assembly

Dry Film Lubricant

Auxiliary Equipment

Vacuum Drying System
Automatic Welding System
TC/DSC Annulus Seal

ITS
ITS
ITS
ITS
ITS
ITS
ITS
ITS
ITS
ITS
ITS
ITS
ITS
ITS
NITS
NITS
ITS
ITS
ITS
ITS
ITS

ITS
ITS
NITS
NITS

ITS

See Note 2
NITS
NITS
NITS

NITS
NITS
NITS

Notes:

SSCs ITS are defined in 10 CFR 72.3 as those features of the ISFSI whose function is (1) to maintain the
conditions required to store spent fuel safely, (2) to prevent damage to the spent fuel container during handling
and storage, or (3) to provide reasonable assurance that spent fuel can be received, handled, packaged, stored,

1.

and retrieved without undue risk to the health and safety of the public.

Safety classification shall be per existing plant-specific requirements under the user’s 10 CFR 50 heavy loads

program.
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Table 2-2
PWR Fuel Assembly Design Characteristics
3 Pages
Fuel Class B&W 15x15 WE 17x17
Mark B2 - BW 17x17
Assembly Type B8 Mark B9 Mark B10 | Mark B11 Mark C
Fuel Parameters
Number of Rods 208 208 208 208 264
Active Fuel Length (in.) <150 <150 <150 <150 <150
Pellet Diameter (in.) 0.3686 0.37 0.3735 0.3615 0.3232
Fuel Rod Pitch (in.) 0.568 0.568 0.568 0.568 0.502
Clad Outer Diameter (OD) (in.) 0.43 0.43 0.43 0.416 0.379
Clad Thickness (in.) 0.0265 0.0265 0.025 0.024 0.024
Guide and Instrument Tubes
Number of Guide/Instrument Tubes 17 17 17 17 17
Guide/Instrument Tube Thickness (in.) >0.016 >0.016 >0.016 >0.016 >0.026
Fuel Class WE 14 x 14
Std/LOPAR/ Exxon/ANF Exxon/ANF
Assembly Type ZCA/ZCB OFA (ANP) WE (ANP) Top rod
Fuel Parameters
Number of Rods 179 179 179 179
Active Fuel Length (in.) <150 <150 <150 <150
Pellet Diameter (in.) 0.364-0.3674 0.364-0.3674 0.3505 0.3505
Fuel Rod Pitch (in.) 0.556 0.556 0.556 0.556
Clad OD (in.) 0.422 0.400 0.424 0.417
Clad Thickness (in.) 0.0225-0.030 0.0243-0.034 0.024-0.030 0.024-0.0295
Guide and Instrument Tubes
Number of Guide/Instrument Tubes 17 17 17 17
Guide/Instrument Tube Thickness (in.) >0.015 >0.015 >0.016 >0.019
Fuel Class WE 17x17
Framatome
17x17
STD/Van Framatome
Assembly Type LOPAR OFA/Van 5 5H/RFA 17x17 MK BW
Fuel Parameters
Number of Rods 264 264 264 264
Active Fuel Length (in.) <150 <150 <150 <150
Pellet Diameter (in.) 0.3225 0.3088 0.3225 0.3195
Fuel Rod Pitch (in.) 0.496 0.496 0.496 0.496
Clad OD (in.) 0.374 0.360 0.374 0.374
Clad Thickness (in.) 0.0225 0.0225 0.0225 0.0240
Guide and Instrument T