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. OBJECTIVES OF THE BRIEFING

. DEFINITION OF PERFORMANCE ASSESSMENT

. OBJECTIVES OF PERFORMANCE ASSESSMENT

. REQUIRED PERFORMANCE ASSESSMENTS

. MAJOR TECHNICAL CONCERNS

. PERFORMANCE ASSESSMENT ACTIVITIES

NWEXTRS5P.A13/5-16,17-89 1




OBJECTIVES OF THE BRIEFING

SESSION I: OVERVIEW

e ESTABLISH THE REGULATORY BASIS FOR THE PERFORMANCE ASSESS-
MENT PROGRAM

e REVIEW THE ROLE OF PERFORMANCE ASSESSMENT IN THE REDUCTION
OF UNCERTAINTIES

e REVIEW THE APPROACH FOR THE TECHNICAL INTEGRATION OF PER-

' FORMANCE -
ASSESSMENT ACTIVITIES

e REVIEW THE TIMING AND SEQUENCING OF PLANNED PERFORMANCE
ASSESSMENT ACTIVITIES

SESSION Il: SUMMARY OF MAJOR PERFORMANCE
ASSESSMENT EFFORTS

e REVIEW PREVIOUS PERFORMANCE ASSESSMENT CALCULATIONS
INCLUDING THOSE IN THE ENVIRONMENTAL ASSESSMENTS

e REVIEW DATA STATUS AND NEEDS

e [DENTIFY NEAR TERM ACTIVITIES

NWEXTR5P.A13/5-16,17-89




OBJECTIVES OF THE BRIEFING
DAY 2

SESSION IiI: INVESTIGATIVE APPROACH

e REVIEW APPROACH TO MODEL VALIDATION
e ESTABLISH ITERATIVE NATURE OF PERFORMANCE ASSESSMENTAND
TESTING |

SESSION IV: RECENT APPLICATIONS

e REVIEW OF PERFORMANCE ASSESSMENTS IN SUPPORT OF THE SCP

e REVIEW OF PERFORMANCE ASSESSMENTS IN THE COMPARATIVE SITE
ANALYSIS

e REVIEW OF PERFORMANCE ASSESSMENTS CONDUCTED TO EVALUATE
THE IMPACTS OF SITE CHARACTERIZATION ON LONG-TERM SITE PER-
FORMANCE

SESSIONV: MODEL DEVELOPMENT

e PRESENT AN EXAMPLE OF PHYSICAL MODEL DEVELOPMENT
e PRESENT AN EXAMPLE OF SUBSYSTEM MODEL DEVELOPMENT

NWEXTRSP.A13/5-16,17-89 3




WHAT IS PERFORMANCE
ASSESSMENT?

® PROCESS OF EVALUATING REPOSITORY SYSTEM,
SUBSYSTEM, AND COMPONENT PERFORMANCE

e DEMONSTRATE COMPLIANCE WITH THE NUMERICAL
CRITERIA OF THE REGULATIONS

e SUPPORT REPOSITORY DEVELOPMENT INCLUDING
SITE CHARACTERIZATION AND DESIGN

NWPERF5P.A12/5-16,17-89 4




OBJECTIVES OF PERFORMANCE
ASSESSMENT

EVALUATE SYSTEM AND SUBSYSTEM PERFORMANCE TO
DEMONSTRATE COMPLIANCE WITH THE TECHNICAL CRITERIA
OF 10 CFR PART 60 FOR THE LICENSE APPLICATION

EVALUATE ENVIRONMENTAL IMPACTS FOR THE
ENVIRONMENTAL IMPACT STATEMENT

ASSESS SENSITIVITIES AND UNCERTAINTIES IN THE
PERFORMANCE ASSESSMENT

GUIDE DESIGN AND TESTING ACTIVITIES

NWEXTRS5P.A13/5-16,17-89 5




REQUIRED PERFORMANCE
ASSESSMENTS

e PRECLOSURE PERFORMANCE ASSESSMENTS

® POSTCLOSURE PERFORMANCE ASSESSMENTS

- TOTALSYSTEM PERFORMANCE ASSESSMENT
- ENGINEERED BARRIER SYSTEM PERFORMANCE ASSESSMENT

- NATURAL BARRIERS PERFORMANCE ASSESSMENT

NWEXTRS5P.A13/5-16,17-89 6




NUCLEAR REGULATORY COMMISSION

10 CFR 60 ,
Overall System Performance <— Accessible Access Shatft
Objective ' -
e Conformance with EPA
Standard
Subsystem Performance Natural .
Requirements Barriers Repository

e Waste Package Lifetime

e Annual Radionuclide Release
Rate

e Pre-Emplacement Ground-Water
Travel Time

Siting Criteria
e Favorable Conditions
e Potentially Adverse Conditions

RW42387T.015
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SCHEMATIC OF CONTAINER FUNCTIONS

Containment Loss of Beginning of Controlled
Period Containment Liquid Release Release Period

” _ »

Gaseous Releases 7 Dissolved Waste

RW21675.006
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UNSATURATED-ZONE SECTION
MOUNTAIN

X

Precipitation =
(~15Cm/Yr) Evaporation

Infiltration
(~ 3% - 4.5 Mm/Yr) O
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e
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PRECLOSURE REQUIREMENTS

Both the DOE and the NRC Require Radiation Protection for
Exploratory Workers and the General Public During Normal Operations and
Shaft 2 During Accidents; (10 CFR 60.111, 10 CFR 60.2, Proposed

Eploratory 10 CFR 20; DOE 5480.11, Draft DOE 5400.xx, and Draft DOE 6430.1A)

NWEXTR5P.A13/5-16,17-89 10




MAJOR TECHNICAL CONCERNS

INTEGRATION OF PERFORMANCE ASSESSMENT INTO TESTING
PROGRAMTO EVALUATE ADEQUACY OF DATA

UNCERTAINTIES IN SITE MODELS

- ALTERNATE CONCEPTUAL MODELS

- SCENARIO SELECTION
- VALIDITY OF PROCESS AND CONSITUTIVE MODELS
(eg. FLOW MECHANISM IN U2)

- REPRESENTATIVENESS OF SITE DATA

UNCERTAINTIES IN ENGINEERED BARRIER MODELS

- PHYSICAL MODEL FOR CONTAINER DEGRADATION AND FAILURE
- MASS TRANSFER FROM WASTE PACKAGE IN UNSATURATED MEDIA

PRECLOSURE CONCERNS

- SEISMIC ENVIRONMENT
- ACCIDENT SOURCE TERM

C-14 GASEOUS RELEASE IN THE UNSATURATED ZONE

REGULATORY INTERPRETATION

- GROUND-WATER TRAVEL TIME

- SUBSTANTIALLY COMPLETE CONTAINMENT
- ANTICIPATED PROCESS AND EVENTS

- DISTURBED ZONE EXTENT

NWEXTRSP.A13/5-1¢. 17-89 11




PO

MAJOR
MILESTONES

DESIGN
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TESTING
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MILESTONES

PERFORMANCE ASSESSMENT
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- SCOPING PA PHASE —»{=<— EIS PA PHASE—>

————— SAR PA PHASE —————
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FEIS LA
DEIS SAR SAR
\v4 YV ¥
ACD LAD
Y
BEGIN
SURFACE BASED BEGIN IN SITU
TESTING TESTING
Y A\v4
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MAJOR PHASES OF THE OCRWM

PERFORMANCE ASSESMENT PROGRAM

12/88 10/89 10/90 10/91 10/92 10/93 1/95
-..Completescp L DEIS Assessments
................. Complete PA Work Plans .....Write DEIS.............Complete DEIS
........................................ Sensitivity Studies.............. cereenenneen. OAR Assessments. ...
...................... Benchmarking...................c.ooe.. coeveeneeene Wit SAR......................Complete SAR
....................... Verification/Validation.....................coooiiii oo
........................................... Code Selection...................
................................................ Code DOCUMENEAHON. ...........ooiieii ettt et te et ettt e ettt e st e eeeee e
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PERFORMANCE ASSESSMENT CYCLES

Safety Analysis Site Characterization

Report Technical Support Plan
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PRECLOSURE REQUIREMENTS

Both the DOE and the NRC Require Radiation Protection for
Exploratory Workers and the General Public During Normal Operations and
Shaft 2 During Accidents; (10 CFR 60.111, 10 CFR 60.2, Proposed

Sploratony 10 CFR 20; DOE 5480.11, Draft DOE 5400.xx, and Draft DOE 6430.1A)

16




ZONE SECTION
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SCHEMATIC OF CONTAINER FUNCTIONS

Containment Loss of Beginning of Controlled
Period Containment Liquid Release Release Period

t, t, t,

. Gaseous Releases Dissolved Waste

RW21675.006
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NUCLEAR REGULATORY COMMISSION
10 CFR 60 '

Overall System Performance «— Accessible Access Shaft

Obijective :
e Conformance with EPA
Standard
Subsystem Performance T
Requirements planral Repository

e Waste Package Lifetime

e Annual Radionuclide Release
Rate

e Pre-Emplacement Ground-Water
Travel Time

Siting Criteria
e Favorable Conditions
e Potentially Adverse Conditions

RW42387T.015
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PRESENTATION TO
THE NUCLEAR WASTE TECHNICAL REVIEW BOARD

SUBJECT: FLOWDOWN OF REGULATORY
REQUIREMENTS TO THE
PERFORMANCE ASSESSMENT

PROGRAM

PRESENTER: DR. LARRY D. RICKERTSEN

PRESENTER’S TITLE
AND ORGANIZATION: MANAGER, ISSUES RESOLUTION SECTION
WESTON TECHNICAL SUPPORT TEAM
OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

PRESENTER'S
TELEPHONE NUMBER: (202) 646-6760
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SCOPE OF PRESENTATION

® RELATION OF PERFORMANCE ASSESSMENT
STRATEGY TO ISSUES RESOLUTION STRATEGY

e MEASURES OF PERFORMANCE TO BE
EVALUATED

e ELEMENTS OF THE PERFORMANCE ASSESS-

MENT STRATEGY THAT FOLLOWS FROM THE
PERFORMANCE OBJECTIVES OF 10 CFR PART 60

NWRICK5P.A13/5-16,17-83 1
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PERFORMANCE
MEASURES

SITE, ENGINEERED
BARRIERS
CHARACTERISTICS

Y

DEVELOP
PHYSICAL
MODELS

Y

DEVELOP
CALCULATIONAL
MODELS

Y

CALCULATE
PERFORMANCE
MEASURES

y

ANALYZE
SENSITIVITY AND
UNCERTAINTY

(

PERFORMANCE ASSESSMENT PROCESS
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ta

DEVELOP SYSTEM
DESCRIPTION

IDENTIFY REGULATORY !
REQUIREMENTS

!

DEFINE ISSUES 2

!

SET LICENSING STRATEGY

IDENTIFY 4
PERFORMANCE MEASURES.
SET TENTATIVE "GOALS", AND
SET "INDICATIONS OF
CONFIDENCE"

!

JDENTIFY INFORMATION NEEDS 5

IDENTIFY PARAMETERS, SET
TENTATIVE "GOALS", AND SET
“INDICATIONS OF CONFIDENCE"

-

DEVELOP TESTING STRATEGY
IDENTIFY TESTS, VARIABLES AND
PARAMETERS TO BE MEASURED

‘ 7

CONDUCT INVESTIGATIONS

!

ANALYZE RESULTS 8

r

ESTABLISH THAT INFORMATION 9
NEEDS ARE SATISFIED

!

USE INFORMATION TO 10
RESOLVE ISSUES

DOCUMENT RESOLUTION 1

NWRICKSP.A13/5-16,17-89
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FLOWDOWN OF REGULATORY REQUIREMENTS TO SITE
INVESTIGATIONS, DESIGN, AND PERFORMANCE ASSESSMENT

REGULATORY
REQUIREMENTS

Y

PERFORMANCE
AND DESIGN ISSUES
Y Y
PERFORMANCE PERFORMANCE
ALLOCATION MEASURES
Y Y
PROGRAM OF INVESTIGA- i SITE, ENGINEERED PERFORMANCE
TIONS AND DESIGN BARRIERS INFORMATION ASSESSMENTS
TESTING AND DESIGN FURTHER
STRATEGIES TO ADDRESS ADDRESS UN-
UNCERTAINTIES CERTAINTIES

ISSUE
RESOLUTION

NWRICK5P.A13/5-16,17-89
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SITE, ENGINEERED
BARRIERS
CHARACTERISTICS

Y

DEVELOP
PHYSICAL
MODELS

Y

DEVELOP
CALCULATIONAL
MODELS

Y

CALCULATE
PERFORMANCE
MEASURES

y

ANALYZE
SENSITIVITY AND
UNCERTAINTY

( (
PERFORMANCE ASSESSMENT PROCESS

NWRICK5P.A13/5-16,17-89 5
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PERFORMANCE ASSESSMENT OBJECTIVES DEFINE
PERFORMANCE MEASURES

e EVALUATE SYSTEM AND SUBSYSTEM PERFORMANCE TO
DEMONSTRATE COMPLIANCE WITH THE TECHNICAL CRITIERIA
OF 10 CFR PART 60 FOR THE LICENSE APPLICATION

e EVALUATE ENVIRONMENTAL IMPACTS FOR THE
ENVIRONMENTAL IMPACT STATEMENT

® ASSESS SENSITIVITIES AND UNCERTAINTIES IN THE
PERFORMANCE ASSESSMENT

e GUIDE DESIGN AND TESTING ACTIVITIES

NWRICKS5P.A13/5-16,1789 6
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REQUIREMENTS FOR PRECLOSURE

RADIOLOGICAL SAFETY
10 CFR 60.111

DOSES TO REPOSITORY WORKERS AND MEMBERS OF THE
GENERAL PUBLIC FROM ROUTINE OPERATIONS MUST MEET
CRITERIA SPECIFIED IN 10 CFR PART 20 AND 40 CFR PART 191 ’
SUBPART A

NO CRITERIA FOR DOSES FROM ACCIDENTS BUT CRITERION
FOR SYSTEMS, COMPONENTS AND STRUCTURES IMPORTANT
TO SAFETY

NWRICKS5P.A13/5-16,17-89 7
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REQUIREMENTS FOR POSTCLOSURE PERFORMANCE
10 CFR 60.112
40 CFR PART 191, SUBPART B (CURRENTLY IN REMAND)

CONTAINMENT FOR SIGNIFICANT PROCESSES AND EVENTS

PROBABILITY OF 10,000-YEAR CUMULATIVE RELEASE TO ACCESSIBLE ENVIRON-
MENT SHALL BE LESS THAN ONE CHANCE IN TEN OF EXCEEDING SPECIFIED LIMITS
AND LESS THAN ONE CHANCE IN 1000 OF EXCEEDING TEN TIMES THESE LIMITS

INDIVIDUAL PROTECTION FOR UNDISTURBED PERFORMANCE

ANNUAL DOSE TO INDIVIDUALS LESS THAN SPECIFIED LIMITS FOR 1000 YEARS
AFTER DISPOSAL

GROUND-WATER PROTECTION FOR UNDISTURBED PERFORMANCE

CONCENTRATIONS IN SPECIAL SOURCES OF GROUND WATER LESS THAN
SPECIFIED LIMITS FOR 1000 YEARS AFTER DISPOSAL

NWRICK5P.A13/5-16,17-89 8
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REQUIREMENTS FOR NATURAL AND
ENGINEERED BARIERS
10 CFR 60.113

CONTAINMENT OF HLW WITHIN WASTE PAQ' KAGES WILL BE
SUBSTANTIALLY COMPLETE FOR A PERIOD BETWEEN 300 AND

1000 YEARS AFTER PERMANENT CLOSURE FOR ANTICIPATED
PROCESSES AND EVENTS

ANNUAL RELEASE OF ANY RADIONUCLIDE FROM THE EBS
FOR ANTICIPATED PROCESSES AND EVENTS SHALL BE LESS

THAN SPECIFIED LIMIT

PRE-WASTE-EMPLACEMENT GROUND-WATER TRAVEL TIME

ALONG FASTEST PATH OF LIKELY RADIONUCLIDE TRAVEL FROM
DISTURBED ZONE TO ACCESSIBLE ENVIRONMENT SHALL BE AT
LEAST 1000 YEARS

NWRICK5P.A13/5-16,17-83 9
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REQUIREMENTS FOR FAVORABLE AND
POTENTIALLY ADVERSE CONDITIONS
10 CFR 60.122

MUST EVALUATE EFFECT ON WASTE ISOLATION OF POTENTIALLY
ADVERSE CONDITIONS THAT MAY BE PRESENT:

(1) POTENTIAL FOR FLOODING OF UNDERGROUND FACILITY

(2) FORESEEABLE HUMAN ACTIVITY THAT COULD AFFECT
GROUND-WATER FLOW SYSTEM

(3) LARGE SURFACE WATER IMPOUNDMENTS THAT MAY BE
ADVERSE

(4) STRUCTURAL DEFORMATION THAT MAY AFFECT REGIONAL
GROUND-WATER SYSTEM

(5) CHANGES TO HYDROLOGIC CONDITIONS THAT COULD
AFFECT RADIONUCLIDE MIGRATION |

(6) CHANGES TO HYDROLOGIC CONDITIONS THAT COULD
AFFECT EBS

(7) GEOCHEMICAL PROCESSES THAT COULD ADVERSELY
AFFECT THE EBS

NWRICK5P.A13/5-16,17-89 10
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REQUIREMENTS FOR FAVORABLE AND
POTENTIALLY ADVERSE CONDITIONS
10 CFR 60.122

(CONTINUED)

(8) GEOCHEMICAL PROCESSES THAT COULD ADVERSELY
AFFECT WASTE ISOLATION

(9) GROUND-WATER CONDITIONS THAT ARE NOT REDUCING

(10) EVIDENCE OF DISSOLUTIONING

(11) STRUCTURAL DEFORMATION DURING QUATERNARY PERIOD

(12) EARTHQUAKES THAT COULD AFFECT THE SITE SIGNIFICANTLY

(13) INDICATION THAT FREQUENCY OR MAGNITUDE OF EARTH-
QUAKES MAY INCREASE

(14) MORE FREQUENT OCCURRENCE OF EARTHQUAKES AT SITE
THAN IN REGION

(15) IGNEOUS ACTIVITY SINCE THE START OF THE QUATERNARY
PERIOD

(16) EXTREME EROSION DURING QUATERNARY PERIOD

NWRICK5P.A13/5-16,17-89 11




(17)
(18)
(19)
- (20)

(21)

(22)

(23)
(24)

( (

REQUIREMENTS FOR FAVORABLE AND
POTENTIALLY ADVERSE CONDITIONS
10 CFR 60.122

(CONTINUED)

PRESENCE OF NATURAL RESOURCES
SUBSURFACE MINING AT THE SITE
DRILLING AT THE SITE

ROCK OR GROUND-WATER CONDITIONS REQUIRING COMPLEX
ENGINEERING

GEOCHEMICAL CONDITIONS THAT DO NOT PERMIT STABLE
OPENINGS

POTENTIAL FOR WATER TABLE RISE TO SATURATE THE
UNDERGROUND FACILITY

PERCHED WATER BODIES THAT MAY BE ADVERSE
MOVEMENT OF GASEOUS RADIONUCLIDES THROUGH
AIR-FILLED PORE SPACES

NWRICK5P.A13/5-16,17-89 12
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DESIGN CRITERIA
10 CFR 60.130-135

GENERAL DESIGN CRITERIA (60.131)

e LIMITS SPECIFIED IN 10 CFR PART 20 (10 CFR 60.111)
e STRUCTURES, SYSTEMS, COMPONENTS IMPORTANT TO SAFETY

ADDITIONAL DESIGN CRITERIA FOR SURFACE FACILITIES (60.132)

e REQUIREMENTS OF 10 CFR 60.111

ADDITIONAL DESIGN CRITERIA FOR THE UNDERGROUND FACILITY
(60.133)

o CONTRIBUTE TO WASTE ISOLATION AND CONTAINMENT

DESIGN OF SEALS FOR SHAFTS AND BOREHOLES (60.134)

¢ DO NOT COMPROMISE ABILITY TO MEET PERFORMANCE OBJECTIVES
e DO NOT CREATE PREFERENTIAL PATHWAY

CRITERIA FOR THE WASTE PACKAGE (60.135)

e DO NOT COMPROMISE ABILITY TO MEET PERFORMANCE OBJECTIVES

NWRICKS5P.A13/5-16,17-89 13
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ANALYSES REQUIRED FOR ENVIRONMENTAL
IMPACT STATEMENT
CEQ GUIDELINES

e ANALYSES DEFINED DURING SCOPING

e ENVIRONMENTAL IMPACTS (E.G., DOSE OR HEALTH
EFFECTS)

o ANALYSIS OF LONG-TERM PERFORMANCE

o ANALYSIS OF ACCIDENTS AND DISRUPTIONS

NWRICK5P.A13/5-16,17-89 14
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- SITE SUITABILITY ANALYSIS AND
ANALYSES TO SUPPORT DESIGN AND
TESTING PROGRAMS

ANALYSES FOCUS ON PERFORMANCE
MEASURES OF 10 CFR PART 60
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PERFORMANCE MEASURES

PRECLOSURE SAFETY

e DOSES TO WORKERS AND MEMBERS OF PUBLIC FROM ROUTINE OPERATIONS
e DOSES TO MEMBERS OF PUBLIC FROM ACCIDENTS

POSTCLOSURE TOTAL SYSTEM PERFORMANCE
e 10,000-YEAR CUMULATIVE RELEASE TO ACCESSIBLE ENVIRONMENT (CCDF)

o ANNUAL DOSE TO INDIVIDUALS
o CONCENTRATIONS IN SPECIAL SOURCES OF GROUND WATER

ENGINEERED BARRIERS PERFORMANCE

o TIME OF CONTAINMENT OF RADIOACTIVE MATERIAL IN WASTE PACKAGES
e RATE OF RELEASE OF FROM ENGINEERED BARRIER SYSTEM

NATURAL BARRIERS PERFORMANCE

® PRE-WASTE-EMPLACEMENT GROUND-WATER TRAVEL TIME ALONG FASTEST PATH
OF LIKELY RADIONUCLIDE TRAVEL FROM DISTURBED ZONE TO ACCESSIBLE
ENVIRONMENT

NWRICKS5P.A13/5-16,17-89 16




(
OTHER PERFORMANCE MEASURES

e SURROGATE PERFORMANCE MEASURES WHEN
DATA ARE INCOMPLETE

@ VARIABLES IMPORTANT TO THE PERFORMANCE
MEASURES

NWRICKS5P.A13/5-16,17-89 17
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' PERFORMANCE ASSESSMENT PROCESS

PERFORMANCE
MEASURES

SITE, ENGINEERED
BARRIERS
CHARACTERISTICS

DEVELOP
CALCULATIONAL
MODELS

Y

CALCULATE
PERFORMANCE
MEASURES

Y

ANALYZE
SENSITIVITY AND
UNCERTAINTY

(e

NWRICK5P.A13/5-16,17-89 18
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PHYSICAL MODELS

SITE CONCEPTUAL MODELS
SCENARIOS

PROCESS AND CONSTITUTIVE MODELS

NWRICKS5P.A13/5-16,17-88 19




ELEVATION IN METERS

1500

1000

SOLITARIO CANYON YUCCA MOUNTAIN GHOST DANCE FAULT DRILL HOLE
WASH
SOLITARIO
CANYON FAULT BOW RIDGE
- FAULT B
Tpe QTac QTac QTac
QTac
[ ™ Tpe 4
» I 1 Toe /-
» '— ~
> I Tpt ™ Tpt ] ! ! I ! Tpt » ™
-1 REPOSITORY ENVELOPE ) 'l ! ,l Tt
i € L 1! ] / \/
11! u

0 1000 2000 HORIZONTAL SCALE
L )
FEET
HIGHLY FAULTED AND ? ST CERTA
TIVA CANYON MEMBER PROW PASS MEMBER o Y P ToNE RATIGRAPHY UNCERTAIN
[*] eEDDED TUFF BULLFROG MEMBER ALLUVIUM & COLLUVIUM V  WATERTABLE
2~ ARROWS SHOW DIRECTION

TOPOPAH SPRING MEMBER [m] TRAM MEMBER f=J BASAL VITROPHYRE e OF REL ATIVE DISPLACEMENT
[2]] TUFFACEOUS BEDS OF CALICO HILLS FLOW BRECCIA

FAULTS WITH MINOR DIP-SLIP DISPLACEMENTS
POSITIONS KNOWN OR CONCEALED AT SURFACE

FAULTS WITH MAJOR DIP-SLIP DISPLACEMENTS
POSITIONS KNOWN OR CONCEALED AT SURFACE

UNMAPPED & INFERRED FAULTS

= T 7 WITH SMALL DISPLACEMENT
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PERFORMANCE
MEASURES

Y

SITE, ENGINEERED
BARRIERS
CHARACTERISTICS

DEVELOP
— PHYSICAL
MODELS

CALCULATE
PERFORMANCE
MEASURES

Y

ANALYZE
SENSITIVITY AND
UNCERTAINTY

( <f"
PERFORMANCE ASSESSMENT PROCESS
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( (
CALCULATIONAL MODELS

LEVELI SIMPLIFIED SYSTEM AND SUBSYSTEM MODELS

LEVEL Il INTEGRATED SYSTEM AND SUBSYSTEM MODELS
(MODELS TO CALCULATE PERFORMANCE MEASURES)

LEVEL Il SUBMODELS FOR PROCESSES, COMPONENTS
(E.G., FLOW MODELS, THERMAL MODELS)

NWRICK5P.A13/5-16,17-89 22



( | (
PERFORMANCE ASSESSMENT PROCESS

SITE, ENGINEERED
BARRIERS
CHARACTERISTICS

¢

PERFORMANCE
MEASURES

Y

DEVELOP

—> PHYSICAL

MODELS

L]

DEVELOP
CALCULATIONAL
MODELS

ANALYZE
SENSITIVITY AND
UNCERTAINTY
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( (
CALCULATIONS OF
PERFORMANCE MEASURES

ONLY ONE ASPECT OF PERFORMANCE ASSESSMENT
DETERMINISTIC vs PROBABILISTIC ANALYSIS
CONSERVATIVE ANALYSIS

BOUNDING ANALYSIS

NWRICK5P.A13/5-16,17-89 24
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(

PERFORMANCE
MEASURES

SITE, ENGINEERED
BARRIERS
CHARACTERISTICS

——

Y

DEVELOP
PHYSICAL
MODELS

Y

DEVELOP
CALCULATIONAL
MODELS

Y

CALCULATE
PERFORMANCE
MEASURES

(

PERFORMANCE ASSESSMENT PROCESS

NWRICKSP.A13/5-16,17-89 25




( (
TYPES OF UNCERTAINTIES

UNCERTAINTIES IN PHYSICAL MODELS
PARAMETER UNCERTAINTY
UNCERTAINTY DUE TO EXTRAPOLATION OF MODELS

UNCERTAINTIES DUE TO UNANTICIPATED PROCESSES
OR EVENTS

NWRICK5P.A13/5-16,17-89 26
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ELEVATION IN METERS

1500-l

1000

500

SOLITARIO CANYON YUCCA MOUNTAIN GHOST DANCE FAULT
SOLITARIO
CANYON FAULT
QTac /“\rpc
— bt bt
e > Tpt et
. / REPOSITORY ENVELOPE

2000 HORIZONTAL SCALE

UNCERTAINTY IN EXTRAPOLATION OF MODELS

NWRICK5P.A13/5-16,17-89 28
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( (
ADDRESSING UNCERTAINTIES

MODIFY PERFORMANCE ASSESSMENTS TO ADDRESS UNCERTAINTIES

e CONSERVATIVE ANALYSES

e BOUNDING ANALYSES

e SCENARIO ANALYSIS TO ADDRESS UNANTICIPATED PROCESSES AND
EVENTS

@ SENSITIVITY AND UNCERTAINTY ANALYSIS

ADDITIONAL TESTING TO REDUCE UNCERTAINTIES
e SITE CHARACTERIZATION AND ENGINEERED BARRIERS TESTING
e MODEL VALIDATION
e PERFORMANCE CONFIRMATION

MODIFY DESIGN TO MITIGATE UNCERTAINTIES

e MULTIPLE BARRIERS
e DESIGN MARGIN

NWRICKSP.A13/5-16,17-89 31
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(,

STRATEGY AND IMPLEMENTATION

SITE CHARACTERIZATION PLAN

STUDY PLANS

PERFORMANCE ASSESSMENT
STRATEGY PLAN (PASP)
IMPLEMENTATION PLAN (PAIP)

1a
DEVELOP SYSTEM
DESCRIPTION

IDENTIFY REGULATORY !
REQUIREMENTS

i

[ DEFNE ISSUES ?]

b

I SET LICENSING STRATEGY

i

_OSHTYY BWOAMATION HEEOS '

“INDNCATIONS OF COMFIDENCE

!

(

DEVELDP TESTING STRATEQY
DENTIPY TESTS, VARILGLES AND
PANAMETERS 10 BE MEASURED

l -

IﬁONDUCY INVESTIGATIONS ]

I ANALYZE RESULTS q

ESTABLISH THAT INFOAMATION '}
NEECS ARE SATISFIED

USE SFORMATION 10 [k
RESOLYE SIUES

I DOCUMENT RESOLUTION q

SITE, ENGINEERED
BARRIERS
CHARACTERISTICS

PERFORMANCE
MEASURES

¥

A

DEVELOP
PHYSICAL
MODELS

]

DEVELOP
CALCULATIONAL
MODELS

Y

CALCULATE
PERFORMANCE
MEASURES

]

ANALYZE
SENSITIVITY AND
UNCERTAINTY

NWRICK5P.A13/5-16,17-89 32




U.S. DEPARTMENT OF ENERGY
OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

PRESENTATION TO
THE NUCLEAR WASTE TECHNICAL REVIEW BOARD

SUBJECT: TECHNICAL INTEGRATION OF
PERFORMANCE ASSESSMENT
PROGRAM |

PRESENTER: DR. PAUL GNIRK

PRESENTER'S TITLE

AND ORGANIZATION: PRINCIPAL CONSULTANT
RE/SPEC INC.

PRESENTER'S

TELEPHONE NUMBER: (505) 293-2000

MAY 16-17, 1989




U.S. DEPARTMENT OF ENERGY
OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

PRESENTATION TO
THE NUCLEAR WASTE TECHNICAL REVIEW BOARD

SUBJECT: TECHNICAL INTEGRATION OF
PERFORMANCE ASSESSMENT
PROGRAM

PRESENTER: DR. PAUL GNIRK

PRESENTER'S TITLE
AND ORGANIZATION: PRINCIPAL CONSULTANT
RE/SPEC INC.

PRESENTER'S
TELEPHONE NUMBER: (505) 293-2000

MAY 16-17, 1989




SCOPE

THIS PRESENTATION WILL ADDRESS:

e PURPOSE
e ORGANIZATION
e FUNCTION

e ACTIVITIES IN RELATION TO
GENERAL PROGRAM

OF THE PERFORMANCE ASSESSMENT
INTEGRATION EFFORT

NWGNPU15P.A13/5-116,17-89 1




PURPOSE

THE PURPOSE OF THE PA INTEGRATION FUNCTION IS TO
COORDINATE AND GUIDE THE VARIOUS PERFORMANCE-
ASSESSMENT ACTIVITIES UNDERTAKEN BY THE DOE-HQ
PARTICIPANTS AND THE DOE-YMP PARTICIPANTS TO
ENSURE THAT:

e THE CAPABILITY (METHODOLOGY, TOOLS, EXPERTISE) WILL
EXIST TO CONDUCT THE ASSESSMENTS REQUIRED TO SUPPORT
PREPARATION OF THE SAFETY ANALYSIS REPORT (SAR) AND
THE ENVIRONMENTAL IMPACT STATEMENT (EIS) WHEN
REQUIRED BY THE SCHEDULE

e A SEPARATE CAPABILITY WILL EXIST TO REVIEW THESE
ASSESSMENTS

e THE CAPABILITY EXISTS TO CONDUCT ASSESSMENTS IN
SUPPORT OF SITE CHARACTERIZATION AND REPOSITORY
DESIGN

NWGNPU15P.A13/5-116,17-88 2




MANAGEMENT/INTEGRATION STRUCTURE

DOE-OCRWM

TECHNICAL

SUPPORT
CONTRACTOR

OFFICE OF SYSTEMS
INTEGRATION AND

- — — — — REGULATION

PROJECT
MANAGER

ASSOCIATE
DIRECTOR LEGEND
TECHNICAL AND LINE AUTHORITY
MANAGEMENT
SUPPORT

PROGRAM, POLICY
GUIDANCE, TECHNICAL
~— - —  OVERVIEW

CONTRACTOR

-

— -t X K] ADVISORY

REGULATORY AND
N SITE EVALUATION
DIVISION _———

REGULATORY
COMPLIANCE

DOE OPERATIONS OFFICES

I

I
I
1
I
I
I
I
I
I
NATIONAL LABORATORIES AND CONTRACTORS I
I
‘ ' I
I
I
I
I
I
I
I
I
I

PA PROGRAM
OVERSIGHT
GROUP

PA TECHNICAL
INTEGRATION
GROUP

PA WORKING

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
GROUPS I
|
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PERFORMANCE ASSESSMENT
INTEGRATION STRUCTURE

PA PROGRAM
OVERSIGHT
GROUP (POG)

PA TECHNICAL
INTEGRATION GROUP
(TiG)

NATURAL
BARRIER

PRE-
CLOSURE
SAFETY
WORKING
GROUP

SITE
CHARACTER-
ISTICS
WORKING
GROUP

TOTAL
SYSTEM
PERFORMANCE
WORKING

GROUP

ESF
REPOSITORY
& SEAL DESIGN
WORKING
GROUP

EBS
PERFORMANCE
WORKING
GROUP

NWGNPU15P.A13/5-116,17-89 4




PA INTEGRATION PARTICIPANTS

PROGRAM OVERSIGHT GROUP

D. ALEXANDER, DOE/HQ
M. BLANCHARD, DOE-NV/YMP

TECHNICAL INTEGRATION GROUP
P. GNIRK, RE/SPEC
L. RICKERTSEN, WESTON
J. YOUNKER, SAIC

WORKING GROUPS

JOTALSYSTEMPERFORMANCE ENGINEERED BARRIER NATURAL BARRIER PRECLOSURE SAFETY
PERFORMANCE PERFORMANCE
A.VANLUIK,PNL S. GOMBERG, DOE/HQ A.BINDOKAS, DOE-CH/RTP D.MICHLEWICZ, WESTON
H. AHAGEN, DOE-NV/YMP M. CLONINGER, DOE-NV/YMP D.HOXIE, USGS N. MORLEY, DOE-NV/YMP
F. BINGHAM, SNL M. APTED, PNL C.TSANG, LBL R. SANDOVAL, SNL
U. PARK, SAIC

ESE.REPQSITORY ANDSEALSDESIGN  ENVIRONMENTAL ASSESSMENT ~ SITE CHARACTERISTICS

H. PERRY, SAIC J. FRIEDMAN, SRA K.KRUPKA, PNL
V.MONTENYOHL,WESTON C.VOSS, PNL

NWGNI5P.A13/5-16-89




PRINCIPAL NEAR-TERM

INTEGRATION ROLE
(FY-1989 AND EARLY FY-1990)

e ONGOING REVIEW OF THE PA PROGRAM

e PREPARATION OF:

PERFORMANCE ASSESSMENT MANAGEMENT PLAN (PAMP)
PERFORMANCE ASSESSMENT STRATEGY PLAN (PASP)
PERFORMANCE ASSESSMENT IMPLEMENTATION PLAN (PAIP)

e GUIDE METHODOLOGY DEVELOPMENT FOR:

- MODEL VALIDATION/CODE CERTIFICATION

IDENTIFYING AND SCREENING PRECLOSURE

INITIATING EVENTS |
DETERMINATION OF THE EXTENT OF THE DISTURBED ZONE
EVALUATION OF TOTAL SYSTEM AND WASTE PACKAGE
PERFORMANCE AND GROUND-WATER TRAVEL TIME
ASSESSMENT OF POSTCLOSURE ASSESSMENT
REQUIREMENTS FOR DEIS .

NWGNPU15P.A13/5-116,17-80 6




PRINCIPAL NEAR-TERM
INTEGRATION ROLE

(CONTINUED)

e GUIDE MODEL/CODE DEVELOPMENT, INCLUDING
DOCUMENTATION AND BENCHMARKING

e COORDINATE AND MONITOR “TEST PROBLEMS”
FOR PRELIMINARY PA OF YUCCA MOUNTAIN
- COORDINATION OF CAPABILITIES AND WORKING
INTERFACES
- IDENTIFICATION OF KEY ASSUMPTIONS AND
CRITICAL DATA/MODEL NEEDS

NWGNPU15P.A13/5-116,17-88 7




LONGER-TERM
INTEGRATION ROLE

FY 1990 - 1991 TIMEFRAME

e COORDINATE MODEL VALIDATION AND CODE
CERTIFICATION ACTIVITIES

e ESTABLISH METHODOLOGIES FOR SAR AND DEIS
ASSESSMENTS

e PRELIMINARY IDENTIFICATION, SCREENING, AND
QUANTIFICATION OF DISRUPTIVE PROCESS AND EVENTS
FOR POSTCLOSURE SAR AND DEIS ASSESSMENTS

e "CALCULATIONAL EXERCISES" FORPRELIMINARY PA

OF YUCCA MOUNTAIN
- EXPECTED SITE AND REPOSITORY CONDITIONS
IMPACTS OF DISRUPTIVE PROCESS AND EVENTS

FY 1992 TIMEFRAME

e CONDUCTASSESSMENTS TO SUPPORT PREPARATION
OF DEIS NWGNPRNSP.A12/5-16,17-80 8




U.S. DEPARTMENT OF ENERGY
OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

PRESENTATION TO
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SUBJECT: PERFORMANCE OF NATURAL

BARRIERS

PRESENTER: DR. DWIGHT HOXIE

PRESENTER’S TITLE :

AND ORGANIZATION: HYDROLOGIST
YUCCA MOUNTAIN PROJECT
U.S. GEOLOGICAL SURVEY

PRESENTER'S
TELEPHONE NUMBER: (303) 236-5019

MAY 16-17, 1989




U.S. DEPARTMENT OF ENERGY
OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

| PRESENTATION TO
THE NUCLEAR WASTE TECHNICAL REVIEW BOARD

SUBJECT: PERFORMANCE OF NATURAL
BARRIERS

PRESENTER: DR. DWIGHT HOXIE

PRESENTER’S TITLE :

AND ORGANIZATION: HYDROLOGIST
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U.S. GEOLOGICAL SURVEY
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TELEPHONE NUMBER: (303) 236-5019

MAY 16-17, 1989
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TN

SCOPE OF PRESENTATION

e REGULATORY REQUIREMENTS FOR THE NATURAL BARRIERS:
THE GROUND-WATER TRAVEL TIME (GWTT)

o INFORMATION NEEDS FOR GWTT CALCULATIONS
® GWTT CALCULATIONS FOR THE ENVIRONMENTAL ASSESSMENT

e UNSATURATED-ZONE HYDROGEOLOGIC SYSTEM: CONCEPTS AND
UNCERTAINTIES

e ADDITIONAL INFORMATION NEEDS

e CURRENT AND FUTURE ACTIVITIES

NWHXIE5P.A12/5-16,1789 1




10 CFR PART 60.113(a)(2)

" THE GEOLOGIC REPOSITORY SHALL BE LOCATED SO
THAT PRE-WASTE-EMPLACEMENT GROUNDWATER
- TRAVEL TIME ALONG THE FASTEST PATH OF LIKELY

- RADIONUCLIDE TRAVEL FROM DISTURBED ZONE TO
THE ACCESSIBLE ENVIRONMENT SHALL BE AT LEAST
1,000 YEARS OR SUCH OTHER TRAVEL TIME AS MAY BE
APPROVED OR SPECIFIED BY THE COMMISSION"

NWHXIESP.A12/5-16,1789 2




N

INFORMATION NEEDED TO EVALUATE
GROUND-WATER TRAVEL TIME

o CHARACTERISTICS OF THE GROUND-WATER FLOW SYSTEM

- GEOLOGIC FRAMEWORK
- INITIAL AND BOUNDARY CONDITIONS
- HYDROLOGIC AND OTHER PHYSICAL PROCESSES

e CALCULATIONAL MODELS
e EXTENT OF DISTURBED ZONE
e PATHS OF LIKELY RADIONUCLIDE TRAVEL

e EVALUATION OF GROUND-WATER TRAVEL TIME

NWHXIE5P.A12/5-16,17-89 3




( \
CONCEPTUAL MODEL USED FOR THE

ENVIRONMENTAL ASSESSMENT (EA)
GWTT CALCULATIONS

q = 0.5mm/yr

bl

TOPOPAH SPRING WELDED UNIT (TSw)
REPOSITORY

___________ —————— DISTURBED ZONE (D2)

ZEOLITIZED (CHn2)
CALICO HILLS NONWELDED UNIT {V,TR,C (CH)

WELDED (PPw)
PROW PASS UNIT {NONWELDED (PPn)

WELDED (BFw)
BULLFROG UNIT  {Xe

WATER TABLE

NWHXIESP.A12/5-16,17-89 4




( (
GWTT CALCULATIONS FOR THE EA

THE PRINCIPAL ASSUMPTIONS:
e UNIT VERTICAL HYDRAULIC GRADIENT

e LIQUID-WATER FLUX q IS VERTICAL AND IS CONSTANT
IN SPACE AND TIME

e EFFECTIVE MATRIX HYDRAULIC CONDUCTIVITYK = q

e SATURATED HYDRAULIC CONDUCTIVITY (K ) AND
EFFECTIVE POROSITY (n) ARE RANDOM VARIABLES

e WATER FLOW IN FRACTURES DOMINATES IF q > 0.95K_,

e BASE OF DISTURBED ZONE (DZ) IS 50m BELOW RE-
POSITORY MIDPLANE

NWHXIE5P.A12/5-16,17-83 5




APPROACH 1(\; GROUNDWATER
TRAVEL TIME CALCULATION
FOR THE ENVIRONMENTAL ASSESSMENT

<«— PERIMETER DRIFT

DISTURBED ZONE BOUNDARY

FLU)>( () 1

it RNE

1
r UNIT 2 |
A NN - 5
::> O
';: gs UNIT 3 TRAVEL TIME
UNIT 4 7
WATER TABLE = NWHXIESP.A12/5-16,1789 6




( (

GWTT T. FOR COLUMN i CONSISTING OF
N ELEMENTS OF THICKNESS d

Nl
Ti=Z—el—

WHERE THE SEEPAGE VELOCITY V, IS GIVEN BY
e FOR THE ROCK MATRIX
-9 (K. )
V=, (q ) |
n=n(1-S)
e FOR THE FRACTURES

V=(q-K_ )x10* IFq=095 -K_



TN

HYDROLOGIC-PROPERTY DATA FOR
THE EA GWTT CALCULATIONS

HYDRO-
GEOLOGIC
PROPERTY UNIT

CRATER FLAT TUFF

TSw CHnv CHnz PPw PPn BFw BFn

MAXIMUM THICK-
NESS OF UNIT BE-
TWEEN DZ AND 72 135 133 44 122 o1 55
THE WATER TABLE '
(m)
Kgat 0.7 107 0.5 88 22 118 22
(mm/yr) ' )

N 0.11 032 | 027 | o024 | 025 | 022 | o025
g 5.9 4.2 7.0 4.0 5.2 4.6 5.2

NWHXIESP.A12/5-16,1789 g




GWTT CALCULATIONS FOR THE EA

1.0

0.9

0.8 -

0.7 -

0.6 -

0.5 -

0.4 -

0.3 4

0.2 -

NORMALIZED CUMULATIVE FREQUENCY

0.1 -

0.0 1 | | | | T |
0 10 20 30 40 50 60 70 80
GROUND-WATER TRAVEL TIME

(THOUSANDS OF YEARS) FROM THE DISTURBED ZONE
TO THE WATER TABLE

NWHXIESP.A12/5-16,17-89 10




(

COMPONENTS OF A CONCEPTUAL
MODEL FOR A HYDROLOGIC SYSTEM

e GEOLOGIC FRAMEWORK
® INITIAL AND BOUNDARY CONDITIONS

e HYDROLOGIC AND OTHER PHYSICAL
PROCESSES




GEOLOGIC FRAMEWORK

e STRUCTURAL FEATURES

- FAULTS
- FOLDS
- FRACTURES

e HYDROGEOLOGIC UNITS

- HIGHLY FRACTURED WELDED TUFFS
- SPARSELY FRACTURED NONWELDED TUFFS

NWHXIESP.A12/5-16,17-89 12




ELEVATION IN METERS

1500

1000+

TN

SOLITARIO CANYON  YUCCA MOUNTAIN GHOST DANCE FAULT DRILL HOLE
WASH
SOLITARIO
CANYON FAULT BOW RIDGE
FAULT -
QTac QTac QTac
QTac | ': Toe h
’r ” ™ 'l ! Tpe :_
» I Tpt Tpt [} [} I Tt - o
// REPOSITORY ENVELOPE h " ! ’l ™
. ¢ 4 — 11! ] / / \/
1! |
0 1000 2000 HORIZONTAL SCALE
FEET
HIGHLY FAULTED AND ?
TIVA CANYON MEMBER PROW PASS MEMBER Y TS TONE STRATIGRAPHY UNCERTAIN
[ ] BEDDED TUFF BULLFROG MEMBER ALLUVIUM & COLLUVIUM vV WATER TABLE
7~ ARROWS SHOW DIRECTION
TOPOPAH SPRING MEMBER [1=] TRAM MEMBER == BASAL VITROPHYRE R T ENT

[m] TUFFACEOUS BEDS OF CALICO HILLS FLOW BRECCIA

o e FAULTS WITH MINOR DIP-SLIP DISPLACEMENTS
POSITIONS KNOWN OR CONCEALED AT SURFACE

FAULTS WITH MAJOR DIP-SLIP DISPLACEMENTS
POSITIONS KNOWN OR CONCEALED AT SURFACE

_ __ UNMAPPED & INFERRED FAULTS
WITH SMALL DISPLACEMENT
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LOWER BOUNDARY CONDITION:
THE WATER-TABLE CONFIGURATION

e DEFINITION: SURFACE IN SPACE ON WHICH
LIQUID-WATER PRESSURE IS ZERO
(ATMOSPHERE)

e VARIABLE IN SPACE

e VARIABLE IN TIME




UPPER BOUNDARY CONDITION:
LAND-SURFACE NET INFILTRATION

e PAST — PALEOCLIMATOLOGY
e PRESENT
—MEAN PRECIPITATION ~ 150 mm/yr

~>POTENTIAL EVAPOTRANSPIRATION
~1600 mm/yr

= NET INFILTRATION 1 mm/yr

e FUTURE — CLIMATE CHANGE

NWHXIESP.A12/5-16,17-89 15




( (

LATERAL BOUNDARY CONDITIONS

® MUST ENCLOSE ALL POINTS IN SPACE FROM
WHICH HYDROLOGIC-RELATED EFFECTS CAN
PROPAGATE TO REPOSITORY SITE

e VARIABLE IN SPACE AND TIME

e WORKING HYPOTHESIS: DEFINED BY THE FAULT
SYSTEMS SURROUNDING THE REPOSITORY
BLOCK

NWHXIESP.A12/5-16,17-89 16
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HYDROLOGIC PROCESSES:
AIR AND WATER-VAPOR FLOW

e TOTAL MOISTURE BALANCE = LIQUID WATER
| + WATER VAPOR

e WATER-VAPOR DIFFUSION

e WATER-VAPOR ADVECTION DUE TO BULK FLOW
OF AIR

NWHXIESP.A12/5-16,17-89 17



NOTATION

¢ POSITION VECTOR IN SPACE 7 = Xi + yj + zk (L)
S; SATURATION OF FLUID f
K(#) INTRINSIC PERMEABILITY OF POROUS MEDIUM (L2)

kr(S;) RELATIVE PERMEABILITY OF FLUID f

P MASS DENSITY OF FLUID f (M/L®)

427 VISCOSITY OF FLUIDf (M/LT)

P, PORE PRESSURE OF FLUID f (M/LT2)

g ACCELERATION OF GRAVITY (L/T?)

F; VECTOR VOLUMETRIC FLUX OF FLUID f (L/T)

NWHXIESP.A12/5-16,17-89 18




DARCY'S LAW i




(

CAPILLARY PRESSURE (BARS)

|
O
N
Q

6
?

I
o
—h
N

1

S
2

-

DRYING

JMBIBITION

0 02 04 06 08 1.0

SATURATION

CAPILLARY PRESSURE AS A FUNCTION OF

LIQUID-WATER VOLUMETRIC SATURATION
(DEL MONTE SAND)

NWHXIESP.A12/5-16,1789 20



(

HYDRAULICS OF UNSATURATED
FRACTURES

FLOW BARRIERS OR CONDUITS ?

o LATERAL FLOW ACROSS FRACTURES

o LONGITUDINAL FLOW WITHIN FRACTURES




NWHXIESP.A12/5-16,17-89 22




THE SITE-CHARACTERIZATION PROGRAM
(PRE-WASTE EMPLACEMENT)

e DATA ACQUISITION

- EXPLORATORY-SHAFT FACILITY
- SURFACE-BASED BOREHOLES

e HYDROLOGIC-PROPERTY DATA
- ROCK MATRIX: n, Ksat, CHARACTERISTIC RELATIONS
- FRACTURES: DISCRETE, NETWORKS, OVERLAPPING CONTINUA
- FAULTS: DISCRETE BARRIERS OR CONDUITS

e HYPOTHESIS TESTING: ALTERNATIVE CONCEPTUAL MODELS

o UNCERTAINTY ANALYSES
- SENSITIVITY STUDIES: IMPORTANCE OF PROPERTIES
- CLASSICAL STATISTICS: PROBABILITY DISTRIBUTION FUNCTIONS
- GEOSTATISTICS: SPATIAL CORRELATION AND HETEROGENEITY

e NUMERCIAL MODELING
- LIQUID-WATER STORAGE AND FLOW
- CONVECTIVE AIR FLOW IN FRACTURE SYSTEMS
- ADVECTIVE WATER-VAPOR TRANSPORT
- GEOTHERMAL HEAT FLOW

NWHXIESP.A12/5-16,17689 23




CURRENT ACTIVITIES (FY89)

e COMPILE BEST AVAILABLE DATA FOR THE SITE

. @ PERFORM CLASSICAL AND GEOSTATISTICAL
ANALYSES OF THESE DATA

e ASSEMBLE A SET OF APPROPRIATE HYDRO-
LOGIC NUMERICAL MODELS

NWHXIE5P.A12/5-16,17-83 24
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FUTURE ACTIVITIES (FY90)

® REPEAT GWTT CALCULATIONS USING
- BEST AVAILABLE DATA

- BEST AVAILABLE MODELING TECHNIQUES

NWHXIESP.A12/5-16,17-89 25



U.S. DEPARTMENT OF ENERGY
OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

PRESENTATION TO
THE NUCLEAR WASTE TECHNICAL REVIEW BOARD

SUBJECT: ENGINEERED BARRIER
SYSTEM PERFORMANCE

PRESENTER: DR. ABRAHAM E. VAN LUIK

PRESENTER'S TITLE
AND ORGANIZATION: STAFF SCIENTIST,
. PACIFIC NORTHWEST LABORATORY

PRESENTER'S
TELEPHONE NUMBER: (202) 646-5207

MAY 16-17, 1989




SCOPE OF PRESENTATION

e DESCRIPTION OF THE WASTE PACKAGE/ENGINEERED
BARRIER SYSTEM

e THE ENVIRONMENTAL ASSESSMENT'S (EA) ENGINEERED
BARRIER SYSTEM PERFORMANCE EVALUATION

e THE SITE CHARACTERIZATION PLAN'S (SCP) ENGINEERED
BARRIER SYSTEM PERFORMANCE ASSESSMENT PROGRAM

NWLUIK5P.A12/5-16-89 1
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ENGINEERED BARRIER SYSTEM
DEFINITIONS

e ENGINEERED BARRIER SYSTEM (EBS):

- WASTE PACKAGES

- THE UNDERGROUND FACILITY

e THE EDGE OF THE EBS IS THE EDGE OF THE
EXCAVATION

NWLUIK5P.A12/5-16-89 2
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CONCEPTUAL WASTE PACKAGE DESIGNS FOR
HIGH-LEVEL WASTE AND SPENT NUCLEAR FUEL

HIGH-LEVEL WASTE CONTAINER SPENT NUCLEAR FUEL CONTAINER

¥ e

LIFTING FIXTURE

~sf>—3/8 IN. (1 cm) 18 CONSOLIDATED
| DISPOSAL CONTAINER BWR ASSEMBLIES
WEIGHT 13,210 LB,
]
. 187§
10.5 fi (328 cm) o4 ?#R(g‘“g'“sfgno
FUEL ASSEMBLIES
55" 1§57 MAX.
VARIES
6 INTACT
BWR ASSEMBLIES
L_ WEIGHT 6,440 L8B.
e 26—
e 035 IN
gy il , e
VARIES “'{':'.".'.Z"'.'.'."'.""
v b N
‘-.; ‘I." I" ..'.'..
HAROWARE \ - i
FUEL ROOS —_—
.. 3 INTACT PWR ASSEMBLIES 6 CONSOLIDATED
26 IN. (66 cm) O.D. ' WEIGHT 6,970 L8. PWR ASSEMBLIES

WEIGHT 11,640 L8,
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DETAIL OF WASTE PACKAGE
EMPLACEMENT OPTIONS

22’

EMPLACEMENT
DRIFT

SHIELD PLUG

VERTICAL EMPLACEMENT

25°

W * 15’ FOR SPENT FUEL
/I CONTAINERS OR
10’ FOR HIGH LEVEL

29" , l WASTE CONTAINERS

15’

HORIZONTAL EMPLACEMENT

N \\\\\\\\\\\\\\\\\"/////////

W YN I SHI Yo%

DM

EITHER 14 SPENT FUEL OR 18 HIGH LEVEL WASTE CONTAINERS

8 DUMMY CONTAINERS

NWLUIK5P.A12/5-16-89 4
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SCOPE OF PRESENTATION

e DESCRIPTION OF THE WASTE PACKAGE/ENGINEERED
BARRIER SYSTEM

e THE ENVIRONMENTAL ASSESSMENT'S (EA) ENGINEERED
BARRIER SYSTEM PERFORMANCE EVALUATION

e THE SITE CHARACTERIZATION PLAN'S (SCP) ENGINEERED
BARRIER SYSTEM PERFORMANCE ASSESSMENT PROGRAM
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THE ENVIRONMENTAL ASSESSMENT
RELEASE RATE CALCULATION FOR A FAILED
| SPENT FUEL CONTAINER |

M= FAS
M - MASS LOSS FROM CONTAINER

F - FLUX OF WATER [ 5 x 10 m%mz-yr]
A - CONTAINER AREA NORMAL TO THE FLUX [0.33 m?]

S - SOLUBILITY LIMIT OF WASTE MATRIX [5 x 102 kg/m?]

M=5x10"me«¢0.33m2 ¢ 5x102 kg=8.3x10° kg
yr m?3 yr
o

M i
RATE: = 2. 9
FRACTIONAL RELEASE 3.3 x 107 kg 2.5 x 10%/yr

NWLUIKSP.A12/5-16-89 6




ASSUMPTIONS AND LIMITATIONS OF THE
ENVIRONMENTAL ASSESSMENT
EBS PERFORMANCE CALCULATION

SCENARIO

- NO RELEASE OCCURS IF NO LIQUID WATER CONTACTED THE
WASTE PACKAGE

- A BOUNDING FLUX RATE OVER AN EFFECTIVE AREA CONTACTED
EACH WASTE PACKAGE

- CONCEPTUAL HYDROLOGIC MODELS ARE NEEDED TO DEFINE
THE FLUX AND THE AMOUNT OF LIQUID WATER THAT MAY
CONTACT A WASTE PACKAGE

- GASEOUS RELEASES MAY NEED TO BE MODELED EVEN IF NO
LIQUID WATER CONTACTS A WASTE PACKAGE

NWLUIK5P.A12/5-16-89 7




ASSUMPTIONS AND LIMITATIONS OF
ENVIRONMENTAL ASSESSMENT’S
EBS PERFORMANCE CALCULATION

(CONTINUED)

CONTAINER DEGRADATION

- SINGLE FAILURE TIME USED FOR ALL CONTAINERS
(3,000 YEARS)

- FAILURE TIME ESTIMATE BASED ON EXPERIMENTAL RESULTS
FOR ONE CONTAINER METAL AND ONE FAILURE MODE

- ENVIRONMENTS NEED TO BE DEFINED

- DEGRADATION MODES FOR REFERENCE AND ALTERNATE
METALS NEED TO BE DEFINED FOR ENVIRONMENTS

- DEGRADATION RATES NEED TO BE DEFINED

- CONTAINMENT FAILURE TIMES NEED TO BE MODELED

NWLUIKSP.A12/5-16-89
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ASSUMPTIONS AND LIMITATIONS OF
ENVIRONMENTAL ASSESSMENT
EBS PERFORMANCE CALCULATION

(CONTINUED)

RELEASE RATE

- A CONGRUENT DISSOLUTION RATE WAS USED
- OTHER RELEASE PROCESSES NEGLECTED

- DISSOLUTION RATE BASED ON UNCERTAIN UO, SOLUBILITY
LIMIT |

- CONTINUOUS HYDROLOGIC PATHWAY ASSUMED

- ELEVATED TEMPERATURE AND RADIATION FLUX NEGLECTED
(ARTIFACT OF 3,000 YEAR CONTAINMENT TIME)

NWLUIK5P.A12/5-16-89
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SCOPE OF PRESENTATION

e DESCRIPTION OF THE WASTE PACKAGE/ENGINEERED
BARRIER SYSTEM

e THE ENVIRONMENTAL ASSESSMENT'S (EA) ENGINEERED
BARRIER SYSTEM PERFORMANCE EVALUATION

e THE SITE CHARACTERIZATION PLAN'S (SCP) ENGINEERED
BARRIER SYSTEM PERFORMANCE ASSESSMENT PROGRAM

NWLUIKSP.A12/5-16-89 10




THE SITE CHARACTERIZATION
PROGRAM

A. PERFORMANCE ISSUES

- ISSUE 1.4, CONTAINMENT
- ISSUE 1.5, RELEASE RATE

B.INFORMATION NEEDS

- SITE CHARACTERISTICS

- WASTE PACKAGE ENVIRONMENTS ~

- MATERIALS PROPERTIES AND BEHAVIORS
C.STUDIES

- IN SITU AND LABORATORY TESTING

- MODEL DEVELOPMENT AND TESTING
- PERFORMANCE AND UNCERTAINTY ANALYSES

NWLUIK5P.A12/5-16-89 11



SITE CHARACTERIZATION PLAN
PERFORMANCE CALCULATION HIERARCHY

@ PARTITIONS THE MODELING CONTRIBUTIONS INTO
MANAGEABLE MODELING UNITS

- MODELING UNITS ARE, AT MECHANISTIC/PROCESS LEVELS,
LINKED TO SITE AND LABORATORY DATA COLLECTING PRO-
GRAMS

- ITERATIVE PROCESS USING DATA TO TEST THE MODEL, THEN
USING UNCERTAINTY AND SENSITIVITY ANALYSES TO DEFINE
FURTHER DATA-GATHERING PRIORITIES, FOCUSES EFFORT ON
REDUCTION OF UNCERTAINTIES

NWLUIK5P.A12/5-16-89 12




LEGEND

= PRODUCT

)
l_

= SUBMOODEL

= ENGINEERED BARRIER
WP « WASTE PACKAGE
HLF - HIGHER-LEVEL FINDINGS

ENGINEERED BARRIER SYSTEM PERFORMANCE

RESOLUTION OF
ISSUE 1 4. WP
CONTAINMENT

CONTAINMENT
PERE ORMANCE

CONTAINER
PERF OAMANCE

RAESOLUTION OF

CALCULATION HIERARCHY

ISSUE 1.9, €8S
RELEASE .
TOTAL SYSTEM
PERFORMANCE -
POSTCLOSURE
EBRS SOURCE
RELEASE TEAM

WASTE PACKAGE/
NEAR-FIELD

INYTERACTIONS

l l
WASTE PACKAGE NEAR-FIELD
SCENARIOS PERFORMANCE FLOW §
ASSESSMENT YAANIPORT
i — 1 I 1
WASTE FORM WASTE PACKAGE CONTAINER DEGRADATION WASTE PACKAQE
RELEASE GEOMETAY § ENVIRONMENT
THERMAL IMECHANIC AL COPPER OR AUSTENITIC OR ALTERNATE
PROPERTIES BASE MATERIAL
T SYSTEM T
f [ 1 1
- GEOMETRAY METALLURBICAL METALLURGICAL NEAR-FIELD
Eay/e AADIATION EFFECTS EFFECTS MINERALOGY Y OROLGRY PROPERTIES
ATTENUATION -OXIDATION - OXIDA TION 8 CHEMISTRY
-HEAT TRANSFER - GENERAL - GENERAL
CORROSION CORROSION l l
[~ ] MECHANICAL
HARDWARE & A
SPEMT FUEL GLASS SPENT FUEL
CLADOING WATER WATER BOREHOLE
7 L -STRESS - LOCALIZED L
DISSOLUTION OXIDATION ggrgsz‘lg“ ATTACK PRE EUPLACEMENT oINGLE- NEAR-
OXIDATION - TRANSGRANUL AR TWO-PHASE MECHANIC AL
CLADDING -omen " CORROSION INTERACTION FLow PROPERTIES
FAILURE CRACKING . NEAR-
AEPOSITORY - FIEL
- OTHER INDUCED CHANGES ygm?

IN WATEA CHEMISTRY pisTRg-

BUTION
NWLUIKS5P.A12/5-16-89
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WASTE PACKAGE FAILURE
SCENARIOS: "WET" AND "DRY"

e THE EXPECTED CASE IS THE "DRY" CASE; LIQUID WATER WILL
NOT CONTACT THE WASTE PACKAGE:

UNSATURATED NEAR FIELD ROCK

LIKELIHOOD THAT MATRIX FLOW PREDOMINATES

WASTE PACKAGE TEMPERATURE EXCEEDS AMBIENT
ENGINEERED AIR GAP BREAKS HYDROLOGIC CONTINUITY

e AN UNEXPECTED BUT CREDIBLE CASE IS THE "WET" CASE;
THE AIR GAP HAS FAILED, OR THERE IS LIQUID WATER
DRIPPING ONTO A WASTE PACKAGE

NWLUIK5P.A12/5-16-89




DRY AND WET CASE RELEASE SCENARIOS

NO LIQUID WATER .
CONTACTS WASTE PACKAGE SOME LIQUID WATER
(EXPECTED CASE) CONTACTS WASTE PACKAGE

WATER INFILTRATION

| 1|

CONTAINERS BREACHED

CONTAINERS BREACHED

C- 14 RELEASED AS COj C- 14 RELEASED AS CO)

CLADDING BREACHED CLADDING BREACHED

WASTE FORM
RADIONUCLIDES
RELEASED:
Kr-85,C-14, H-3
ACTINIDES
SOLUBLE SPECIES

WASTE FORM
RADIONUCLIDES
RELEASED:
Kr-85, H-3,C-14

NWLUIKSP.A12/5-16-89 15
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THE AIR GAP IN WASTE PACKAGE EMPLACEMENT:
ENHANCING PERFORMANCE BY BREAKING
HYDROLOGIC CONTINUITY

CONTAINER

CONTAINER
AIR GAP

\} SUPPORT PLATE

NWLUIK5P.A12/5-16-89 16




TWO FAILED AIR GAP SCENARIOS

DRIPPING WATER COMPROMISED AIR GAP

.
—_———

=

el
A
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i

)

Q

- /;f' (775%\ |

-~ /ﬁ%é@‘v\ / ",
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ENGINEERED BARRIER SYSTEM PERFORMANCE
CALCULATION HIERARCHY

LEGEND

)

~ PROQUCT

= MODEL

= 9UBMODEL

NESOLUTION OF
IG5UE 1.4, WP
CONTAINMENT

CONTAINMENT
PERF OAMANCE

RESOLUTION OF
ISSUE | S, EBS
A ASE

ELE

TOTAL SYSTEM

PERFORMANCE -

POSTCLOSURE

€0s
RELEASE

SOURCE
TEAM

WASTE PACKAGE/

NEAR-FIELO
INTERACTIONS

EBS - ENGINEERED BARRIER SYSTEM
WP - WASTE PACKAGE CONTAINER
F OF N
HLF  » HIGHER-LEVEL FINDINGS PERF ORMA cc\
1 |
WASTE PACKAGE NEAR-FIELD
SCENARIOS PERFORMANCE FLOW &
ASSESSMENT TAANSPORT
I B )| . 1 1
WASTE FORM WASTE PACKAGE CONTAINER DEGRADATION WASTE PACKAGE
AELEASE GEQMETRY § ENVIRONMENT
THEAMAL JMECHANICAL COPPER OR AUSTEMITIC QR ALTERNATE
PROPERTIES BASE MATERIAL
SYSTEM
1 |
[ L 1 1
- GEOMETAY - METALLURGICAL - METALLURGICAL
£Q3/6 EFFECTS EFFECTS A oy NEAR-FIELD MECHANICAL
-RADIA TION MINERALOOY HYDROLORY PROPEATIES
ATTENUATION - DXIDATION - OXIDA TION 8 CHEMISTAY
HEAT TRANSFER - GENERAL - GENERAL
_ - ) CORRGSION COAROSION I l
{ | MECHANICAL
STRESS -HYDROOEN - INTERGRANUL AR
Ol | IO | vt | e Aoe ale saieny || st
EL RELEASE -LOCALIZED HYDROGEN QUALITY QUANTITY BTABILITY
ATTACK EMBRIT TLEMENT
L STRESY -~ LOCALIZED L
DISSOLUTION OXIDATION CORROSION ATTACK PRE-EMPLACEMENT - NEAR-
CAACKING CONDITIONS oLE FIELD
OXIDATION [ - TRANSGRANUL AR ‘ TWO-PHASE MECHANICAL
L OTHEA STAESS ROCK/WATER PROPERTIES
C FLOW
CLAODING . COAROSION INTERAC T1ON
FAIL URE ! CRACKING NEAR-
AEPOSITONY- £
- OTHER INDUCED CHANGES LT
IN WATER CHEMISTRY OIS TAI-
BUTION

NWLUIKSP.A12/5-16-89
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CONTAINER DEGRADATION
MODELING PROGRAM

e SYSTEMATIC LABORATORY TESTING

- IDENTIFY DEGRADATION MODES

- IDENTIFY PHENOMENOLOGY

- DEVELOP PARAMETRIC DEPENDENCIES (OCCURRENCES AND RATES)
- IDENTIFY MECHANISMS

e CONTAINER DEGRADATION MODELING

- DEVELOP PRELIMINARY MODELS
- DEFINE TESTS OF MODELS, CONSIDER ALTERNATE MODELS
- COMPARE PREDICTIONS TO EXPERIMENTS AND REFINE MODELS

e WASTE PACKAGE SYSTEM MODELING

- COMBINE MODE-SPECIFIC MODELS INTO ONE MODEL FOR ALL MODES
- PREDICT BEHAVIOR UNDER RANGE(S) OF REPOSITORY CONDITIONS
- PERFORM SENSITIVITY AND UNCERTAINTY ANALYSIS

NWLUIK5P.A12/5-16-89 19




ENGINEERED BARRIER SYSTEM PERFORMANCE
CALCULATION HIERARCHY

1

LEGEND NESOLUTION OF RESOLUTION OF
SSUE 14, WP ISSUE 1 5, €89
CONTAINMENT AELEASE
TOTAL SYSTEM
D - PRODUCY PERFORMANCE  —
POSTCLOSUAE
CONTAINMENT
PERF OAMANCE
l- * SUBMODEL
€ps SOURCE WASTE PACKAGE/
RELEASE TEAM hEARFIELD
€BS - ENGINEERED BARRIER SYSTEM INTERACTIONS
P - WASTE PACKAGE CONTAINER
* HIGHER-LEVE FINDINGS PEAL DANANCE

l

NWLUIK5P.A12/5-16-89 20

WASTE PACKAGE NEAR-FIELD
SCENARIOS PERF ORMANCE FLOW &
ASSESSMENT TAANSPORT
R | i 1 A
WASTE FORM WASTE PACKAGE CONTAINEA DEGHADATION WASTE PACKAQE
RELEASE GEOMETRY § ENVIRONMENT
THERMAL [MECHANICAL COPPER OR AUSTENITIC OR ALTERNATE
PROPERTIES BASE HATERIAL
SYSTEM T
[ [ | 1
- GEOMETRY METALLUROGICAL METALLURDICAL NEAR-FIELD
£Q3ie AADIATION EFFECTS EFFECTS HINERALOGY HYOROL Gy PRORERTIES
ATTENUATION -OXIDATION - OXI0A TION @ CHEMISTRY M
-HEAT TRANSFER -~ BENERAL - GENERAL
—_— CORROSION CORROSION T
{ 1 - MECHANICAL
” A ey | ORGP
HARDWARE &
SPENT FUEL GLASS SPENT FUEL
CLADDING WATER WATER BOREHOLE
RELEASE RELEASE RELEASE GAS RELEASE -LocaLizeD hvoRogew QUALITY QUANTITY BTABILITY
[ -STAESS - LOCALIZED [
01SSOLUTION OXIDATION CORAOSION ATTACK PRE -EMPLACEMENT SINOLE - NEAR-
CRACKING CONDITIONS AND FIELD
OXIDATION [ orHen - TRANSORANUL AR TWO-PHASE MECHANICAL
- CLADDING B " CORROSION remacyion FLow PROPERTIES
f AILURE CRACKING NEAR-
AEPOSITONY- FIELD
- DTHER INDUCED CHANGES TEMP
IN WATER CHEMISTRY pisTRl-
BUTION



LIQUID PATHWAY RELEASE MODELING

e RAPID RELEASE IS ASSUMED FOR SPENT FUEL GAP AND GRAIN-
BOUNDARY RADIONUCLIDE INVENTORIES (A FEW PERCENT OF
TOTAL) «

e RADIONUCLIDE-SPECIFIC RELEASE MAY BE CALCULATED AS A
FUNCTION OF:

RADIONUCLIDE CONCENTRATION AT WASTE FORM SURFACE
MASS FRACTION IN WASTE FORM

FORWARD RATE OF MATRIX DISSOLUTION

RADIONUCLIDE RETARDATION

FLUX OF GROUNDWATER

OTHER FACTORS (RATES OF ALTERATION PHASE FORMATION,
COLLOID FORMATION, AND CLADDING DEGRADATION)

e IF GROUNDWATER FLUX IS VERY LOW, DIFFUSION-CONTROLLED
FLUX MAY BE CALCULATED AS A FUNCTION OF:

- RADIONUCLIDE CONCENTRATION AT WASTE FORM SURFACE
- POROSITY

- RADIONUCLIDE DIFFUSION COEFFICIENT "

- RADIONUCLIDE RETARDATION

NWLUIK5P .A12/5-16-89 21




GAS PATHWAY RELEASE MODELING

THE RADIONUCLIDE GAS FRACTION MAY BE CALCULATED AS
A FUNCTION OF:

INITIAL GAS INVENTORY

RADIONUCLIDE GAS PRODUCTION RATE (e.g. 1CO,)

GAS ADVECTION VELOCITY

RADIONUCLIDE GAS PARTITIONING INTO GROUNDWATER
GAS-FILLED POROSITY/TORTUOSITY

DIFFUSION COEFFICIENT

APERTURE OF CONTAINER/CLADDING FAILURE

THE PRODUCTION RATE OF A GASEOUS RADIONUCLIDE MAY
BE CALCULATED AS A FUNCTION OF:

- CONTAINER FAILURE RATE
- RADIONUCLIDE VOLATILITY
- CLADDING DEGRADATION RATE

NWLUIKSP.A12/5-16-89 22
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ENGINEERED BARRIER SYSTEM PERFORMANCE

CALCULATION HIERARCHY

AESOLUTION OF
I1SSUE 1.8, EBS

LEGENO RESOLUTION OF
ISSUE | 4, WP

CONTAINMENT RELEASE

TOTAL SYSTEM
PERFORMANCE -
POSTCLOSURE

CONTAINMENT
(1. 1]

- PRODUCT

PERF OAMANCE

: WASTE PACKABE/
SOUNCE NEAR-FIELD

* SUBMODEL
(1.1
RELEASE TEAM INVERACTIONS

* ENGINEERED BARRIER SYSTEM
WP - WASTE PACKABE COMNYAINER

P F DF
HLF « HIGHER-LEVEL FINDINGS EAF DAMANCE
1
WASTE PACKAGE NEAR-FIELD
SCENARIOS PERF ORMANCE FLOW &
ASSESSMENT TRANSPORT
fF e I . I 1
WASTE FORM WASTE PACKAGE CONTAINER DEGRADA VION WASTE PACKAGE
RELEASE GEOMETAY & ENVIRONMENT
THEAMAL IMECHANIC AL COPPER OR AUSTENITIC QR ALTERNATE
PROPERTIES BASE HATERIAL
T SYSTEM T
| I 1 1
- GEOMETRY METALLURGICAL - METALLUROICAL
€ay/s AADIATION EFFECTA EFrECTS HINERALGOY Y OROL Ry PRGRERTIES
) HYDROLORY
ATTENUATION -OXIDATION - OXIDATION @ CHEMISTRY
-HEAT TRANSFER - GENERAL - QENERAL
—_ _ CORROSION CORROSION l ]
[ 1 MECHANICAL
HARDWARE & AT
SPENT FUEL GLASS SPENT FUEL
CLADDING WATER WATER BOREHOLE
RELEASE RELEASE RELEASE GAS RELEASE -LOCALIZED HYDROGEN QUALITY QUANTITY STABILITY
ATTACK EMBRITTLEMENT
l_ STRESS |- LOCALIZED l_
- DISSOLUTION OXIDATION CORRO3ION ATTACK PRE -EMPLACEMENT SINGLE - NEAR-
OXIDATION cRAckne - TRANSGRANUL AR CONDITIONS Avo EEHANICAL
L orHen STAESS ROCK/WATER FHO-PHASE PROPEATIES
CLAODING CORROSION INTERACTION
F AN URE o CRACKING NEAR-
AEPOSITONY- FIELD
- OTHER INDUCED CHANGES TEMP
IN WATER CHEMISTAY pigvag-
BUVION
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WASTE PACKAGE PERFORMANCE
ASSESSMENT PROGRAM

e WASTE PACKAGE ENVIRONMENTS

- SUBMODELS
- CALCULATIONAL MODELS
- CALCULATION OF CONDITIONS

e CONTAINER DEGRADATION

- DEGRADATION MODES
- INITIATING CONDITIONS AND PROCESS RATES
- PROJECTION OF FAILURE RATES
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WASTE PACKAGE PERFORMANCE
ASSESSMENT PROGRAM

(CONTINUED)

e ENGINEERED BARRIER SYSTEM RELEASE RATE

- SUBMODELS
- MASS TRANSFER MODELS
- CALCULATION OF RELEASE PERFORMANCE

e INPUT TO TOTAL SYSTEM PERFORMANCE

- DISRUPTIVE PROCESS AND EVENT SUBMODELS

- SIMPLIFIED ENGINEERED BARRIER SYSTEM MODEL

- CALCULATION OF TIME-DEPENDENT CONCENTRATIONS AT
HOST-ROCK/EBS INTERFACE
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ENGINEERED BARRIER SYSTEM PERFORMANCE
MODELING HIERARCHY

e SYSTEM LEVEL MODELING:

eg: PANDORA (DETERMINISTIC); AREST (PROBABILISTIC)

- @ PROCESS MODELING

- eg: ORIGEN2 (WASTE RADIONUCLIDE CONTENT, HEAT AND RADIATION
OUTPUT); ADINAT (CONDUCTIVE AND CONVECTIVE HEAT AND MASS
TRANSFER); EQ3/EQ6 (SPECIATION/SOLUBILITY AND REACTION PATHS);
SPECTROM 31 (ROCK STRESS AND FRACTURE ALTERATIONS)

e MECHANISTIC MODELING

eg: CONTAINER FAILURE MODE MODELS AND WASTE FORM DE-
GRADATION MODELS AT THE MECHANISTIC LEVEL OF DETAIL,
IF POSSIBLE
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ENGINEERED BARRIER PERFORMANCE
ASSESSMENT ACTIVITIES FOR FY 1989-90

e BENCHMARKING

- USING PROBLEM SETS CURRENTLY BEING DEFINED
- USING A PRELIMINARY ANALYSIS COMPLETED IN FY 1988
- AREST/SYVAC-VAULT COMPARISON

e SENSITIVITY AND UNCERTAINTY ANALYSES TO
HELP GUIDE TESTING

e MODEL DEVELOPMENT

e PRELIMINARY ANALYSIS OF GLASS WASTE FORM
PERFORMANCE -
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