PEER 16 - Performance Assessment Review Team Peer'
Review



LA LY
| February 1994

PERFORMANCE A SSESSMENT
Review Team's

INDEPENDENT REVIEW
 OF

~ WIPP PERFORMANCE

A ssessMENT ACTIVITIES

(40 CFR 191 AND 40 CFR 268.6
FOR EM-342




PART's Ingepandert Reviaw of WIPP PA Adtivites for EM-342 Tabie of Contants

Section Page

1.0 INTRODUCTION ...t etnnase et e se s e s ne e sesns et et ae e ot aer e mrraae s 1-1
1.1. AN OVERVIEW OF "PARTS INDEPENDENT REVIEW OF WIPP PA ACTIVITIES

FOR EM-342 .ottt et sn s st s sttt as st sem e e e st aesarnseeessmnnsebtsvenenees 1-1
1.2, BACKGROUND .....coiiieeccmrrite e cre e e s sresssasse s reees e seestessetssssrassns e ssmenestossnnss sennsssnsesinntan 1-3
1.2.1 Development and Construction of WIPP .........ccocouieviiveeveinnnisiesreseemssne e, 1-9
1.2.2  WIPP Experimental Programs ...........cccouveieeinnniniscssee e st 1-13
1.2.3  Applicable Regulations and Laws...........ccccoiiiiininicrieiereccvenscen e s siseseenns 1-14
1.2.4 WIPP Performance ASSESSMEIL . .......coirieaaeeeeierirreeeiessessasrnssnesnressnssrsane eerean I-15
1.2.5 WIPP Project Experimental PrOZIam ........cocoovvivienucnnenc et s crnsnanens 1-17
1.2.6 Other WIPP Project PRases.........coooceoiiveneenieenientearicsrvseaececesmsnnennsssrserssss seeeeens 1-18
1.2.7 WIPP Oversight/Regulatory Groups and Review ............cocccvcemmrvnreeeinenessenennenenn 1-19
1.3 REGULATIONS CONSIDERED IN PART REVIEW......oiiimnreesrsnercssnnsisssasssssssesssnnnes 1-20
1.3.1 40 CFR Part 268.6 APPIOSCH ..ot ee vt aessstsmenesesssase e ses e se e s 1-21
1.3.2  Specific Requirements 0f 40 CFR 268.6 ...........ccovrvvenenierciirnre e 1-21
1.3.3 40 CFR 191 Subpart B APProach ... e cvnineees e ssss s e 1-25
1.3.4  Specific Requirements of 40 CFR 191 Subpart B............cccoooemmnevcrcrineenernnn, 1-26
1.3.5 Concerns Related to the Regulations ..........cooconvivci e essseseseees 1-28
14 PART APPROACH .....ccceovvvemriiesinnnnieenne - creetesrensen et st e e s eaarn e e rae e e sraaes 1-28
141  PART OfGANIZALON. ....co.coumcurucsssrsnesnmsscessncsreemssrmssesssessessasssssssasssssssssssssssionssresnns 1-29
142 WIPP PartiCiPatON ....coeceececreniinemransnssssnsnssssesessessessssssrsssssoss susassnsassmssssssesnssanes 1-29
1.4.3  Basis Of the REVIEW ... st san i aessse st s ssss e e sanasssessennnans 1-29
1.4.3.1 PART Meetings and IMEIVIEWS .........cocruercereceecnrieciercvereme e e earans 1-30
144 PART Report Development and Preparation ............ocececeereriececevceseeneecncnnenns 1-34
14 VERIFICATION CALCULATIONS ....coroveicriiniciissncsssssssesssncasasassssssssessssnsssessassasassansesssasese 1-34
1.5 TOPICS EXCLUDED BY PART ...t st sinussernsnsas erarsssesassasssanssssvsserssmasanns 1-34
20 PERFORMANCE ASSESSMENT METHODOLOGY ............... eeerranrse e nren eanares 2-1
2.1 40 CFR PART 191 SUBPART B ......c.cocrnursusrsssnrurarasson eertssssttssas e renanannanes SRR 241
2.2 SNL APPROACH FOR 40 CFR PART 191 SUBPART B..........ccccovvecremerrmrarensessarassassenansen 2-5
221 General Description Of SCENATIOS.........ccovivmeeenrncesnccsssinscsnsssiresacssasses s smrsssessssens 2-6
2.2.2 Performance Measure.............. ameeeresssansssrtas s st aates 2-8
223 Modeling Approach . cerenrraeneencsnersnas - - et eraa e eeans 2-8
224 Sensitivity and Uncerainty Analyses...........c.co.... - . ...2-13
225 Probabilistic Approach and the CCDF ... 2-14
2.3 40 CFR PART 268.6....c.coecuceunveriincosssscssssmrarssestssanes sssssesmsnssesnsansssssasssssnnsasssssssessassssss sssanss 2-16
24 WESTINGHOUSE APPROACH TO 40 CFR PART 268 6 ittt r e 2-16
24.1 General Description Of SCENAMIOS .....u.ecceremcceiisentcrrrvrsssrecsesssensesssstsrsssssssssssr s sensesss 2-16
242 Performance Measure...... - oaes creaeisennaeaes 217
243 Modeling APDIOACR ........cccoiemriiicae b s s ssisssssnsssssssnassesasssossssennnanes 2-17
244 Sensitivity and Uncertainty Analyses......... ceeressiressaeseer e s esan e st s e st e 2-17
2.4.5 Probabilistic Approach and the CCDF. - ceerrmeenenanens 2218
30 WIPP CONCEPTUAL MODELS AND IDENTIFICATION QF ISSUES ............ccccovenmenneninnee 3-1
3.1 BASIC WIPP DISPOSAL SYSTEM CONCEPTS AND HIGH LEVEL ISSUES.................... 3-1

3.1.1 High Level Regulatory Related ISSUeS.........eeeevesvinersaenenssensnsnrinessnsannes SRR ) |

i Febnsary 1994



PART's Independemn Review of WIPP PA Adivites tor EM-342 Table of Contents

Secrion Page
3.1.2  WIPP Design Objectives/CONSITAINES .......cccoveueeeereeressreaseremeesasesiseseeeeseeeeneeeeenns 3-7
3.1.3 WIPP Compliance and Other BOURGATIES .........coeevceirieeeneiecnteee e eeeeveeeeaeee e 3-7
3.2 CONCEPTUAL MODEL, THE ASSUMPTIONS AND ISSUES .......ccoceemeieecerer e 3-7
3.2.1 High Level Description of the WIPP Disposal System Conceptual Models ......... 3-8
3.2.2 Components of the WIPP Disposal System ..........ccccemmmrmnveiveeviernereerc v 3210
3.2.2.1 Pre-WIPP Facility Conceptual Model.............ooucceevveeeeencvrceeeennnn. 3215
3.2.2.2 Post-Decommissioning Conceptual Models ...........ccocvicerviecniecvnnenne 340
40 WIPP SITE NATURAL SYSTEM ...t mrnesvassees e serenansassssssssssesssssssessssssas ses sessmas 4-1
4.1  CASTILEFORMATION .......couceuivierrecnsrensncsssasssoresssnssessossrsssessasesssssssassenasessessnssns sasessanes 4-2
4.2 SALADO FORMATION .o ritiieicieieiiesiisssisensrens o amemsneststmasnstesssesssnsns treeesrsses snasssssnns e resnecnnnns 44
4.3  RUSTLER FORMATION ........ooeeiitomerarsssasessssstereansnasnssnssssnsnsnsessssesessastsnsssessssssssnssasesssnnes 4-7
4.3.1 Rustler Formation Stratigraphy, Hydrology, and Chemistry ..........cccccecneecenennnn. 4-7
4.3.1.1 The Unnamed Lower Member......... - Abasasvemanasanansmnencesissssniss 47
4.3.1.2  Culebra DOIOMIE MEMDET .ouvvevveeevrsereriess e sesesnereenerseccsssenssssssessssrsrenidbe 11
4.3.1.3 Tamarisk Member............. eetatsenrisssaeranestestas sarenasen e s eraetteessenne 423
4314 Magenta Dolomite Member ........ . SETTUUPURUORRY - =X
4.3.1.5 Forty-Niner Member .............cccce. “ cerreenmesresesen 4225
4.3.2 Planned Activities and Issues................ eareasaseesasrssasentsastirn et saesanee 4.25
4,3.2.1 Current Culebra PA Model Assumpuons e 26
4322 TestPhaseAcuwuaBamsandlsswtoBeAddrﬁsed ..................... 4-26
4.3.2.3 Issues Identified by PART ............... vrerverrannn =29
4.3.2.4 Discussion of Planned Activities - crrsrssersrsnsnennennes =30
44 DEWEY LAKE REDBEDS.......... veremeesttsass e re e nee srssennrasenssssrerarsssennen @231
50 IMPACT OF REPOSITORY AND WASTE EMPLACEMENT ..........ccccovitinneernemeenererassnsssees 5-1
5.1 EXCAVATION EFFECTS AND ROOM CLOSURE eernaneesseeeresassnsnas 5-1
5.1.1 Introduction .... S , S 5-1
5.12  Questions of Scale......ccceeeeecvsrnnsassencenes - TR = )
5.1.3 Heterogeneity: Natural and Repository Induced........c.ocvcocmeierecevcecencennemcccesenens 5-4
5.1.4 Repository Environment....... creseennenasereanan .56
5.1.5 Current State of PA Relative to Creep and Room ClOSure ...........cvceceesvvenevrenne 5-7
5.2 THE DISTURBED ROCK ZONE .5-12
5.2.1 Permeability and Pore Pressure...... verenemerssertsreannaraen 5-12
522 Brine Inflow “ ereeseeontrrmaneneanras 5-14
5.3 GAS GENERATION 5-18
S84  GAS FLOW . eevereccreentinrisensessasnsssessasess s otscsssssssssessssosssssnsssssssass sassanssnenseonse st ssensssaansers 5-20
5.5 COUPLED EFFECTS OF CLOSURE AND FLUID FLOWON REPOS!TORY BEHAVIOR.5-21
6.0 ENGINEERED BARRIERS cerasanentssssnsae s tasarnner e as SSURRORRN ) |
6.1 BACKGROUND........... - .6-1
6.1.1. Current Design CORCEPLS.......coecercmsrecserananse cereeuseasere et n et nsaneatt st anan sareraen 6-3
6.2 TESTING ACTIVITIES.........cccciiinsninmmrmsssssnsrnnsereans veveaseansssststan , .6-8
6.2.1 Consolidation of Crushed Salt...... “ cemerereenrenn.O-8
6.2.2 Other Seal Materials...... srveeneasaennratenses e s et saaeases 6-9

i February 1994



PART's Independem Rawaw of WIFP Pa Actiivities tor EM-342 Table of Contents

Section Page
6.2.3  DistuUrbed ROCK ZOME .ovviiieeeeeeiteoee i e st seeeiasssee s e et es et s st eeeoe e, 6-10
6.2.4  IOIEIDEAS ..o eee et e e aeeeesetesenbe s s es s sessn e senreessetevemaeseenns 6-15
6.3 S PPORTING AN ALY S ittt ettt et ra s et esss s s saes e e s mmoeemes e sl 6-17
6.3.1. Consolidation of Crushed SALL ... ..o v e eere e eeeeeessmeessersassesstssereesesssseses 6-17
6.3.2. Disturbed Rock Zone and [Merbeds ......ccoocceee e te e ceer v areneeresee s sessaa 6-21
0.8  SUMMARY oottt et e treet et esateeeae e etetatrr st m s essssssasaseaneeeanssesessemmmstmsennnseessreeseeesreas 6-23
70 REPOSITORY SCENARIOS ..ottt et esseesteeeemesssomesesesssosoree sesessesssseaasssemsssmeee e see s e e 7-1

7.1  SUMMARY OF UNDISTURBED SCENARIO AND PERFORMANCE ASSESSMENT .........7-1
7.2 SUMMARY OF DISTURBED REPOSITORY SCENARIOS AND PERFORMANCE

ASSESSMENT ...coiiieecerriacsserserertsnsesraressrsssrnersenssesssssenssstnt shessesss smssansstissmmnssenmntesmesssssesseeeenns 7-2
7.2.1  Human INTuSIiON SCEMATIOS ....c.uecreeierevreimiiissaenmisreeesesssmassssmnanssssss snesaresnmseesonsases 7-2
7.2.2 Subsurface Brine Transport SIMUIAtONS .......occooceevveiicieimmesirreeereeeseeeeeesenessraeenne 74
7.2.3 Intrusion Probability, Release Modes, and Consequences............cceevvreeceevveeencnnenn. 7-7
8.0 ISSUES AND RECOMMENDATIONS ... crticcemensaias i suvsss s sneents sa v semsaceaneessesnsess sesmseen 8-1
8.1 PERFORMANCE ASSESSMENT PROCESSES AND DOCUMENTATION ......cooeeveenraane 8-2
8.1.1 Integration and DOCUMENLALON .........cecvevreeinncmreenensererasessssssnsssrssssassnssssssesersssasens 8-3
8.1.2 Performance ASSESSIMENL PTOCESS .......ccccveeieereroneirsrsesessrsssessseriossssssassessssromesssssamens g5
8.1.3 Repository Design/Facility Configuration Control.............cceceorveresnenrinsenrensesesene 8-7
8.2 REPOSITORY SYSTEM UNCERTAINTIES ..........ccoceitmrrmctirueserecrnsnereesneessenessssasssesssnsannes 8-8
8.2.1 Salado FOIMMALOM .......ovviiurenrciaracessssnsessssseessessnesnressmssssasnsserassssasssass sesnsssss snssemsaos 8-8
8.22 RuSHEr FOIMALION. ......ccoceieeereierneenessreessessassesesstomnssssnsenssseassnsessessssssaserssassssssssonns 8-8
8.2.3  (Castile FOMMANON .........oocovrreaceertesiereearesesacresesessnestessessessessasssseserassssssnseses sessss sesens 8-9
8.2.4 Impact of the Repository and Waste Emplacement .............coeeveecvcmvcscnnirccennnee 8-9
8.2.5 Engineered BAMIETS. ........ccirtreceisstunmrnsstenseeatstesessssteseseressssesmeseaseasesesssssssnsesessesaen 8-10
B.3  SCENARIOS .....occvireereveemesenseentessmstassesasesssstssesaseaserasansssassessassssssssssessensss assssessassessesssssssons 8-12
8.3.1 Undisturbed Repository SCenarios ............cccevuerccsense reetsreen bttt e neest e 8-12
8.32 Disturbed Repository Scenarios ...... vesseresasareras rereresresnesseriesnenes 8-12
8.4 PERFORMANCE ASSESSMENT INDICATORS .....cccooivnrmisrncnrnsresernisssmessessanssessosnernsesanaas 8-13
8.5 CONCLUSION ....coovvreecirmsserstissssessosssssessessesrssssnsssmasnssssssstsssesstsssatossesnssssssssnssassmsssssns snsanrases 8-14
APPENDIX A
GLOSSARY
REFERENCE LIST

i1 February 1964



PART's iIndepancent Review of WIPP PA Activitias 1or EM-342 Table of Contents

Eigure Bage
1-1 Location of WIPP in Southeastern New MeXiCO ......o.coeveveeereciucvecennnnne, e 1-2
1-2 Stacks Of DIUIMS @t WIPP ..ottt st et enr e e sraste st b en e ene e st se e 1-5
1-3  Diagram of the TRUPACT-II Double Containment Vessel ...........ooomincrcciciiicn, 1-6
1-4  Timing of WIPP Events and ACHORS .......ccccucomveiriineniincecrseiieetnnnseiereeases s ssre s es e s ensese e 1-7
-5 Location of Various Rock-Sait Deposits in the United StaLes. .......ooocvvervcermniiciireiiecev e 1-8
1-6 Aerial View of the WIPP Surface Facilities Looking to the Northwest ............cccooeeeveceenennnnnn. 1-10
1-7 Isometric View of the Surface and Underground Footprint Looking to the Northeast. .............. 1-11
1-8 Plan View of WIPP Completed and Proposed EXCAVALONS .........ccoveececriecnmrirnronseccenssnenesnnenens 1-12
1.9 {a) WIPP-Area Stratigraphic Column and (b) the Geologic Profile at WIPP [llustrating

the Location of the WIPP Underground Workings in the Profile. ..........ccccvovrrviccmnevninnienenene. 1-13

1-10  Plan View Location Map Showing the Perimeter Fence, Land Withdrawal Boundary,
Maximum Allowable Extent of the Controlied Area, and Compliance Boundary
{coincident with the land withxirawal boundary) for the WIPP Site Relative to the WIPP

Underground WOTKIDES. ......ccvcceciiiere et nei e seesransatsss st st sr s st cesss sxem e asanssesnnssssassssesnsssensensssasn 1-16
1-11  Time-Line Showing the Relationships Between the Various Phases of the WIPP Project
) and the Applicable Regulations and Their Periods of Applicability ..........eccceermrervserenreceressnnnns. 1-21
1-12  Isometric View of WIPP Relative to Compliance and Disposal Unit Boundaries. ................... 124
113 Graphical Representation of the Four Requirements of Subpart B of 40 CFR Part 191 ........... 1-25
2-1 Presentation of Probabilistic Results. ...........c.cccoveenns - ctsrsenennentasaaas vreeneee23
2.2 Log Log CCDF For Cumulative REICASE. .........ocoiimirinitinerisincesineesssieaenseresssssassassesssssssensonsassssses 24
2.3 Combining CCDFs.........oveeeereriereeecnans terrennasasessassnasarasrerersssenness R 2
24  Conceptual Description of the SNL Scenario Selection PTOCESS ..........ccocecrereririesrenmareresesesnnennas 2-7
2-5 Compliance Assessment MethOdOIOZY SIUCLUTE ..........ccocoiiieinintiesnmessntsstesnssresesscssnsnssensnrssssenes 29
2-6 Algorithm for Logical Data Flow During Compliance Assessment .................. 2-11
2.7 1992 Organization of Programs in CAMCON........ . e srsos e 2-12
2-8 Construction of a CCDF for Comparison with the EPA Release Limits. ...........ccocvereveeeevasnenns 2-14
2.9  Example Summary Curves Derived from an Estimated Distribution of CCDFs. ......cocviicicceene 2-15
3-1 Location of Various Rock-Salt Deposits in the United States. srosasussaserestis s sanen s ansssie 32
32  (a) WIPP-Area Stratigraphic Column and (b) the Geologic Profile at WIPP Illustrating the
Location of the WIPP Underground Workings in the Profile. ... veeasanenanens eseensn3-3

iv February 1964



PARAT's iIndependent Review of WIPF PA Activies tar EM-342 Table of Contents

Eigure

3-3
34

3-5
3-6

3-7

3-8

39

3-10.

3-14
3-15
3-16

3-17

3-18.

3-19

3-20

321

3-22

3-23.

3-24
3-25

Bage
Expanded Three-Dimensional Cutaway View of the WIPP SITE ..........oooooovoveeeeeenn 34
Plan View Location Map Showing the Perimeter Fence. Land Withdrawal Boundary,
Maximum Allowable Extent of the Controlled Area, and Compliance Boundary
(coincident with the land withdrawal boundary) for the WIPP Site Relative to the WIPP
Undergrount WOTKIDES. .......c.ooviiiiiiiicccc vt et eess st snsnes s b s e e en e 3.5
Plan View of WIPP Completed and Proposed EXCavations. .............cceceeeermiererieeseeesescecon e 3-11
Isometric View of the WIPP Surface and Underground Footprint Looking to the
NOTHIEASE. ..ottt et e e et s srressa e s e b bsn e se e s seesaneeare e sarasaseessnsraneeseesasnanessmneans 3-12
Reference Design Diagrams for Drift and Panel Seals, Typical Backfilled Access Shaft.
Water Bearing Concrete Plugs, and Lower Shaft Concrete Plugs .......ccooceoceieeviccneccnnie 3-13
Example of Reconsolidated Salt Blocks Used 1o Seal a Horizontal Chamber at WIPP as
Part of a Small-Scale Seal Performance Test in ROOI M ..........cecmcvievccnriceec s 3-14
Generalized WIPP Stratigraphy Across the Land Withdrawal Area .........iceeeeerevevveeeeeeevennnn 3-16
Generalized Geology of the Delaware Basin, Showing the Location of the Capitan Reef
and the Erosion Limits of the Basinal FOmation ............cccoceeeeeeereenrieeencnci e seee e eneseeesesens 3-17
Schematic East-West (A-A") and North-South (B-B") Cross-Sections through the
Northern Delaware Basin ..........oiiiiiiciimmiiemeiesenesesssssssssssessssssssssssssssessesseerssssnsseneses 3-18
Generalized Structure Contours on Top of the Lamar Shale of the Bell Canyon
FOTTALON ...ocvivirieennerssssonsansnesistesenmtsesssnsssssssnssssrsssstsssessssssstasssnme sensenssss seraenssssssnsnssnsnsesessesssasssose 3-19
Potentiometric Surface of the Hydrologic Unit in the Upper Part of the Bell Canyon
FOITIALON ..oooviiirorrisrinsssnissinnisisisssnes s sasesessesserenerassssanas ssssnsesssasssssssns semssssssensssssssnssssnssensrsnessessornes 3-20
Hydrostratigraphic Column of the Rustler Near the WIPP Site ..........ccoveveeerneeensrinesnesaeans 3-23
Approximate Extent of the "Brine Aquifer" Near WIPP .. eeeerssraaasssasa e saan s nerrasennr s 3-24
Topography of the WIPP Area, Locations of Wells for Defining General Stratigraphy,
and the Regional and Local Data Domains Used in the WIPPPA ............. eeseeteessie e preeeene 325
Topography Contours (100 ft interval) for the General Area Around the WIPP Site and
Nash Draw. Showxng Areas of Closed Topographic Depressions and the Location of
WIPP 33... eetembesiiisteststesstsy i reasanese e s e s seteatese e et e At s satseEARe s eAeERReesea At st sttt setasenasraateatasa 3-26
Eastern Margin of Upper Salado Dissolution and Western Margins of Rustier Formation
Halite ATound WIPP ...ttt sessesstsssessssste s sastsasassnss s ssasemsstassass asasa stsnsene 3-28
Geologm Section Across the WIPP Site Showing Approxxmate Location of Salt in the
Rustler .. 3-29
Percentage of Natural Fractures in the Culebra Dolomite Member Filled with Gypsum .......... 3-30
Hydrochemical Facies in the Culebra Dolomite Member of the Rustler Formation ................. 3-31
Measured Water Level and Estimated Freshwater Head Elevation of the Unnamed Lower
Member of the Rustler and/or Residuum along the Rustier/Salado Contact ...........cccoceeeeecennnnn. 3-32
Estimated Culebra Dolomite Member Freshwater Heads and Flow Directions ...........coeiceeee. 3-33
Measured Water Level and Estimated Freshwater Head Elevation..........cocveimioneienricinccnenees 3-34
Estimated Mean Annual Prec:pxtauon at the WIPP dunng the Late Pleistocene and
HOIOCERE ..ot cmcsssstesassms s sesensansom s ttsbs st ses s sabtss subsassss sabssassussen e sasebesassssmnenssunnsssesaseas 3-35

v February 1994



PART'S Independart Review of WIPP PA Activites for EM-342 Tabie of Contents

Eigure Page
3-26  Disuibution of Gatuna Formation in the Vicinity of WIPP (stippled) and Probable Course

of Streams During Gatuna TiMe (FITOWS) ....ccoccoueiiereeriiiteseerseerrte s eeseesesssessnesesasemeeen sesess 3-37
3-27  Potential Pathways and Models for the Post-Comrmissioning Time Period..............ccoceucnenn e, 341
3-28 LANDSAT-1 Satellite Image of Southeast New Mexico (October 18, 1974) .......cun.e..e.e.ee. 3242
3-29  Generalized Distribution of Potash Resources in the Vicinity of the WIPP ..........ooveeevvrevoneene. 343
3-30  Dissolution and Collapse Features, and Isopach Map of Cenozoic Sediments, Delaware

_ BSI o.ooioveeececeveiiss s ee et e sesntre e sssraeassanne e vt ra s aras e s e searsSean e e e e et eean e nneeraAraroarasiatee s nnrean ea sens 3-45

3-31  Diagram [lustrating the Conceptual Evolution of a Disposal Room Within a WIPP Waste

PANEL. ..oivrrvvereeereeiesessesssrosssearassssoseesassans sosssarsssnses sacesesssndsanmtnas assess asasaresasessessansasmeessssssnensnresssses 346
3-32  Dlustration of the Various Scales of Spatial and Lithological Variation within the Salado

Formation Near a Disposal Room and the Disposal HOMzon. ...........ccvveeiecnnnsnenecscsvececnnen. 3-48

4 Summary of Early Rustler and/or Culebra Modeling Studies . 43

42 Photograph of the Salado Formation at the Repository HOrzon ........coveveeceiceencnnrnnrnnc v 4-5
4-3 Fluid Inclusions in Halite CIYStAL..........coovimmiimienssistetemssni seescseasesssasssssessssssssmssssssssnansesses I .
4-4 Hydrostratigraphic Column of the Rustler Near the WIPP Site......... eeeesernsassseosans .4-8
4-5 Geologic Cross-Section of the Rustler Formation at the WIPP Site .......oo.coeoeiervcceneceeereeae 4-9
4-6 Core sections from Hydrologic Units of the Rustler and Salado Formations 4-10
4-7  Concentrations of Major Chemical Constituents in Water from the Rustler-Salado

Contact Residuum at and Near the WIPP Site .......cccoeiiiiicsssninnenisrsnimmmssninsssssssssesnesesensesnes 4-12
4-8 Detailed Lithology of Rustler Formation at ERDA-9 ... scncnansnaran e 4-13
49 Outcrop of Culebra Dolomite Member of the Rustler Formation Where Removal of

Underlying Halite Has Caused FraCturing ............cccuevccveevvnirsrissnsanerisessimssssssssssssssssarnanssesnsanenes 4-14
4-10 Horizontal Cores Removed from Culebra Units 3A and3B (Within 55 ft of each other

horizontally and § ft vertically) in the Air Intake Shaft at WIPP.........ccccccoernrressssrersomsennmssnsesenses 4-15
4-11 Log Hydraulic Conductivity Variation (mls) for the Culebra Dolomite Member of the

Rustler Formation - - B b
4-12 Calculated Culebra Mean Logl0 Transmissivity Assigned at Each Borehole in m2/s ............ 4-18
4-13  Estimates of Undisturbed Freshwater Elevations in the Cnlebra at Each Borehole in

Meters .. crernsnenennnn 319
4-14 Exampie Transient Freshwater Head Hyudrographs for the Culebra Illusu'aung the

Effects of WIPP ACHUVItES ....c.coeermcivitnnrenccicscacnasnisnnecs veeeeeeB-20
4-15 Undisturbed Freshwates Head ConmursintheCulebralmap'aedby LaVenue et al, )

BO00 ...t rterseerenc sttt sttt sns e srsssnssenstsssesstsonsnssassnensbss iese rmarrenebe st betsesnsnen e ansibaat 4-21
4-16 Contour Map of the 234U /238U Activity Ratio in Groundwater from the Culebra

Dolomite Member of the Rustler Formation . o ¥ ;
4-17 Log Hydraulic Conductivity Variation (mls) for the Magenta Dolomite Member of the

RUSHIEr FOIMALOMN ...covvreeieeneiiinanensotsssssssonsisssssnssssasassonsrssussnrassssosnstsntsssass seonenssstonsassasassesassasanss 4-24

vi February 1954



PART's independant Rsvew of WIPP PA Adrvites for EM-342 Table ot Contants

Figure Page
- 4-18  Conceprual Hydrologic Model of the Culebra Dolomite Member ......_.....cooovvvvviereeireeereeaenn. 4-27

5-1 (A) Idealized Representation of Trough Subsidence (after Rellensman) (B) Supercritical

SUDSIABIICE ....eericieniiiie ittt sttt s e st rm e eeser e aesesesrnes S4em e e s ere st emen s smmesm e emmesmeeams e sbasieneennsneen 5-3
5-2 Daagram Illustraung the Conccptual Evolution of a D:sposal Room Within a WIPP Waste
Panel e PR, ree ............5'5

5-3 Calculated Steady State Creep Rates as a Function of Stress Difference for Various
Levels of Confining Pressure Showmg a Reduction of Creep Rate with an Increasmg

Level of Confining Pressure. .. N . SOOI o
54 Typical Creep Test Showing Transient and Apparent Steady State Response. ..........ccc.coovevvee.e.- 5-7
5-5 Schematic Diagram Ilustrating Creep Closure by Ductile and Brittle Processes. ...........c.cu........ 5-8

5-6  Plot Comparing Cumulative Brine Inflow to a Disposal Room in the Absence of Gas and

Brine Inflow with a Fixed Gas-Generation Rate of 3 Moles per Drum Per Year......................... 5-8
5-7 Simulation of Average Porosity History of a Disposal Room Filled with TRU Waste and

70% Salt/30% Bentonite Backfill and n0 Gas GENETAtON .........ccecereerrvirearerernssrerenessssonesssseseas 5-9
5-8.  Simulated Changes in Average Room Porosity for a Perfectly Sealed Room with a Gas

Generation Rate of 2.60 Moles per DIUIN PEI YEAT .....ccccvvirircricrssstrsssesssasesncssessnsssrncsessnsssmsassesss 5-10
5-9.  Modeling Mesh and Boundary Conditions for Calculation of Porosity Surface with

SANCHO ....ooveeveireirieusenireesssssasarcensasstssssssssssssassasasessassssatestrassmssssesssssnsssassesssnasess bassassmbaseesesssteses 5-10

- 5-10 Disturbed Rock Zone Adjacent to Undcrground Excavations at the Waste Isolation Pllot

5-11  Schematic Diagram Showing Small-Scale Brine Inflow Boreholes and the Stratigraphy

Tested I EACH ... .o mrninsrismsncsisscssasisssorssssssssssassassssassesnsonssstssssssssessssaesssns sesnesssnsnaesaseserassnsssssene 5-15
5-12  Brine Inflow Rates From Boreholes Whose Locations Relative to Repository Stratigraphy

AT SHOWII D 5-2 ...ttt e suesensnnesesteesssrasssesaesasssnsssesasrasse snassssssnvanansssarasensessnessansanssnnsssas 5-17
5-13 Cumulative Brine Volumes in a Disposal Room as a Function of Time for Salado

Formation Permeabilities of 10-20 and 10-21 m2 and Pore Pressures of 6 and 15 MPa. ........ 5-19
5-14  Variation in Porosity (f) of Waste as a Function of Pressure ... tbessresssimssastersearessesntresnarsnas 5-20
5-15  Relative Permeabilities and Threshold Pressures of Salado Formation Units in the Far-

Field and NEar-FIELA .......c...cooiiiiiniccrrminsnmscssssssisssosssossesssonsassssssssusmmest onsasssssasss ssas soasasssssssses 5-21
5-16 . Room Pressurs Calculated for Inundated (dotted curve) and Variable (solid curve) Gas-

GENETALION RAIES ........cociiiirireiririess e sesessisesresssessesssasss srnsrssssnsnsnsammasatsnssassntsnssesssebesssns ssassnsnsnns 5-22
5-17 Room Pressure as a Function of Time for a Fully-Coupled (solid curve) Three-Phase

System ......ovcvveciiivnrns - eeevervessrassssrsseesssansaanesserenrens 5-23
6-1 Location of Panel Seals S crtraenaestemaeseaneas e sneseaseabesyrins 6-4
6-2 Diagram of Typical Sealed and Backfilled Access Shaft eereremensbneneasetens bt asee s shessa s se sa bR R 6-5
6-3 Diagram of Typical Concrete Plugs in Backfilled Shafts Showing Combination of

. Different Materials Depending on Location Within the Shaft ..........e..ececeininnirvese e 6-6

6-4 Diagram of Preliminary Design for Concrete and Preconsolidated Crushed Salt ....................... 6-6




PART's Indapendent Raview of WIPP PA Aclivities lor EM-342 Tabie ot Contents

Eigure Bage
6-5 Permeability Versus Fractional Density for Two Consolidation Tests Using Wetted

CTUSRE SAIL ..ot eeer e e e e e ettt e s e oeeaes seemee s st e s es e s bane e s e s s bem e as s s e e emms e on e essnneatenes 6-9
6-6 Gas Flow Rates in Halite TEST INIETVAL ...t e srn s rea s 6-12
6-7 Flow Rates in Interbed Layers Within 2 m 0f DTifts .....coovvvniricieineeceiececeeer e s sene s 6-12
6-8 Width of Drift Versus Gas Flow Rate in MB139 ...t er e 6-13
6-9 N1100 Drift Flow Rate (SCCM) CONIOUTS ........oeeeeeereerersveeeeecereeseeecvesasrersrsresssssssssrsssssssesesss B=13
6-10 Idealized Excavation Effects ina 4 m X 10 M ROOM ......cormumeecreincceetreece e 6-14

6-11 Tlustration of Test Configuration for the Small-Scale Performance Tests ................................6-16

7-1  Potential Scenarios for the WIPP Disposal System eeeereseeseemeeeeeee e e seeeeeeeeee e eens 7-3
7-2 Conceptual Model for the E1 Scenzmo Rc is Release of Cuttings and Racc is Release t0

the Accessible ERVITOIIMENT.........coooiiimimrsirmosnminriasusessessissssassssssssssssssingssseasasesans sesesesscasasarosnens 7-4
7-3  Conceptual Model of Scenario EZ...... - v 1-5
7-4.  Conceptual Model of Scenario E1IE2. .......ccccuinnsnnnnsensccsnnsesssinsin . SR L .
7-5  Conceptual Hydrologic Model of the Culebra Dolomiite ....................... 7-8
7-6.  Mean CCDFs for Cuttings Releases Assuming Single and Multiple Intrusions for a Time-

Independent (4 ) Poisson Model and Multiple Intrusions for a Time-Dependent Mode! .........7-9
7-7 Comparison of Mean CCDFs for Total Releases from Intrusions Occurring at 1,000

Years for Single Porosity and Dual Porosity Culebra Transport Models ...........cooemeerecicenenenenne. 7-9
7-8 Comparison of Mean CCDFs for Total Releases from Intrusions Occmmg at 1,000

Years for Kd = 0 and Kd # 0 Dual Culebra Transport Models................ o % (¢

\_
R Y-

viit February 1994



PART's ingepandan Review of WIPP PA Activities tor EM-342 Tabie of Contents

Table Page

Tabte 2-1. Computer Codes Used in the 1992 WIPP Performance ASSESSMENT .......ecvouveereieeenreeevenenns 2-10

Table 2-2. Desired Capability for WID Far-Field Performance Assessment Modeling......................... 2-18
N

Praliminary Draft - 101883
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EXECUTIVE SUMMARY

This report presents the findings of the Performance Assessment Review Team (PART).
convened in 1992 to perform a limited. independent review of the Performance Assessment (PA)
Program at the Department of Energy's (DOE's) Waste Isolation Pilot Plant (WIPP). The six-member
team was mandated by the Environmental Restoration and Waste Management WIPP Project
Management Division (EM-342) of DOE to assess the adequacy of the WIPP PA program for
meeting relevant regulatory standards for the disposal of radioactive and hazardous wastes, to identify
any deficiencies in the program, and to make recommendations for improvements. In preparing its
report, the PART reviewed the pertinent PA documents and activities, toured the WIPP site, and
interviewed members of the project staff. The review team finds that the work on WIPP has generally
been perceptive, incisive, and fundamentally sound. However, for compliance with current standards
and regulations, substantial progress and improvements will be necessary in certain areas where
additional investigations and documentation may be required; the PA department is fully aware of
most of them. These areas include PA documentation, parameter evaluation, conceptual model
justification, time-dependent behavior of natural and engineered barriers to fluid migration from the
coupled disposal system, and a total system model.

The 10,250-acre WIPP site, located in the Permian age salt beds east of Carisbad, New Mexico,
was authorized by Congress (in Public Law 96-164) in 1979. The PART report begins with a history
of the site selection and development and a summary of background information, focusing
particuiarly on the facility’s mission to investigate methods for the safe and permanent disposal of
mixed transuranic (TRU) wastes in salt rock. Because of sait's impermeability, strength, and ability to
"creep” and self-heal over time, waste emplaced in rooms mined from salt and backfilled and scaled
with crushed salt will eventually be encapsulated and become part of the stable rock formation. If
approved, the current WIPP plan would provide for the emplacement of 6.2 million ft3 of waste in
storage areas laid out in eight panels, each consisting of seven rooms.

The ultimate decision to license WIPP as a pemiant repository and allow it to proceed with
full-scale operations will depend on the ability of the POE demonstration that the site is likely to
satisfy the requirements of the various Federal and state regulations and address concerns of the
oversight bodies (e.g., the National Environmental Policy Act (NEPA), the Resource Conservation
and Recovery Act (RCRA), and the State of New Mexico's Environmental Evaluation Group {EEG)).
In particular, the PART focused on the WIPP PA activities which address the long-term criteria in two
key regulations:

* 40 CFR 191-This regulation details the Environmental Protection Agency's (EPA's)
standards for the Management and Disposal of Spent Nuclear Fuel, High Level and
Transuranic Radioactive Waste. Disposal systems are required to provide "a reasonable
expectation” of adherence 10 specified limits on cumulative releases to the accessible
environment, dose to the public, and groundwater contamination for 10,000 years. 40
CFR 191 Subpart B further decrees the use of specific methods for the containment and
isolation of wastes (e.g., multiple barriers, both natural and engineered) and an evaluation
of the possibility of inadvertent human intrusion into the disposal site. Sandia National
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Laboratories (SNL) has the primary responsibility for performing the PA regarding 40
CFR 191 at WIPP.

* 40 CFR 268.6-This RCRA regulation states that facilities planning to emplace untreated
hazardous waste must obtain a No-Migration Determination (NMD) by demonstrating “to
a reasonable degree of certainty” that there will be no migration of wastes for “"as long as
the wastes remain hazardous” (interpreted in this instance as 10,000 years). In 1990,
WIPP was granted a ten-year conditional NMD for the Test Phase, and it is part of the
duty of Westinghouse Waste Isolation Division (WID), which has responsibility for PA
activities pertaining to 40 CFR 268.6, to supply the required annual reports to the EPA.

Differences or conflicts between the two regulations were reconciled by DOE in the draft
Regulatory Criteria Document (RCD) in 1992. This set of integrated criteria was used by PART as
the basis for its review, which examines the PA approaches of SNL and WID in terms of such issues as
scenario selection and evaluation, conceptual modeling, performance measures, sensitivity and
uncertainty analyses, and probabilistic approaches. '

PART finds that the current PA documentation provides neither the framework nor history
required for demonstrating reasonable expectation of compliance. The WIPP PA issues need to be
tracked and documented from the time they are identified through their evaluation and eventual
resolution. Of particular importance is the need to Clearly document conceptual models of the
disposal system and its components including the underlying assumptions, supporting information
and any unresolved issues and their importance. From a performance measure standpoint, simple
bounding calculations would be useful for building confidence and understanding of complex
system models. Combined, these efforts would eventually lead to a well-documented, complete
system model that will more clearly demonstrate whether the WIPP site complies with applicable
regulations,

A substantial portion of the PART report is devoted to a review of the investigations of the
stratigraphy, hydrology, structural state and chemistry of the host rock formations and the likely
interactions between the disposal system and its nawral surroundings. Despite considerable work on
a constitutive relation for WIPP salt creep, which still requires improved understanding of the transient
component, the relation has not yet been incorporated into models of repository closure. The effects
of brine inflow and gas generation on room closure and sealing are beginning to be considered
realistically in coupled, three-phase flow models but these models are not yet fully developed. Apart
from uncertainties in the far-field hydraulic properties of the Salado Formation, the nature and
projected behavior of the disturbed rock zone (DRZ) surrounding the excavation have not been well-
characterized. The DRZ provides the primary potential pathway through time for the migration of
gas and brine from disposal rooms to the accessible environment. Therefore, the representation of
the DRZ is crucial in system performance models.

In conjunction with the natural barrier system, engineered barriers are designed to minimize
releases to the accessible environment. Engineered barriers include repository design features, shaft
and panel seals and plugs, and backfill; these components have not yet been incorporated into system
performance models. The PART found that while substantial progress is being made towards
characterizing natural barriers, more work will be required on engineered barriers before compliance

&
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can be demonstrated. ras
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The final section of the investigation addresses undisturbed and disturbed repository
scenarios considered by the PA. The undisturbed or base-case scenario assumes only naturally-
occurring events and processes and modeling shows that lateral brine and gas releases in 10.000 years
are very limited, as are vertical releases if shaft seals behave as expected. Disturbed repository
scenarios investigated focus on future disruption by exploratory drilling for resources and consider
probabilities and consequences of both direct and indirect releases to the accessible environment. For
all three summary scenarios modeled, including a physically unreasonable and conservative one,
releases estimated are well below the EPA regulatory limit. However, for both undisturbed and
disturbed scenarios, only 2-D simulations using incomplete system models have been carried out,
again emphasizing the need for complete systems performance modeling. Sensitivity analyses based
on component models will not necessarily identify the most important variables and parameters for
reducing uncertainty about the performance of the entire system.

The review team concludes that, although WIPP's work is generally solid, the current PA does
not provide enough information or documentation on the underlying assumptions, controversial
issues, and evolution of understanding to provide the confidence on the part of regulators and the
public to support licensing of the WIPP facility. In addition to making specific suggestions regarding
technical issues and uncertainties still in need of investigation and resolution, the necessity for
including engineered barriers in future PAs, and the relative merit of more and less complex
modeling efforts, the PART emphasizes the overall need for an integrating PA process which clearly
relates ongoing WIPP activities to compliance-based objectives.
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1.0 INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) of the United States Department of Energy (DOE).
located near Carlsbad, New Mexico (Figure 1-1), was created as a research and development facility
to demonstrate the safe disposal of the transuranic (TRU) wastes generated by national defense
programs. Performance assessment is a key element in the ongoing development and potential
certification of the facility. This repori contains the findings and conclusions of the Performance
Assessment Review Team (PART), which was formad by the Environmental Restoration and Waste
Management WIPP Project Management Division (EM-342) of DOE to perform an independent
review of the WIPP Performance Assessment (PA) Program.

1.1 . ANOVERVIEW OF "PART'S INDEPENDENT REVIEW OF WIPP PA ACTIVITIES FOR EM-
342 [1]

EM-342 has oversight responsibility for the entire WIPP Project, including performance
assessment activities. The objectives of the PART review were to assess the adequacy of the WIPP PA
Program for meeting regulatory requirements, to identify any deficiencies in the program, and to
make recommendations for program improvement.

The PART performed a limited review of relevant PA activities and documents and conducted
interviews and discussions with WIPP Project staff, including the WIPP Project Integration Office
(WPIO), Westinghouse Waste Isolation Division (WID), and Sandia National Laboratories (SNL)
Performance Assessment Department. The review included an examination of the conceptual models
used to represent the significant processes associated with a repository system at WIPP, the parameters
defining the components of these models, and the activities for characterizing the site and reducing
uncertainty in the long-term performance of the repository system. The results of these activities are
summarized in this report.

Section 1 provides background information about the selection of WIPP as a disposal site for
TRU waste, the history of its development, an overview of the regulations that govern the disposal of
radioactive and hazardous waste in geologic repositories, and a summary of the general content of the
PART review. Section 2 provides an overview of the PA requirements specified in the two Federal
regulations governing geologic disposal of radioactive and hazardous waste. Section 2 also discusses
similarities and differences in the current approaches taken for demonstrating compliance with these
regulations. |

Information about the WIPP site and the repository disposal system are provided in Sections
3, 4, and 5. Section 3 describes some of the conceptual models of key features and processes
associated with the WIPP site and disposal system, including those aspects that were present before the
WIPP facility was constructed and those that may be important in the distant future (i.e., during the
next 10,000 years). Section 4 provides hydrologic and geologic data about the host rock and the
formations above and below the repository. Emphasis is given to undisturbed properties to provide
the basis for describing perturbations that occur or may occur as a result of repository construction
and waste disposal. The possible impact of these activities on the long-term performance of the
disposal system is discussed in Section 5.
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Location of WIPP in Southeastern New Mexico (after Rechard, 1989,

Figure 1.2).
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Section 6 contains an overview of the proposed engineered barrier system at WIPP. the
associated standards in the regulations, and the relevant analyses and testing that have been
performed. The section also identifies several issues concerning the treatment of the engineered
barriers in the WIPP PA.

Scenarios of possible future events and processes at WIPP are presented in Section 7. The
base case scenario for WIPP is presented in Subsection 7.1. This scenario ignores the possibility of
human intrusion by mining or exploratory drilling and concentrates on expected changes in the
natural system over the next 10,000 years. Inadvertent human intrusion scenarios are discussed in
Subsection 7.2.

Section 8 discusses the major issues identified as part of the review that may affect the ability
of DOE 1o demonstrate regulatory compliance. Observations are made concerning the difficulty of
identifying all the sources of information relevant for the review and the reporting process, and
recommended changes are provided. Areas of significant uncertainty and possible importance
* related to the natural and engineered components of the repository system are also discussed in
Section 8. The significance of these findings cannot be assessed until a more comprehensive PA
model is available.

12 BACKGROUND

This section provides background information on the WIPP project. It describes the history
of its physical and regulatory development, 2s well as the nature and character of the wastes it is
designed to handle. Numerous oversight and regulatory groups are also described in this section.
Because the PART review examined the adequacy of the current PA program at WIPP for addressing
the long term regulations, these regulations are described and their differences noted. The PART
organization, the base set of information it used, the WIPP Project organizations that participated in
the review, the meetings, the interviews and the tour that provided valuable inputs to PART, and the
final report development are all described in this section. ‘

Defense nuclear waste generation began in the 1940s. By the end of 1991, there were
approximately 65,000 m3 (2.3 million ft3) of defense-related TRU wastes produced and/or
temporarily stored at the various DOE facilities around the couniry (Figure 1-1). Projections indicate
that by 2018 there will be 133,000 m3 (4.7 million ft3) of such wastes (DOE/RW-0006, Rev. 8,
DOE/WIPP 89-011, Rev 1).

These wastes, containing less than 1% free liquids, consist of various items that must be
discarded because they have become contaminated with long-lived radioactive elements like
plutonium-239 (with a 24,000-year half-life), that are heavier than uranium (i.e., having an atomic
number greater than 92). These items typically include rags, rubber gloves, shoe covers, discarded
glass/metalware, plastic bags, pumps, motors, hand and machine tools, sludges and so forth. A
significant portion of the TRU-contaminated waste, which can emit increasingly penetrating alpha,
beta, and gamma radiation, also includes materials that are themselves designated as hazardous wastes
by the Environmental Protection Agency (EPA)—e.g., volatile organic compounds (VOCs) such as
carbon tetrachloride and metals such as lead (DOE/WIPP 89-011, Rev. 1).

Most TRU wastes (97%) are categorized as contact-handled (CH) TRU (less than 200
millirem/hr). Safe handling and storage are provided by packaging them in 55-gallon drums or
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boxes which will be stacked for disposal in the WIPP underground. as shown in Figure 1-2. The
metallic drums or boxes provide sufficient shielding from the less penetrating alpha and beta
radiation emitted by these wastes, and no additional shielding is required. The remaining small
volume of TRYU wastes (3%) is designated as remote-handled {(RH)} TRU waste. The RH TRU wastes
emit sufficient quantities of gamma radiation (greater than 200 millirem/hr but less than 1000 remv/hr,
with no more than 5% of the total greater than 100 remv/hr), and additional special shielding is
required to protect workers and the public from radiation exposure during the transportation and
emplacement of these wastes. Foliowing a decision to store TRU wastes permanently at WIPP, TRU
waste from the ten DOE facilities (Figure 1-1) that temporarily store and/or generate it, will be
transported by truck to WIPP in NRC-certified Type B stuppmg containers (e.g., TRUPACT-II
containers for CH-TRU, as illustrated in Figure 1-3).

The time sequence of events shown in Figure 1-4 illustrates the complex intermingling of the
events and periods of activity at WIPP with the times of passage of applicable public laws. Following
the beginning of waste generation in the 1940's, the National Academy of Sciences (NAS) began
* investigating the feasibility of geslogical disposal of defense generated nuclear waste in the early
1950's. The NAS investigation resulted in the recommendation in 1957 (NAS-NRC 1957) of salt
deposits as a promising medium for disposal of radioactive wastes for the following reasons:

e Salt is virtually impervious and has a narural "plastic-like"” quality that enables it to flow or

creep and self-heal over time under the effects of heat and stress found at proposed
repository depths. As a result, waste emplaced in mined rooms within the salt deposits

and backfilled with salt will eventually be encapsulated and become part of the stable rock
formation .

* Circulating groundwaters are historically absent within salt formations (as shown by the
existence of salt deposits), and the composition of inter- and intra-granular brines is
consistent with connate water from the 225-million-year-old Permian Sea.

* Vast salt deposits are found in relatively stable geological areas with little earthquake
activity.

e Salt is relatively easy to mine, and is as strong as ordinary concrete in the short term, but
weak and ductile in the long-term

Following the NAS recommendation, the United States Geological Survey (USGS) identified
the salt beds of the Permian Basin of the southwestern U.S. (Figure 1-5) as 2 workable location for a
repository in 1962. Subsequently, the Oak Ridge National Laboratory, following USGS
recommendations, studied various potential repository locations in the Permian Basin and conducted
extensive testing of sites in Kansas and New Mexico which included large-scale field experiments
near L.yons, Kansas. The search ended and the WIPP site investigation period began in 1974, when a
portion of the Northern Delaware Basin east of Carlsbad, New Mexico was chosen as the most
promising location for a TRU waste repository. '

In 1979, Public Law 96-164 established WIPP as a first-of-a-kind project to meet the national
need for a long-term, safe method for disposal of TRU wastes from the nation's defense programs.
WIPP's research and development mission was to study the characteristics of salt rock and how it
interacts with, and can safely contain, TRU wastes; and to implement a three-to-seven-year
production-scale test program to determine if TRU wastes can be safely disposed in a deep,
underground, bedded salt formation.
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If the tests prove successful, and a decision is made to store mixed TRU wastes permanently at
WIPP, the facility will operate as a repository for approximately twenty years before closure.

Between the site selection period and 1975, when the WIPP site was authorized by Congress.
important events occurred that impacted WIPP significantly. The National Environmental Policy Act
(NEPA) became iaw, and stricter policies for the management of TRU wastes were enacted by
Congress in 1970. The Resource Conservation and Recovery Act (RCRA) was enacted (1976), NEPA
was amended (1978), and the Environmental Evaluation Group (EEG) was established to provide a
comprehensive overview of soon-to-be-authorized WIPP Project activities.

1.2.1 Development and Construction of WIPP

Before construction of the facilities could begin, the following three reports were prepared to
develop the facility design and establish technical adequacy:

* Final Environmental Impact Statement (FEIS), issued in 1980 to implement NEPA,
e Safery Analysis Report (SAR), also issued in 1980, and
e Site and Preliminary Design Validation (SPDV) report, initiated in 1981.

While construction started at WIPP in 1981 with the SPDV Program, full construction of all
facilities did not begin until 1983; construction of surface facilities was completed in 1989.

Figure 1-6 illustrates a 1991 northwest-looking aerial view of the WIPP surface facilities, and
Figure 1-7 shows a northeast-looking isometric view of the layout of WIPP's surface and the
underground footprint. The plan view diagram of the WIPP underground shown in Figure 1-8
differentiates between completed and proposed excavations. As indicated in these figures, WIPP
consists of both underground facilities and surface facilities that house site personnel and equipment
for operational and research activities. Underground facilities include a series of horizontal storage

‘rooms, alcoves, and tunnels, and four vertical shafts (i.e., salt handling, waste, exhaust, and air intake
shafts). Figure 1-8 illustrates the basic dimensions of the underground workings and shows that they
consist of a waste storage area and an active experimental area. Current design provides for
emplacement of 175,564 m3 (6.2 million ft3) of TRU waste in storage areas to be laid out in ten
panels. These ten panels include eight main panels and two equivalent panels to be developed in the
access tunnels during the last stages of disposal (i.e., a northern and a southern panel), as illustrated in
Figure 1-8. The main panels consist of seven rooms (dimensions 4.0 m high, 10.0 m wide, 914 m
long {13 ft high, 33 ft wide, 300 ft long}) and the connecting passages. By 1990, approximately 16
km (10 mi) of underground structure had been excavated. This required the removal of 800,000
tons of rock salt or about 50% of the estimated 1.6 million tons to be removed if a decision to
dispose is reached. In addition to the 16 km (10 linear mi) of tunnels more than 16 km (10 vertical
mi) of drill holes have been compieted to characterize the site.

Figure 1-9 shows the WIPP-area stratigraphic column and am idealized geologic profile
illustrating the surface buildings and four shafts going down to the repository level 655 m (2,150 ft)
below the surface. The underground facility is roughly centered in the sequence of evaporite
deposits that make up the Salado Formation. The 914 m (3,000 ft) thick Permian-age salt beds at
WIPP are some of the thickest in the United States. These 245- to 285-million-year-old Permian
Basin salt deposits, which underlie a large portion of eastern New Mexico, have remained stable and
unaffected by folding, faulting, or earthquake activity since the time of their deposition.
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1.2.2 WIPP Experimeatal Programs

Scientific studies and experiments, ongoing at WIPP since 1983, include:

e Thermal/structural interactions (TSI) studies to determine: (1) the stability of the
excavated rooms during waste emplacement and possible retrieval, and (2) the long-term
deformation of the disposal room and the room's ability to encapsulate the waste (see
Section §);
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* Repository plugging and sealing studies designed to develop and test seal materials for
the boreholes. shafts, and underground openings (see Section 6);

» Studies to determine important characteristics (e.g.. permeability, pore pressures,
chemistry of formation fluids) that control transport in the Rustler and Salado Formations
(see Section 3);

« Waste package and materials studies to test the safety and performance of waste drums
that would hold CH-TRU wastes;

* Brine inflow studies 1o increase understanding of this phenomenon, since migration of the
small amounts of naturatly occurring moisture in salt (1 wi % water) 10 excavated surfaces
is important for evaluating the potenmtial for waste container corrosion and waste
decomposition (see Sections 5 and 6); and

*  Gas generation studies to evaluate type, volumes, and maximum rates of gases generated e |
by corrosion, biodegradation, and radiolysis (see Section 5}. e

ﬂf“!“m_
P

23 A“.f-':A
.

1.2.3 Applicable Regulations and Laws T

Details regarding the applicable laws and regulations as they relate to the various phases of
the WIPP Project in general (i.e., during both the operational and long-term phases), and to this
review effort specifically, will be discussed in Subsection 1.3. In this subsection, applicable laws and
regulations are discussed from a historical perspective. Following are the important public laws and
associated regulations for the WIPP Project. :

* The Atomic Energy Act of 1954, as amended by Reorganization Plan No. 3 of 1970 and
the Nuclear Waste Policy Act of 1982, This amended law was the basis for the 40 CFR
Part 191 regulations promulgated by EPA in 1985 that deal with the environmental
radiation protection standards for the management and disposal of spent nuclear fuel, and
high-level and TRU wastes. 40 CFR Part 191 deals with both the operational and the
long-term disposal phases of radioactive waste handling, as well as final disposal.

However, it is the WIPP Project activities for addressing the disposal phase that are the
focus of this review and that resuited in the first, second, and third comparisons with the
long-term requirements of 40 CFR 191, Subpan B.

e Public Law 91-190, or the National Environmental Policy Act, which was passed in 1970
with regulations issued by EPA in 1978, This law requires that the full environmental
impact of proposed projects be evaluated openly with public comment. The regulations
for enforcement of NEPA were subsequently promulgated by the Council on
Environmental Quality (CEQ). EPA’'s responsibility for reviewing and publicly
commenting on the potential environmental impacts of major Federal action resulted in
the 1980 FEIS and the suppiement in 1990 (Figure 1-5).

* The Solid Waste Disposal Act (SWDA), as amended by Public law 94-580, the Resource
Conservation and Recovery Act, in 1976, and the subsequent Hazardous and Solid Waste
Amendments (HSWA) to RCRA (1984). Regulations implementing RCRA were
promulgated by EPA and provide for the management of the hazardous waste
components of the mixed wastes proposed for disposal at WIPP. 40 CFR 264, Subpart X,
applies to the operational phases of the WIPP Project, and land disposal regulations, such
as 40 CFR 268, that apply to the testing and disposal phases of the WIPP Project.

e Public Law 96-164, passed by Congress in 1979, authorized WIPP as a US DOE project
and defined its research and development mission.
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e,

permanently withdraws the 41.44 sq. km (16 sq. mi) of Federal (i.e.. Bureau of Land
Management) Lands associated with the WIPP Project (Figure 1-10) from the public
domain. The law addresses a broad range of WIPP Project issues, such as the WIPP Test
Phase, disposal operations, environmental laws and regulations, waste retrievability. mine
safety, transportation, access to information, economic assistance, and miscellaneous
payments 1o the State of New Mexico (DOE/WIPP 85-011, 1993).

% [ * Public Law 102-579. the WIPP Land Withdrawal Act of 1992 (LWA) This law

The statutory and regulatory requirements for WIPP have changed significantly at the same
time as WIPP program work was underway. As illustrated in Figure 14, the primary long-term
disposal regulations (40 CFR Pant 191 and 40 CFR Part 268) applicable to the WIPP Project were
passed midway through the construction effort (1983-1989). All this happened after the 1980 FEIS
and SAR, and subsequent to the initial design documentation (i.e., the 1981 SPDV) and some of the
initial WIPP testing and characterization efforts.

The two sets of regulations (40 CFR 191 and 40 CFR 268) associated with the geologic
disposal of mixed wastes have created some uncertainty as to how to proceed in some areas. Several
of the requirements that deal with similar topics often suggest different approaches. For example, 40
CFR 268 requires deterministic calculations, whereas 40 CFR 191B is more focused on probabilistic
models for achieving confidence in long-term predictions. To reconcile differences in these
regulations, DOE has developed a draft Regulatory Criteria Document (RCD 1992) to facilitate
disposal and post-disposal decisions for any defense-generated TRU repository. The RCD provides
integrated criteria for a common interpretation and approach to the various regulations. DOE plans
to use the integrated criteria in the RCD to provide the basis for developing a WIPP-specific
regulatory compliance strategy that will guide the planning and conduct of activities at WIPP.

1.2.4 WIPP Performance Assesstnent

WIPP PAs of the WIPP disposal system will be used to demonstrate compliance with the long-
term performance requirements of both 40 CFR 191 and 40 CFR 268.6. It should be noted that PA
has specific meanings defined within the context of each of these standards. Long-term PA analyses
must be performed and compliance satisfactorily demonstrated before any TRU and TRU mixed
wastes can be disposed at WIPP. Furthermore, Section 6 of the LWA requires DOE to publish
biennial PA reports that document the long-term performance of WIPP once the test phase at WIPP
begins. While additional PAs are needed to demonstrate compliance with the short-term requirement
of these regulations and other regulations (e.g., 40 CFR 264, Subpart X), it is the long-term PAs and
the approach to their preparation that are the focus of this PART swdy.

Sandia National Laboratories has been preparing for and conducting preliminary assessments
for comparison with the long-term regulatory requirements of 40 CFR 191, Subpart B, since the mid
1980s. The first draft PA forecast was issued in 1989 by Bertram-Howery et al. (SAND88-1452);
subsequently first, second, and third comparisons with 40 CFR 191, Subpart B, have been released
(Bertram-Howery et al., SAND90-2347, 1990; SNL-SAND91-0893/1,2,3, 1991; SNL-SANDS2-
0700/1,2,3, 1992). Each of the assessments in the series incorporated new understanding and
information gained from the ongoing experimental, site characterization, and PA activities at WIPP.
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WIPP Site Relative to the WIPP Underground Workings.
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The Westinghouse Waste Isolation Division (WID) is responsible for performing the PA that
documents compliance with the other long-term regulations applicable to the WIPP Project (i.e.. those
of 40 CFR 268). These land-disposal restrictions prohibit disposal of any hazardous wastes not
meeting treatment standards specified by EPA unless, as provided for by 40 CFR 268.6. it can be
demonstrated to a reasonable degree of certainty that there will be no migration beyond the disposal
unit boundary for as long as the wastes remain hazardous. Because of the nature of the TRU and
TRU mixed wastes being considered for the disposal at WIPP, DOE is not currently planning to treat
these wastes to meet any of EPA's specified standards, and, as a resuit, DOE must petition EPA for a
no-migration determination (NMD) for the disposal phase. Preliminary sensitivity analyses were
undertaken for the WIPP Project Integration Office (WPIO) by Sandia (SNL-SAND92-1933, 1992)
10 provide project guidance, while the strategy for complying with 40 CFR 268.6 is being developed
by WID. Although the specific PA requirements of 40 CFR 268.6 are somewhat different from those
of 40 CFR 191, a similar methodology and common data set are envisioned (DOE/WIPP 89-011,
1993).

DOE petitioned EPA (under the provisions of 40 CFR 268.6) in March, 1990, for an NMD,
and EPA granted a limited determination for the WIPP test phase (up to 10 years) in November,
1990. This determination permits the emplacement of a limited amount of untreated mixed wastes
for testing purposes, but it imposes various conditions that include the issuance of annuai NMD
reports (DOE/WIPP 91-059, 1991; DOE/WIPP 92-057, 1992), along with the requirement that any
emplaced wastes be removed if DOE cannot demonstrate the long-term acceptability of the disposal
site by the end of the test period.

1.2.5 WIPP Project Experimental Program

Public Law 96-164 that established the WIPP Project in 1979 authorized th~ scientific and
engineering activities that have been ongoing at WIPP since the FEIS was issued in 1980. This law
defined a test phase for the WIPP Project that was to consist of two primary programs (i.e., a PA
program and an operations demonstration program) to collect the additional technical data and
information necessary for determining whether or not 10 proceed to the disposal phase of the project.
The test phase and the PA program were to investigate the behavior of the salt rock and its
interactions with emplaced TRU waste in order to evaluate the long-term performance of the waste
-disposal system. The operations demonstration program was to demonstrate the safe and efficient
handling, transportation, and emplacement of TRU waste in an actual facility.

The test phase at WIPP actually began in 1990, when EPA granted the NMD discussed in the
previous section. However, the LWA (Public Law 102-579) defined the test phase as beginning when
the first shipment of CH-TRU waste was actually received at WIPP for testing. The LWA required
DOE to submit a test phase plan and a waste retrieval plan to EPA within seven months of its
enactment and specifically prohibited the transport and emplacement of RH-TRU waste during the
test phase. These carlier testing activities at WIPP have since been classified as "pre-test phase”
activities and were authorized as discussed in the previous paragraph (DOE/WIPP 89-011, 1993). On
October 21, 1993, the Department announced its decision not to conduct tests with radioactive waste
at the WIPP facility. Instead, the Department would conduct an enhanced laboratory program to
collect the data that was to have been provided by the radioactive waste tests at WIPP. Thus, the test
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phase, as defined by the WIPP Land Withdrawal Act, will not be conducted. In place of the test phase.
the Department will undertake an experimental program. The overall purpose of the experimental
program is to develop pertinent information and assess whether disposal of TRU waste and TRU
mixed waste in the planned WIPP repository can be conducted in compliance with the environmental
standards for disposal. The experimental program to be conducted prior to the disposal phase
encompasses (1) performance assessment conducted to evaluate compliance with the applicable EPA
regulations; (2) studies designed to provide the scientific basis or enhance confidence in performance
assessments; and (3) the process by which the decision will be made as to whether TRU waste can be
emplaced in the repository for permanent disposal.

1.2.6 Other WIPP Project Phases

The WIPP Project has been developed in distinct phases.
o Siting Phase. The earliest, or siting, phase of the project was protracted. As illustrated in
+ - Figure 14, it began with feasibility studies initiated in the early 1950s and identified salt
“4 + as a medium for permanent disposal in 1956. The Permian Basin was identified in 1962;
" investigations of the WIPP area began in 1974; and finally, the WIPP site was formally
selected in 1979 with the passage of Public Law 96-164. The siting phase officially
ended in 1980 with the publication of the FEIS.

. Desxgn (or SPDV) Phase. The site and preliminary design validation program that began
in 1981 followed from the DOE Record of Decision (DOE, 1981). This SPDV program
involved some initial construction and development at the WIPP site, starting in 1981.
Two shafts were sunk to excavate an underground testing area and at that time various
geologic, hydrologic, and geotechnical studies were initiated.

e Construction Phase. Full-scale construction began at the site in 1983 and was completed
in 1989. This phase formally ended with publication of the Final Supplemental
Environmental Impact Statement (FFSEIS) and the Final Safety Analysis Report (FSAR) in
1990.

» Predisposal Phase. This phase encompasses the time frame during which experimental
activities gathering information needed t0 support the compliance application through
performance assessment calculations will be completed. These calculations .are an integral
part of compliance with 40 CFR Part 191 and 40 CFR Part 268.6. This time frame aiso
includes the preparation of the compliance documents, establishment of the administrative
record, submission of required documents and applications to EPA, and appropriate
rulemaking by EPA. During this period, other key WIPP program activities required to
support a WIPP disposal decision must also be completed.

e Disposal Phase. This phase would follow the WIPP test phase if a decision to dispose is
reached by DOE after demonstration of compliance with applicable laws, regulations, and
other requirements. This phase is expected to last approximately twenty years and would
begin with the first emplacement of the waste and end with the emplacement of the last
panel seal that contacts the waste.

« Decommissioning Phase. This phase, expected to take approximately ten years, includes
the time from the emplacement of the last panel seal that contacts the waste through the
emplacement of the last shaft seal.

¢ Post-Decommissioning Phase. This final phase is the 10,000-year period following the
decommissioning phase.
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1.2.7 WIPP Oversight/Regulatory Groups and Review

Since 1979, the WIPP Project has received independent technical review from the
Environmental Evaluation Group (EEG). This oversight function was established by Congress
(Public Law 100-456) with funding provided by DOE. The EEG has conducted and published
review comments on all major WIPP Project activities and produced more than fifty reports and more
than rwenty papers on all aspects of the Project (i.e., the site, design and operation. transportation, and
long-term integrity). The EEG also conducts independent environmental surveillance on- and off-
site by obtaining their own samples of water, soil, biota, and air (e.g., EEG's air sampling equipment is
located next to DOE's) or using sampies obtained by the WIPP Regulatory and Environmental
Programs. EEG is expected to continue to function during the test phase and is given specific
authority by the LWA (e.g., 1o review and comment on the biennial PA during the test phase).

In 1981, DOE and the State of New Mexico entered into an agreement for consultation and
cooperation (DOE and State of New Mexico, 1981) that was amended in 1984, 1987, and 1988. This
agreement includes provisions for State involvement in oversight and consultation, imposes
requirements on DOE with regard to development and operation of WIPP (e.g., waste retrievabitity),
and specifies provisions for involvement of the State in the WIPP Project { DOE/WIPP 89-011, 1993}).
The State of New Mexico exercises its oversight, consultation, regulatory, and monitoring functions
through various state agencies. (1) The New Mexico Environmental Department (NMED) regulates
WIPP activities under the New Mexico Hazardous Waste Act, the New Mexico Water Quality Act, and
the New Mexico Air Control Act. NMED reviews and controls various activities at WIPP for the State
and also for the EPA under RCRA, based on authority provided by EPA. During the test phase,
NMED wilt review and comment on the biennial PA developed by DOE and will annually review
DOE's basis for retrievability,. The New Mexico Bureau of Mines is responsible for inspection of
WIPP mining activities, and the New Mexico Highway and Transportation Department is responsible
for highway routing. .

A variety of other external groups and agencies, besides the EEG and the State of New
Mexico, have provided independent oversight and review of various aspects of the WIPP Project. For
example, the NAS has a standing panel on WIPP which has repeatedly reviewed the project. The
panel consists of scientists and technical experts from various relevant fields. NAS has been involved
in site selection and characterization. The NAS WIPP Panel provides gquarterly reviews that have
covered repository PA, pre-operational test activities, geotechnical issues, and hydrologic issues. The
NAS WIPP Panel reports to the NAS Board on Radioactive Waste Management that, in turn, makes
recommendations to DOE and Congress. The NAS Panel also provides comments to Congress.
NAS has continuing authority under the LWA to provide oversight and review of the WIPP Project.
Some of these are required by the LWA, which assigned specific regulatory and oversight
responsibilities to various groups including State and Federal agencies. For example, the EPA is
assigned as the certifying agency by the LWA. The EPA must (1) certify compliance with the 40
CFR 191; (2) determine compliance with the RCRA/No-Migration Determination; (3) approve by
rule the Test Phase Plan; and (4) approve by rule the Retrieval Plan.

This PART review further illustrates DOE's routine use of outside technical expertise to
examine various aspects of the WIPP Project. -

e -
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Following are various other WIPP oversight and review groups, along with a brief description
of their function.

» The Defense Nuclear Facility Safety Board (DNFSB) was established by Congress in 1988
to review and evaluate the content and implementation of DOE standards relating to the
design, construction, operation, and decommissioning of defense nuclear facilities. The
DNFSB provides DOE oversight in the form of operational safety reviews.

» The Occupational Safety and Health Administration (OSHA) has specific regulatory and
oversight responsibility with regard to emergency response training by the LWA.

» The National Institute of Occupational Safety and Health (NIOSH) also has specific
regulatory and oversight responsibility with regard to emergency response training by the
LWA

« The Mine Safety and Health Administration has specific regulatory and oversight
responsibility with regard to underground room stability and mine safety by the LWA,

e The Nuclear Regulatory Commission (NRC) is assigned specific regulatory and oversight
responsibility with regard to qansportation casks by the LWA_

¢ The Bureau of Mines has specific regulatory and oversight responsibility with regard to
underground safety by the LWA.

e The Bureau of Land Management provides DOE with consultation and oversight on lands
issues. - :

e The Blue Ribbon Panel (disbanded in November 1991), provided review/guidance on
waste characterization, the Waste Acceptance Criteria Certification Committee, the test
phase program, the test phase plan, and long-term safety.

e The Advisory Committee on Nuclear Facility Safety (also disbanded in November of .
1991) provided guidance on operational and long-term safety.

1.3 REGULATIONS CONSIDERED IN PART REVIEW

Figure 1-11 is a time-line that illustrates the relationships between the key regulations
applicable to the WIPP Project during -the various project phases and identifies plausible dates and
regulatory time periods; (the actual dates are for reference purposes only and do not reflect any
established schedule). The PART review examined the adequacy of the current PA program at WIPP
for addressing the two long-term regulatory requirements. These specific regulations are shaded in
Figure 1-11 to illustrate the applicable time periods and the phases of repository development to
which they apply. ,

o The long-term regulation that applies to the radioactive components of the proposed

waste ~ 40 CFR 191 Subpart B, Environmental Radiation Protection Standards for the

Management and Disposal of Spemt Nuclear Fuel, High Level and Transuranic
Radioactive Waste, applies to the post-decommissioning phase of repository development,

* The long-term regulation that applies to the hazardous constituents of the proposed waste
- 40 CFR 268.6, Land Disposal Restrictions of the RCRA—applies to the disposal,
decommissioning, and post-decommissioning phases of repository development.

At the time that the PART teview was conducted, SNL had the primary responsibility for
supporting the WIPP testing program and performing the PA for DOE with regard to evaluating
compliance of the WIPP with 40 CFR 191 Subpart B. External technical review of these SNL
activities is provided by a special panel from the National Research Council/National Academy of
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Sciences. SNL also supports DOE in these same activities with regard to RCRA 40 CFR 268.6
regulations. WID is responsible for supporting the WIPP activities with respect to evaluating
compliance with both the short- and long-term needs of the 40 CFR 268.6 regulations and, as
mentioned earlier, prepares the annual Test Phase NMD report to the EPA. As the managing and
operating contractor, WID is also responsible for preparing the no-migration variance petition
(NMVP) required for the disposal, decommissioning, and post-decommissioning phases. WID is thus
responsible for performing the PA 1o evaluate whether the WIPP is expected to comply with the
regulations during these additional phases of repository development; if so, WID must prepare the
NMVP used to demonstrate compliance with this RCRA regulation (40 CFR 268.6). The PART has
" reviewed SNL and WID activities relative to the PA needs of both of these sets of regulations.

This subsection contrasts the differences in approach and specific requirements of the two
long-term regulations as they relate to WIPP. Ambiguities and differences between 40 CFR 191 and

RCRA regulations were reconciled by DOE into integrated criteria in the draft RCD in December, . .-

1992. These draft integrated criteria have been examined by PART to determine the applical ::

subset, given the specific purpose of the PART review (Appendix A lists this subset). v
| ‘ L

N .

1.3.1 40 CFR Part 268.6 Approach

The RCRA land disposal restrictions of 40 CFR Part 268.6 that apply to the hazardous
constituents of the mixed wastes proposed for disposal at WIPP are very detailed. The regulation
depends on process knowledge and control of the waste form to ensure disposal safety. It requires
characterization of the waste so that specific treatment methods can be selected and carried out prior
to emplacement of the treated waste in or on the land. To emplace any untreated waste, as is planned
at WIPP, DOE must petition for and be granted an exemption under 40 CFR 268.6. This petition
must demonstrate, "to a reasonable degree of certainty, that there will be no migration of hazardous
constituents from the disposal unit or injection zone for as long as the wastes remain hazardous.”
This allowance for a petition for “"no-migration” or the "no-migration determination” (NMD),
recognizes the need for flexibility in applying the concept of proper waste treatment before land
disposal.

1.3.2 Specific Requirements of 40 CFR 268.6

The petition to allow disposal of prohibited (i.e., untreated) waste under 40 CFR 268.6
requires a demonstration of no migration, as discussed above. The important requirements for this
demonstration include the following:

» Identification of the specific disposal unit and the specific waste;

* Chemical and physical characterization of waste to be disposed and a comprehensive
characterization of the disposal unit's chemical and physical parameters and current
environmental conditions, using approved methods for sampling, testing, and estimation
that are as accurate and reproducible as possibie;

¢ Simulation models for the site and waste that have been calibrated and verified for
accuracy through comparisons with measurements for demonstrating compliance with the
no migration provision;
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Analyses that identify and quantify the uncertainty in the various aspects of this
demonstrauon, including evaluation of the consequences of predictable furure events
(e.g., earthquakes, floods, other natural phenomena);

A detailed monitoring plan for detection of migration at the earliest possible time; and
Quality assurance and a quality control pian for all aspects of demonstration.

The current regulation (40 CFR 268.6) is not specific with regard to what constitutes no-
migration, the disposal unit, the time period (i.e., "as tong as the waste remains hazardous"), or
reasonable degree of certainty. Additionally, there is no approved guidance with regard to the
modeling and preparation of the no-migration variance petition and no specific discussion as to
whether the consequences of human intrusion must be addressed as a possible future event and
system state as part of the no-migration demonstration. Some of these issues were and are in the
process of being resolved as a result of the following:

The conditional NMD for the activities of the test phase period at WIPP that DOE was
granted in 1990 (EPA, 1990; Federal Register Vol. 55 No. 220, 47,700-47,721);

EPA's recently published draft of a guidance manual for petitioners seeking no-migration
variances (EPA, 1992; EPA 530-R-92-023), by providing EPA's interpretations and
suggested procedures for compliance with 40 CFR 268.6 (DOE/WIPP 89-001. 1993);
{however, PART has not yet completed formal review of the guidance); and

Proposed rulemaking for the revisions to the no-migration standard published in the
Federal Register, August 11, 1992,

Following are current definitions or interpretations by DOE of the important issues:

Disposal unit. The 40 CFR 268.6 disposal unit boundary for WIPP has been interpreted to
extend vertcally from the top to the bottom of the host rock (the Salado Formation) and
laterally where the 6.44 km x 6.44 km (4 mi x 4 mi) land withdrawal boundary cuts
through the host rock, as shown in Figure 1-12.

As long as the waste remains hazardous., The demonstration of no-migration for a period
of 10,000 years has been interpreted to be sufficiently long.

No-migration. No-migration is concentration- and not detection-based; (i.e., no-
migration means no movement of concentrations above health-based levels beyond
disposal unit boundaries).

Reasonable degree of certainty, 40 CFR 268.6(a) A reasonable degree of certainty will
be delineated through discussions between DOE and EPA and through technical and pu-
blic review and comment on a proposed NMD. The delineation will pertain primarily to
the adequacy and completeness of information provided to the regulatory by DOE, which
will be the basis for an EPA determination. The adequacy and appropriateness of simu-
lation modeling and associated assumptions and uncertainties are key to this definition.
Uncertainties will be systematically evaluated. Since uncertainty will always exist in any
analysis of events occurring in a 10,000-year time frame, it is important that the implica-
tions of the uncertainties in regard to repository performance evaluations be understood.
Modeling and analysis. The regulation (40 CFR 268.6) is not specific with regard to
whether a deterministic or a probabilistic modeling approach is required. However, the
wording of the regulation—"Simulation models must be calibrated for the specific waste
and site conditions, and verified for accuracy by comparison with actual measurements"——
implies that a deterministic approach is expected. The regulation also clearly indicates
that a sensitivity and uncertainty analysis is required to identify and quantify any aspects
of the demonstration that contribute significantly to uncertainty” for current and
predictable future conditions.
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e Human intrusion. The regulation requires that "This analysis must include an evaluation
of the consequences of predictable future events. including, but not limited 1o.
earthquakes, floods, severe storm events, droughts, or other natural phenomena.” This
language seems to exclude an examination of the conseguences of human intrusion
(unless inadvertent human jntrusion is considered 10 be a predictable future event or
natural phenomenon). This interpretation is also supported by the guidance (EPA. 1992;
EPA 530-R-92-023) for preparing the no-migration petition. The guidance does not
require inadvertent human intrusion to be considered in the demonstation.

1.3.3 40 CFR 191 Subpart B Approach

In contrast to 40 CFR 268.6 regulations, the environmental radiation protection standards of
40 CFR 191 through Subpart B define environmental standards for geologic disposal that are more
general in that they do not place specific reswictions on the type of radioactive materials that can be
disposed or how they can be disposed. Instead, this regulation requires the "disposal system” (i.e..
any combination of engineered and natural barriers that isolate the waste) to comply with the four
different requirements of 40 CFR 191 Subpart B, shown graphically in Figure 1-13. The
containment requirements (§191.13) and the two protection requirements (individual, §191.15, and
ground water, §191.16) are quantitative and begin as follows: "Disposal systems for spent nuclear fuel -
or high-level or transuranic radioactive wastes shall be designed to provide a reasonable expectation.”

SubPart B
Disposal

individual
Protection
Limits Doses

Containment
Limits Cumulative

to Public
for 1,000 Years Relaases for
10,000 Years
Undisturbed Pradicted
Performance

Figure 1-13. Graphical Representation of the Four Requirements of Subpart B of 40 CFR
Part 191 (after Sandia 1993; SAND92-0700/1) IMlustrating the Overlapping
of the containment Requirements Will Be Met Containment and Assurance
Requirements to Increase Confidence that the C.
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They then go on to describe what different numerical criteria must be met to satisfy each of the

different sections:

limited cumulative releases. limited doses., and limited concentrations. The

assurance requirement (§191.14), through its provisions for design (e.g., multiple barriers,
recoverability), for monitoring, for the use of active and passive institutional controis, and for
evaluating adverse factors related to site selection (e.g., natural resources and exploration potential),
was developed to provide additional confidence that the long-term compliance (10,000 years) with
the containment requirements of §191.13 can be met.

1.3.4 Specific Requirements of 40 CFR 191 Subpart B

Following are the important requirements for this regulation.

The Federal Government is committed to permanent ownership of the disposal site.

Active institutional control of the disposal site will be maintained for as long as

practicable; (PA must assume loss of active control after 100 years).

Passive institutional control of disposal sites will be maintained through permanent
markering, records, and other means “to indicate dangers of wastes and their location.”

Disposal site selection must avoid places "where there is a reasonable expectation of
exploration for scarce or easily accessible resources” unless this exploration potential is

compensated for by the site's favorabie characteristics.

Disposal system designs must include multipie engineered and natural barriers to isolate
wastes, and the des:gn must not preclude removal for a reasonable period of time after

disposal.

The disposal system must be monitored after disposal "to detect substantial and
detrimental deviations from expected performance” in ways "that do not jeopardize

isolation of the wastes” until any significant concerns are addressed.

Performance modeling must be provided to show compliance with the numerical
requirements of §191.13, §191.15, and §191.16. A probabilistic modeling approach that
evaluates long-term (decommissioning to 10,000 years) predictions of disposal system
performance is specified as well as implied. This evaluation of performance must identify
all the significant processes and events (probability greater than one chance in 10,000 of
occurring in 10,000 years) that could affect the disposal system. The evaluation must
account for the associated uncertainties (of determining the likelihood of events, of
understanding the various processes, of developing conceptual models, and of
determining the parameters) and examine the effects that these uncertainties have on
predicted performance of the total disposal system; (all portions, both natural and

engineered, should be considered even if the performance is uncertain).

Compliance with the oumerical containment requirements (§191.13) is to be through a
single "complementary cumulative distribution function" (CCDF) that considers both
disturbed and undisturbed conditions. Compliance with the individual and groundwater
protection requirements (§191.15 & 191.16) will be based upon "best estimate”
predictions (i.e., the mean or median of the appropriate distribution, whichever is higher)
for "undisturbed conditions” (i.e., not disrupted by human intrusion or unlikely natural
events). It should be noted that the probability cutoff for unlikely events is not

specifically defined.

Inadvertent human intrusion must be considered. Inadvertent human intrusion into the
repository by exploratory drilling (no greater than 30 boreholes per square km per
10,000 years in sedimentary geologic formations and 3 boreholes per square kilometer
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per 10.000 years in other geologic formations). which is soon realized by the intruders. is
the most severe inrusion scenario that needs to be assumed.

It should be noted that unlike the applicable RCRA regulation (40 CFR 268.6), 40 CFR 191
Subpart B does not call for specific quality assurance or a quality control plan. (The significance of
this is discussed in Section 8.)

In contrast to the RCRA no-migration regulation (40 CFR 268.6), the wording of 40 CFR 191
Subpart B (§191.13-16), its definitions (§191.12), and the wording in the guidance for its
implementation (Appendix B of the regulation) are generally much more specific regarding the
issues that were of concern in the RCRA no-migration regulation: compliance boundary, time
periods of concern, reasonable expectation, modeling-analysis approach, and human intrusion.
Following are current interpretations of these equivalent issues for 40 CFR 191 Subpart B.

* Compliance boundary. The maximum allowable compliance boundary under §191.13
and §191.15 is defined as the accessible environment, which is the atmosphere, land
surfaces, surface-water, oceans, and all the lithosphere beyond the controlled area. The
controlled area is all the subsurface underlying a surface location that must be identified
by passive institutional controls, encompassing no more than 100 square km and
extending no more that 5 km (3 mi) beyond the outer boundary of any emplaced wastes.
For WIPP this maximum allowable extent boundary is as shown in Figure 1.10. However,
for WIPP only the 6.44 km x 6.44 km (4 mi x 4 mi) land withdrawal boundary will be
marked by passive institutional controls, and so the accessible environment (or
compliance boundary) becomes the entire land surface and atmosphere and all of the rest
of the environment beyond this land withdrawal boundary. Figure 1-12 is a cutaway
isometric view of the WIPP site, showing the subsurface stratigraphy drawn approximately
to scale according to the interpretations of the ERDA-9 borehole. The drawing, which is
also approximately to scale, shows the WIPP completed and proposed subsurface
excavations, as well as the location where the 6.44 km x 6.44 km (4 mi x 4 mi) land
withdrawal boundary cuts through the subsurface to form the lateral limits of the non-
accessible environment, which forms the vertical compliance boundary with the accessible
environment. The land surface within the 6.44 km x 6.44 km (4 mi x 4 mi) land
withdrawal boundary forms the upper compliance boundary that separates the non-
accessibie subsurface environment from the accessible environment above.

* Reasonable expectation. There is no explicit interpretation or guidance regarding the
meaning of this phrase. However, the wording of both Part B of the containment
requirement (§191.13) and the guidance for implementation of the regulation (Appendix
B) clearly indicates that EPA requires a reasonable expectation, on the basis of the record
before the implementing agency, that compiiance with §191.13(a) will be achieved. The
guidance for this regulation indicates that the implementing agency is expected to use
prevalent expert judgment in making the various numerical predictions and that "the
implementing agency may choose to supplement such predictions with qualitative
judgments as well."

e Modeling-analysis approach. As discussed gbove, a probabilistic modeling approach is
specified for the containment requirement (§191.13) and implied by the wording for the
individual (§191.15) and groundwater (§191.16) protection requirements.

e Human intrusion. Inadvertent human intrusion must be specifically addressed, as
discussed above. ,
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1.3.5 Concerns Related to the Regulations

DOE and EPA will be reading on new regulatory ground as the WIPP project moves forward.
Furthermore, there are basic differences in these regulations that have yet to be resolved. Some of the
concerns include the foliowing:

e the question of whether there is a need to evaluate the consequences of inadvertent human
intrusion as part of the no-migration demonstration for 40 CFR 268.6;

» the need to get precise definitions and interpretations for important regulatory and
guidance terms (e.g., "likely”, "unlikely”) and concepts (e.g., calibration and verification
for accuracy through comparisons with measurements, when such long time periods are
invoived);

« the lack of specified Quality Assurance (QA) requirements for 40 CFR 191 Subpart B
(should be contained in 40 CFR 194, which is currentiy being developed by EPA);

e the need for identification of the specific waste with a chemical and physical
characterization as part of the demonstration for 40 CFR 268.6 when a good fraction of
the waste has not been generated; s

+ possible conflict between the requirement for a detailed monitoring plan for detection of {”
migration at the earliest possible time for 40 CFR 268.6 and the long-term disposali Y -
concerns that monitoring can jeopardize the isolation of the wastes; and \\

 the need to develop Tonsensus on the meaning of “reasonable expectation” and ™l ..

"reasonable degree of certainty.”

1.4 PART APPROACH

This subsection discusses the organization of the PART, what was reviewed, and the process
used to perform the review. It also briefly discusses the role of the Golder simplified PA modeling
approach and the planned assessments.

The PART effort consists of periodic briefings to WIPP Project Division, Office of EM-342,
and this final report issued to the Director, EM-342. To prepare the report, PART members have:
* Performed a limited review of relevant PA and PA-related literature and on-going PA

efforts, including discussions with WPIO, WID compliance staff, and the SNL PA staff,
their principal investigators, and their contractors;

e Evaluated the conceptual models and input parameters used in the PA analyses that

describe the site conditions for the repository system and the processes involved;

« Evaluated the level of confidence associated with the performance predictions that the

repository system will meet 10,000-year performance requirements; and

» Begun development and use of a simplified PA model for verifying SNL PA analysis, and

evaluated the effect of alternative conceptual models, parameter distributions, etc., that
were identified during the review.

[The results of the PART effort will be issued as two separate reports so that PART
recommendations can be considered for 1994 PA activities.] This first report documents the PART
evaluation of the adequacy of the current PA program for meeting 40 CFR 191 and 40 CFR 268.6
requirements, and contains PART recommendations for improving the PA program. The second
report will document the results of the verification analysis and describe the simplified PA models
and methodology used, results of the verification analysis, and significant discrepancies, alternative
models, etc., identified by the PART.
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1.4.1 PART Organization

The Director of EM-342 and the PART Chairperson selected the PART members on the basis
of their knowledge of components and processes associated with salt repository and their
independence from the WIPP Project. More specific criteria included (1) familiarity with geologic
repositories, especially salt; (2) PA expertise or knowledge of risk assessment techniques; (3)
knowledge of RCRA and/or 40 CFR 191 requirements. and (4) no direct association with any of the
PA activities for the WIPP,

PART members, their assignment, affiliation, and area of expertise are as follows:

DUTY & Name AFFILIATION AREA OF EXPERTISE
Chairperson
Bryan Bower S Department of Energy Site Oparations, Test Programs, and PA
Deputy Chairperson
Charies Voss Golder Associates Inc. Engineered Barriers /',*“”ﬂ ~
Members: < -
James Russell - Texas A&M University Creep and Room Closure | ; )
Neville Carnter Texas A&M University Brine Migration \ o
Pamela Doctor Pacific Northwest Laboratory ~ PA Methodology T
Charles Cole Pacific Northwest Laboratory  Flow and Transport

1.4.2 WIPP Participation

The following WIPP Project organizations participated in this review:
e« EM-342. The Director, EM-342 authorized the PART review and report for management
purposes. .

e WPIQ. The WIPP Project Integration Office provided administrative support in
assembling reference material from SNI1. and WID, scheduled the interviews with the SNL
Performance Assessment staff, and coordinated the WPIO, the WIPP Project Site Office
(WPSO) and SNL review of the draft PART Report.

« WPSO. The WIPP Project Site Office provided administrative support by scheduling
interviews with the WID compliance staff and coordinating the WPSO and WID review of
the draft PART Report.

e« SNL. Sandia National Laboratories provided the reference material required to support
the independent review, made members of its staff available for interviews by the PART,
clarified written documentation, answered specific questions, and coordinated the review
of the draft PART Report by their staff as directed by WPIO.

e« WID. Westinghouse Waste Isolation Division provided the réference material required to
support the independent review, made members of its staff available for interviews by the
PART, clarified written documentation, answered specific questions, and coordinated the
review of the draft PART Report by their staff as directed by WPIO.

1.4.3 Basis of the Review

Members of the PART have used, to the extent possible, the latest information available to
carry out this limited review of the WIPP PA Program. Sources of information include (1) the base
(or minimal) set of documents listed below; (2) a WIPP site tour; (3) a series of interviews with various
SNL, WPIO, WID, and EEG staff; and (4) any other relevant documents or reference material that the
PART identified as relevant in the course of their review. The EM-342 PA Manager coordinated the
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assembly and distribution of the reference material required for the review with the appropriate WPIO
managers.

PART members, at a minimum, have had access to the following base set of information:
SAND92-0700/1-3 Preliminary Comparison with 40 CFR 191, Subpart B for the Waste Isolation Pilot
Plant, December 1992, Volumes 1-3; SAND91-0893/1-4 Preliminary Comparison with 40 CFR 191,
Subpart B for the Waste Isolation Pilot Plant, December 1991, Volumes 1-4; WIPP Waste
Characterization Program Plan; WIPP Waste Analysis Plan; WIPP Test Phase Plan; Technical Needs
Assessment Document; Regulatory Criteria Document for the Disposal of Defense Transuranic Mixed
Waste in a Geologic Repository; the 1991 No-Migration Determination Annual Report 1o EPA; EPA
comments on the 1991 Annual Report; the 1992 No-Migration Determinations Annual Report to
EPA; and EEG comments on SAND91-0893.

A one-day tour of the WIPP site was. conducted early in the review process 1o acquaint the
PART members with the specifics of the site. The full-day tour was conducted by Tom Schultheis
(SNL) and Ken Aragon (WID). The underground portion of the tour included Panel 1, Room Q,
Room H, Site and Preliminary Design Validation (SPDV), as well as the Construction and Salt

Handling and the Waste shaft areas. The surface tour concentrated on the Waste Handling Building, 7 o
particularly the CH bay. The tour concluded with a question and answer session wnthf%

%x %

Tom Schultheis. _

1.43.1 PART Meetings and Interviews

After an initial meeting in Germantown, Maryland (December 11, 1992), the PART members
studied review material made available to them and began a series of interview meetings following the
tour of the WIPP facility. The purpose of these interviews was to gather additional information not
available in the base documentation listed above and other references. PART interviews were
coordinated by the PART Chairperson with WPIO, WPSO, SNL, WID and EEG and included
interviews with the WPIO Technical Support Group (TSG), the WID compliance staff, the SNL PA
staff and principal investigators, as well as the EEG staff.

The first PART meeting was held on January 15, 1993, following the WIPP site tour on
January 14, 1993. PART members met with John Arthur, Mark Matthews, and Pat Higgins of WPIO,
as well as members of the WPIO TSG, who discussed current and planned activities with regard to PA.
A considerable amount of time was spent discussing a QA database for critical PA parameters. The
second PART meeting was held on February 4-5, 1993, in Albuquerque, New Mexico. The purpose
of the meeting was to conduct interviews with the SNL PA staff. In addition to Rip Anderson, PART
interviewed Mel Marietta, Fred Mendenhall, Rick Beauheim, Joe Tiilerson, Palmer Vaughn and Jon
Helton. On March 11-12, 1993, the PART again met in Albuquerque, New Mexico, this time to
interview the WID compliance staff and the SNL principal investigators. The PART had discussions
with Bob Kehrman, Rohit Jain and Elaine Gorham.

The next meeting of PART was in Seattle, Washington, on April 5-6, 1993, at the office of
Golder Associates, Inc. PART was briefed by Lokesh Chaturvedi and William Lee of the EEG on
EEG's concerns regarding WIPP PA testing activities. Major concerns expressed by the EEG were
related to scenario definition, solicitation of expert judgment for the rate of inadvertent human
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intrusion. gas generation and fracturing, the use of data versus judgment, the lack of information on
source terms. and the incomplete documentation of computer codes.

In May, PART held two meetings: one in Germantown, Maryland, on May 6-7, 1993. and one
in Albuquerque. New Mexico, on May 27, 1993. The meeting on May 6-7, 1993, was to update
Mark Frei and Steve Schneider on the status of PART activities. The meeting on May 27, 1993, was
an interview with Dori Ellis and Wendell Weart to discuss SNL. management's role in PA decision
making. Additional meetings were held by the PART in June in Seattle, Washington. and conference
calls were conducted in July and August 10 discuss report preparation.

As noted in Subsection 1.3, the PART has identified a subset of the integrated requirements
from the draft RCD (DOE, 1992} as a partial basis for evaluation of the WIPP PA program. This
subset and the relationship to the RCD requirements are given in Appendix A. These requirements
are summarized in this subsection; they provide the basis for the development of the partial issue tree
and the conceptual model because the objectives of modeling/analysis should drive the needs of the
conceptual and numerical modeling and other analysis efforts (Simmons and Cole, 1985).

Summarizing from the specific draft RCD requirements that form part of the basis for this
review, the SNL PA staff (WID compliance staff) * must undertake two major efforts.

1.0  The staff must evaluate compliance of the total WIPP geologic disposal sysiem with
the regulations of 40 CFR 191 Subpart B (40 CFR 268.6) through the use of compliance analyses
consisting of both quantitative PA modeling and qualitative analyses. The modeling and analyses
shall consider the likelihood and consequences of natural processes and events that may disturb the
disposal system (PC1.004, PC1.012, and PC1.014 a) from the time of emplacement of the wastes.
The likelihood and consequences of human intrusion wiil also be evaluated through the use of
compliance analyses consisting of both guantitative PA modeling and qualitative analyses.
Additionally, an evaluation to determine whether there are special sources of groundwater within or
less than 5 km (3 mi) beyond the controlled area (the dashed boundary line in Figure 1-13) must
also be conducted (PC2.001 a-b).

1.1 These evaluations and compliance analyses must consider the contributions of all
components of the geologic disposal system (i.e., the natural and engineered barriers as
well as the radionuclide and hazardous constituent content and characteristics of the
emplaced waste), except those components that can be demonstrated to make a
pegligible contribution (PC1.009 a-b, and PC1.008 a). This evaluation must also

demonstrate the disposal system's ability to control, minimize, or eliminate waste release

T (PC1.008 b) for the likely natural processes and events; others can be ignored

(PC1.0013 a-e). Likely processes and events are those having an estimated probability

of occurrence greater than 1 in 10,000 over 10,000 years.

1.2 The evaluations and analyses must address all pathways for release (groundwater,
surface water, soil, and air) at the boundary of the control area (st the top and bottom of
the disposal unit boundary or its lateral extent as defined by the intersection with the
vertical boundary of the control area) as illustrated in Figure 1-13 (PC1.003 a-b,
PC2.001 a, and PC2.002 a-¢).

2 [ general, there is little difference in the RCD requirements for the WID compliance staff and the SNL PA staff.
However, when they are different, the requirements for the WID compliance have been placed in parentheses and
italicized.
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1.3 The compliance analyses and evaluations must be supported by laboratory and field
studies. as weill as by expert judgment (PC1.003 a-b and PC1.004).

~= 1.4 The models used in the SNL compliance analyses for 40 CFR 191 Subpart B and the
T WID compliance analyses 40 CFR 268.6 must have the following atiributes:

. 1.4.1 These models must use identical physical descriptions of the disposal system
S o (PC1.019);
% "/ 1.4.2 The pathways considered by these models must be consistemt (PC1.011);
e 1.4.3 These compliance analyses must use comparable conceptual models as the basis
for their mathematical and computational models (PC1.020);

1.4.4 These models must simulate the expected behavior of the disposal system
(PC1.018) and predict any resulting releases of hazardous or radioactive
constituents from the time of waste emplacement until 10,000 years following
closure (PC1.021 a);

1.4.5 These compliance models must be evaluated (PC1.025).
1.5. Specific engineered barrier system design and evaluation constraints and the
requirements important to these compliance analyses include the following:
1.5.1 The design must be physically and chemically compatible with the natural
barrier system (PC6.001 a-b); and
1.5.2 Design of engineered barriers, as well as the analyses that assess their
adequacy, must be supported by analytical data (PC6.002 a-c).
1.6. An assessment must be camried out with these compliance models that excludes
consideration of water wells within the controlled area and that estimates the annual

dose equivalent from the undisturbed disposal system to any member of the public for
1,000 years after disposal (PC1.024 a-b-c). :

1.7. An evaluation of the likelihood and consequences of human intrusion must be carried
out with these compliance models under the following constraints:

1.7.1 The likelihood of human intrusion must consider the controls imposed to make
it less likely, and furthermore, the evaluation of likelihood will be primarily
based on the effectiveness of these primary markers (PC1.015 a-d); and

1.7.2 In evaluating the consequences of human intrusion, only single isolated one-time
intruder events that are n¢ more severe than inadvertent and intermittent human
intrusion by exploratory drilling for resources (other than the waste) will be
considered. It must be assumed that sysiematic or persistent exploration within
the controlled area does not occur (PC1.016 a-d). ‘

1.8. Sensitivity and uncertainty analysis of the compliance modeling must be performed that
includes the following: '

1.8.1 the uncertainty in processes and events (PC1.027 a);

1.8.2 the likelihood and consequences of alternative conceptual models (PC1.027 b);

1.8.3 representation of model parameters (PC1.027 c);

1.8.4 sensitivity studies of the models (PC1.027 d); and

1.8.5 an assessment of the accuracy of the model that includes modei verification
results (PC1.027 e).

2.0 The staff must develop a demonstration based on these compliance analyses (1.0
above) and document the basis for this demonstration (PC1.005 and PC1.006).

2.1. This demonstration must establish whether there is a reasonable expectation that the
WIPP geologic disposal system will comply with the quantitative radionuclide limits
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2.2.

specified in 40 CFR 19]1 Subpart B (the quantitative health based ha:zardous
constituents limits of 40 CFR 268.6) for all the expected processes and events (PC1.002
a-b, PC1.013 ¢, PC1.014 b, and PC1.021 b-c). Further specifics for this demonstration
include the following:

2.1.1 This demonstration must be routinely updated (along with the PA modeling and
analyses) with the latest new and relevant information until the time of repository
closure (PC1.007);

2.1.2 In this demonstration the PA results for 40 CFR 191 Subpart B §191.13
compliance comparisons must be presented as a single complementary
cumulative distribution function (CCDF) that indicates the probability of
exceeding the cumulative release standard (PC1.022 a-b);

2.1.3 The demonstration must show that waste migration prediction models were
calibrated to specific site conditions, physical features, and emplaced wastes
(PC1.026 ¢);

2.1.4 The demonstration must show that modeling resuits are consistent with actual
field measurements and representative of the actual physical system (PC1.026 d).

General requirements are that the documentation must include discussions of the
records of guantitative and qualitative evidence used to develop the PA models as well
as any supplementary information such as natural analogs, evidence that supports the
process models, parameter ranges, geometric conceptual models, hypotheses, and any
simplifying assumptions used (PC1.006). Specifics for this documentation are as
folows. -

2.2.1 The documentation must describe boundaries of the control area and disposal
unit (PC2.001 b).

2.2.2 The documentation must include discussions regarding the consequences of the
human intrusion events evaluated and a description of these analyses (PC1.016
d).

2.2.3 The documentation must include justification for the selection or generation of
the single CCDF for comparison with 40 CFR 191 Subpart B standards
(PC1.023).

2.2.4 The compliance models and their evaluation must be documented (PC1.025),

2.2.5 The documentation must present discussions of the model results, including:

2.2.5.1 simplifying assumptions in the conceptual, mathematical, and
computational models (PC1.026a);
2.2.5.2 rationale for selection of the waste components modeled (PC1.026 b);

2,2.5.3 calibration of waste migration prediction models (see 1.1.4 above)
and the comparisons that show modeling results are consistem with
actual field measurements and the comparisons that show that the
models are representative of the actual physical system based on the
consistency of model results with the actual field measurements
(PC1.026 c-d); and

2.2.5.4 comparison of model results with observations and an explanation
of any differences (PC1.026 e).

2.2.6 The documentation must include a comprehensive, detailed description of the
natural system. This documentation of the natural system must describe the
geology as well as the surface and groundwater hydrology of the repository site
and serting (PC4.001 b), and must also provide an analysis of the geochemistry
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of the system relevant to waste migration and including a characterization of the
rock, soil, air, and water chemistry (PC4.001 a).

1.4.4 PART Report Development and Preparation

— T

Reviews of the base set of documents (Subsection 1.4.3) and other requested reference fﬂf

material, along with participation in interviews, and discussions among the PART members
themselves, formed the basis for their evaluations of the technical adequacy of the WIPP PA program
and the formulation of their recommendations for program changes. PART members did not ‘

i1

A
“\»

necessarily perform a complete review of the base set of documents or the supplementary e

documentation requested during the course of the review. The members were free to select the scope
and depth of review performed on each document. In general, each member conducted a review
within his or her own area of expertise.

The predecisional draft report was issued to PART members only. Members had the
opportunity to comment on the entire report and the Chairperson attempted to resolve any conflicts
among PART members. The findings in the report reflect the consensus of the PART. Conflicts not
satisfactorily resolved were documented as an appendix to the main report and provided to the EM-
342 Director. Once the final draft report was accepted by PART, it was concurrently issued to the
EM-342 Director, WPIO, WPSO, WID, and SNL for review and comment. After the comments were
resolved, the final report was signed by PART members and sent to the Director, EM-342. Receipt of
the firal report by the EM-342 Director completed the PA independent review.

1.4 VERIFICATION CALCULATIONS

This portion of the review involves the performance of independent PA caicuiations to verify
and perform sensitivity assessments for the calculations done by SNL. This work is ongoing, and will
be published separately at a later date.

The work uses Golder Associates' Repository Integration Program (RIP) PA model, which is a
high-level model designed for rapid, simplified PA calculations. The work is being conducted in two
phases: (1) the verification phase, in which RIP is used with the same conceptual models and data sets
as SNL's published studies, in order to verify the SNL results, and (2) the sensitivity phase, in which
RIP is used with alternative conceptual models developed by the review team, in order 1o evaluate
their potential significance for repository safety. It is expected that the significance of alternative
potential pathways, and of alternative modeling of disruptive events, will be key areas to be inves-
~ tigated.

1.5 ToOPICS EXCLUDED BY PART

As outlined in the Performance Assessment Independent Review Management Plan, PART
focused on a review of those PA activities which were directly related to a determination of
compliance with the applicable regulations. However, certain aspects of the PA program were, or are,
being reviewed by other organizations within DOE which have those functional authorities. For
example, PART did not review the validity of data or the data collection techniques or the guality
control of the data. This activity was part of a separate review being conducted jointly by WPIO and
EM-342. The PART assumed that all data presented in the SNL reports were accurate. —
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The PART also restricted its review to the priorities assigned to PA activities. Activities
associated with repository operation, environmental safety and health, safeguards and security. and
budget and scheduling were specifically excluded from the review. However, PART did investigate
how decisions were made and schedules were developed in support of PA .

The PART concentrated on PA activities for the demonstration of compliance with the long-
term disposal standards contained in 40 CFR 191 Subparts B and C (proposed) and 40 CFR 268.6.
This review specifically excluded those activities and regulations that would apply to the operation of
the facility for the disposal phase.
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2.0 PERFORMANCE ASSESSMENT METHODOLOGY

This section summarizes the approaches being taken by WIPP, through Sandia National
Laboratories and Westinghouse Waste Isolation Division, 10 address the long-term performance
standards in 40 CFR Part 191 Subpart B and 40 CFR Part 268.6, respectively. It is these regulations
which determine the PA methodology to be used. Subsection 2.1 describes the requirements of 40
CFR Pant 191 Subpant B in detail. Subsection 2.2 discusses the SNL approach 1o addressing the
requirements of §191.12(q) (quantitative PA modeling) and §191.13(a) (probabilistic assessment of
cumulative releases). This discussion includes a description of the scenarios, including the scenario
selection and evaluation process, the performance measure, the modeling approach, and the sensitivity
and uncertainty anatyses. The subsection concludes with a brief discussion of the application of the
probabilistic approach and the complementary cumulative distribution function (CCDF). Following
the same format as Subsection 2.2, Subsection 2.3 considers the WID approach to addressing the
requirements of 40 CFR Part 268.6, looking at scenarios, performance measure, modeling approach,
sensitivity and uncertainty analysis, and probabilistic approach and the CCDF. The WID approach is
different from that of SNL because the long-term performance standards of 40 CFR 268.6 are not as
detailed or prescriptive from a methodological standpoint as those of 40 CFR 191, Subpan B.

2.1 40 CFR PART 191 SUBPART B

'I"he provisions of 40 CFR Part 191 Subpart B state that the repository must meet certain
performance standards in order to be licensed. These regulations mandate a quantitative assessment

of the performance of the disposal system, and describe specific performance measures in terms of

1) radioactive material releases to the accessible environment (§141.13),
2) radiation doses received by the public (§191.14), and

3) radioactive contamination of certain sources of groundwater in the vicinity of the disposal
system (§191.16).

The performance measures for the containment requirement are, as stated in §191.13(a), that
"... the cumulative releases of radionuclides to the accessible environment for 10,000 years after
disposal from all significant processes and events that may affect the disposal system shall:

1)} have a likelihood of less than one chance in teh of exceeding the quantities calculated

according to Table 1 (Appendix A); and

2) have a likelihood of less than one chance in 1,000 of exceeding ten times the quantities

calculated according to Table 1 (Appendix A)."

Table 1 in Appendix A of 40 CFR 191 gives limits for cumulative releases over 10,000 years
for twelve specific radionuclides and any other alpha-emitting or non-alpha-emitting radionuclide
(with a half-life of over twenty years) in curies per unit of waste. The estimaied cumulative release
for a particular radionuclide is divided by the corresponding limit in Table 1 to produce a
normalized cumulative release. If the ratio is less than one, then compliance is determined for both
requirements (1) and (2). If more than one radionuclide is present in the disposal system, then the
sum of the ratios for the individual radionuclides should be less than one 10 demonstrate compliance
for both requirements (1) and (2).
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The quantitative standards of §191.13(a) are stated in terms of likelihoods (i.e.. probabilities)
because it is recognized that there are uncentainties in the predictions of cumulative releases over
10.000 years. The uncertainty in the cumuiative release prediction can be expressed by presenting
the result in terms of a probability density function (PDF), illustrated in Figure 2.1a. This is simply
a plot of the probability of the various possibie cumulative release results. Hence. to obtain the
probability of the result falling between the value A and the value B (see figure), one need only to
integrate under the PDF between these two values.

An alternative manner of presenting the same information is the cumulative distribution
function (CDF). This is developed by integrating over the entire PDF, and is illustrated in
Figure 2-1b. By definition, integrating over the PDF from the lower limit of its range to the upper
limit of its range yields a value of 1.0, and the CDF therefore ranges from 0.0 to 1.0. As shown in
the figure, a particular point (e.g., [r; p1]) on the CDF is interpreted as follows: p; is equal to the
probability that the result (the cumulative release) is less than or equal to 1;.

A third way of presenting this information is the complementary cumulative distribution
function (CCDF). The CCDF is illustrated schematically in Figure 2-1c. As shown in the figuse, a
particular point (e.g., {r;p]) on the CCDF is interpreted as follows: p; is equal to the probability that
the result (the cumulative release) is greater tham r; (i.e,, py is equal to the probability of
exceeding r;}. As indicated by its name, the CCDF is the complement of the CDF. That is, py = 1-p;.

Note that the containment requirements of §191.13(a) are stated in terms of compiementary
cumulative probabilities (i.e., probabilities of exceedence). Therefore, release predictions can be
directly compared to the standard if they are presented in terms of a CCDF. Because the two
complementary cumulative probabilities of §191.13(a) differ by two orders of magnitude (0.1 and
0.001), it is most effective to present the CCDF on 2 log-log scale. In such a plot, the horizontal axis
represents the logarithm of the normalized release over 10,000 years, and the vertical axis represents
the logarithm of the probability of the magnitude of such a release. Figure 2-2 shows an example of
a log-log CCDF with the 191.13(a) containment standards supcnmposed In this particular example,
the predicted release does not exceed the standards.

If the repository is simulated in terms of various mutually-exclusive scenarios (each of which
is described by disjoint subsets of uncertain parameters), a separate CCDF will be produced for each
scenario. In order to compare such results to the containment standards, it is necessary to combine
the results of the scenarios in an appropriate manner. This is accomplished by multiplying the
probability axis of each curve by a8 weighting factor and adding them together. The weighting factor
for each curve is simply the probability of that particular scenario. (The total "weight" for all
scenarios must add to ope.) An example of how CCDFs for two scenarios (having probabilities of
0.99 and 0.01) are combined is shown in Figure 2-3, The character of this combined CCDF is
representative of resuits of the analysis in Sandia PA documents.

The process of developing a CCDF appears to be objective and straight-forward. However,
uncertainties in the development of the conceptual model of the components of the repository system
and assumptions required for mathematical modeling are difficult to capture in the CCDF. For
example, unless all components of a repository system are represented in the numerical model, the
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results in terms of a caiculated CCDF do not describe the true uncentainty in cumulative release. This
issue is discussed in more detail in Subsection 2.2.4. The acknowledgment of remaining uncertainty
is further developed in §191.13(b): "Performance assessments need not provide complete assurance
that the requirements of §191.13(a) will be met. Because of the long time period involved and the
nature of the events and processes of interest. there will inevitably be substantial uncenainties in
projecting disposal system performance. Proof of the future performance of a disposal system is not
to be had in the ordinary sense of the word in situations that deal with much shorter time frames.
Instead, what is required is a reasonable expectation (emphasis added) on the basis of the record
before the implementing agency, that compliance with §191.13(a) will be achieved.”

It is the role of DOE to decide when the description of the current state of the repository
system is sufficiently detailed and when the processes potentially acting upon it are sufficiently
understood that the likely performance of the repository can be es-'mated. The other sections of this
report address the sufficiency issue of whether the record being developed that includes PA will be
able to satisfy the "reasonable expectation” requirement. ‘

The provisions of §191.14 require active institutional controls for 100 years after closure,
monitoring for the period of active institutional control, and the use of engineered, as well as natural,
barriers to contain the waste. It also states that areas that have experienced mining for resources
should be avoided as locations of a repository, "unless the favorable characteristics of such places
compensate for their greater likelihood of being disturbed in the future.” Impacts of resource
extraction will be discussed in Subsection 3.2.2.2.

The provisions of §191.15 mandate specific quantitative limits for annual exposures (25
millirem whole body and 75 millirem to any critical organ) to the public up to 1,000 years after
disposal, assuming undisturbed performance of the repository. All exposure pathways have to be
considered, but this article specifically requires that the drinking water pathway be analyzed assuming
2 liters/day from any significant source of ground-water outside the controlled area surrounding the
repository. These requirements are not stated in probabilistic terms, and therefore, presumably do
not require the calculation of a CCDF.

The groundwater protection requirements of §191.16 set quantitative limits on the
permissible concentrations of specific radionuclides and a cap on the annual dose equivalent from all
radionuclides combined to 4 millirem from 2 liters/day consumption of groundwater.

2.2 SNL APPROACH FOR 46 CFR PART 191 SUBPART B

The SNL PA approach is being developed within the requirements of §191.12(q)
(quantitative PA modeling) and §191.13(a) (probabilistic assessment of cumulative releases). The
major steps in the PA process, as defined in Marietta et al. (1989), are the following:

1) characterize disposal system and site;

2) develop scenario; ' L
3) analyze scenario consequences; ! . 2
4) perform sensitivity and uncertainty analyses; and A
5) assess compliance with regulations.
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Each of these five steps represents many activities, in which there are major feedback loops
and interconnections. The following discussion of the SNL PA approach will touch briefly on the
following issues, which are subsets of the five steps listed above:

»  General description of conceptual model and scenarios (Steps 1 and 2);
* Performance measure (Step 3);

* Modeling approach (Step 3);

e Uncertainty and sensitivity analyses (Step 4); and

« Probabilistic approach and CCDF (Step 5).

The SNL approach for addressing the requirements of 40 CFR191 Subpart B has been to
develop most of the needed computer codes in house. However, the availability of documentation on
these codes has lagged behind the reporting of the results of analyses in the annual performance
assessment summaries. The lack of formal documentation can be problematic from a compliance
_standpoint because the codes will not be familiar to regulators, nor will they have undergone
independent peer review. This lack of formal documentation may make it more difficult to
demonstrate a reasonable expectation of compliance.

2.2.1 General Description of Scenarias

In order to demonstrate compliance with the performance requirements of 40 CFR 191, the
DOE must consider the undiswurbed performance and the possible eveats that may disrupt the
repository system (§191.12(p)). Undisturbed performance refers to the behavior of the repository
system assuming natural structural, hydrogeologic and chemical processes. The conceptual model
for the WIPP repository system includes salt creep; brine inflow; gas generation from anoxic
corrosion, microbial action, and radiolysis; brine and gas outflow into interbeds in the Salado
Formation and also to the accessible aquifer (the Culebra Dolomite Member of the Rustler
Formation) above the Salado Formation by way of backfilled and sealed shifts; and engineered
barriers.

The WIPP Performance Assessment Department used a scenario selection and evaluation
process similar to that described in Cranwell et al. (1982a and reissued in 1990), which systematically
defines the events and processes that could affect the integrity of the repository system, evaluates the
probability of an event occurring, and assesses its potential for leading to a release of radioactive
constituents to the accessible environment. The methodology is described conceptually in
Figure 2-4. The sample space S represents all possible 10,000-year time histories of the disposal
system at the WIPP. The scenarios are screened on the basis of the likelihood of their occurrence and
their potential consequence. Subset Sp comains all time histories that fall within the bounds of
reasonably anticipated occurrences of natural processes (greater than 1 in 10,000 in 10,000 years)
acting on the disposal system over 10,000 years, which represent undisturbed performance. Subsets
Sm. Si. and Sg are associated with disruptive events, such as volcanism. Subset Sp, contains time
histories that include disruptive events that may occur with probability greater than 1 in 10,000 in
10,000 years, but the consequences do not compromise repository performance. Subset Sp
represents time histories that can be reasonably screened out of consideration because they include
disruptive events that are of sufficiently low probability of occurrence (less than 1 in 10,000 in
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10.000 years). Time histories that can be excluded by regulatory criteria are contained in subset Sg
These three subsets are not mutually exclusive, and the shaded area represents the overlap. Finaily.
Subset S contains all of the ime histories that include distuptive events that are left after the scenario
screening process. The §; in the cross-hatched area within S, represents sets of parameters which give
rise to specific time histories containing disruptive events that can significantly affect repository
performance.

— 3, = anticipated base case S = excinded by regulatory criteria
Sy = disruptive eveants, little consequence S = remainder

S = low probability events
Figure 2-4. Conceptual Description of the SNL Scenario Selection Process.

According to the methodology, subsets of the time histories that have to be analyzed by
performance assessment are the ones that fall within subsets Sg, S, or Sp. In practice, the
methodology is not followed rigorously, because it is not possible to enumerate and evaluate all
possible time histories of all possible combinations of natural processes, subjected to all possible
sequences of disruptive events that can significantly compromise repository performance. Guzowski
(1990) amended the methodology to make use of earlier scenario analyses efforts to develop a set of
scenarios for WIPP that is more practical (o evaluate.

The amended scenario seiection process screened some 49 natwral and human-induced events
and processes. Seven of the processes—erosion, sedimentation, climate change, seismic activity,
Rustler-Salado contact dissolution, shaft and borehole seal degradation, excavation-induced fractures,
and gas generation (WIPP PA 1992, Volume 2, Table 4.2)—are expected to occur over the 10,000
years. Therefore, these processes are considered non-disruptive and have been retained for the
undisturbed case, Subset Sg, also called the base case.
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For analysis purposes, the base case subset (Sg) and the subset containing disruptive events of
no consequences (Sy) are considered to consist entirely of no-release scenarios over the 10,000-year
simulation period. Subset Sp. containing events considered to be not credible by the WIPP
performance assessment staff (e.g.. tectonic activities) are excluded from consideration due 10 low
probabilities. Since subset Sg is excluded based on regulatory considerations, only subset Sg remains
to be considered for analysis. That is, only time histories resulting from parameter sets within Sp are
assumed to result in any kind of release.

Within Sp. a set of mutually-exclusive scenarios was defined (starting with the base case)
based on a logic-diagram type of analysis that developed sequences of disruptive events that could
potentially lead to the escape of radionuclides from the repository and migration to the accessible
environment. The mutually-exclusive scenarios resulting from this process are defined by their
different model and code configuration require_mems for the performance assessment analysis.

According to the scenario selection process described in Guzowski and Helton (1991), three
possibie types of events that may distupt the repository stem from human intrusive activity; they are:

* potash mining in the WIPP vicinity and associated surface subsidence,

¢ one or more borcholes passing through a waste panel and penetrating a brine pocket, and

* one or more boreholes passing through a waste panel without penetrating a brine pocket.

.The 1992 PA, Volume 1, lists seven scenarios representing all possible combinations of these
three events and a base case, which corresponds 1o undisturbed performance, that are to be carried
forward for the performance assessment.

2.2.2 Performance Measure

Most of the performance assessment effort to date has gone into assessing whether the WIPP
repository performance will comply with the containment requirements of §191.13(a). Therefore, the
measure that the performance assessments concentrate on is the normalized release of radionuclides
to the accessible environment. The analyses used to assess this performance measure provide the
necessary intermediate calculations to address the individual and groundwater protection
performance measures of §191.15 and §191.16, respectively.

Part of the rationale given for not conducting analyses to address §191.15 and §191.16 is
that, according to the results of the performance assessment modeling for the undisturbed or base
case, there are no reieases to the biosphere. However, since the modeling done to date assumes
perfect seal performance, the conclusion that there are no releases to the biosphere in the undisturbed
case is suspect. Performance assessments done to date do not specifically address individual and
groundwater protection requirements.

2,2.3 Modeling Approach

The WIPP Performance Assessment Department developed an assessment logic and structure,
shown in Figure 2.5 (Figure 2-5 of Marietta et al., 1989) that describes the assumed physical and
environmental processes and disruptive events that must be considered in order to address the
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compliance requirements of §191.13(a). The figure shows that, at the present time, the performance
assessments are focused on the containment requirements (§191.13), angd that the individual
protection requirements (§191.15), which require biosphere transport and human dose modeling. are
being deferred to a later time. The figure also shows the iterative nature of the PA process; however,
discussions with principal investigators suggest that the feedback is not as extensive as implied by the
figure. This is discussed in more detail in Section 8.

The execution of even a single PA analysis for a single scenario requires the assimilation of
qualitative and quantitative information and the sequential calculation of many different interim
quantities. The WIPP Performance Assessment Department has developed a computer system to
manage the flow of information throughout the PA and to provide a structure to maintain quality
assurance records. An overview schematic diagram that shows the sequence of calculations and the
flow of information through a PA analysis is provided in Figure 2-6 (Figure 2-8 in Marietta et al.,
1989). This figure shows the complexity of the information needs and calculations required to
demonstrate compliance with §191.13.

The modules that are used by the PA systems include finite element, finite difference and
analytical model codes. The models used in the 1992 PA analyses and their functions are listed in
Table 2-1. The constitutive relationships and input parameter requirements of these models for
simulating the described processes is discussed in the other sections. Figure 2-7 (Figure 1-1, Volume
2, of the 1992 PA analyses) shows the fiow of information among the models described in the 1992
PA analyses. Not all of the system is automated since GRASP-INV, SANCHO, and CUTTINGS are
run outside the CAMCON system, and manual data transfers are used for the analyses.

Table 2-1. Computer Codes Used in the 1992 WIPP Performance Assessment
(after Table 3-1 in Volume 2 of 1992 PA)

FUNCTION

BRAGFLO Multphase flow of gas and brine through porous heterogeneous
reservoir

CCDFPERM Probabilities for human intrusion drilling

CUTTINGS Quantity of radioactive material brought to suriace in cuttings and
cavings generated by drilling

GRASP-INV Simulation of transmissivity fields calibrated from measurements and
pressure fields

PANEL Rate of, and cumulative discharge of radionuclides from repository
panel through an intrusion borehole

SANCHO Porosity of waste as function of time and moles of gas generated

SECO2D Single-phase Darcy fiow for ground water in two dimensions

SECOTP Fluid flow and transport of radionuclides in fractured porcus madia
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2.2.4 Sensitivity and Uncertainty Analyses

The probabilistic nature of the containment performance standard detailed in §191.13
requires that a quantitative estimate be made of the uncertainty in the value of the performance
measure in order to assess the probability of exceeding the standard. Because of the complexity of
the models, the sequential nature of the calculation and the number of input parameters involved,
error propagation methods of estimating uncertainty are not appropriate. The uncertainty analysis
approach used by the WIPP Performance Assessment Department is Monte Carlo simulation (Marietta
et al., 1989).

In a Monte Carlo simulation, the values of the input parameters are assumed 10 be uncertain.
These parameters are therefore represented using probability distributions which are sampled to
produce an empirical probability distribution (and a CCDF) of the vaiues of the output performance
measure. The Monte Carlo approach to uncertainty analysis, although it directly leads to the desired
CCDF, can be computationally intensive if the number of input parameters is large and the models
are complex. This is certainly the case for the SNL performance assessments, despite the fact that the
PA models are somewhat simplified. McKay et al., (1979) and Iman and Conover (1982) developed
a statistical sampling scheme for Monte Carlo simulations, called Latin Hypercube Sampling, that
reduces the number of model runs but still achieves high precision in the estimate of the CCDF. The
WIPP Performance Assessment Department is using this methodology.

The timing of an intrusive event has a large impact on the potential for radioactive material
being released into the environment, and the importance of timing has a large impact on the
computational resources of the WIPP Performance Assessment Department. The probability of a
drilling event is estimated by the Poisson model (WIPP Performance Assessment Department, 1992,
Volume 2). However, because of the computational demands of coupling random drilling with the
parameter uncertainty discussed in the previous section, simplifying assumptions, in terms of fixed
times for drilling at 1,000, 3,000, 5,000, 7,000, and 9,000 years, were made for the 1991 PA
calculations. The 1992 caiculations assumed drilling intrusions take place at 125, 175, 250, 1,000,
3,000, and 7,250 years.

The side benefit of a Monte Carlo uncertainty analysis is that it provides a set of input
parameters and their associated performance measure values that allows further analyses, such as
statistical sensitivity analyses (Helton et al., 1991) to determine which parameters are the most
important in determining the value of the performance measure. Sensitivity analyses help focus
scientific and site investigations by providing information that will ultimately be used for the
performance assessments.

The primary focus of the SNL sensitivity and uncertainty -analyses to date has been on the
parameters within the models. However, this approach cannot adequately deal with uncertainties in
the choice of the conceptual modeis of the physical processes that affect repository performance.
The issues related to the choice of the constitutive relationships that are embodied in a performance
assessment code are often more important in determining the adequacy of the performance
assessment than the effects of parameter uncertainty. That information can be obtained by
comparing results of the principal investigators' constinntive models with those of the performance
assessment models. This is particularly important, since the performance assessment models tend to
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be chosen for computational efficiency for the Monte Carlo computing environment. More formal
sensitivity studies that compare the results of the constitutive and performance assessment models will
help 10 establish the appropriateness and adequacy of the PA models.

2.2.5 Probabilistic Approach and the CCDF

The probabilistic requirements of the §191.13 standard are partially met by the Monte Carlo
uncertainty analysis methods described in the previous section; a CCDF can be computed easily from
the results of a Monte Carlo analysis. The Monte Carlo methods work well when dealing with the
parameter uncertainty within a specific scenario. However, the need to evaluate the results of multiple

scenarios, such as disruptive events, and combine them into a single CCDF requires estimates of the
probabilities of occurrence of the scenarios. Figure 2-8 illustrates how the consequences (cS;) of the

individual scenarios S; are combined into the overall CCDF using the weighting factors pS;, which are
the probability of occurrence of the scenarios. :

»".‘!"‘V‘
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Figure 2-8. Construction of a CCDF for Comparison with the EPA Release Limits.
(Note that the location of cSB at the lower left of the plot is correct for the
WIPP-where no releases are predicted from the undisturbed base case-but is
not a generic requirement for all sites.
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As discussed previously, Monte Carlo techniques are used to characterize the uncertanty in
the results by repeatedly sampling the uncertain parameters. Such an analysis produces a family of
CCDFs. The variability within the family of CCDFs obtained from the sampling can be represented
by the mean. median, and 10% and 90% quantile CCDFs in Figure 2-9.
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Figere 2-9. Example Summary Curves Derived from an Estimated Distribution of CCDFs.
Curves were obtained by calculating the mean and indicated percentiles for
each consequence value (PA, 1992, 2, Figure 3.3).

The SNL PA department (1992 PA, Volume 2) recognizes that the CCDFs cannot describe
conceptual model uncertainty because, by their construction, they are conditional on the assumptions
of the analysis. To ‘evaluate conceptuai model uncertainty, the complete Monte Carlo analysis is
repeated for alternative conceptual models by changing only those portions of the analysis specific to
the alternative models. The shift in the location of the CCDF relative to the others gives an indication
of the uncertainty introduced by alternative conceptual models; it is also an indication of the
sensitivity of the conceptual model itself in terms of affecting disposal system performance.
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Although these conceptual model sensitivity and uncertainty analyses provide valuable
information, they cannot address differences in the conceprual model that cannot be described by the
existing PA models. These analyses may not necessarily adequately address the different conceptual
models represenied by the more detailed constitutive models of the principal investigators as
discussed in the previous section.

2.3 40 CFR PART 268.6

The long-term performance requirements of 40 CFR 268.6 are not as detailed or prescriptive
from a methodological standpoint as those of 40 CFR 191. The regulation requires demonstration
“to a reasonable degree of certainty, that there will be no migration of hazardous constituents from
the disposal unit . . . for as long as the wastes remain hazardous” (40 CFR 268.6(a), U.S. EPA,
1986).

The EPA's draft guidance manual for 40 CFR 268.6 describes general requirements for what
must be addressed in a no-migration determination petition. Examples of the requirements are that
the relevant physical processes must be addressed, some type of quantitative modeling is desirable,
and formal quality assurance/quality control measures must be applied to the computer codes.
Specific technical details are 10 be worked out in negotiations with the EPA.

S 2.4 WESTINGHOUSE APPROACH TO 40 CFR PART 268.6

The basis of the PART's review of the Westinghouse approach to compliance with 40 CFR
Part 268.6 was a presentation by Westinghouse Waste Isolation Division staff and their contractors.
To facilitate comparison of the SNL and WID approaches to performance assessment, the outline of
the discussion foliows the same format as used in Subsection 2.2.

In contrast to the SNI. approach to PA modeling, which uses code for which published
documentation is not publicly available, the WID PA approach uses numerical models that are
reiatively simple to use and preferably "off the sheilf," so that they can be easily transferred to EPA
for execution and evaluation.

2.4.1 General Description of Scenarios

The 40 CFR Part 268.6 regulations do not specifically require that human intrusion be
addressed to demonstrate long-term performance. As implied by the presentation by WID and its
contractor staff, the scenarios that are being addressed pertain to expected repository conditions and
are based on the description of the mode! selection phase. It has been stated in the two No-Migration
Determination Annual Reports (DOE/WIPP 91-059 and DOE/WIPP 92-057) and in the presentation
that the WID PA conceptual model is consistent with the SNL PA conceptual model for 40 CFR Pan
191 Subpart B. In fact, the results for PA that are reported in these two documents are those reported
in the annual performance assessments for 40 CFR 191, although they are results for radionuclides,
and 40 CFR 268.6 pertains to hazardous constituents.
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2.4.2 Performance Measure

The performance measure is not defined specifically in the regulations as it is for the
containment requirements in §191.13 and the individual and groundwater protection in §191.15. and
§191.16, respectively. Under 40 CFR 268.6 there is only what might be construed as an overall
system performance requirement — i.e., no migration beyond the disposal unit boundary for as long
as the wastes remain hazardous {Subsection 1.3.1).

2.4.3 Modeling - pproach

The WID modeling approach is divided into near- and far-field categories. The near-field
model requires a site-specific description of the repository engineered barrier system in order to
assess the ability of the system to prevent the transport of hazardous components (i.e., volatile organic
compounds, non-volatile organics and heavy metals) in the waste to the unit boundary. The Design
Analysis Model (DAM), which was used to analyze the options for waste treatment for the Engineered
Alternatives Study (DOE/WIPP 91-007), is proposed for this analysis. The PA models used by SNL
for comparison with 40 CFR 191 Subpart B requirements do not describe the performance of the
engineered barrier of candidate room, panel and shaft seals.

The WID approach to PA accepts the physical processes that the SNL Performance
Assessment Department has determined to be important for far-field performance. The WID model
selection process focuses on deterministic models that are considered readily available. Using criteria
that had to do with availability of documentation and published verification exercises, WID seiected
the TOUGH2 code. The desired capabilities for the WID far-field model are given in Table 2-2.

Table 2-2. Desired Capability for WID Far-Field
Performance Assessment Modeling

Two-phase flow Thermal effects
Muiti-phase, multi-component Transport processes
 transport
Advection
Transient effects Dispersion
High dimensionality _ Diffusion
Material properties Chemical interactions
Anisotropy Sorption
Heterogeneity Decay
Dissolution/precipitation
lon Exchange
Leaching

2.4.4 Sensitivity and Uncertainty Analyses

WID has chosen to utilize the same methodology for sensitivity and uncertainty analyses that
are used by the Sandia Performance Assessment Departument for 40 CFR Part 191 Subpart B. This
includes a Monte Carlo approach to a deterministic model, using Latin Hypercube Sampling of the
model input, and rank correlation techniques to induce known dependencies among the input
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variables. The current plans are to do uncertainty and sensitivity analyses separately for the DAM
and TOUGH2 models. No analyses have been completed to date.

2.4.5 Probabilistic Approach and the CCDF

The language of 40 CFR Part 268.6 does not specify a probabilistic approach to
demonstrating compliance. From a regulatory standpoint, it is not required in the performance
assessment methodology to include the calculation of the CCDF driven by §191.13(a).
Demonstrating compliance with a deterministic standard and addressing uncertainty by means of
' quantitative and qualitative analyses may be easier than using a probabilistic standard. From a
methodological standpoint, estimating small exceedance probabilities, such as those used in the
§191.13(a) standard, requires estimating the size of the tails of a CDF. Estimates of the tails are
subject to more uncertainty than estimates of the mean or median of a CDF.
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3.0 WIPP CONCEPTUAL MODELS AND IDENTIFICATION OF ISSUES

In the preceding section, the Sandia National Laboratory (SNL), Westinghouse, and PART
approaches to performance assessment methodology were discussed. Constructing the total system PAs
of the WIPP repository involves developing appropriate conceptual model(s) of the WIPP site and
disposal system, both for now and for future time periods (10,000 years). This is extremely important to
system PA and the planning of data acquisition as well as to laboratory and field scale experimental
programs (as described in Subsection 3.1). Section 3 describes two types of conceptual models: Pre-
WIPP Facility Conceptual Models and Post-Decommissioning Conceptual Modets. The Pre-WIPP
Conceptual Models are discussed in Subsection 3.2 in terms of the pathways that existed before
construction of the WIPP facility from the proposed location of the waste panels to the compliance
boundaries, and in terms of significant driving forces and processes that govern the movement of fluids or
the transport of dissolved chemical species contained in these fluids. Subsection 3.3 addresses Posi-
Decommissioning Conceptual Models at an outline level, and describes the pathways, driving forces, and
processes that could be expected to result through time from interactions between the components of the
natural system, the waste, and any of the eagineered emplacements Or components of the disposal system.

31 BASIC WIPP DISPOSAL SYSTEM CONCEPTS AND HIGH LEVEL ISSUES

The basic WIPP disposal concept is rooted in the promising features of salt deposits identified by
NAS in the early 1950s (see Subsection 2.2). The WIPP site is part of a vast Permian age salt deposit
located in a relatively stable geological area with little earthquake activity (Figures 3-1 and 3-2). Waste
emplaced in the mined rooms of the disposal panels (Figure 3-3) will eventually be encapsulated and
become part of the stable rock of the Salado Formation, as a resuit of the natural "plastic-like” quality of
salt that enables it to flow or creep under the effects of heat and stress found at the 655 m (2,150 ft)
proposed repository depth. Isolation of the radiocactive waste from the accessible environment and
retention of the hazardous waste within the boundaries of the disposal unit for the required regulatory
periods is expected because of the waste encapsulation, the virally impervious nature of the undisturbed
Salado Formation salt deposits at repository depths (permeabilities near 10-22 m?), and the absence of
flowing groundwaters within the formation for the transport of any leached wastes. The various issues
that must be addressed are a result of trying 10 provide a credible basis for the different assumptions in
this basic design concept; (e.g., could gas generation prevent encapsulation and sealing of the wastes in
the rooms and seals? or are there natural processes such as dissolution or breccia pipes that could breach
the Salado?). The great difficulties are mainly associated with the various uncertainties that arise because
of the long time frames for which repository performance must be demonstrated.

3.1.1 High Level Regulatory Related Issues

The highest level regulatory issue is related to the differences in approach between the regulations
applicable to the hazardous wastes and the regulations applicable to the radioactive wastes as summarized
below.

» Disposal of radioactive wastes under 40 CFR 191, recognizing the uncertainties in predicting

behavior over the long time periods that radioactive wastes remain hazardous, is based on the
concept of a waste isolation systemn within a 5 km (3 mi) controlied zone (Figure 3-4). This
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