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UNITED STATES e e S~
NUCLEAR REGULATORY COMMISSION ! =
WASHINGTON, D. C. 20555 %ﬂ/ J"‘&(-
0CT 12 1979 <

Docket File No. WM-7

MEMORANDUM FOR: James C. Malaro, Chief
High-Level Waste Licensing Management Branch

FROM: Regis R. Boyle
High-Level Waste Licensing Management Branch
SUBJECT: MINUTES OF NRC/DOE MEETING ON NRC HIGH-LEVEL WASTE

MANAGEMENT PROGRAM

On Thursday, October 4, 1979, a meeting was held (at the DOE Auditorium)
in Germantown with the U.S. Department of Energy (DOE), and their con-
tractors. This meeting was the fourth in a series of meetings which
were initiated on February 6, 1979. The purpose of this meeting was to
provide the DOE staff and their contractors with a better understanding
of the NRC High-Level Waste Program.

A copy of the meeting notice was placed in the NRC Pubiic Document Room
at 1717 H Street and was sent to those individuals who had requested
that they be notified of NRC/DOE meetings on waste management matters.

During the course. of the meeting, NRC provided an overview of the High-
Level Waste Program. Presentations included the objectives of the
program, its funding and organization, and the NRC regulatory approach.
Also discussed were the scope and direction of the program and proposed
schedules for publishing regulations and guides.

Attached is a complete set of the vu-graphs which were presented during
the meeting. These vu-graphs are self-explanatory and provide reasonably
thorough insights into the topics discussed during the meeting. Also
attached is a copy of the attendance sheet.

The next meeting between DOE and the NRC has not yet been scheduled.
When a topic and date have been selected, a notice of such a meeting
will be placed in the Public Document Room.

TR R Bl
Regis R. Boyle
High-Level Waste Licensing
Management Branch

Enclosure:
As stated
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NRC BRIEFING TO DOE ON
NRC HLW PROGRAM

Overview

Regulatory Framework

— Developing a Regulatory Framework
— License Procedures and Process
— Technical Standards |

Technical Program

— Role Objective and Scope
— LLL Programs

— Sandia Program

— Other Research Programs
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NUCLEAR REGULATORY
COMMISSION

Commission
Nuclear .
. I
tngaros | | Maters | | ety || ghoce | | nepeoton
Development Sggg;}g%s Regulation Research Enforcement
: : I
Fuel Cycle
: Waste
Safeguards & Material
Safety Management




- DIVISION OF
WASTE MANAGEMENT

Director
Deputy Director
. . . ' High Level
Licensing Process High Level .
& Integration Waste Licensing WSif,‘ZIf‘ﬁ,?“"ia'
Branch Management Branch Brar?chen
. LowlLevel Uranium Recove
Waste Licensing Licensing Branc:\y
Branch




HLW PROGRAM ORGANIZATION

Office of Inspection * Office of Standards
and Enforcement Development

Hzgh -Level Waste
Staff (NMSS)

- Functional Disection
- Coordination
- Pohcy Development

Office of Nuclear
Reactor Regulation

Office of
Regulatory Research

Contractual Support

@tractua! Su@
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PROGRAM OBJECTIVES

Develop Regulations (10 CFR 60)
Prepare Regulatory Guidance

Develop License Review Capablhty
— Assessment Capability
— Internal Review Procedures

Develop Inspection & Enforcement
Capability |

Assess DOE Technical Program
Conduct Licensing Reviews




COLLECT AND STUDY AVAILABLE INFORMATION
FROM ALL SOURCES TO:

~ UNDERSTAND REPOSITORY SYSTEM

- IDENTIFY FACTORS AND PROCESSES IMPORTANT TO SAFETY

- DETERMINE STATE OF KNOWLEDGE AND IDENTIFY NATURE
AND EXTENT OF UNCERTAINTIES

-~ IDENTIFY FACTORS AND PROCESSES WHICH CAN BE AFFECTED

(MITIGATED, ENHANCED OR COMPENSATED FOR) THROUGH

REGULATORY CONSTRAINTS



DETERMINE:

~ PERFORMANCE STANDARDS APPROPRIATE FOR A HLW REPOSITORY
- APPROPRIATE REGULATORY CONSTRAINTS ’

- WHAT FINDING NEED TO BE MADE AND WHEN

- INFORMATION NEEDED TO MAKE FINDINGS




DEVELOP PROPOSED REGULATIONS WHICH INCLUDE:

- PERFORMANCE CRITERIA

- REGULATORY CONSTRAINTS
= LICENSING PROCESS

- INFORMATION REQUIREMENTS



SUBJECT PROPOSED REGULATIONS TO CRITICAL REVIEW

OBTAIN ADDITIONAL INFORMATION AND INSIGHTS FROM:

- COMMENTS ON PROPOSED REGULATIONS

- NRC FUNDED CONTRACTUAL EFFORTS

- INDEPENDENT REVIEW OF DOE AND OTHER HLW PROGRAMS

RESTRUCTURE AS NEEDED:
- REGULATIONS
- NRC FUNDED CONTRACTUAL EFFORTS




PREPARE AND PUBLISH

FINAL REGULATIONS

SPECIFIC GUIDANCE ON HOW REGS CAN BE MET
(REG GUIDES, STAFF POSITIONS)

LICENSE REVIEW PROCEDURES



REGULATION (10CFR 60)

DEVELOPMENT SCHEDULE
Administrative Technical
Requirements Requirements
Commission Policy
Statement
¢ Publish Draft Nov. 17,1978 —
Regulation
¢ Staff Working
Draft to States “Nov.9,1978 —
¢ Advance Notice
of Rulemaking - LATE 1979
¢ Publish Proposed
Rule FALL 1979 MID 1980
¢ Publish Final

Rule SPRING 1980 MID 1981




LICENSING PROCEDURES DESIGNED TO;
o PROVIDE FOR CONSERVATIVE, STEPHISE APPROACH TO REPOSITORY
DEVELOPMENT

o ENCOURAGE BROAD BASED SITE CHARACTERIZATION AND SELECTION
PROGRAM

o ALLOW EARLY DATA GATHERING AND TESTING AT DEPTH
o ASSURE EARLY STATE AND PUBLIC INVOLVEMENT

o MINIMIZE CHANCE OF FAILURE TO MAKE TIMELY LICENSIHG
DECISION BECAUSE OF LACK OF INFORMATION



PROPOSED LICENSING PROCESS
FOR HLW REPOSITORY

DOE MILESTONES
] l _ 4-5 Year Constructloh l B 3010 40 Year Operating Perlod
Candidate Site ‘ Start of ' Receipt of Repository
Area Selection Selection Construction Waste Closure
p | A ~ A
Site Application Updated License Closure ’
Characterization Tendered Application Tendered Application
Report Tendered
Tendered Construclion NRC MILESTONES
Preapplication Authorization Updated License Repository
Review _ Review Review {OL Review) Closure Review
o o O-——0 O ~~ O Q
Construction A Closure
Authorization License To Approval
issued Receive
Radioactive

Waste Issued

| T 1 I O D IS I O ¢'n||
0 2 4 6 10

YEARS AFTER DOCKETING OF CONSTRUCTION AUTHORIZATION APPLICATION




NRC/DOE Information Exchange Meeting

October 4, 1979

"Regulatory Approach"

P. A. Comella

Office of Standards Development



10 CFR PART 60

. DisposAL OF HieH-LEVEL RADIOACTIVE WASTES IN
GeoLoGIC REPOSITORIES



10 CFR PART 60 RULEMAKING
K STAGES:

. PROCEDURAL REQUIREMENTS
To BE ProPoseD: FaLL, 1979

. JECHNICAL REQUIREMENTS
ANPR:  FaL, 1979
ProPoseD & DraFT EIS: Spring, 1930




10 CFR PART 60 LICENSING PROCEDURE

StepwiseE ApPrROACH: U STEPS
RerFLECTS INCREASED CONFIDENCE WITH EACH STEP

ProviDes EARLY AND CoNTINUED PusLIC PARTICIPATION WITH EAcH StEP

ArrorDS APPROPRIATE CONSIDERATION OF ALTERNATIVES



Step 1

INForRvAL Review oF DOE's Puans FOR SITE CHARACTERIZATION

DOE PLans ForR SITE CHARACTERIZATION OF A NUMBER OF SITES IN
ApPROPRIATE MeEDIA

NRC STaFF AnaLYsIS
StatE AND PuBLic ComveNT oN DOE RePorRT AND STAFF AnALYSIS

OpINIoN OF THE DIRecTOR, NMSS




STeP 2:  SITE CHARACTERIZATION AND AUTHORIZATION OF CONSTRUCTION
o ExPLorATION AND IN-StTU TESTING AT DEPTH OF REPOSITORY
. MuLTiPLE SITE CHARACTERIZATION
. DOE SeMI-ANNUAL RePORTS ON PROGRESS OF SITE CHARACTERIZATION

» ForMAL LICENSING PROCEEDING AT CONSTRUCTION AUTHORZATION STAGE



STEP 3: FURTHER REvVIew oF AppLICATION PRIOR To RECEIPT OF WASTES
AT THE REPOSITORY
, CONSTRUCTION SUBSTANTIALLY COMPLETE

. SaFeTY FInDING: IssuaNCE oF LICENSE WILL NOT CONSTITUTE AN
UNREASONABLE RISK TO PuBLIC HEALTH AND SAFETY




Step 4: AppLIcATION TO CLoSE WITH FINAL REVIEW OF REPOSITORY
AcTiviTiES AND PosSIBLE LICENSE TERMINATION

. U0 - 50 YEARS TO UNDERSTAND REPOSITORY PERFORMANCE BEFORE

Deciston To CLose Mape



10 CFR PART 60 TECHNICAL CRITERIA

TAILORED TO EACH STEP OF LICENSING PROCEDURE
INFORMATION AND DATA REQUIREMENTS
PERFORMANCE OBJECTIVES

(GoOD AND BAD SITE FEATURES




"STRAWMAN" TECHNICAL CRITERIA

e FOCUS DISCUSSION
o [IDENTIFY RESEARCH NEEDS
o PROVIDE GUIDANCE TO DOE



EPA SETS STANDARDS

NRC REGULATOR

DOE DEVELOPMENT




HOW WILL NRC CARRY OUT ITS RESPONSIBILITY?

1. SHALL MEET EPA STANDARDS (AD-HOC LICENSING)
2, GENERAL REGULATION (QUALITATIVE)

3, NUMERICAL PERFORMANCE (QUANTITATIVE)



ll

2,

3.

4,

EACTORS CONSIDERED

RISK DECAYS WITH TIME

RISK EXTENDS FAR INHTO FUTURE

R & D MODE

VERIFICATION IMPOSSIBLE




QUESTIONS TO ANSWER

1. IS THE REQUIREMENT NECESSARY?

2, IS IT ACHIEVABLE?



CRITERIA REVIEW
USGS
EPA
BUREAU OF MINES
MSHA
NRC CONTRACTORS

BEER REVIEW
NAS

KEYSTONE
CONTRACTOR PANEL




SULATC ROACH

CONSERVATIVE, STEPWISE APPROACH

EMPHASIZE DATA GATHERING AND TESTING
BOUNDING ASSUMPTIONS TO REDUCE UNCERTAINTIES
APPROACH RECOMMENDED BY NAS PAMEL ON

IMPLEMENTATION OF LONG-TERM ENVIRONMENTAL
RADIATION STANDARDS

MINIMUM PERFORMANCE STANDARDS
REASONABLE ALTERNATIVES



GUIDING PRINCIPLES

BE_SPECIFIC AS POSSIBLE

VIEW REPOSITORY AS A CIVIL STRUCTURE

EHGINEERED SYSTEM IS PRIMARY BARRIER

RETRIEVABLE WASTE AS CONTINGENCY MEASURE

DEFINE ALARA




REGULATE

1, NEAR FIELD RELEASE AND TRANSIT TIME
2, SPECIFY CHARACTERISTICS OF BARRIERS

3, PERFORMANCE REQUIREMENT FOR MAJOR COMPONENTS



o
1, ENGINEERS

2, SCIENTISTS




1, WASTE PACKAGE

2, CIVIL STRUCTURE



ME-T A

1000 YEAR PACKAGE

OPTION TO RETRIEVE WASTE FOR
50 YEARS AFTER OPERATION

REPOSITORY DESIGN

GEOLOGIC SYSTEM
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Pecay Heat - W/MTHM Charged
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SITING CRITERIA
TECHNICAL CONSIDERATIONS

LIMITATIONS IN SCIENTIFIC KNOWLEDGE
(BOUND SCIENTIFIC UNCERTAINTY)

NEED FOR EXTRAPOLATION OF PAST GEOLOGIC HISTORY
(DEFINE SCOPE OF INVESTIGATIONS)

NEED TO TEST CRITERIA (MODELS) AGAINST EPA STANDARD
(600D PRACTICE TO COMPENSATE FOR MODEL LIMITATIONS)



G eolog e 4 Teclone
System.
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PREFERRED SITING CHARACTERISTICS

APPLICATIONS:
0 CHOOSING CANDIDATE AREA

0 CHOOSING SITES IN CANDIDAYE AREA




PREFERRED SITING CHARACTERISTICS - CHOICE OF CANDIDATE ARFA

SUBELEMENTS:
AVOID ADVERSE CONDITIONS
o ADVERSE HUMAH ACTIVITIES - MINING
o ADVERSE GEOLOGICACONDITIONS - DISSOLUTIONING
o ADVERSE TECTONIC CONDITIONS - FAULTING
o ADVERSE HYDROLOGIC CONDITIOHS - FLOODING



PREFERRED SITING CHARACTERISTICS - CHOICE OF SITE IN CANDIDATE AREA

SUBELEMENTS:
o LOW PROBABILITY OF ADVERSE EVENTS
o MINIMUM DEPTH OF 250 METERS
o EFFECTIVE SEALING OF ROCK UNITS
o LONG-TERM STABILITY (QUATERNARY PERLOD)




PREFERRED SITING CHARACTERISTICS - NATURAL AND REDUNDANT BARRIERS (GEOLOGIC/HYDROLOGIC SYSTEM)

SUBELEMENTS:

0

0

REDUNDANT INHIBITING CHARACTERISTICS

ZONAL AND AREAL EXTENT |

ABILITY TO WITHSTAND OR COMPENSATE FOR FUTURE CHANGE
DIVERSITY OF GEOLOGIC REPOSITORIES TO INHIBIT MIGRATION
DIVERSITY OF HYDROLOGIC PROPERTIES TO INHIBIT MIGRATION



EXCLUSION CRITERIA (2Km CONTROL ZONE)

CRITERIA:

o

0

0

REASONABLE INVESTIGATIONS AND EVALUATIONS

INCREASE CONFIDENCE

COMPENSATE FOR LIMITATIONS IN THE STATE-OF-THE-ART
PROTECT PRIMARY BARRIER

REGULATORY COMMON SENSE

o . | —
PAST, PRESENT, FUTURE

REASONABLE POTENTIAL

SIGNIFICANT (RESOURCES)

ACTIVE (DIAPERISM)

HIGH (POPULATION) ~




EXCLUSTON CRITERIA (ILLUSTRATIONS)

AVOID ADVERSE HUMAM ACTIVITIES
1. REASONABLE POTENTIAL FOR DENYING SIGNIFICANT RESOURCES
2, REASONABLE POTENTIAL FOR SUBSURFACE PENETRATIONS
3. GROUNDHATER RESOURCES
4, AVOID HIGH POPULATION AREAS

GEOLOG
1. SURFICIAL GEOLOGIC PROCESSES
2. ACTIVE DISSOLUTIONING

3. TOPOGRAPHIC FEATURES INDICATIVE OF ACTIVE PROCESSES



EXCULSION CRITERIA C(ILLUSTRATIONS)

| L e

1, QUATERNARY FAULTING
2, ZONES OF DEFORMATION
3, CONCENTRATIONS OF EARTHQUAKE ACTIVITY

4, QUATERNARY VOLCANISM

ADVERSE B RN

1, SIGNIFICANT CHANGES TO PALEOHYDROLOGY
2, FLOODING

3, RELATION OF AQUIFERS TO HOST ROCK




L .

1. REEVALUATIONS AT LICENSING STAGES

2, VERIFICATIONS
o SITE SAFETY VERIFICATION PROGRAM
o QA

o MONITORING



NMSS TECHNICAL ASSISTANCE PROGRAM

e STAFF

e PRIORITIES

o CONTRACTED TECHNICAL ASSISTANCE
RECENT
PRESENT AND PLANNED

MALCOLM KNAPP
OCTOBER 4, 1979
AT DOE




NMSS_STAFF (WMHT)

e DESCRIPTION
o RESPONSIBILITIES



TECHNICAL ASSISTANCE - 1979

LAWRENCE LIVERMORE LABORATORY

I. "WASTE FORM”
I1. SITE SUITABILITY
ITT, REPOSITORY DESIGN
IV, GEOSCIENCE DATABASE




TECHNICAL ASSISTANCE PRIORITIES

DEVELOP REGULATORY GUIDANCE
IDENTIFY TECHNICAL NEEDS
DEVELOP LICENSE REVIEW CAPABILITY



REGULATORY GUIDANCE

REGULATION OR RULE
REGULATORY GUIDES

STAFF POSITION PAPERS
SITING
REPOSITORY DESIGN
REPOSITORY OPERATIONS
WASTE FORM

LICENSE REVIEW PLANS




_"WASTE FORM” - TASK 1

» THER?AL STRESS

NEAR FIELD FLOW
i .
‘CORROSION

!
PACKAGE FAILURE

R
DISSOLUTILON

RADIONUCLIDE RELEASE

RETRIEVAL ANALYSIS
ECCNOMIC ANALYSIS (PLANNING)
TRU ANALYSIS (PLANNING)

TENTATIVE CONCLUSIONS:

e CONTINUED NEAR FIELD THERMAL MODELING IS JUSTIFIED
e EXPERIMENTAL APPROACH SHOULD BE EMPHASIZED



SITE SUITABILITY - TASK II

QUALITATIVE CRITERIA
MEASUREMENTS

MODELS
SYSTEMS
SIMPLE
DETAILED

MOCK SITINS EXERCISE




REPOSITORY DESIGN - TASK III

TM-36 REVIEW
DESIGN PROCEDURE
REFERENCE REPOSITORY



PRESENT AND PLANNED TECHNICAL ASSISTANCE

GENERAL
o REVIEW GENERAL TECHNiCAL SiTUATION
¢ EXAMINE STRAWMAN CRITERIA

CONSIDER TYPE AND NUMERICAL VALLE

PROPCSE APPROPRIATE TESTS

IDENTIFY ACHIEVABLE SYSTEMS




TECHNICAL ASSISTANCE DURING FY 80 ($7.2M)

WASTE FORM BROOKHAVEN NATIONAL $ 1,5M
LABORATORY

REGIONAL MODELING - LAWRENCE LIVERMORE $ 3.0M

SITE SUITABILITY LABORATORY

REGIONAL MODELING - - SANDIA LABORATORY $ UM

TECHNOLOGY TRANSFER

SITE SUITABILITY - RFP - $ ,5-1
DRAFT 10 CFR 60
AND FIELD STUDIES

REPOSITORY DESIGN - RFP $ .5-1M
DRAFT 10 CFR &0

SYSTEMS OVERVIEW RFP ¢ 5M



RIGH LEVEL WASTE RESEARCH PROGRAM




HIGH LEVEL WASTE RESEARCH PROGRAM

WASTE PACKAGE PERFORMANCE

SITE CHARACTERISTICS

REPOSITORY DESIGN, CONSTRUCTION, OPERATION AND CLOSURE
ENVIRONNENTAL AND HEALTH IMPACT ASSESSMENT (NEPA)

MONITORING AND VERIFICATION (PACKAGE, REPOSITORY, SITE
AND ENVIRONMENTAL)



WASTE PACKAGE PERFORMANCE STANDARDS AND CRITERIA

PROVIDE TECHNICAL INFORMATION TO CONFIRM AND IMPROVE PERFORMANCE
STANDARDS AND CRITERIA FOR WASTES, MATRICES, CANISTERS, MULTIBARRIERS
AND OVERPACKS; TO DEVELOP A BASIS FOR EVALUATING WASTE PACKAGE
DESIGNS WHICH WILL CONTAIN THE RADIOACTIVE WASTES FOR 1,000 YEARS

OR LONGER.

WASTE CHARACTERISTICS
MATRICES FOR WASTES
CANISTERS AND MULTIBARRIERS
OVERPACKS AND WASTE PACKAGES




WASTE PACKAGE PERFORMANCE STANDARDS AND CRITERIA

WASTE CHARACTERISTICS

ASSESS THE CHEMICAL, RADIOCHEMICAL AND PHYSICAL CHARACTERISTICS OF WASTES
WHICH AFFECT THEIR PROCESSING INTO WASTE MATRICES AND CONTAINMENT IN
WASTE PACKAGES

FY-79 _FY-80 _FY-81 _FY-82 _FY-83

URANINITE SOLUBILITY (HARVARD) B-6662 B



waoIE PACKAGE PERFCRMANCE STANDARDGS AND CRITERIA

MATRICES FOR WASTES

IDENTIFY PERTINENT ENVIRONMENTAL AND KINETIC PARAMETERS FOR DURABILITY OF
WASTE MATRICES. RESULTS WILL PROVIDE TOOLS FOR ESTABLISHING PROPER
PERFORMANCE CRITERIA, QUALITY CONTROL, AND UNDERSTANDING OF LONG TERM BEHAVIOR
OF WASTE MATRICES

FY-79 _FY-80 _FY-81 _FY-82 _FY-83

GLASS/CERAMIC CHEMICAL DURABILITY
(CATHOLIC URIV.) B-6330

GLASS/CERAMIC SURFACE CORROSION
(UNIV, OF FLORIDA) B-6252 -

SUPERCALCINE DURABILITY (UNIV, OF
TOLEDO) B-6624

DURABILITY OF OTHER MATRICES

COMBINED EFFECTS OF MULTIPLE DEGRADATION
FACTORS ON ALTERNATIVE WASTE FORMS

THERMAL STRESS EFFECTS ON GLASS IN CANISTER
(IOWA STATE) ~




WASTE PACKAGE PERORMANCE STANDARDS AND CRITERIA

CANISTERS AND MULTIBARRIERS

TEST THE CAPABILITIES WITH TIME OF VARIOUS PROPOSED CANISTER MATERIALS AND
DESIGNS TO CONTAIN WASTES AND SPENT FUEL AND DETERMINE THE EFFECTIVENESS OF
- PASSIVATING COATINGS

CANISTER CORROSION | . ———————--

CANISTER/ROCK INTERACTIONS - LAB TEST
(SAN JOSE STATE UNIV.) B-6625

METAL MATRICES I
WASTE PARTICLE COATINGS

PROTECTIVE COATINGS FOR CANISTERS

SPENT FUEL CONTAINER INTEGRITY




WASTE PACKAGE PERFORMANCE STANDARDS AND CRITERIA

OVERPACKS AND WASTE PACKAGE

DETERMINE THE CAPABILITY OF VARIOUS OVERPACK MATERIALS TO RETAIN
RADIOQUCLIDES THAT MAY LEAK FROM CORRODING CANISTERS; TEST THE
CONTAIHMENT RELIABILITY AND ALARA CAPABILITIES OF PROPOSED PACKAGES
FOR WABTES AND SPENT FUEL

FY-79 _FY-80 _FY-81 _FY-32 _FY-83

ASSESS BENTONITES AND OTHER CANDIDATE ~ —=-m-eeee-
MATERIALS

LONG TERM INTEGRITY OF WASTE PACKAGES




SITE_CHARACTERISTICS STANDARDS AND CRITERIA

PROVIDE TECHNICAL BASES FOR SITE SUITABILITY STANDARDS AND CRITERIA, INCLUDING
GEOLOGY, HYDROLOGY AND NATURAL RESOURCES; TO SUPPORT EVALUATION OF SITES IN
REGIONS WHERE THE NATURAL GEOLOGIC MEDIA AND PROCESSES WILL PROVIDE AN EFFECTIVE
SECONDARY BARRIER TO RADIONUCLIDES WHEN THE WASTE PACKAGES ULTIMATELY FAIL

GEOCHEMICAL AND THERMAL PARAMETERS
HYDROLOGICAL PARAMETERS
RADIONUCLIDE MIGRATION. DATA
GEOLOGIC PARAMETERS
CLIMATIC PARAMETERS



SITE CHARACTERISTICS STANDARDS AMD CRITERIA

GEQCHEMICAL AND THERMAL PARAMETERS

IDENTIFY AND ASSESS GEOCHEMICAL INTERACTIONS BETWEEN WASTES AND GEOLOGIC MEDIA
WHICH NEED TO BE CONSIDERED IN SELECTING GEOLOGIC MEDIA FOR A REPOSITORY,
DETERMINE THE POTENTIAL GEOCHEMICAL IMPACTS OF ALTERNATIVE REPOSITORY MEDIA ON
WASTE PACKAGES AND THE EFFECTS OF WASTE HEAT AND RADIATION UPON THESE PROCESSES

REPOSITORY ROCK THERMAL CONDUCTIVITY @
(CORNELL) B-6626

GEOCHEMICAL INTERACTIONS BETWEEN RELEASED —oceceeeee
WASTES AND REPOSITORY ROCKS

WASTE HEAT EFFECTS ON GEOCHEMICAL
PROCESSES

RADIATJON EFFECTS ON GEOCHEMICAL PROCESSES
WASTE HEAT EFFECTS ON INCLUSIONS IN SALT

N P




10°
SITE CHARACTERISTICS STANDARDS AND CRITERIA )

© HYDROGEOLOGICAL PARAMETERS

ASSESS METHODS AND DEVELOP TECHNICAL BASIS FOR EVALUATING HYDROLOGICAL
PARAMETERS THAT WILL BE USED IN THE SITE SELECTION PROCESS; INCLUDING:
HYDRAULIC CHARACTERISTICS OF ROCK SURROUNDING WASTE PACKAGE, RATE OF GROUND
WATER MOVEMENT, AGE OF WATER IN ROCK, CHEMICAL NATURE OF THE GROUND WATER,
AND THE DEGREE TO WHICH SURROUNDING ROCK MODIFIES THE WATER

WATER CHEMISTRY LIMITATIONS | o e

TESTING TRANSPORT MODELS (UNIV. OF
ARIZONA) B-5753

SALT PERMEABILITY (GEO TECH.) B-6G65 ——

PARTICULATE MIGRATION - LAB TEST —_—
(GEORGIA TECH.) B-6338

WATER DATING TECHNOLOGY (UNIV. OF ARIZONA
B-6628

AQUIFER LIMITATIONS [ — —
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SITE CHARACTERISTICS STANMARDS AND CRITERIA

RADIONUCLIDE MIGRATION DATA

IMPROVE CAPABILITY FOR PREDICTING LONG TERM MIGRATION OF RADIONUCLIDES

I[N GEOLOGIC MEDIA, ASSESS DATA FROM EXISTING CASES OF RADIONUCLIDE
MIGRATION AND INVESTIGATE THE CHARACTERISTICS OF NATURAL ORE DEPOSITS WHICH
CAN SERVE AS ANALOGUES FOR PREDICTING THE FATE OF RADIOACTIVE WASTES

_FY-79 _FY-80 _FY-3] _FY-82 _FY-83
WEST VALLEY HIGH LEVEL WASTE MIGRATION
(NYGS) B-6350

ASSESS DATA BASE OM RADIONUCLIDE MIGRATJON ~ ——
IN GEOLOGIC MEDIA (STANFORD)

NATURAL ORE ANALOGUES OF WASTE MIGRATION




N~ N4
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SITE_CHARACTERISTICS STANDARDS AND CRITERIA :

GEOLOGIC PARAMETERS

ASSESS LIMITING PARAMETERS AND CRITERIA FOR USE IN CONSIDERING GENERAL
GEOLOGIC FACTORS IN THE SITE SELECTION PROCESS, INCLUDING MINERALOGICAL
NATURE OF{ROCK, ROCK RESPONSE TO CRUSTAL FORCES, EFFECTS OF CHANGES IN THE
LAND SURFACE, AND INDIRECT GEOPHYSICAL MEASUREMENT TECHNIQUES WHICH ARE
NEEDED TO SUPPLtﬂENT DIRECT FIELD AND LABORATORY GEOLOGIC MEASUREMENTS

_FY-79  _FY-80 _FY-81 _FY-82 _FY-83
LITHOLOGIC REQUIREMENTS AND LIMITATIONS —_
EROSION POTENTIAL LIMITATIONS
TECTONIC LIMITATIONS
REPOSITORY ROCK REQUIREMENTS

SURFACE GEOPHYSICAL CHARACTERIZATION
TECHNIQUES

NONINTRUSIVE ANALYSES TECHNIQUES (UNIV, OF
ARIZONA) B-6337

CONSTRAINTS FROM NATURAL RESOURCES




SITE CHARACTERISTICS STANDARDS AND CRITERIA

CLIMATIC PARAMETERS

EVALUATE REGULATORY NEEDS AND METHODS FOR PREDICTING LONG TERM CLIMATIC
IMPACTS ON REPOSITORIES

FY-79 _FY-80 _FY-81 _FY-82 _FY-83
CLIMATIC CHANGE PREDICTION AND IMPACT ‘ |

ASSESSMENT AND LIMITATIONS

13




REPOSITORY PERFORMANCE EVALUATION

TEST AND DEVELOP INFORMATION TO IMPROVE CRITERIA WHICH WILL ASSURE ADEQUATE
MARGINS OF SAFETY FOR THE ENGINEERING DESIGN, CONSTRUCTION, OPERATION AND
CLOSURE OF REPOSITORIES. THIS SHALL INCLUDE MAINTAINING RADIATION
EXPOSURES ALARA.

ROCK MECHANICS
REPOSITORY ENGINEERING
OCCUPATIONAL SAFETY

14
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REFOSITORY PERFORMANCE EVALUATION

ROCK MECHANICS
TEST GEOPHYSICAL MEASUREMENT METHODS AND DEVELOP TECHNICAL BASIS FOR
STANDARDS THAT WILL DEFINE REASONABLE ROCK CHARACTERISTICS THAT CAN
ADEQUATELY ACCOMMODATE REPOSITORY CONSTRUCTION

STRESS MEASUREMENTS AND TECHNOLOGY, -
B-6011

THERMAL CRACKING, B-5825  mmmemee

PREDICTION AND ANALYSIS OF FRACTURES
AND DISCONTINUITIES, B-6667

RADIATION EFFECTS ON STRUCTURAL
CHARACTERISTICS OF ROCK

ROCK MASS RESPONSE TO COMBINED STRESS




REPOSITORY PERFORMANCE EVALUATION

REPOSITORY ENGINEERING

ASSESS AND JMPROVE TECHNOLOGIES NEEDED TO TEST AND CONFIRM THE SAFETY AND

EFFECTIVENESS OF THE REPOSITORY, AND THE CAPABILITY TO RECOVER WASTE PACKAGES
AND STORED FUELS WITHIN DETERMINED TIME LIMITS.

FY-79_ _FY-80 _FY-81 _FY-82 _FY-83

BOREHOLE AND SHAFT SEALING TECHNOLOGY

ASSESSMENT AND TESTING (UNIV. OF ARIZONA)
B-6627

MINE STABILITY TO MEET TIME REQUIREMENTS ceemeee

B-6664

ENGINEERED BARRIER ANALYSES  memeeeem,
SPENT FUEL RETRIEVAL TECHNIQUE, B-6629 ———meem
HIGH LEVEL WASTE RETRIEVAL TECHNIQUES |
REPOSITORY DESIGN ANALYSES

: ’16



REPOSITORY PERFORMANCE EVALUATION

OCCUPATIONAL SAFETY

DEVELOP ENGINEERING, DESIGN AND OPERATIONAL CONTROL REQUIREMENTS TO

SUPPORT OCCUPATIONAL SAFETY CRITERIA AND TO CONTROL RADIATION EXPOSURES
TO ALARA LEVELS

ENGINEERING. DESIGNS TO REDUCE OCCUPATIONAL . =====---
EXPOSURES

OCCUPATIONAL PROCEDURES SAFETY ANALYSES == ======
B-6663 |




ENVIRONMENTAL IMPACT ASSESSMENT

DEVELOP DATA, METHODS AND CRITERIA WHICH WILL PROVIDE GUIDANCE FOR
SITE RELECTION WHICH WILL COMPLY WITH NEPA AND SUPPORT ENVIRONHENTAL
IMPAthASSESSMENTS BY NRC; DEVELOP METHODOLOGY FOR ESTIMATING
CONSEQUENCES AND RISKS TO HUMANS AND THE ENVIRONMENT



13

ENVIRONMENTAL IMPACT ASSESSMENT

DEVELOP REQUIREMENTS AND TEST METHODS FOR CONDUCTING ENVIRONMENTAL STUDIES AND
PREDICTINQ‘ENVIRONMENTAL IMPACTS. PROVIDE GUIDANCE FOR PREPARING
ENVIRONMENTAL IMPACT STATEMENTS AND TECHNICAL BASIS FOR EVALUATING THEM

_FY-79 _FY-80 _FY-81 _FY-82 _FY-83

REPOSITORY OPTIONS ASSESSMENT (HARVARD)
B-6623

RADIONUCLIDE PATHWAYS TO MAN CONFIRMATION,
B-6663
IMPACTS ON NATURAL RESOURCES _

IDENTIFY POTENTIAL SOURCES OF ENVIRON-
MENTAL IMPACTS FROM SITE EXPLORATICN,

CONSTRUCTION, OPERATION AND REPOSITORY
CLOSURE PROCEDURES

ECOLOGICAL IMPACTS




20

MONITORING TECHNOLOGY AND VERIFICATION

DETERMINE WHAT CHARACTERISTICS OR PROCESSES PERTAINING TO THE
SITING, CONSTRUCTION, OPERATION OR CLOSURE OF A REPOSITORY SHOULD
BE MONITORED. TEST, EVALUATE AND DEVELOP MONITORING TECHNIQUES.



21
MONITORING TECHNOLOGY AND VERirICATION

TEST AND IMPROVE METHODS AND PROVIDE VERIFICATION MEASUREMENTS FOR MONITORING
THE PERFORMANCE OF WASTE PACKAGES, MEASURING VARIOUS GEOPHYSICAL AND
GEOCHEMICAL CHARACTERISTICS OF THE REPOSITORY, SAFETY PERFORMANCE OF
REPOSITORY STRUCTURES AND OPERATINGS, RADIATION EXPOSURES TO WORKERS AND FOR
ENVIRONMENTAL IMPACTS THAT MAY RESULT FROM THE SITE EXPLORATION, OR THE
CONSTRUCTIONS OR OPERATIONS OF REPOSITORIES

WASTE PACKAGE CHARACTERISTICS -
REPOSITORY WATER CHARACTERISTICS ,
AQUIFER -
REPOSITORY- SAFETY PERFORFANCE
* ENVIRONMENTAL IMPACTS -




PROBABILISTIC ANALYSIS STAFF

FUEL CYCLE SECTION

M. C. CULLINGFORD

NRC BRIEFING TO DOE - OCTOBER 4, 1979



PROGRAM AREAS IN WASTE MANAGEMENT RISK ASSESSMENT

WASTE ANAGEMENT : o WASTE ISOLATION RISK ASSESSMENT
METHODOLOGY DEVELOPMENT
o SPENT FUEL ISOLATION ALTERNATIVES

o SCENARIO ASSESSMENT FOR WASTE

REPOSITORIES
| o DYNAMIC SIMULATION OF WASTE/ROCK
PROCESSES
OPERATIONAL AND FACILITY RISK o WASTE MANAGEMENT OF RADIOACTIVE
ASSESSHENT | GASES

PEER REVIEW GROUP AND CONSULTANTS




N

SAFER/PAS COORDINATION

—

PAS IMPORTANT SAFER
RISK ASSESSMENT ﬂ._;.l CONTRIBUTORS TO: ANALYTICAL &
METHODOLOGY RISK AND hemcenpest EXPERIMENTAL
UNCERTAINTIES STUDIES OF
RANKING OF PHENOMENOLOGY
DATA NEEDS FIELD TESTS
PHYSICAL DATA IMPROVED UNDERSTANDING
IF'PROVED OF ELEMENTS IMPORTANT
UNDERSTANDING 10 SAFETY
THIOLG ESTIMATION OF
MODEL UPDATE
CONSEQUENCES
SITE SPECIFIC INTEROFFICE WASTE
ASSESSVENT MANAGEMENT
MODELING GROUP
TO0LS NYSS, SD, NRR, RES

LICENSING

DEVELOPMENT




PAS WASTE MANAGEMENT PROGRAM COORDINATION

INTEROFFICE: IWMG

RESEARCH REVIEW GROUPS

OTHER AGENCIES AND ORGANIZATIONS:

USGS

EPA

APS
USGS
UCLA

WOODS HOLE
BPNL
UI

ASU

SHAW, PEARSON, TRASK
AND DEBUCHANANNE

APOSTOLAKIS
HOLLISTER
BURKHOLDER
DONATH

HELTON

—




USGS:

EPA:

DOE:

CONTACTS WITH OTHER AGERCIES

REFERENCE FACILITY DEFINITION FOR AfIALYSIS OF
BEDDED SALT

DYNAMIC SIMULATION OF WASTE/ROCK PROCESSES COWTRACT

CONSULTANTS TO RESEARCH REVIEW GROUP

REVIEH OF THE EPA AND ADL RISK ASSESSMENT WORK IN
SUPPORT OF THE EPA WASTE MANAGEMENT STANDARD (MEMORANDU
T0 LEVINE, MINOGUE AND DIRCKS, DATED MARCH 16, 1979)

TECHNICAL COORDINATION MEETINGS

PROGRAM REVIEW MEETINGS AND BRIEFINGS



METHODOLOGY DEVELOPMENT FOR RISK ASSESSMEHT
OF RADIOACTIVE WASTE ISOLATION

FUNDING: FY 79 (500) FY 80 (365) FY 81 (450)

JUSTIFICATION: ACRS RECOMMEHDATIONS NUREG-0496, NUREG-0392,

LETTER (DECEMBER 20, 1976, MOELLER TO ROWDEN)
USER OFFICE REQUEST NMSS 76-3
APS

IRG REPORT




METHODOLOGY DEVELOPMENT FOR RISK ASSESSMENT
OF RADIOACTIVE WASTE ISOLATION

OBJECTIVES: T0 DEVELOP A METHODOLOGY TO EXAML@E THE LONG-TERM

RISK FROM RADIOACTIVE WASTE ISOLATION IH DEEP
GEOLOGIC FORMATIONS :

TO DEMONSTRATE THE METHODOLOGY BY APPLICATION TO
A HYPOTRETICAL REFERENCE REPOSITORY IN BEDDED SALT

TO PROVIDE. INSIGHTS ON THE IMPORTAHT PROCESSES AHD
MECHANITSMS WHICH GOVERN TRAHSFER OF RADIONUCLIDES

TO HUMANS AND THUS GUIDE THE FORMATION OF LICEIISIHG |
DECISIONS



OBJECTIVES OF RISK METH(LOLOGY DEVELOPHMENT
FOR RADIOACTIVE WASTE ISOLATION PROGRAM

1. DEVELOP METHODOLOGIES APPROPRIATE FOR THE TIME
DEPENDENT ANALYSIS OF DEEP GEOLOGIC ISOLATION OF
RADIQACTIVE WASTE,

2, IDENTIFY EVENTS, SEQUENCES OF EVENTS, PROCESSES
- ( NATURAL AHD MAN MADE), SITE PROPERTIES AHD FACILITY
CHARACTERISTICS OF A DEEP GEOLOGIC REPOSITORY THAT
DETERMINE ITS LONG TERM CONTAINMENT ABILITY FOR
RADIOACTIVE WASTE,

3. IDENTIFY REQUIRED PROPERTY SPECIFICATION OF SITE/
REPOSITORY FOR THE AMALYSIS OF LONG TERM SAFETY,




OBJECTIVES OF RISK HETHDDD}OGY DEVELOPHENT FOR
RADIOACTIVE WASTE ISULATION PROGRAM
(CONT INUED)

4, PCRFORM A SENSITIVITY ANALYSIS TO IDENTIFY:

(a) THOSE PROCESSES AND CHARACTERISTICS
WHICH DOMINATE ISOLATION PHENONENA,

(8) SITE PROPERTIES WHICH REQUIRE MORE AMND/OR
BETTER DATA SO THAT EXPERIMENTAL PROGRAFS
CAN BE INITIATED TO OBTAIN THIS DATA,

(c) SOURCES AND ESTIMATE MAGNITUDES OF TIIE
UNCERTAINTIES IN THE ANALYSIS OF THE
LONG TERM SAFETY OF A REPOSITORY.

) 5. MEET ABOVE OBJECTIVES FOR SEVERAL WASTE FORMS
(HLW, TRU, SPENT FUEL) AND DIFFERENT EMPLACEMENT

MEDIA.

6. IF POSSIRLE, DEMONSTRATE A RISK ASSESSMEHT
CAPABILITY BY PERFORMING A RISK ASSESSHENT FOR
THE REFERENCE REPOSITORY SITE.



METHODOLOGY DEVELOPMENT FOR RISK ASSESSMENT
OF RADIOACTIVE WASTE ISOLATION IN DEEP GEOLOGIC MEDIA

PHASE A (1/78)

(10/73)

2,

DEFIHE REFEREHCE REPOSITORY SYSTEM FOR
AHALYSIS

DEVELOP MODELS TO SIMULATE

WASTE CHARACTERISTICS

WASTE/HOST ROCK INTERACTIOHS
TRANSPORT AMD ADSORPTION PROCESSES
PATHWAYS TO HUMAN FOOD CHAIH
ABHORMAL BEHAVIOR MECHAHISMS
DOSIMETRY AND HEALTH EFFECTS




N

METHODOLOGY DEVELOPMENT FOR RISK ASSESSMENT
OF RADIOACTIVE WASTE ISOLATION IN DEEP GEOLOGIC MEDIA

PHASE B (8/79)

(9/80)
PHASE C (9/80)

1.

IDENTIFY SYSTEM PROPERTIES IMPORTANT TO
LONG-TERM SAFETY

IDENTIFY DATA DEFICIENCIES

IDENTIFY SOURCES AND MAGNITUDES OF UNCERTAINTIES

’DEMONSTRATE RISK METHODOLOGY

EXTEND PROGRAM TO CONSIDER

EMPLACEMENT MEDIA OTHER THAN BEDDED SALT
o DOMED SALT

o GRANITE
o BASALT
o SHALE

o CLAY

MODEL IMPROVEMENT

SITE SPECIFIC LICENSING TOOLS



* COMPLETED

PRODUCTS

REPORT ON MODEL DEVELOPMENT (NUREG/CR-0458)

SENSITIVITY ANALYSIS REPORT (MUREG/CR-0394)

TRANSPORT MODEL REPORT (NUREG/CR-0424)

STATISTICAL METHODS FOR TREATING UNCERTAINTIES (NUREG/CR-0394)

MODELS WITH USER MAMUALS WHICH COULD BECOME STANDARD
CALCULATIONAL AND LICENSING TOOLS
ESTIMATE OF CONSEQUEMICES

REPOSITORY ASSESSMENT PROCEDURES




INSIGHTS
* 0 UNDERSTAIDING OF THE MECHANISMS AWD GEOLOGIC PROPERTIES IMPORTANT
TO WASTE ISOLATION

® IMPORTANT CONTRIBUTORS TO RISK
® IMPORTANT CONTRIBUTORS TO UNCERTAINTIES

O  GUIDANCE AS TO WHERE RESOURCES SHOULD BE EXPENDED TO GATHER DATA
0 GUIDANCE IN PLANNING AND PRIORITIZING FURTHER RESEARCH PROGRAMS
O ' DEMONSTRATION OF RISK METHODOLOGY BY APPLICATION TO THE REFERENCE SITE

* COMPLETED



FUTURE PLANS

APPLY THE RISK METHODOLOGY DEVELOPED FOR WASTE ISOLATION

IN BEDDED SALT TO DOMED SALT, BASALT, SHALE, CLAY, AND
OTHER MEDIA,

THROUGH IWMG, DEFINE USES OF THE RISK METHODOLOGY TO

SUPPORT THE LICENSING PROCESSES AND DEVELOP MODELS AS
LICENSING TOOLS,

DEFINE AND SCOPE PROBLEM OF EXTENSION OF RISK METHODOLOGY
TO SPENT FUEL ISOLATION.

INVESTIGATE APPLICATION OF METHODOLOGY TO OPERATING
REPOSITORY SAFETY.




RISK METHODOLOGY FOR SPENT FUEL ISOLATION ALTER(ATIVES

FUNDLIIG:
JUSTIFICATION:

OBJECTIVES:

FY 79 (150)  FY 80 (270) FY 81 (355)
USER OFFICE REQUEST iMSS 76-3

TO CHARACTERIZE ELEMENTS OF THE PROBLEM OF RISK
ASSESSMENT OF SPENT FUEL ISOLATION IN DEEP

GEOLOGIC FORMATIONS

TO MODIFY.THE RISK METHODOLOGY ‘DEVELOPED FOR
WASTE ISOLATION TO ALLOW EXAMINATION.OF THE
RISK FROM ISOLATION OF SPENT FUEL

TO DEMONSTRATE THE METHODOLOGY BY APPLICATION
TO A REFEREFICE SPEHT FUEL REPOSITORY



RISK METHODOLOGY FOR SPENT FUEL ISOLATION ALTERNATIVES

PRODUCTS DATE
REPORT ON REFERENCE SPENT FUEL REPOSITORY 9/80
WASTE ISOLATION RISK MODEL MODIFICATION REPORT 9/80
DATA RESEARCH NEEDS | | 3/81
IDENTIFICATION OF PROPERTIES IMPORTANT TO LONG | 3/81
TERM SAFETY
EVALUATE UNCERTAINTIES 9/81

RISK ASSESSMENT OF OTHER EMPLACEMENT MEDIA 9/82




R R R

N p—

SCENARIO ASSESSMENT FOR WASTE REPOSITORIES

FUNDING: FY 79 (139) FY 80 (200) FY 81 (260)

- OBJECTIVES: TO EXAMINE THE RELATIVE IMPORTANCE OF VARIOUS
| RELEASE MODES

TO DEVELOP GUIDANCE ON FORMULATION OF LICENSIVG
REVIEW PROCEDURES

JUSTIFICATION: = EARLY AND INEXPENSIVE GUIDANCE TO DIRECTION OF:

o WASTE ISOLATION RISK METHODOLOGY DEVELOPMENT
o WASTE MANAGEMENT LICENSING QUESTIONS

GUIDANCE IN THE SCREENING AND SELECTION OF EVENT 9/30
SEQUENCES
QUICK RUNMING CODE TO ADDRESS LICENSING QUESTIONS 9/81

ABOUT MASS TRANSPORT




DYNAMIC SIMULATION OF WASTE/ROCK PROCESSES

FUNDING: FY 79 (87) FY 80 (96) FY 81 (100)

JUSTIFICATION:  INFORMATION NEEDED BY WASTE AND SPENT FUEL
ISOLATION PROJECTS

OBJECTIVE: TO MODEL AND ANALYZE GEOLOGIC PROCESSES WHICH
RESULT IN FEEDBACK MECHANISMS

PRODUCTS DATE

CHAPTER IN NUREG/CR-0458, “METHODS OF SIMULATION 10/78
ANALYSIS APPLIED TO QUESTIONS OF GEOLOGIC STABILITY
OF THE REFERENCE SYSTEM

SCOPING CALCULATIONS FOR SCENARIO DEVELOPMENT IN ONGOING
WASTE ISOLATION RISK ASSESSMENT




THERMAL STRESS
OF
HOST ROCKS

SUBS IDENCE
&
COMPACTION

CREATION
OF
FRACTURES &
OPENINGS

Y

SOLUTIONING

/2

INTRUSION OF
REPOSITORY
BY WATER




FUNDING:

OBJECTIVE:

JUSTIFICATION:

PRODUCTS

RADIOACTIVE WASTE GASES

FY 79 (140) FY 80 (150) FY 81 (140)

IDENTIFY LEAST RISK ALTERHATIVE FOR MANAGEMENT OF
GASEOUS cl4, 1129, Kr85 FROM FUEL CYCLE FACILITIES

0

RESPONSE TO ACRS CONCERNS (REF, 12/20/76 LETTER,
MOELLER TO ROWDEN)

RESPONSE TO NMSS USER REQUEST 78-32 (06/07/78)

EPA STAHDARDS (FEDERAL REGISTER -01/13/77) LIMITING
GASEOUS RELEASES OF 1129, Kr85 AND C14 TO LEVELS
BELOW THOSE ACHIEVED BY DILUTION AND DISPERSAL

IDENTIFICATION OF VIABLE MAHAGEMENT ALTERNATIVES (79)
DEVELOPMENT OF METHODOLOGY FOR RISK ASSESSMENT O
SELECTED MANAGEMEAT ALTERNATIVES (80)

COST/BENEFIT ANALYSES OF SELECTED MANAGEMENT
ALTERNATIVES (80)

RECOMMENDATION OF FACILITY PERFORMANCE CRITERIA (30)




WG

OBJECTIVES: o TO DEVELOP NRC STAFF EXPERTISE IN USING
THE WASTE MANAGEMENT MODELS

o T0 ACQUIRE AN.UNDERSTANDING OF THE CAPABILITIES
AND LIMITATIONS OF THE MODELS

o TO DEVELOP EXPERTISE IN THE APPROPRIATE
APPLICATION OF THE METHODOLOGY IN THE LICENSING
AND RULEMAKING PROCESSES



I1,

11,

Iv,

IWMG PHASE 1 PROBLEMS

HYDRAULIC FLOW SIMULATION IN 1-D VARYING BCs
FLOW WITH RADIONUCLIDE DECAY

EXAMINATION OF SOLUTION TECHNIQUES

2-D SOLUTION OF “REFERENCE REPOSITORY”

INCLUSION OF SOURCE TERM MODEL, WELL INPUT AND FIELD
DATA




