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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees, nor any of their contractors, subcontractors or their employees, makes
any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or any third party's use or
the results of such use of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any
agency thereof or its contractors or subcontractors. The views and opinions of authors expressed herein do not necessarily state or reflect
those of the United States Government or any agency thereof.
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ACRONYMS

AMR Analysis Model Report
AP Administrative Procedure
ATL Abstraction Team Lead
BDCF Biosphere Dose Conversion Factor
BSC Bechtel-SAIC Company, LLC
CDF cumulative distribution function
CFR Code of Federal Regulations
CRWMS Civilian Radioactive Waste Management System
CSNF commercial spent nuclear fuel
DIRS Document Input Reference System
DOE U.S. Department of Energy
DSNF DOE owned spent nuclear fuel
EBS Engineered Barrier System
EPA U.S. Environmental Protection Agency
FEIS Final Environmental Impact Statement
FEP(s) feature(s), event(s), and process(es)
HLW high level waste
HTOM high thermal operating mode
KTI key technical issue
LA License Application
LTOM low thermal operating mode
MGR monitored geologic repository
MTS Management and Technical Services
MVSR Model Validation Status Report
NRC U.S. Nuclear Regulatory Commission
PA Performance Assessment
PASS Performance Assessment Scope and Strategy
PDF probability density function
PMR process model report
PRA probabilistic risk assessment
PSHA probabilistic seismic hazard analysis
PTL Parameter Team Lead
PVHA probabilistic volcanic hazard analyses
QA Quality Assurance
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WIPP

ACRONYMS (continued)

Regulatory Guidance
Reference Information Base
reasonably maximally exposed individual

Subject Matter Expert
Supplemental Science and Performance Analyses
Site Recommendation

Technical Direction Letter

Technical Data Management System
Thermal HudrelegyHydrology
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1. INTRODUCTION

The Total System Performance Assessment (TSPA) model for the Yucca Mountain Project
(YMP) is based on a hierarchical system of model components, starting with conceptual models
and moving through mathematical and representational models and resulting in applied or
abstracted models. These model components are developed by the various subproject
departments (e.g., Unsaturated Zones, Engineered Barrier System, Disruptive Events, Waste
Form, etc.), and are then integrated into the TSPA. The following guidelines provide for a
consistent treatment in developing, integrating, and documenting alternative conceptual models
(Section 2), model abstractions (Section 3), and parameter uncertainties (Section 4) for use in the
Total System Assessment —License Application (TSPA-LA).

: osﬂ:ory post-closure performance will satisfy the regulatory
¥0 CFR 63. The current standard for the demonstration is a
. i rather than absolute proof, that the performance of the disposal system
meets the regulgg, requlrements

1.1.1 Regulatory Background

The NRC requirements for the performance assessment specifically discuss the treatment of
uncertainty and the consideration of alternative conceptual models.

10 CFR 63.114 (b) Account for uncertainties and variabilities in parameter values and
provide for the technical basis for parameter ranges, probability distributions, or
bounding values used in the performance assessment

10 CFR 63.114(c) Consider alternative conceptual models of features and processes that
are consistent with available data and current scientific understanding and evaluate the

TDR-WIS-PA-000008 REV 00, ICN 01A 1 March 2002




effects that alternative conceptual models have on the performance of the geologic
repository.

In the preamble to 40 CFR 197, the Environmental Protection Agency (EPA) elaborates on the
use of reasonable expectation and acknowledges that the primary means for demonstrating
compliance with the standards is the use of computer modeling. The EPA then identifies an
approach that quantifies uncertainties realistically, rather than one that involves conservative or
bounding assessments.

“Simplifications and assumptions are involved in these modeling efforts out of
necessity because of the complexity and time frames involved, and the choices
made will determine the extent to which the modeling simulations realistically
simulate the disposal system's performance. If choices are made that make
simulations very unrealistic, the confidence that can be placed on modeling res
is very limited. Inappropriate simplifications can mask the effects gf
that will in reality determine disposal system performance, if;
involved with these simplifications are not recogmze,,éy” :

assumptions made in developing performance scenanoﬁ&g
the direction of unrealistically extreme sﬂu%;%’s whlc;fé
improbable, and can deflect attention from /és,, e

characterizatio
processe)%ggix%}% :
boundi nfg .

oo "gmty with the use of sxmphﬂcatlons (ie, abstractlons) and the
understanding (gé‘ it _;@events and processes (FEPs) FEPs are, in turn directly related to the
formulation of ", %
to TSPA mtegrﬁmn activities, issues related to FEPs will be addressed under provision of the

Enhanced FEPs Plan (in preparation).

As described above, the regulatory standard for TSPA-LA is one of reasonable expectation.
Within that context, these guidelines provide that not all work conducted by YMP for Total
System Performance Assessment for Site Recommendation (TSPA-SR) will be revised for
TSPA-LA. This work has been documented in 7otal System Performance Assessment for Site
Recommendation (TSPA-SR) (CRWMS M&O 2000a [DIRS 153246)), the Supplemental Science
Performance Assessment (SSPA) (BSC 2001b, Volume 1 [DIRS155950] and BSC 200lc,
Volume 2 [DIRS 154659]), and the Total System Performance Assessment - Analyses for
Disposal of Commercial and DOE Waste Inventories at Yucca Mountain — Input to Final
Environmental Impact Statement and Site Suitability Evaluation (TSPA-FEIS) (BSC 2001d
[DIRS 156460]). Existing parameters or models will likely be used when the influence of the
parameter or model on the dose at the accessible environment is minimal and the existing model

TDR-WIS-PA-000008 REV 00, ICN 01 A 2 March 2002




is adequate for the purposes of the analysis. Consequently, conservative approaches may be used
in the TSPA-LA for some model components and parameters. This approach is consistent with
the Bechtel-SAIC Company, LLC (BSC's) risk-informed prioritization efforts.

1.1.2 Project Treatment of Alternative Conceptual Models, Model Abstractions, and
Parameter Uncertainty in TSPA-SR, SSPA, and TSPA-FEIS

mcludmg heT SPA-SR (CRWMS ZOOOa {DIRS 153246]}----feand inconststencies--in- (a) the
cenSideratlen of-alternative- conceptua% models;{b)-the- develepment -ang- documematlen ef model

b O ¥ ho nracaco and—metbhod

address these mconslstem*es - the TSPArLA, the Depaf{ment ef Energy (DOE) and NRE- have

..........

conceptual
rocess and

methods used to devdd

models, mode]/ /‘, S ang paanien ,/, ,-.'—SR SSPA, and TSPA-FEIS

models and do ‘@ ’s’g/ ..','"-".u Wf. /"’-',- Appeidiz A ise ,_‘6Cumems provide the basis for
0 - G e

BSC's recent piatitizatis dlanains that has devek 4sked-informed scope of work for the -

TSPA-LA.
The YMP has %g, o_ el 5 ;‘docu:ﬁent that integrates recommendatlons from the internal
4""7" E

and external r
(Williams 200{ ”
related to parar% ﬂ:éé’értamtv ( Section 3.1, Williams 2001 [DIRS 1573891) and presented the
following eigh ;ﬁ'&f’{{ strategy for improving the treatment of uncertainties in TSPA-LA (Section
3.2, Williams 2001 [DIRS 157389]).

1. Developing a TSPA that meets the intent of "reasonable expectation” (see Section 4.1
of these guidelines)

2. _Quantifying uncertainties in inputs to the performance assessment (see Section 4.2 of
these guidelines)

3. Identifving a process that encourages the guantification of uncertainties and gains
concurrence on approaches with the NRC (see Section 4.2 of these guidelines)

4. Providing the technical basis for all uncertamtv assessment_(see Section 2 _and
Section 4.2 of these guidelines)

5. Addressing conceptual model uncertainty (see Section 2 of these guidelines)
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6. Developing _a_ consistent set of definitions and methods for "bounds" and
"conservative" estimates (see Sections 4.1 and 4.2 of these guidelines)

7. Developing._and communicating uncertainty _information that can be used by
decisionmakers (see Sections 2.3, 3.3, and 4.3 of these guidelines)

8. Developing detailed guidance and providing for implementation (see Sections 2. 3,
and 4 of these guidelines).

In DOE's Technical Direction Letter (TDL) dated December 4, 2001 (DOE, 20012) this strategy
document was_identified as providing a good framework for accomplishing the goal of
improving the treatment of uncertainty for TSPA-LA. However, DOE indicated in Item 4 of this
TDL that more details were needed in order “to implement a consistent, comprehensive, and
systematic strategy for the treatment of uncertainties.” In addition, Item 5 _from this TDL
provided for the development of a document that describes how. the_stra
implemented in TSPA-LA. This guidance document, in part, addresses both 0

1.1.3 Key-TFechnical-Issue-(KFD-Agreements—and-YMP-§ éﬁ
Agreements Addressing Program Improvements Reﬁ’f%ﬁf/ térnaf
Models, Model Abstractions, and Paramet ' &) ncert i 1t "éw or TSPA-

ha Crapstran a¥ate, 2ELaPa o—freatmen
A s

/
abstractxens aﬂd rametef uneerta 3 /;e tall
. " f?"’;

ha = s s
¥ o ot

- . @7; x;/// ’ '
fespeejc-ive-'---m---: j /;}//-;--B 5 .,"’ ry,{/f}g -prexe
DPOE's- ﬁem-é-—*éfj fs’%’; /’%’f’/i alid "/ i?,.;-ette;
2002 [DIRS- }9;} 1 ]) / i : ﬁf/ .....
AL o e 5 % Y OUSTEVICW SIOUP ; ;ESEEEE 5
1 off«-Uncertaf ”,,A it Jes- S Wy A ffllams 2001 [DIRS 157389])} ----- This--strategy
document—provi . - % se 5 ams—2001—[DIR 39])fo
: re-the ard agreemen he-eight-part-strategy-ineludes:
--.ax 4 ' TSPA that-meets-the-intent-of 'reasonable-expectation'(see-Seetion4-1+

oft! «guldehﬂes)

2.--Quantifying uncertainties-in-inputs-to-the-performance-assessment-(see-Section-4.2-of
these-guidelines)

3.-Identifying-a-process-that-encourages-the-quantificationof -uncertainties-and--gains

‘delines
I }Sie iding theg :EEhms.al, ]la.asmz for—all-uncertainty—assessment—(see—Sectio

S' !’i . l 11 « E S . 2 F] .1]. E

- Illsslu:dsll aﬂé
"conservative'-estimates-(see-Sections4:1-and-4.2-of these guidelines)

TDR-WIS-PA-000008 REV 00, ICN 01A 4 March 2002




dec*s*enmakers (see- Sectiens 2:3:3- 3 -and- 4 3- ef these- gmde}mes)

8.-Developing detailed-guidance-and-providing for implementation-(see-Sections-2;-3;-and-4
of-these-guidelines).The Department of Energy (DOE) and NRC have developed five Key
Technical Issue (KTI) agreements for program improvements related to alternative conceptual
models, model abstractions, and parameter uncertainty for TSPA-LA. These KTI agreements call

¢ development of written guidance to provide for a systematic treatment for developing and
documenting _alternative _conceptual _models, model _abstractions, and _parameter
uncertainty in YMP documents being developed for TSPA-LA (KTIs TSPAI 3.38,
TSPAI 3.40, and TSPAI 4.01);

. implementation of the guidance leading to an improved and consi . ment of

p "
o TSPA-LA documentation of the treatment of altem 2

abstractions and parameter uncertainty tha % /ects t L (K T1s TSPAI
3.39, TSPAI 3.41, TSPAI 4.01). ///;
ST,

438

ion in this
sons called

: :?;m’
document_where thev are addr : / »n .

for in the KTI ag w”’éf/ Hyill Be a; ov1 &g .ef th 1 ’ -,

% /,/ %f,
1.2 RELA]%; /

Since the 1ssua1;ﬁ%ﬁf the 251
analysis and mg ? ]
Z Y
been superced Ty ..'ures
governing procgss £ s i
Management, and the process for capturing data into the Technical Data Management System
(TDMS) 1s AP L5 3Q, Submittal and Incorporation of Data to the Technical Data Management
System.  The Scientific Process Guidelines Manual (BSC 2001e [DIRS 157635]) has also been
issued from the Chief Science Office and is pertinent to implementation of these guidelines.
Investigators and modelers are required to attend updated training on these modeling-related
procedures. Additionally, work is under way to address concerns with uncertainty propagation
and model validation throughout the modeling process. These procedures, although applicable
and governing the work stemming from these guidelines, do not specifically address all activities
needed to satisfy the KT1 agreements identified in Table 1-1.

ent ng with the;

The intent of these guidelines is to supplement the required training on the procedural
requirements with subject-specific guidance. In case of conflicts between the governing
procedures and these guidelines, the procedures will take precedence until the procedural conflict
can be resolved either by revision of the procedure or these guidelines.
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Definitions to address development, validations, documentation and traceability issues for
models are provided in AP-SII.10Q. For the purposes of these guidelines and the specific
application to alternative conceptual models, model abstraction, and parameter uncertainty, the
terms and definitions in NUREG-1636 Regulatory Perspectives on Model Validation in High-
Level Radioactive Waste Management Programs: A Joint NRC/SKI White Paper, NUREG-1573
Branch Technical Position On a Performance Assessment Methodology For Low-Level
Radioactive Waste Disposal Facilities, and Regulatory Guide (RG) 1.174 4n Approach for
Using Probabilistic Risk Assessment in Risk-Informed Decisions On Plani-Specific Changes to
the Licensing Basis, are adopted to supplement the definitions provided in the AP’s.

1.3 GENERAL OVERVIEW OF GUIDELINES AND APPROACH

Sections 2, 3, and 4 provide speciﬁc guidance for the consistent treatment of alternative

implement the guldance The second subsection addresses imp . The third

subsection addresses communication of the results to extemal r

The TSPA Department will use these guidelineg fo ; 07 s on the
documentation of alternative conceptual models, harels 3 aBHOL "H uncertainty
that are directly used in the TSP // Jodel. 7 11 addition e _,,. i cument the
process that the TSPA Depa~ s }%{ - iate inforg ess models
developed by other sub roject depgrtt SEA Niadel dos

1.3.1 Team

A _team_appro év in_the implementation of these
guidelines. arameter Team Lead (PTL), the Abstraction

Team Lead (ATH N jed ,7 tt "’/f/”?(SMEs) The PTL and ATL will manage the
process of 1mp1 L i ]me%/ 4fd work closely with the SMEs to ensure a consistent
understanding_&! ,s,,,a M%sw‘ gL .fnes w1ll be implemented and documented. The SMEs are
generally the 8,3% 4efaal dvestidators that are most knowledgeable about individual process
models_and_the './;ﬁffgggffam parameters. The SMEs_will _provide the technical expertise to
identify, 1mple§§éﬁ( and document the treatment of alternative conceptual models, model
abstractions, and parameter uncertainty using the processes identified in these guidelines. The
PTL. ATL and SMEs will be supported by Process Modeler(s) and TSPA_ Analyst(s). . The
Process Modeler will assist the SME in the development, documentation and validation of
appropriate model abstractions. The TSPA Analyst will integrate the abstracted model(s) in the
TSPA-LA. The functional roles for the different team members are as follows:

treatment-of- par&meter -uneertainty-15sues-across- the Various- subjec{ areas- thfeugh coefdmatlon
thh des&gﬂated SMEs:-The- ATL will-lead-a- parallel process -to-ensure-consistent-treatment-and

o models-propagated-into-the-TSPA-
LA The PTL and ATL wrll be mdw*duals tha{ -are- knewledgeable in-addressing-their-respective
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because of their knowledge i {he pameu}ar subject -area-and- the breadth ef knew}edge fegardmg

feHew&

Parameter Team Lead (PTL) - Individual assigned responsibility to lead the process for
ensuring the consistent treatment and documentation_of parameter values, parameter

distributions, and parameter uncertainty used in_the TSPA-LA Individual--assigned

and model abstractions used in the TSPA-LA

the-development--of-alternative-conceptual- models—---a?/ ) used-in-a
TSPA- Z

Subject _Matter Expert (SME) — Per essf‘; that able about
individual process models and uncertam p / , (i 4’ ess _models,
The SME is responsible 1de 15 »zand dex dels, model

abstractlons and Daram/ aiff;@ g

topie;-w
P }},ﬂ/w

TSPA Analyst — Personnel assigned to integrate alternative conceptual models and

model abstractions in the TSPA-L A model.

These functional roles may or may not correspond directly with the existing or future PA Project
organizational structure. However, it is expected that individuals selected for the PTL, and ATL
roles will be designated by, and report to, the TSPA Department and PA Strategy and Scope
subproject managers. At the direction of the PA Project Manager, a single individual may be
assigned to fulfill both roles. The individual(s) selected will be authorized by the PA Project
Manager. The SMEs will be designated by, and report to, the various departments and the
respective subproject managers. This allows for the input and documentation to the TSPA-LA
to be controlled within the PA Project.
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efganiz-atienal~--stmeture:—----’l"-he--A—’-FL-—and—-P-TL---afe-generall-y---i-ndi-viduals--wit---responsibil-ities--that
cross-diseiplines-for-the-sake-of -consisteney.—At-the-direction-of-the-PA-Project-Manager;-a

a P aPe a¥a s o ar

~by--{he-~-PA--Pr0jeet---aﬂager-. ------ The-SMEs--will-be-designated-by-and-report-to-the

and-decumentation-of precess-speeifie-information-will-remain-within-the-existing-model-repert
structure:

1.3.2 Documentation Requirements

The technical basis for the treatment of model (conceptual and abstr:
uncertainties will be documented in the respective model reports. In
transparency and traceability of the treatment of uncertainties, t ;%;;o i
information describing the treatment of uncertainties be doc"'
distinct section in, the individual model reports. .

escribed and
\PSIIL10Q).
ers, a listing
made by the

2 ¥

o 7
¥ 4

vy

L
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Table 1-1. KTl Agreements: Alternative Conceptual Models, Model Abstraction, and Parameter Uncertainty.

KTl #

NRC/DOE Agreement

Corresponding Section of This Document

TSPAI 3.38

DOE will develop written guidance in the model abstraction process for model
developers so that (1) the abstraction process, (2) the selection of conservatism in
components, and (3) representation of uncertainty, are systematic across the TSPA
model. These. guidelines will address: (1) evaluation of non-linear models when
conservatism is being used to address uncertainty, and (2) use of decisions based
on technical judgement in a complex system. These guidelines will be developed,
implemented, and made available to the NRC in FY02.

Section 2, 3and 4

Abstraction Process (Section 3.2)

Selection of conservatisms (Section 4.2)

Representation of uncertainty (Section 4.2)

Evaluation of non-linear models {Section 4.2)

Use of decisions based on technical judgment (Section 4.2)

TSPAI 3.39

DOE will document the simplifications used for abstractions per TSPAI 3.38 activities
for all future performance assessments. Justification will be provided to show that
the simplifications appropriately represent the necessary processes and
appropriately propagate process model uncertainties. Comparisons of output from

process models to performance assessment abstractions will be provided, with the
level of detail in the comparisons commensurate with any reduction in propag
uncertainty and the risk significance of the model. The documentatlo
information will be provided in abstraction Analysis Mode! Reports AM

TSPAI 3.40

55 -. 508

DOE will implement program improvements to ensure that the a}b
the AMRs are consistently propagated into the W 16
documentation describes any differences. /3/;‘41 rovem

example, upgrades to work plans, procedural;,” 4 ¢
guides, worker training, mcreased Toview and oVl

7 ay lude, fof
fig ‘%desktop
Bvem ent

% ion 3
Soment program improvements (Section 3.2)

Section 3
Represent necessary processes (Section 3.2)
Propagation of uncertainties (Section 3.2))
Compar' on of output from process models (Section 3.2, AP-SIi.1pQ)
A sitation of information in model reports (Section 3.2)
the methodology for
Documeptation,
justification, and comparisons will be provided in the respectivel model

repotts)

These gundellnes provide

ﬁ re TSPA documentation documents differences (Section 3.2)
/ﬁ ram improvements (Section 3.2)

will be implemented and made,;

TSPAI3.41

S5 4n the TSPA t@
Aty in the TSP ’
documentatloré

DOE will provide the techs

ot pport mathematical representation of uncertainty (Section 4.2)

|on 4
@740ide technical basis (Section 4.2)

the

be provided in the respective model reports)

(Note These guudelmes provide methodology  for

Documentatjon will

TSPAI 4.01

incorporate alternative
ent. fhe methodology will ensure

}ual megdats and their associated uncertainties on the performance

“methodology will be documented in the TSPA-LA methods and
ument in FY02. The results will be documented in the appropriate
SPA for any potential license application in FY03.

Section 2

Incorporate alternative conceptual models (Section 2.2))
Does not result in an underestimation of risk ( Section 2.2)}
Document guidance on treatment of alternative
models{Section 2.2))

Potential effects of alternative conceptual models and assqciated
uncertainties (Section 2.2))
Documentation in TSPA-LA (Section 2.2)

condeptual




2. GUIDELINES FOR TREATMENT OF ALTERNATIVE CONCEPTUAL
MODELS IN TSPA-LA

The requirements of 10 CFR 63 specifically address the use of alternative conceptual models.

10 CFR 63.114(c) "Consider alternative conceptual models of features and
processes that are consistent with available data and current scientific
understanding and evaluate the effects that alternative conceptual models have on
the performance of the geologic repository."

The concept of alternative conceptual models is also addressed in NUREG-1636, Section A.3.

"The conceptual model of the site, therefore, is often based on 1mper,f
mformatlon resultmg in con31derab1e extrapolation of sparse quantlt

The discussions in NUREG-1573 regarding m%i/ f
considering alternative conceptual models. / 7

"Treating model uncertaiy
processes and events,
conceptual

txons in available Slte
. ‘and (c) inadequacies in
geologic, and meteorologic)
ineered bamers and the site. When

/'.2 > . .:
f’ﬁ}?

assump ons should not be used. Addmonally, it is 1mpoﬂant to recognize that the
assumed future state of the system is not intended to correspond to all possible
future site conditions, but is intended to test the robustness of the facility against a
reasonable range of potential outcomes." (p. 3-21)

NUREG-1573, in discussing probabilistic assessments, further states:

"When there are two or more equally reasonable and plausible conceptual models
for the site, results of different conceptual models need to be compared and
analyzed. Comparison of the results from different conceptual models provide a
quantitative basis for evaluating the uncertainty and conservative nature of
competing conceptual models." (p. 3-26)
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Closely related is the following excerpt from RG 1.174, which both emphasizes the need to
demonstrate that the choice for the initial conceptual model is adequate and that any alternative
models considered are reasonable.

"Whether the PRA is full scope or only partial scope, and whether it is only the
change in metrics or both the change and baseline values that need to be
estimated, it will be incumbent on the licensee to demonstrate that the choice of
reasonable alternative  hypotheses, adjustment factors, or modeling
approximations or methods to those adopted in the PRA model would not
significantly change the assessment. This demonstration can take the form of
well-formulated sensitivity studies or qualitative arguments. In this context,
"reasonable" is interpreted as implying some precedent for the alternative, such a
use by other analysts, and that there is a physically reasonable basis fopsih
alternative. It is not the intent that the search for alternative should bg
or arbitrary." (p. 1.174-14) i

as a separate model for consideggifi
the alternative conceptual mo / j’,

ol it ,:';_g;_": gy, FEPs traceablllty, provides for the documentation and
/ ."handfng of the FEPs included in the TSPA-LA.
o
}, ““treatment of alternative conceptual models in the TSPA-SR is provided in
Appendix A (Section A.2).

2.1  DEFINITIONS AND CONCEPTS

These guidelines include use of a supplemental set of definitions consistent with AP-SII1.10Q.
In many instances, the AP-SII1.10Q definitions are specific to their application for the project
(e.g., the definition may be limited by such phrases as "for incorporation into an overall system
model of the geologic repository;" or by the distinction between mathematical models and
scientific analyses).
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2.1.1 Definitions

The terminology provided in AP-SIII.10Q and the definitions listed below will be used in
performing and documenting the alternative conceptual model process for the TSPA-LA. Terms
designated as “(per AP-SIIL.10Q)” are direct quotes from that procedure. The remainder of the
definitions have been derived from other related sources (e.g., WIPP documentation, NUREGs)
and are provided to clarify and supplement the existing proceduralized definitions.

Abstraction (per AP-SII1.10Q) — The process of purposely simplifying a mathematical
model (component, barrier, or subsystem process model) for incorporation into an overall
system model of the geologic repository. The products of model abstractions may
represent reduction in dimensionality, elimination of time dependence, tables obtained
from more complex models, response surfaces derived from the use of morgizomplex

etc.

Alternative Conceptual Models — Multiple working sef& ; I

of a system that are all acceptable (ie., co/g,;ﬁistent
logically consistent with one another, in ag% /;;

be tested). ;/;{/

Applied Model — An ang
particular system, usingf.t..f/

B

s s ’4"7/4%?/’/2 .
.,_.mp{,/ta ion of the mathematical model.
érical, “0r empirical. The computational model

9 :
. g set”of hypotheses and assumptions that postulates the
aviogor a system. These hypotheses and assumptions describe (a) the

o

' ".",,-gf':* ,f C

: ff’% ,.'f"fﬁ'l arrangement of system components, (b) the initial and boundar
e & y P . . . . y
conditi //ﬁ%%z” s, and (c) the nature of the relevant, chemical, physical, biological, and
cultural phenomena.

Mathematical Model — The mathematical representation of a conceptual model. That is,
the algebraic, differential, or integral equations that predict quantities of interest of a
system and any constitutive equations of the physical material that appropriately
approximate phenomena in a specified domain of the conceptual model.

Model, Abstraction (per AP-SIII.10Q) — A product of the abstraction process that meets
the definition of a mathematical model.

Model-Form Uncertainty — Uncertainty in the most appropriate model form of a
system. The uncertainty results from sparse observational data and lack of information
available to corroborate or refute alternative models. Developing alternative models is
one method to explicitly acknowledge model-form uncertainty.
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2.1.2 Concepts
Model Hierarchy

The concept of model hierarchies is addressed in NUREG-1636 (Appendix A, Section A.3). In
NUREG-1636, two steps in the model development process are recognized: formulation of the
conceptual models and formulation of mathematical models that correspond to each of the
conceptual models. To integrate the models into an overall system, a three level hierarchy is
suggested. The first level consists of the very detailed models of the individual processes. At
the second level, a subset of the detailed models with some simplifications (abstractions) is
coupled to study and understand the interfaces between processes. In the third and final level, all
component models are further simplified (abstracted) and coupled to formulate the total system
performance model. In many cases, conceptual models may be expressed dirg

mathematical form. Regardless, without an expression in the mathematical fer % 1s not
enough structure to quantitatively apply the conceptual model ' rchy is
consistent with PA pyramid utilized for YMP PA analyses 0a [DIRS
153246]).
Relationship of Definitions Provided in AP-SIILi

G-1636

Differences exist in the definitions p ?jw-;h
. 3R

e

/ 7
f"f

/g% .

p oo

/”f/ y~ ?d A ?t into a model of the overall
.e’ / APSIIL10Q limits abstraction 1o

. barrfer or subsystem process model) for

/,;, , he geologic repository", and defines mode/,
e fe Aition of a mathematical model”. The difference

II. 1(fQ is the starting point of the abstraction, either the

*-:~‘:\

incorporation 1
abstraction as g

7 7
- - ?’Wﬁ
" AP

between 3 s

conceptual mo o & math " ﬁcal model. However, the AP-SIII.10Q definition for model,
conceptual allo #iplification (or abstraction) and idealizations, so the difference is largely
semantic.

The distinctions in the AP-SIII.10Q definitions are necessary to distinguish between mode!
abstractions and scientific analysis. From a strictly procedural standpoint, model abstractions
result in mathematical models and are subject to the validation requirements listed in AP-
SII1.10Q. Those that are in nature scientific analysis and apply more towards choices made
within the context of formulating conceptual models fall under AP-SIIL.9Q. This distinction is
important for these guidelines because identification of an abstraction as a model abstraction
also signifies that the associated uncertainty (both parameter and representational model
uncertainties) be addressed and/or quantified, and as appropriate, be propagated into the TSPA-
LA

TDR-WIS-PA-000008 REV 00, ICN 01A 13 March 2002



The definition for conceptual model in NUREG-1636 is somewhat more helpful in
understanding these guidelines than the definition provided in AP-SIII.10Q. The NUREG-1636
definition is as follows:

"A representation of the behavior of a real-world process, phenomenon, or object
as an aggregation of scientific concepts, so as to enable predictions about its
behavior." (Appendix C)

For alternative conceptual models to be implemented in the TSPA-LA, the usefulness of the
NUREG-1636 definition lies in the concept of "a representation that enable predictions." By
contrast, the AP-SIII.10Q definition suggests a somewhat less predictive quality:

" A set of hypotheses consisting of assumptions, simplifications, and ideak
describes the essential aspects of the system, process, or phenomenor,,;

_ definition
should be used as a supplemental definition to that provided in: ‘§¢ case, to be

of use to the TSPA-LA evaluations, the alternative cost

b
2
As suggested by the statements 4 :
can be truly "alterp i b
v

Alternative Conceptual Mode%/;

gneeptual model

sz s S Gt

* a ,{ﬁ-%-ﬁg?iéle;’ ,a;/ﬁ and current scientific understanding.

. e Agistated in RG-1.174, "In this context, reasonable is
195 some precedent for the alternative, such as use by other

. ang afso tHat there is a physically reasonable basis for the alternative. It is
et that the search for alternatives should be exhaustive or arbitrary.” (p.

2.2  PROCESS FOR TREATMENT OF ALTERNATIVE CONCEPTUAL MODELS
IN TSPA-LA

The-alternative-coneceptual-model-process-for-TSPA-LA-is-summarized-in-Figure-2-1.—The
process will use a team approach (Figure 2-12) for considering and implementing alternative-
conceptual models, as described below. This process closely parallels the approach for
addressing model abstractions (Section 3) and for evaluating parameter uncertainty (Section 4).

To provide consistency in addressing alternative conceptual models, the implementation of these
guidelines calls for the use of two essential participants: the Abstraction Team Lead (ATL) and
the Subject Matter Expert (SME), (see Figure 2-1). The term, "Abstraction Team Lead," is |
intentional because the person directing the consideration of alternative conceptual models can
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be the same individual that is used to address model abstraction issues, as described in Section 3.
If the ATL function is split between two or more persons, then close coordination of activities
will be needed because of the interrelated nature of implementing the alternative conceptual
models into the TSPA and model abstractions. The Parameter Team Lead (PTL), described in
Section 4, will provide guidance on the incorporation of parameter uncertainty, as requested by
the ATL and/or SME. A TSPA Analyst, and a Process Modeler, are also identified as
participants and will provide technical support at the request of the ATL and SME.

The intent of these guidelines is that one ATL will be designated to address all alternative

conceptual models from across the various subject areas, -and-coerdinate-activities-with-multiple

SMEs:_This will provide for consistency in the direction-and-reviewguidance given to the

. G A
the alternative conceptual modg 1 ,, .y.

SI10Q -
AP-SIII.10Q . gf/ %

2

2 R % :
propagated int ' /ii?  addrgsced | ;/’fl L
. 7 . 2 5 . i
revision of the ; ok lna avie ﬁ/%’ .
Chief Science £ o TSPA

G Effective with the implementation of
is agd’the development and validation of the alternative

alternative con¢gfst %3
. N Z e
these guidelingsithe tesh:

conceptual mo%/ wataed 108
LA will be docéf%@{%{{%"the r%épective model reports. This documentation will be in the form
of an attachmezgg@; ,;}:_,_ygﬁ/nct section to the model report, such that the updated documentation is
more transparegi@%ﬁ’én the existing documentation (see Section 1.3.2 regarding the use of
attachments). The documentation for any alternative conceptual models implemented into the
TSPA-LA will include a qualitative description and unambiguous mathematical description of
the model. Alternative conceptual models that are forwarded to the ATL for consideration but
not implemented and the basis for not implementing them will also be documented in the

appropriate model report.

%

iical -
P i ¥ . . . . .
araed to%%iﬁATL for consideration and/or implementation in the TSPA-

The TSPA-LA model report will document the basis for deciding that an alternative conceptual
model brought forward by the SME was appropriate or inappropriate for implementation in the
TSPA-LA. If implemented, the TSPA-LA model report will document how the medel
alternative conceptual model abstraction-was used in the TSPA-LA. The TSPA-LA model
document will specifically denote any changes from the alternative conceptual model (as
documented in the respective model reports) that were needed to integrate the model within the
TSPA-LA framework. Additionally, an Appendix to the TSPA-LA documentation will list each
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of the alternative conceptual models used or implemented in the TSPA-L A and provide a brief
description of the alternative conceptual models.

2.2.1 Process Implementation

The process for the treatment of alternative conceptual models consists of four basic activities:
identifying alternative conceptual models for consideration (if any), evaluating any appropriate
and reasonable alternative conceptual models, evaluating system level impacts, and providing for
FEPs traceability (see Figure 2-2).-

Identify Alternative Conceptual Models

The first activity in the process is to determine
consistent with available information. -B

whether any alternative conceptual
[) Q

o) a¥a a_ Oy AV-u e DEACE

— Itis lik G
/pls ha fﬁ};; been c@

and reasonableness of most alternative conceptual mc}g -
SMEs and either incorporated probabilistically, ;f most; Eeiservative co
chosen. Consequently, the identification of altern nyiide '

four steps identified below to determj > OASISt

/%/%S

fraisulty fﬁvé

i n ;g
Y v
TSPA Depart Wil o
%

sefully 2o N v sting models and supportin
-f X 4 e ':'{ ac : : o, s’{ ’ft . . pp g
<o fr e TSPARE and/or TS14 -ﬁy},yﬁg;;gﬁee—s%ep—exammatlon should
g ; $10n should at a minimum include a

documentation Ji8es #1 ;
then be fully df entii’%mg kpois, Thiz Gaetini

e conn el igiwed SME, the decision made regarding

hésis for the decisions made. It should also

These steps will requigizsghe
;
i

list of the altes 2

appropriatenessg" 1

document, if ag S
SeHIDN Whie Te
7 N . .. ) ..
%s; isioh”” The technical justification for determining that only one
7 Z:
conceptual modg ; stent or reasonable must also be documented. As the process evolves,
7

2 %
iwditied as appropriate.

the steps may bg

do¢ding changes or development of alternative conceptual models,

7

Step 1. The ATL initiates a team meeting to discuss implementation and use of these guidelines.
At this meeting, the ATL provides to the SME a list of key parameters, TSPA-SR and TSPA-
FEIS key model components, and other project documents. The ATL will also review and
discuss the application of the three criteria that determine whether an alternative conceptual
model is appropriate. These criteria were previously listed and include; significant difference
from the initial/existing conceptual model, consistency with existing data, and reasonableness.

Step 32. A review by the SMEs of AMRs and PMRs to identify previously considered
alternative conceptual models and to reevaluate their consistency with data in light of current
project knowledge. For example, the various PMRs list several alternative conceptual models

that were previously-considered:In-many-cases;-the-alternative-conceptual-models-were-not
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incorporated because (1) the models developed for TSPA represented more realistic models than
the alternative models; (2). they were not supported or were_invalidated by existing observed
data: or (3) sufficient data for developing and validating a representational model for the
alternate conceptual model was not available or obtainable.

1) {hey were-not- suppef{ed OF-Were- mvahéated -by- exrstmg ebserved -data;- (2} -sufficient-data-for

avaxlable -OF- ebtamable -OF- (3} the medels devekaped for TSPA represented more- r—eahsne--medels
than-the-alternative-meodels:

Step 23. A review by the SME of a list of model sensitivities/key parameters from the TSPA-
SR, SSPA or other project documents (to be provided by the ATL) to identify where the use of
alternative conceptual models would be most appropriate and suitable for 1mplemg:;3 4
TSPA-LA. Altematlve conceptual models w111 only be developed for areas w ”’fﬁé

model was chosen for use in TSPA SR The chan§ 0 :‘_, ﬁ"’ﬁ;r boundiag estimates to
" dress i paan ; i

may be done ¢
using existing g e
. .
analysis under
judged consist
models is also

................

/ alifiahls ”f’éf’e (1 e., consistent with the deﬂmtlon of a scientific
W. I;{fge SME s mdgement is that only one conceptual model is
f”f /mfom/ﬁp;lon then uncertamty from associated alternatlve conceptual

Evaluate Alternative Conceptual Models and Implement in TSPA-LA

Following the initial activity of identifying possible alternative conceptual models, the ATL and
the responsible SME will evaluate whether any identified alternative conceptual models for the
subsystem process model should be developed for further implementation in the TSPA-LA. If
not, then-the-SME-sheuld-document-in-the-model-report;-the considerations and the basis for the
decision to not implement the alternative conceptual model in the TSPA-LA_should be
documented by the SME in_the model report. If the decision is to implement the alternative
conceptual models in the TSPA-LA, then the following steps may apply. As the process
evolves, the steps may be modified as appropriate.
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Step 1. The ATL and PTL SME-{or designees) provides assistance in determining and
recommending appropriate methods for propagating necessary uncertainty and variability in the
alternative conceptual model(s) (see Section 4 on parameter uncertainty).

Step 2. The SME provides results from process models to be used as a basis for demonstrating
whether the alternative conceptual model(s) produces significantly different results for the
subsystem component model. Alternative conceptual models will be implemented in TSPA-LA
only for subject areas with sensitive or key parameters. The SME also provides a method and/or

Step 3. The SME and Process Modeler develop the mathematical expression and/or model
abstraction of the altematlve conceptual model(s) validate, and document the results all in

opfiral iy comparison
y ;f/ .rf’ .’.’3.-/ ' P
model. _This is -because differences from the nomijs 1 case é;« &5 model
expected i.e., the alternative conceptual model sho §s,; %“31 M/fi ntly different”
model. If an alternative conceptual model ca % ,ﬁ prmul fs/g 1y oduce

g .
commensurate with existing subsys’;%%_ y' ate 10 .49 i erenceg,f_ ‘performance
between the alternative concep o i

practicable
(e.g. using statlstlcal measures

he ATL for

is submitt

considered i

x/;."/ % 5% y """" o
review. , . {f / » ’/i,, w%;
/,;,,, ’ ,/; . .. -
Step 4. The ? b L : t;};ff%nodel(s) to--be-incorporated
ort 3z ;,aaccordance with AP-SIII.10Q and

/'f/

! ¢ t4 14 accordance with AP-SIIL. 3Q. The SME then
transfers the altg }e 4

G i
% / p% : %/%w "
Step 5. If all a e, o nc model(s) generated by the SME predict behavior similar to
the current sub . . 4 pone/ i used in the TSPA-LA, as determined by the ATL, then the
alternative con vaé’% Aodel uncertainty is insignificant and no further consideration of the
alternative conégé/”ﬁ/ model(s) at the overall system level is needed_and the ATL will determine
which conceptu’él model to_carry into TSPA-LA. This determination should be documented in
the model report by the SME and a brief summary of this determination included in the TSPA-

LA documentation.

Step 6: -If the predicted behavior is different, and the alternative conceptual model(s) are to be
implemented in the TSPA-LA, the SME _and _process modeler further develop abstractions as
appropriate, and the SME provides a confidence distribution to the ATL for use in weighting of
the alternatives. then-the-TSPA-Analyst-proceeds-with-integration-of the-alternative-coneeptual

Step 76. The TSPA Analyst obtains information necessary to implement the alternative

conceptual model and documents the integration and the results generated within TSPA-LA, and
returns the documentation to the ATL._The work is reviewed by the ATL and the SME.
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Step 78. The ATL ensures that the implementation, development and validation of the |
alternative conceptual model (along with the decision to use the alternative conceptual model
and the basis for that decision) is documented in the TSPA-LA model report, with appropriate
back-referencing to the documentation provided in the supporting model report.

Evaluation of System Level Impact

The TSPA Department will determine and document the system level impact of any alternative
conceptual models implemented in the TSPA-LA. The ATL. will advise the TSPA Department
to either The-deecision-to-either-further quantify or not quantify alternative conceptual model
uncertainty. _The basis for this recommendation will be documented in the TSPA-LA report.

The TSPA Department may choose not to explicitly quantify the model form uncertainty in the

TSPA, but rather consider using only the most conservative of the conceptual medéls._ The
TSPA Analyst will -and-document the basis for that decision along with a qg%l%fﬁ scription
of the degree of uncertainty. These decisions should be based on the sengitis PA-LA
model results to changes in the subsystem model component be

Should the system level impact of any alternatives tify, one of
two approaches will be used. : Cor which little
controversy exists (i.e., it is the SME's judgement it ¢f e ’; Hiaf e generally
considered reasonable or acceptable jgZiis, scientifie £on ] s significant
system-level impact, the TSP A A : els into the
TSPA-LA model. A parameter siiiine’ tives. This

|

judgement andf - 5
for those with s{

2

ol

FEPs Traceability #7 /, 4
%&//7/{{ -
///"aﬁ:’:":;/

Because of the g0

conceptual modé s ﬁsed as the basis for TSPA-SR and/or SSPA. The basis for excluding certain
FEPs from further consideration has been previously documented in the FEPs-related AMRs.

Because of the interrelationship of the FEPs process and the formation of conceptual and
alternative conceptual models, these guidelines will also implement the review of AMRs that
directly support the TSPA-SR and the subsequent documentation to provide forward traceability
for included FEPs. This activity will necessitate that all abstraction model reports (or equivalent
AMRSs that feed TSPA, in those cases where the abstraction AMR may be being merged into the
process AMR) be updated. As the process evolves, the steps may be modified as appropriate.

This FEPs traceability activity involves three steps. As the process evolves, the steps may be
modified as appropriate.
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Step 1. The SME(s) (or designees) responsible for model reports that directly feed the TSPA |
will identify those FEPs that are screened in through the work included in the respective AMR.
This identification should be done in consultation with the relevant FEP AMR leads and in
conjunction with implementation of the Enhanced FEPs Plan (in preparation).

Step 2. The SME(s) (or designees will pProvide a summary for each included FEP of how it has
been included (e.g., explicit modeling, incorporation in parameter range, etc.) for the TSPA-LA.
This summary can be in an attachment or distinct section to the AMR. This summary should be
consistent with the guidance provided in the Enhanced FEP Plan (in preparation).

Step 3. Provide the same summary information to the relevant FEP AMR lead so that it can be
included in the FEP AMR or other appropriate document.

2.2.2 Roles and Responsibilities

selected by the appropriate Department Manager, agd 44 apprd te Process er. In man

y the appropri P gCT, 98¢ 48 app e T any

instances, it will be desirable for the alternative cgégptial mad ¥ . be identical
. . ,%;{?/fj . s

to and/or to interface regularly wif team'mg 1 .'-"

o o
i i -
,/% W / :
Vi

2 2

i
e

et
hproject %Xx// anagers(s) will select the SME(s) and the
Process¥hiddelerfsy © . ° ~,‘ﬁ%f’/{%
N
ATL (or desum; u
o
1. Initiate m— meeting to discuss implementation of these guidelines.

21. Provide’the SME with a list of essential-key models and key parameter uncertainties.

1.

3. Coordinate the alternative conceptual process and interface with personnel performing
any related model abstraction and parameter uncertainty activities,

to be used in TSPA to determine the viability of implementing them into TSPA-LA:,
based on significant difference, consistency with data, and reasonableness.

3:_5. Determine whether Deeide-which-alternative conceptual models result in significantly
different behavior and whether to include them in the TSPA-LA. Determine the wil-be
neluded-in-the-TSPA-—LA-and-the-method for implementing them, based on consultation
with the SME.
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64. Confer—Advise with the Process Modeler during development, validation, and

TSPA Analyst during implementation of the alternative conceptual model into the TSPA.

7. Advise the TSPA Department regarding the need to further quantify alternative
conceptual model uncertainty.

85 Review and check the alternative conceptual model and results before and after
integration into the TSPA-LA.

69. Ensure documentation of the integration and use of the alternative conceptual models in
the TSPA-LA model report, with text annotation of any changes in the model abstraction
needed to facilitate integration into the TSPA-LA.

e FCooFdinate-the-alternative -conceptual - process-and-interface-with-personne

55

810. Ensure that the alternative conceptual models, i i Toped and
y . G ¥

S \_‘

2

o i ' o -
‘address tementation of these guidelines.
o é‘/ {'A’j %ﬁ . . .
od#ler in déveloping the alternative conceptual model, particularly

ét/clnges with other TSPA models and components.

34. Document the modeling decisions. basis_for the decisions. and use in the TSPA-LA,
along with any changes required to integrate the alternative conceptual model, in
accordance with project procedures governing models and the use of software.

SME Tasks:

1. Attend team meeting which addresses implementation of these guidelines.

12. Identify and-verify-appropriateness-of-any-alternative conceptual models that should be
forwarded to the ATL for consideration based on the criteria of significant differences,
consistency with data, and reasonableness.
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78.

6:9.

910.

. Transmit to the ATL final copies of the developed and documented al)t()e{:f

. Assist the Process Modeler in determining-implementing appropriate methods for

propagating necessary uncertainty and variability (see Section 3 on model abstractions
and Section 4 regarding parameter uncertainty). Provide results from process models to

.Confer with and assist the Process Modeler during development, validation, and

documentation of the alternative conceptual model. Confer with the TSPA Analyst, as
needed, during integration of the alternative conceptual model into the TSPA.

5. Perform review of the alternative conceptual model before and after integration into the

TSPA-LA.

models for integration into the TSPA._Provide a distribution that
the confidence in each of the alternative conceptual models, .7

Document the development and validation of the alt odel in the
AMR in an attachment or distinct section foghias: b entation as

needed.

Interface with person
uncertainty activities.

parameter

2043
2
]

/',7%-2*5

'4

:g.’»//-

R i .
9. af . .he el i %veloped and documented in
accordapgé it snlic i 1ing madels and use of software.
o » o . )

-. ble n % . ¢ éﬁ‘lﬁty activity as described above.
_ B B B w
A Gaiag ey
7 é G . %:‘%,%éfé

7
Process Model ._ks}%

43.

7 ﬁ’:;;}:"
../ 2 /é;//}éf/’

L ddresses implementation of these guidelines.

24

55
'

o

b R
. Assist é’é’? . ' ¥ in reviewing process models and determining the viability of any
alternatigg’Conceptual models to be forwarded to the ATL.

3. Modify the Technical Work Plan as necessary to include development, validation, and

documentation of the alternative conceptual model(s) as required per AP-SII1.10Q.

. Determine the relevant observations or literature to justify or support the alternative

conceptual model (e.g., justification for a set of appropriate values to use in the model,
sensitivity study, or previous use of the alternative conceptual model) and document the
supporting information. _Assist SME in determining significant difference, consistency
with data, and reasonableness.

Request that the SME assist in determining appropriate methods for propagating
necessary uncertainty and variability (see Section 4 on parameter uncertainty) and
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provide results from process models, site data, or standard data sets to be used as a basis
for comparison and/or validation of the alternative conceptual model.

56. Develop and validate the model or model abstraction by comparing results to the site data
and/or a standard data set, and document the results in accordance with applicable project
procedures governing models and use of software.

67. Document the development and validation of the alternative conceptual model in the
AMR.

78. Assist the TSPA Analyst with integration and documentation of integration of the
alternative conceptual model into the TSPA-LA.

2.3 COMMUNICATION TO DECISION MAKERS

How to communicate structural (i.e., model) uncertainty along withs
probabilistic analyses is still an open issue in the risk analysis Jit§ it
must be made regarding which models to include in the 1524
integration, the Project is left with the task of comyy ,} ating the &

choices impart on the final results. " .

ertainty in
choices that
of model

btual node

. %’f‘-mod/é re
2
o

} A . .
alternative t¢ eptual models in comparison to the current TSPA model component,

referrinWhe appropriate reports and graphs where the detailed results can be found.

Confidence: Provide a discussion of the level of confidence the Project has that the
calculated uncertainties appropriately reflect the real world conditions. This would
include discussion of the state of understanding of physical processes, amount and quality
of data available, and accuracy of models used to represent the physical system.

Impact of Uncertainty: Provide a discussion of how much it matters if the estimates are
incorrect. Another way to frame this issue would be to discuss how far off the estimates
would have to be to have a significant impact on subsystem performance.

The discussion in the model report attachment or distinct section should include the rationale for
the models chosen and a description of those unmodeled conditions that the assessment does not
consider. This would also include items excluded for various reasons or events deemed to be
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implausible. The qualitative description of what is not explicitly modeled provides a higher level
of confidence to what is being modeled. Furthermore, the implications on results of what 1s
excluded should also be identified and documented. Much of this communication has already
been created and documented by the Project, however the information is currently dispersed
among a variety of different Project documents. Consequently, the discussion could be a
summary of the past work with clear reference to the original source documentation.

In addition to the detailed discussions, a method for communicating a summary of the current
understanding of model uncertainty to decision-makers is discussed in Section 4.3.3 of
Uncertainty Analyses and Strategy (Williams 2001 [DIRS 157389]). At the decision-maker
level, it will be important to develop means of expressing results and their uncertainties in a
concise, summary manner.

The choice and/or method of integration of the alternative conceptu;l,,,‘f..:
2% .~;?

abstractions in the TSPA-LA will be documented in the TSPA-LA 2 . The
information will include identification of the model abstraction, lig L with other
system model components, and documentation of any changes . Y nalyst from
the alternative conceptual model abstraction provigde by 1 ; needed to
implement the alternative conceptual model abstragsjos fasy he use and
type (i.e., conservatism or weighting) o - a5 108 9l o uded in the
documentation. Specific reference 1, o i 8o mn SME and/or

Process Modeler will be prov1d@§?% . % .

£
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General Phases
for Alternative
Conceptual

Models

Identify
-ACMs

Evaluate
ACMs
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Figure 2-42. Process for Treatment of Alternative Conceptual Models in TSPA-LA.
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3. GUIDELINES FOR TREATMENT OF MODEL ABSTRACTIONS IN TSPA-LA

The requirements of 10 CFR 63 specifically address the issues of uncertainty and variability in
parameter values and the use of alternative conceptual models (10 CFR 63.114(b) and (c)).
However, the use of abstractions or simplification of models is not directly addressed. The
regulatory recognition of abstractions (or simplifications) lies in the preamble to 40 CFR 197,
which is more fully cited in Section 1 of this document. The pertinent excerpt from the preamble
1s as follows:

“Simplifications and assumptions are involved in these modeling efforts out of
necessity because of the complexity and time frames involved, and the choices
made will determine the extent to which the modeling simulations reallstlcally
simulate the disposal system's performance. If choices are made that mal
simulations very unrealistic, the confidence that can be placed on modglis
is very limited. Inappropriate simplifications can mask the effgg

.~a'

involved with these simplifications are not recogmzed ;/’

,é;. :

The concept of abstraction (or simplification) is i Section A3

In the description of model hierarchies in NUREG i . !

modeling process. As stated in the ,],mﬁ;&iactwn
are limited to model abstractlogs’/. o

with the third and final level of sad

ses néed to be reduced to their third level of
giise some of the processes may be so central to
n full detall Th1s suggests that NUREG 1636

NUREG-1636 w;e
simplicity for 11 i
the final result/
recognizes that/;jge o)
activity, rather f;{ Ak s ,;/ reaérfy identifiable steps.
'i’
The first act1v1€4f e ese guidelines is the identification of those model components that are
suitable for mo#lel abstraction. The second activity is to involve the SME in the selection of the
model abstractions. The third activity involves developing, validating, and documenting the
model abstractions in accordance with the procedural requirements of AP-SIII1.10Q. The fourth,
and final activity, is the integration of the model abstraction into the TSPA-LA and
documentation in the appropriate TSPA-LA related reports.

A summary of the use of abstractions in the TSPA-SR is provided in Appendix A (Section A.3).
The summary tables in Appendix A (Tables A-2, and A-3) can be used for identifying which
model components were con51dered suitable for model abstraction in TSPA-SR, and could be
similarly represented.
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3.1 DEFINITIONS AND CONCEPTS

These guidelines include use of a supplemental set of definitions consistent with AP-SHI1.10Q
and a new taxonomy for identifying abstraction methods and techniques. In many instances, the
AP-SIII. 10Q definitions are specific to their application for the project (e.g., the definitions may
be limited by such phrases as “for incorporation into an overall system model of the geologic
repository”; or by the distinction between mathematical models and scientific analyses).

3.1.1 Definitions

The revised terminology provided in AP-SIII.10Q and listed below will be used in performing
and documenting the model abstraction process for the TSPA-LA. Definitions quoted from the
procedures are noted as "(per AP-SIIL10Q)”. The remainder of the definitions h#%e been
derived from other related sources (e.g., WIPP documentation, NUREGS) angd:#
clarify and supplement the existing proceduralized definitions

Abstraction (per AP-SIII.10Q) — The process of purpgs 1if athematical
model (component, barrier, or subsystem process model} 535 ¢ ig
system model of the geologic repos1tory% f}?e prod‘%{ﬁ of model &

o

represent reduction in dlmensmnahty, elug 1o e didnendence es obtained
from more complex models, resfizmse surfs // ived f#om the use re complex
models, representations /%é{ 4iiou e with a few diitiete elements
etc. o

Alternagi ; hypotheses and assumptions
of a Sypis le ( f;}j the purpose of the model,
loglcallg)‘,". T, 1 IWexisting information, and able to

2 /
Applied: Vi 'f)lst @ 7 Q’féatlon of the generic computational model to a
particul %’w.;ste 1 ising Appropridte values for dimensions, parameters, and boundary and
. I | A Lamies
initial cgﬁ&ﬁ n wgste management, the system is a waste disposal site, and so this
. o
model ig o ferred to as a site-specific model.

- 265 ,5.» 2

//
Compuf/Z/onal Model — The solution and implementation of the mathematical model.
The solution may be either analytical, numerical, or empirical. The computational model
is generic until system-specific data are used to develop the applied model.

Mathematical Model — The mathematical representation of a conceptual model. That 1s,
the algebraic, differential, or integral equations that predict quantities of interest of a
system and any constitutive equations of the physical material that appropriately
approximate phenomena in a specified domain of the conceptual model.

Model, Abstraction (per AP-SII1.10Q) — A product of the abstraction process that meets
the definition of a mathematical model.

Model-Form Uncertainty — Uncertainty in the most appropriate model form for a
system. The uncertainty results from sparse observational data and lack of information
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available to corroborate or refute alternative models. Developing alternative models is
one method to explicitly acknowledge model-form uncertainty.

Model, Process (per AP-SIII.10Q) — A mathematical model that represents an event,
phenomenon, process, component, etc., or series of events, phenomena, processes or
components. A process model may undergo an abstraction into a system model.

Model, System (per AP-SII1.10Q) — A collection of interrelated models that represents
the overall geologic repository or overall component subsystem of the geologic
repository.

Scientific Analysis (per AP-SII1.10Q) — A documented study that 1) defines, calculates,
or investigates scientific phenomena or parameters; 2) evaluates perfopmiince of
components or aspects of the overall geologic repository; or 3) solvess
problem by formula, algorithm, or other numerical method. A scienti i nay use

require justification and 2)/:5 A Sﬁf A
e % i

additi éﬁf

d

o

compliance arguments §

s

. G
documenting the work :

i,

: : Ny )
choice of method for such manipulation 1%’%’} t fi

. . 2 g :;,;-'/:? -
Scientifi€/Anutvaie Abitract
, s
G
ff"’?‘ﬁ”gf‘ 7 _,ﬁ”% Z ﬁj{u
mathemgiighl magel . |
3.1.2 Concep'ggf’;;:;:;g %/’_’%,

ot G
Relationship o/g@gfl%xgs Pr%ﬁ j

My
Differences exiff 1 | %;f};dgﬁnition of abstraction provided in AP-SII1.10Q and those provided in
NUREG-1636.§; e #differences largely reflect the specific-project application in AO-SIII.10Q
of more generi definitions provided in NUREG-1636. These were previously described in

Section 2.1.2.1 of this document.

Propagation of Variability and Uncertainty

In the preamble to 40 CFR 197, the use of model abstractions and concerns regarding

propagation of uncertainty are linked.

“Inappropriate simplifications can mask the effects of processes that will in reality
determine disposal system performance, if the uncertainties involved with these
simplifications are not recognized.” (p. 32102)

Consequently, the model abstractions used in the TSPA-LA must capture the important
uncertainty or variability of the initial model, and the abstraction must be validated in a manner
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appropriate for its intended use. Model abstractions will be validated by comparing the results of
the model abstraction against the results of the original model to demonstrate incorporation of
important uncertainty and variability. The comparison of the propagated uncertainty and
variability between the initial model and the model abstraction will be documented to ensure
transparency and traceability.

Model Hierarchy and Use of Abstractions in TSPA-LA

The concept of model hierarchies and abstraction is addressed in NUREG-1636 (Section A.3).
Two steps in the model development process are recognized: formulation of the conceptual
models, followed by formulation of mathematical models that correspond to each of the
conceptual models. To integrate the models into an overall system, a three level hlerarchy is
suggested, though the models may not be explicitly discretized in this manner,
consists of the very detailed models of the individual processes. This is
abstraction of the actual physical system. At the second level, a subsetw?‘
with some simplifications (abstractions) is coupled to study and

interfaces

between processes. In the third and final level, compone# f/ simplified
i
(abstracted) and coupled to formulate the total system: g e s approach,
abstraction occurs at each step of the modeling prgie 4 56 approaches
and taxonomies used by other total system 1 modeling pitits (Sigs an : ntz, 1998).
s % 7 ) 4 S, %5 e .
Model abstractions are based opsifigivii: 1 jgies or a combin techniques,
e s 7 SeE . .
depending on the 1n1t1al compl viiihe | meel a / . sired in the
abstraction. SlStl ¢ ' ' f abstraction methods

onceptual model, then to a

v applied or abstracted model.

mathematical ni//éé 7
This is consistej

Frantz (1998) séggests i - / i fechniques can be categorized into three broad
classes - Moda iy : iah/"Model Behavior Modification, and Model Form
Modification. f / ‘_/ones "Model Boundary Modlﬁcatlon is most closely aligned
with the formatfg}

/g{/ A
associated with ,:"
.

primary area o 2

The first class of model abstraction techniques is termed Model Boundary Modification, which
primarily focuses on changing the variables or boundaries that are external to the model itself. It
is primarily based on modification of the input variable space. Of the techniques used in the
process models for the TSPA-SR, parameter reduction based on FEP screening would be
categorized as a Model Boundary Modification. In general, the techniques identified as Model
Boundary Modifications do not directly result in formulation of a mathematical model and are,
therefore, likely to be considered scientific analysis abstractions as defined by AP-SII1.9Q.

-
-Wﬁfﬁatlon of the detaxled mathematical or representational models. The
for these guidelines, however, is in the area of Model Form Modification.

The second class of model abstraction techniques is termed Model Behavior Modification. This
type of model abstraction involves aggregating some aspect of the model such as states of the
system, temporal elements, entities, or functions of the entities. Examples of Model Behavior
Modification abstraction techniques used in the process models include temporal aggregation
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(e.g. time steps used to evaluate the impact of igneous eruptions through time) and the use of the
Reasonably Maximally Exposed Individual (RMEI) (aggregation of the characteristics of the
various individuals residing near Lathrop Wells). The development of the thermal response
abstraction involves aggregation of results; thus, it also is a type of Model Behavior
Modification. A more extensive discussion of these first two classes of abstractions can be found
in Frantz (1998).

The focus of these guidelines 1s on the third level of abstraction, as described in NUREG-1636.
GenerallyGenerally, these abstractions are in the category of Model Form Modification. This is
by far the most common category of model abstractions used directly for the TSPA-SR. It is
characterized by a simplification of the input-output transformations within a model or model
component. The same set of inputs may be used to support both the initial and abstracted
models, with the primary difference in the abstraction being the manner in which th

original inputs) may ‘be used as the basis of the abstractlon A odel Form
Modifications result directly in a mathematical model and yygf)}’ : to address

uncertamty propagatlon under AP-SIII.10Q, whlch mcludesff{// £

Several possible techniques or combmat;on of tec;_(/; ,,
use in TSPA-SR (Appendix A, Secy?, ._.’ff,;-. these;?:;gﬁ"i, &
:’{"k’/-’ s './

225

: ;aresented by of values.

The mpu /g’ér a table of*values, and the
generate “,’,g, g the indexed value(s).
Multidi ’Wﬁ

Probabgf f’”’omput tion of a parameter value is replaced
with a 72 ¢ of various probability distributions. The
distribu Multiple examples of the use of this
techniq £ e lig toendix A. Probability distributions can be used to replace more
complex sl -"j','/mpoﬂents (in which case they are being used as an abstraction
technique : can also be used for amore realistic representation of uncertainty (e.g.,

Linear Function Interpolation represents a step between simple look-up tables and full
polynomial representations. A typical technique is to use a look-up table whose entries
are points, or breakpoints, on the polynomial curve. This reduces the polynomial
function to a series of straight-line curves or other more-readily interpolated
mathematical functions.

Metamodeling involves the use of several techniques such as parametric polynomial
response surface approximations, splines, radial basis functions, kernel smoothing, spatial
correlation models, and frequency-domain approximations.

TDR-WIS-PA-000008 REV 00, ICN 01A 35 March 2002



3.2 PROCESS FOR MODEL ABSTRACTION IN TSPA-LA

The-- model abstractlen precess fof~---T—SPA—LA----ts----summanzed m---ngure----?&-l ---------- The -model

(Sectien 2)-and- cenmdermg parameter- unceﬁamty (Seetien 4}.

To provide consistency in determining which model components can be abstracted and the
method(s) used to address them, the implementation of these guidelines calls for the use of two
essential participants. These essential participants are the ATL and the SME _(see Figure 3-1).
The intent of these guldelmes is that one ATL will be designated to address all model abstraction

1ssues across the Vanous subject areas—aad—eeesémate—aeﬁ%es—w&t—h—ﬂae—mtﬂﬁple—% ThlS

-The intent of these guidelines is that the ATL will also serv%:.f_;.-e J/ 1 addressing
alternative conceptual models, due to the mterrelatlonsl,){p of thtf._ i j > he process
provides for review and concurrence by the ATE g}’d the 8ME prig S¢ af the model
abstraction in the TSPA-LA. It also spemﬁes the - o e Allian 2 integration
of the model abstraction into the TSPAZEZA < o Consis ] e from and
interface with the TSPA Depa;i/ ;""/ ] Sectve sub /y/ t - The cross-

i 5 P o : . .
checkmg and review of the mo aristeachin Deperformes g nical review

TSPA-LA sing
developing ea(,i
departments.
in parallel w1thgx

This will also W for documentation of any such differences in the individual suppomng
model reports and in the TSPA-LA.

The model abstraction process for TSPA-LA is summarized in Figure 3-1.  The model
abstraction process will use a team approach (Figure 3-2) for performing model abstractions that
closely parallels the approach described for both addressing alternative conceptual models
(Section 2) and considering parameter uncertainty (Section 4).

Requirements for model abstraction documentation are now addressed in AP-SII1.10Q, including
revision of the technical work plan as needed, and review of the work plan and model validation
by the Chief Science Officer. For TSPA-SR, the description of the technical basis for the
abstractions was placed in the AMRs. Effective with the implementation of these guidelines, the
underlying technical basis for the model abstraction and the development and validation of the
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model abstraction will be documented in the respective model reports. This documentation will
be provided as an attachment or distinct section to the model report such that the documentation
is more transparent (see Section 1.3.2 regarding the use of attachments). The documentation will
include both a qualitative description and an unambiguous mathematical description of the model
abstraction. The TSPA-LA model report will document precisely how the model abstraction
was used in the TSPA-LA. The TSPA-LA model report will specifically denote any changes
from the model abstraction as documented in the respective model report that were needed to
integrate the model abstractions within the TSPA-LA. Furthermore, the TSPA-L A model report
will demonstrate that the model abstraction as incorporated into the TSPA-LA has adequately
propagated the important uncertainties and variabilities.

3.2.1 Process Implementation

The following process will be used to identify, develop, propagate, and
model abstractions in TSPA-LA (see Figure 3-2). ;

Identify Possible Model Abstractions

R T "y NPT T . e ats-
. s vIRW, 3 » = - ;:‘;, »; . /?,z. 3
and-any-newly-developed-computational-models-aecessary-to Berigin the-¢ ons-for-the

FSPA—EA:~-The designated ATL ZESPA

models, process models, and %@?ﬁ, i
addition, the ATL and TSPA # / 413

,.(-/ 4 - . o . - .
e (Consid :}/f eifindings & he TSPA-SR, SSPA, previous sensitivity studies, or other
project ﬁ/ “fegtation to identify the importance of the model component and the
specific/gssricters to the estimated mean dose.

e Consider the results of work being performed for parameter uncertainty and the need to
propagate uncertainty and variability.

e Consider the level of resolution needed from the model abstraction by considering the
level of resolution of the other TSPA-EA model components that the model abstraction
feeds._Model abstractions that address key model components and/or key parameters will
likely need a greater degree of resolution than those that do not.

The ATL will then initiate a team meeting to discuss the implementation and use of these
guidelines. At this meeting, the ATL provides to the SME a list of key parameters, TSPA-SR
and TSPA-FEIS key model components and other applicable project documents. The ATL will
also provide a list of model components where additional model abstraction may be warranted.
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In-some-cases;-it-may-be-determined-that-addressing-parameter-uncertainty-and-variability-may

= o a = at o = NrAaLzan o O—O)

)
W, . C! l on v, . O v Cl O ¢ v v s

abstraction:—In-that-case;-a-meore-detailed -representational-model- {such-as-the-initial--model

»apprepﬁ-ate--SME(s-}--aﬂd«-Pr-eeess--Medeler(s-)--te-~assist--in--evalu—ating--the--fesibi-lit«yne‘f-developing
the-abstraction-methods-and-techniques-preliminarily-identified by the- TSPA-Department.-Some

o a 0 et =

be--considered--the-SMEs-for-these-particular-medel-abstractions——The SME
technical issues in proceeding with a recommended model abstraction, af
alternatives_identify-other-areas-that would be more suitable for mode}ggb;

w111prov1de such information to the ATL for further considerz‘zig%wgg

the TSPA-LA is intended to be an iteration of the SR model s hie ol

be incorporated without a thorough consideration of their overaf} &lgiticance.
e s
i o o
. . i |
In some cases, it may be determined that address i met ) .

) . . s - ; g .. Z
be difficult if an abstraction is usegd###sthat o~31t1v19 @gg f&yent the
abstraction. In that case, a ot du sapntaiional 0 ‘:f (such_as

. . 7 G
considered) will be recommenésé 7 “He documen

nitial model
the model

B3 2
7

report. //%%%%% é”%{: .
‘%!/ v ”f’;ﬁ
Construet-Develoy Mogdel

p
-.z?'”f_,.%’.’,/ " | |
eﬁﬁ,ﬁg and Process Modeler will consider the level of

1%/ is

Ofz5E: wh

Consequently, the SME and Process Modeler will work in consultation with the ATL and TSPA
Analyst during the model abstraction development, -te-achieve-these-geals-—_This includes
soliciting and receiving written recommendations from the ATL and PTL regarding selection of
any conservative components, parameter uncertainties, evaluation of linear and non-linear
models when conservatism is used, and handling of any important parameter uncertainties and
variabilities. The SME and Process Modeler are responsible for developing, validating, and
documenting the model abstraction in the respective model report per the requirements of AP-
SII1.10Q._The basis of the abstraction and the techniques used will be documented in such a way
that they are clearly identifiable and readily explained to an external reviewer.

The steps below describe the process developed by the TSPA Department to construct the model
abstraction. As the process evolves, the steps may be modified as appropriate.
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Step 1. The SME (or designee) considers the TSPA--DepartmentATL requests and

C = i v . 3

appropriate-methods-for-propagating-necessary-uncertainty-and-variability-{see-Section-4-o
parameter-uncertainty))-in-the model abstraction, -and-forachieving-the-desired-degree-of-medel
abstraction—resolution—_The SME also determines the basis to justify or support the model
abstraction (e.g., justification for a set of appropriate values to use in the model abstraction,
sensitivity study, or previous use of the model abstraction) and documents the supporting
information. The SME then determines the methods and techniques to be used for the model
abstraction._The methods selected should be consistent with recommendations from the PTL for
propagating uncertainty and variability.

Step 2. The SME provides results from process models to be used as a basis for demonstrating
that the model abstraction results are appropriately representative, including the /g;f;;p
important variabilities and uncertainties. The SME will be responsible for depy
effects of the input included in the model abstraction capture the importas; St

identified in the process models. 7 /ﬁ

S : 7
Step 3. The SME and Process Modeler develop and va the model jtraction by
comparison to the results of the process model, ang"'f, ;/ tg all in srdance with
the requirements of AP-SIII.10Q. G

th/';del abstractigs 4 the model
'ng data in ‘accordance with
. /'F,; . . .

el abstraction complies with the

; c%‘%fc control of data. The SME
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Integrate the Model Abstraction into TSPA-LA and Document
As the process evolves, the steps may be modified as appropriate.

Step 1. The TSPA Analyst obtains a controlled copy of any software and data needed to
implement the model abstraction per AP-SI.1Q and AP-SIIL.3Q. In consultation with the ATL,
the TSPA Analyst integrates the model abstraction into the TSPA-LA. The TSPA Analyst
documents the integration activities and the results stemming from the integration of the
abstraction within TSPA-LA.

Step 2. The ATL and the SME perform a joint review of the integration activities i%d/ﬂ? model
abstraction results. The ATL iterates with the TSPA Analyst until the mpgg;%g/// ction 1
properly implemented and documented. If any changes were m e the e
integration, the TSPA Analyst will ensure compliance with any AL

4
%’4
OB

%
<

ATL and-SME-deeument-any-internal--or-external-gyj

G RE N
—enddocuments. the & . =
S ;:__/ S

abstraction
umented in

5 Ve g zine x5 s
Ofﬁ%ﬂodé{ abstraction team. The team will also include a SME(s)
i

. o
Section 4) will gists ,
determined bys’f” gipicrive PIcpartment Manager(s), and a designated Process Modeler(s),

i 22 z . R .
i Hort directly to the TSPA Department. In many instances, it will be

o . . . .

16 B &1 abstraction team members to be identical and/or to interface regularly
with the team addressing alternative conceptual model issues and/or parameter uncertainty. The
PA Project Manager will assign these roles.

ATL (or designee) Tasks:

suitable for abstraction. This may be done by reviewing the process models and
classifying the component and elements of the process model with regard to the
taxonomy described above. Previous reports and work that have identified key
parameters, sensitivity analysis, and the list of abstractions provided in Appendix A may
be used to identify possible model abstractions.

1:1. _ Identify conceptual models, process models, and model components that may be

2. Initiate team meeting to discuss implementation of these guidelines.
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2:3.

Confer-Advise with-the SMEs and Process Modeler on the model abstractions to be
used in TSPA-LA to determine the viability of performing the abstraction.

4. 3—Cenfer—Adyvise with the Process Modeler during development, validation, and
documentation of the model abstraction. Cenfer-with-Advise and assist the TSPA
Analyst during integration of the model abstraction into the TSPA-LA.

5. _4.-——Review the model abstraction before and after integration into the TSPA-LA.

6. S Ensure documentation of the integration and use of the model abstraction in the
TSPA-LA model report, with complete documentation of any changes in the model
abstraction needed to facilitate integration into the TSPA-LA.

7...6——Coordinate model abstraction process and interface with persops orming
any related alternative conceptual model and parameter uncertainty, ag

8. 7.-Ensure that model abstractions have been developg#l s diiciy according to
applicable modeling and software control procedures. 7 -

1 Tasks: »w

PTL (or designee) Tasks //%
1. Provide insight and reco gt TS .,.;;’a‘iﬁst(s), S/ nd Process
: 1308 Sec ﬁ% 4) and provige guidance on

G ] 2
 thzoueh the model abstractig process.
TSPA Analyst(gi basdes . 2 - = n
2 5 Z/" i o g foc 2 { S

1.

27 %
.

3, 2—A e roce { Modeler in developing the model abstraction, particularly with

regard tGateiaeing with other TSPA models and components.-Document-any-directions
. .
SIVeR ~:,: egard-and-forward-a-copy-of-the-decumentationto-the-ATL-

P SE— Integrate model abstractions in the TSPA model.

SR P— Document modeling decisions, the basis for the decision, and the use in the TSPA
and any changes required to integrate the model abstraction in accordance with existing
project procedures governing models and the use of software.

SME Tasks:
1. Attend team meeting which addresses implementation of these guidelines.
12. Identify technical issues related to performing Determine-the-viability-of performing-the

abstraction in light of the cenjunetion-with-recommendations from the ATL and TSPA
Analyst-and-make-additional-propose alternate recommendations_as appropriate.
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23. Assist the Process Modeler in determining-implementing appropriate methods for
propagating necessary uncertainty and variability (see Section 4 on parameter uncertainty
and Section 2 on alternative conceptual models). Provide results from process models to
be used as a basis for demonstrating that the model abstraction results are appropriately
representative including the propagation of uncertainty and variability.

34. Confer with and assist the Process Modeler during development, validation, and
documentation of the model abstraction in TSPA-LA. Confer with the TSPA Analyst, as
needed, during integration of the model abstraction into TSPA-LA.

45. Review the model abstraction before and after integration into the TSPA-LA.

56. Transmit to the ATL final copies of the developed model abstractions for inxgy ﬁ%on into
the TSPA after concurrence with the ATL has been documented. g

67. Document the development and validation of model abgizgét #AMR in an
. . . . ;44 2 M
attachment or distinct section. Appendixformat-to-alloys %

needed- :

o .
78 negiiainty ac
.
.. -
89. #e'ﬁted in dance with
usegﬁftware.
A o | //.}f ] gf i
i o o @
Process Modeler 24k » =y %/5
. 7 g ;«/./' . //;;}5
A 5 : ' i A .
1. Attend - ‘Meeit Ao -- tidelines.
i 2 2 i
B n ¥ B an .
12. Assist t ] uodels and determining the viability of performing
the abstn i , -,;/-@“'g;’ Amendations from the ATL and TSPA Analyst.
. v
23. Modify #g . % Plan as necessary to include development, validation, and
documen 1 ». del abstraction as required per AP-SII.10Q.
1o hether site-specific observations or relevant literature exists to justify or

support the model abstraction (e.g., justification for a set of appropriate values to use in
the model abstraction, sensitivity study, or previous use of the model abstraction).
Document the supporting information.

45. Request that the SME assist in determining appropriate methods for propagating
necessary uncertainty and variability (see Section 4 on parameter uncertainty), and that
the SME provide results from process models to be used as a basis for demonstrating that
the model abstraction results are appropriately representative.

56. Develop and validate the model abstraction by comparing results of the model abstraction
to the results of the process model, and document the results in accordance with
applicable project procedures governing models and use of software.
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67. Document the development and validation of the model abstraction in the model report.

78. Assist the TSPA Analyst with integration and documentation of integration of the model
abstraction into TSPA.

3.3 COMMUNICATION TO DECISION MAKERS

The development of a model abstraction and technical basis for performing the abstraction will
be documented in an appropriate model report. The documentation will include text appropriate
for describing the modeling process, the understanding of any important uncertainties and
variability derived from the process model, and the technical justification or basis for performing
the model abstraction. The documentation should then provide a comparison between the results
of the process model and the model abstraction and demonstrate that important pargag fers and
related uncertainties and variabilities are appropriately represented in the re / 5 model
abstraction. ;&

The integration of the model abstraction in the TSPA-LA wilf B dori mented in the TSPA
model report. The information will include identifical he el .
interfaces with other system model components, and#déumentgtisn of apy changss made by the
TSPA Analyst to the model abstraction. e anpiity

abstraction was appropriate will also besti

s

7 j/’

¥ Y
5

. 7 i
; _, f/}v/'écum pii7.2458 00
e 2
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General Phases

of NModel
Abstraction
1 ATL and TSPA Anatysts identity
Modet Components Needed for TSPA
lm;z Pass Subproject Manager Requests
Abstractions Department Manager {dentity
Appropriate SME(s}
A ATl Requests SME identify New
4 Processes to be Abstracted
SME and ATL. Decide on Methods
ang Techniques to be used
Construct tor Model Absiraction
Mode!
Abstraction {
-8ME and Procass Modeler Develop
—— Mathematical/Computationat Model
Abstraction
Present to ATL ]

Suitable
for TSPA
implementation?

SME Oocuments
and Validates
Abstraction

Y ‘
A TSPA Analyst implernents Abstraction
Component into TSPA System Mode!

!

SME and ATL Review
Aesults of implementation

tmplemert

Abstraction

into TSPA
System Model

]
{mplementation
of Abstraction
Appropriate?

TSPA Analyst Oocuments Implementation
of Abstraction Component in TSPA
System Mode)

< Consistent with Existing Data

+ Significant Difterence i Model Form or Results
+ Reasonable
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4. GUIDELINES FOR CONSISTENT TREATMENT OF PARAMETER
UNCERTAINTY

The NRC requirements for the performance assessment are stated in 10 CFR 63.114 and
specifically require the treatment of uncertainty and variability:

10 CFR 63.114 (b) Account for uncertainties and variabilities in parameter values and
provide for the technical basis for parameter ranges, probability distributions, or
bounding values used in the performance assessment.

The following section provides guidelines for consistent treatment of parameter uncertainty for
TSPA-LA. The following sub-sections (1) provide a consistent set of applicable definitions for
terms used when describing the process for consistent treatment of uncertainty, (2) reyi % a few
concepts and assumptions related to parameter uncertainty, (3) describe a G

A summary of the past use of uncertainty paramet
A (Section A.4).

E

41  DEFINITIONS AND CONGEPES |
4.1.1 Definitions - BN @
v -

iitig s consistent with AP-SITL10Q
"'tﬁf'eir application for the project

sources (e.g., Wi
existing procedgitar
on the need to
guidance

Aleatory Uncertainty — Uncertainty in the parameter space of the conceptual model for
which sufficient knowledge is unobtainable such that the corresponding parameters are
treated as chance occurrences of features, events, and processes. These parameters may
be conveniently used to form scenarios related to chance either in designing the TSPA
simulation or within a component of the TSPA model. For example, this inexactness can
arise because both volcanic disruption and no volcanic disruption are possible states of
the disposal system that need to be considered, because the micro-structure of the
material and the micro-environment vary across a waste package surface, or because
different individuals vary in their tolerance to contaminants. This type of parameter
inexactness is also called Type A, stochastic, irreducible, or variable uncertainty. Both
aleatory and stochastic formally refer to randomness in processes (e.g., radioisotope
decay), but the general lack of knowledge about the state of the system (e.g., volcanic
disruption or no volcanic disruption) is now also associated with these words. The term
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“variable uncertainty” emphasizes the variability among individual characteristics of a
population. This type of inexactness cannot be reduced through further testing and data
collection (e.g., variability of a population to the tolerance of contaminants cannot be
reduced through further testing); it can only be better characterized, and, thus, this first
type of parameter uncertainty is also referred to as irreducible uncertainty.

Alternative Conceptual Models - Multiple working sets of hypotheses and assumptions
of a system that are all acceptable (i.e., consistent with the purpose of the model,

model is also referred to as a site-specific model.

Computational Model — The solution and implementgiis math ical model.
The solution may be analytical, numerical, orempiri 3

. . . 2 G
generic until system-specific data are used tg ggvelo tb%

e
e
hy}’@%f" an
'

U

Sam T{/";‘_/af :}
? Gt
; Of ) AL
g’ / f Y. ’-% 1 % 2
,f-r ;"% ({.& Co.,gé% .
7 %
//'»/é/f/ o

= Anceryginiyin the parameter space of the conceptual model for
& 1 obfainable. For the corresponding imprecisely known
-?5;-{"4%2?* ' .
igion can be expressed as a degree of belief of what the true value

7 : . :
l;y’x &d to the conceptual model. The second type of inexactness arises from
a lack #f knéwledge about a parameter because the data are limited or there are

alternati’e interpretations of the available data. The parameter is not variable because of
an intrinsic characteristic of the entity but because an analyst does not know what the
precise value of the parameter should be. This type of inexactness is also called Type B,
state of knowledge, or reducible uncertainty. Epistemic refers to the “state of
knowledge” about a parameter. The state of knowledge about the exact value of the
parameter can increase through testing and data collection such that the uncertainty is
“reducible.” Developing a probabilistic distribution for a parameter is the usual way to
explicitly describe epistemic uncertainty.

Information — Aa collection of cognitive and intellective material. Information includes
both observational data and communicated knowledge derived by inference and
interpretation. ' ‘
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Fixed Parameter — parameter--Parameter that is considered precisely known (ie., |
constant) for the intended purposes of TSPA analysis.

Informational Entropy — A “measure of information” that is proportional to the sum (or
integral) of the product of the probability of a data point (or continuous function) and the
log of the probability (i.e., U oc -2 p; log p; where U is informational entropy and p; is the
probabilistic representation of the uncertainty in a quantity). This measure of information
quantifies the connection between probability and uncertainty. Of all the distributions
that can be chosen based on the information at hand, the one distribution that maximizes
U is the only selection that does not unwittingly add more information.

Mathematical Model — The mathematical representation of a conceptual model.
the algebraic, differential, or integral equations that predict quantities of jméee

A

mathematical model (e.g., convergence control
%
2334

A

.

system. The uncertainty respitsZ .

ystem. y T /%g,/g,k i Spatet o

available to corroborate% , ;
o

0%

method to explicitly acke

Model-Form Uncertainty — Uncertainty%

models is a

yi%{;gfements (x =x;, x5,..xp) of 2 |

‘be vectors or tensors, but are

idY::

does—thg ieult— Barapieiers o
selectioﬁ// scj’s 5/:,;%:’31 TSP,
compo w , SP del.a’;d-the~eeffespending-mathema%ie—a%--medels:
Jatabase — Database of parameters that are used in the TSPA simulation.
< have been developed by interpreting data stored in the primary databases

Gieca Mountain Project and/or general scientific knowledge.

Parameter Uncertainty — Uncertainty in the most appropriate value for a parameter
expressing epistemic uncertainty. The uncertainty results from sparse observed data and
lack of information able to corroborate or refute alternative parameter values.

Scenario — A subset of the set of all features, events, and processes considered in a
model. Specifically, for a mathematical model it is a subset of the parameter space.

Scenario Uncertainty — Uncertainty in the most appropriate scenarios for a system. The
uncertainty results from the omission of features, events, or processes (FEPs) of a system
(i.e., completeness errors) and imperfect aggregation of FEPs (aggregation errors).
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Uncertainty — As relates to performance assessment, uncertainty is the inexactness in the
most appropriate (a) set of features, events, and processes (FEPs) or scenarios formed
from these FEPs to include in further analyses, (b) conceptual, mathematical,
computational or applied model form used to represent the FEPs, or (c) parameter value
to use for a mathematical, computational, or applied model.

Uncertain Parameter — An imprecisely known parameter; one that cannot be assigned a
single, universally accepted scalar, vector, or tensor value.

Uncertainty Analysis — The description of the model form and parameter uncertainty
(i.e., uncertainty assessment), the propagation of this uncertainty through a model or
model system (i.e., uncertainty propagation) and the subsequent use of analytical or
numerical techniques to determine the impact of the uncertainty on model resultés

4.1.2 Concepts Associated with Parameter Uncertainty
Characterizing Parameter Uncertainty

Characterizing the uncertainty in parameter x reguiies
function, F(x). In TSPAs for Yucca Mountain, e
product of distributions of the individ agsy iy

are assumed to be independen /,"’";;'

e
greter, x,, repré

knowledge of ¢ ,/ e
particular cont .

s
27 7

N0
Sl /;,%{.:#
4

B '

",
g
¢S car b

_bedivided into aleatoric and epistemic parameters.
,;}%{ es BF 1 uncertainty is not important to estimates of mean risk
ean bé%%%ortant to understanding the results and how the uncertainties
. . ized (and possibly reduced) by the collection of more data-, The desire
10 _maintain a o1 #10n_between aleatory and epistemic uncertainty affects the design of the
analysis (e.g . s&parate analysis of volcanic disruption) and no volcanic disruption. It may also
affect the design of individual components (e.g.. the component modeling of corrosion of the
waste _package). If the TSPA does not maintain a separation between aleatory and epistemic

uncertainty for a specific parameter, then the total uncertainty is expressed as a combined

Conceptually,
Distinguishing §ets
(Pate-Cornell, 15

Cornss
Z

parameters (designated as either epistemic parameters__or combined epistemic/aleatory
parameters) is discussed in the remainder of Section 4. '
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General Process of Defining Distributions

The goal of the uncertainty analysis is to obtain the best characterization of uncertainty possible
with the information and resources that are available. There are two important aspects to
developing a distribution from available data and information in order to reach this goal. First,
use objective techniques that are easily understood by others. Second, use techniques that do not
imply more information is available (and, thus, certainty) about a parameter than is actually the
case. Both aspects can be obtained by using the theory of informational entropy (Tierney, 1990;
[DIRS 125989]; Jumarie, 1990 [DIRS 157701]) and will be used to the extent practicable.

In general, the process for using the data and information to characterize the parameter
uncertainty, must be tailored 1o the tvpe of data available and the parameter's use in TSPA
computational models.  Hence, to appropriately characterize uncertainty (i sign_a
distribution, F(x,)) within the context of the assumptions and requirements of ﬂthg;J 1
a TSPA Analyst familiar with the TSPA Model and a SME, familiar }Vét}l?
available, must jointly define a distribution. The guidelines belo# essus

coordinated by the PTL. Only one PTL would be selected to Bori iotd |
parameter values. A database administrator assis o

(Figure 4-1). ;,/’

. oy .-';-' ; 5/‘/,"'/ ;:} 8
Documentation of Parameter V?,'“»;,_Wﬁz %,é /’//_{,.} ’ //;/ fxf
For TSPA-SR, the description j«,g) e ity ing Feasomng fof;; rameter valge s¥as placed in
- , g o . : &
the appropriate/releya@@aVIR “Hip SSPA 1 brigt desésiiion A included in Yolume 1 of the
g R R e - :
SSPA. report ( ,iV ,ﬁ' S -,-g;_g}f & with_the implementation of
by o e Zi G G . . T
these guidelines’ e gnderlyitis voasining f4r e watamets kelection will remain in the

. i K]
respective modé ggort /s :

be more transgient.
A
parameter valugg end distist

TSPA-LA models will
.

e A e ;
£ distnct gection such that the documentation can

gf%, {:}(;,,'(x} - g :
PA1 A documentation will summarize all the

c

.

-para%ters were manually placed in the input files or directly into

: 1ve with the implementation of these guidelines. the parameter

uncertainty proéss clude development of a TSPA parameter database, or modification of
existing databaSes (such as RIB or TDMS), consistent with existing QA procedures_regarding
input_data, for controlling the entry of parameters. A TSPA parameter database facilitates
retrievability_by (a) providing consistent distributions_among_the computational models; (b)
placing responsibility for maintaining correct parameter entries_with a limited number of
personnel; (c) providing a uniform interface for software used by TSPA Analysts; and (d)
providing a uniform interface for SMEs communicating with the TSPA Department. The
parameter database is expected to contain the following information on parameters, as
applicable: (a) ID of entry; (b) qualitative description of parameter, (¢) quantitative description of
distribution, (d) units_(preferably SI system); (e) sources of underlying data; (f) flag denoting
whether or not parameter is active, (g) date of most recent change; and (h) name of person
making the entry or update.
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The TSPA, as currently configured, relies heavily upon extensive abstractions of process models
of various phenomena (Section 3). The TSPA Parameter Database will not track the parameters
in the process models nor have the objective of ensuring that the values used in the TSPA models
are necessarily consistent with parameters of the process models. Rather, these issues will be
discussed in the model reports defining parameter values and developing the abstractions as
described in Section 3, which will be provided by the respective departments responsible for
developing process models and abstractions,

Conditions Where Bounds and Conservative Estimates are Appropriate

Review Panel (Budnitz et al 1999 [DIRS 102726]), who provided their EQIS.;'f}g :
of the TSPA-VA (CRWMS M&O 1998 [DIRS 108000] CRWMS f./

(e.g., w1th probability distributions); otherwise, /% the
conservative or bounding estlmates t ap i be defeiilee i

.

In 10 CFR 63, the NRC re o o e alysi
expectation :
77 (.e., as, %/ /?; .
from assessmengs >a ,,m esfg,_
degree of configene /
conducted by u for ,/ -SB ol v
AR

.,xclude 1mportant parameters
: precisely quantify to a high

.,;,

se"aﬁpllcatlon The DOE intends to

make use of wcs’ . hatvii on iwred By PSPAISR if appropnate in relation to a risk informed
. . N N /

decision procesy: /x1st noge: /fg{pr prarame t}’sf/may be used when the influence of the model

or parameter o’ dg/ s tlig’}f/;ces ihie %nvironment is minimal and the existing model is

adequate for th . G1pOg thg/;/:égﬁlysis. Consequently, conservative estimates may be used in

the TSPA-LA £ »;agj’/ 75 del p’ arameters. All other parameter values will be developed making
realistic estlma v dxsmbutlon as described below.

In addition, se 51t1V1ty analysis where one (or a group of) parameter(s) is varied one at a time
(e.g., evaluation of enhanced or degraded barriers), may involve the use of conservative or
bounding estimates to discern their importance-ef-individual-barriers. The parameter values for
this type of sensitivity analysis will be dependent on the analysis purpose. Normally,
conservative values will be selected at either the minimum or maximum of the distribution
developed below, as appropriate; however, other values may be selected if clearly documented.

Relationship between Uncertainty Analysis and Statistical Analysis

As practiced, both statistical analysis and uncertainty analysis are applications of probability
theory. However, statistical analysis uses probability theory to analyze sampled data.
Uncertainty analysis uses probability theory to quantify our current knowledge and
understanding of the most appropriate parameter value to use in a particular analysis as
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developed from the data. For example, an investigator first develops a distribution for the
parameter, using data that has been statistically analyzed. The investigator then must provide
further interpretation to develop the parameter and describe the uncertainty. Once the parameter
uncertainty has been described, the uncertainty is propagated through the TSPA model, and the
significance of the uncertainty analyzed to complete the uncertainty analysis.

4.2  PROCESS FOR TREATMENT OF PARAMETER UNCERTAINTY IN TSPA-LA

The following generalized process developed from past work (DOE 1996 [DIRS 100975];
Howarth et al., 1998 [DIRS 157700]) is intended to promote (a) traceability (ensuring that the
parameters used in the TSPA model have a referenced source to provide a traceable link to
underlying data); (b) retrievability (ensuring that parameters can be retrieved, preferably in
computer form); (c) ver1ﬁcauon and parameter rev1ew (ensurmg that the parame} :

s

" oana = Broce a a¥a ha - oY ek b
o D v Cl » C

uncertamty, must-be-tailored-to-the- type- ef data -avg

omputational _mode enee—to—apprOns ./i’,
.

v ratd wagre Ol " 5 O T Oop

) n e 3 . iy ! i 2 2 /
a---TSP-A-v-Anal-y—st---fam&h-ar»wrth-{he---]‘- % odel»a-: 1

a ) OV de
v at v y

ﬁ
;; ;
ceordmated by the PTL A da s<, o { "f

H- o5 HPA-NSN Rttt on- 8548 e- s r i P sssra sy

the- appfepnat /NW/ ”Z ,

5 /mcluded i Velume---l--‘ef the
950 ediive h—the-implementation—of
/f /,
he pfframeter----selectlen will--remain-in-the
é/ stinct-seetion-such-that-the-doeumentation-can
: i documentation—will—summarize—all—the
arametef valu /4.4;’( in- aﬂ A ndix;-a nd -the-particular- use- -of -the-parameter-in
p % ppe P P

[ A 1oy 2! e hea [2_A A-mmade man ate
) oS r\s- S ) O GOCH atio

ot aValo ;
wiw vaoﬂ

0O l
these--guideli: oy /
respectwe med "

retrlevabfhty by (a) prewdmg cens*stent distnbutlens -BIRONg- the cemputatfenal medels {b}

arameter—entries—with—a—limited—aumber—of
personnel;-(¢)-providing-a-uniform-interface -for-seftware -used--by-TSPA-Analysts;-and-(d)
pmvrdmg---a---umform mterface for-SMEs- eommumcatmg wﬁh {he----’l"--SPA---Departmem --------- The

P1LV-C 3 V- o a

making-the-entry er-update:
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4.2.1 Process Implementation

The following activities will be used to identify, develop, and document the use of parameters
and associated uncertainties in TSPA (Figure 4-12).

Identify and Categorize Computational Model Parameters

To initially start this process and for any newly developed component models for TSPA-LA, the
PTL and TSPA Analysts of the Performance Assessment Scope and Strategy (PASS) Subproject
will describe the computational model (implemented mathematical model) in the TSPA and
identify parameters that are necessary to perform the calculations for the TSPA. The PTL will
categonze the parameters as elther model control parameters or model conﬁguratlon parameters

Techmcal Data Management System (TDMS) and will not be further tracked by
configuration parameters will be further categorized by the PTL as a IO o
uncertain_j-er-uncertain-but-specified-through-expert-elicitation): -

// /

/féff o

,.4’/
Pparameters, _Uncertain parameters for which there are few da i re impo

may be evaluated through formal elicitation. ThgZZaeS Subp ct Manager onsultation
with PTL and other Department Managers will ’u ! hose 1 / e ﬁs requiing assignment
through formal elicitation,_The ara ) ,ﬁ;ﬂ» ,w1l] b L« G . ;/5, Mzgﬁ but siedified through
expert elicitation -as-per-the-formal f/»;’f’ ] ;
4 /.-"f/,,/,/ /. ,-,./~ AT
<« P
Subiject - %MEs) £

2 :, £z lf

g:;PA
Describe TSPA;»

/ 1 In turn, t-Fhe- a551gneé -SME-is-responsible-for-providing-all
------ ata—{0r e i he SME describes the pertinent data for
Analyst and PTL-{Figure-4-2). An SME
may supplement the 31te-spec1ﬁc data w1th (a) other quahﬁed data approved for use accordmg to

will be documented on a Parameter Entry Form (Flgure 4 43) or equivalent memorandum. The
initial categorization of the parameter as either model control, fixed, or uncertain, will be
presented by the PTL.

Construct Distributions for Uncertain Parameters
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In consultation with the TSPA Analyst and SME, the PTL develops a parameter distribution for
uncertain_parameters_as follows. As the process evolves, the steps may be modified as
appropriate.

Step 1. Determine whether relevant site-specific observational data exists for the parameter in
question. If observational data exist, go to Step 2; if no or limited observational data are found,
go to Step 3.

Step 2. Determine the size of the combined observational data. If the number of values in the
data set is sufficient, as defined by the PTL, use the data directly to evaluate the parameter range
and distribution (e.g., construct a truncated Student-t distribution, construct a piecewise-linear
cumulative distribution function (CDF), or construct a discrete CDF). Otherwise, go to Step 3.

Step 3. Request that the SME provide subjective estimates of:

(a) The range of the parameter (i.e., the minimum ang s
parameter) and p . -
.

faken by the

(b) One of the following (in degse

(1) Percentile p 25th, 50th

7

Eo:
The range and #i%
4

o o
“0n for 148 palgithster s st take into account the model form and the
treatment of aleggesic ang : uncé}‘{fd/l"rﬁ%cy in the TSPA analysis. For example, if the TSPA
model does not i
then the parany

uncertainty) in

Step 4. The PTL, in consultation with the SME and TSPA Analyst, will construct a distribution
depending upon the kind of subjective estimate that has been provided. The construction will be
in accordance with informational entropy theory to the extent practicable. These may include the
following distributions, or other distributions as justified by the available data:

(a) Uniform PDF over the range of the parameter,
(b)__ (k) Piecewise-linear CDF based on the subjective percentiles,

(c) _Beta PDF based on the subjective range, mean value, and standard deviation,

(d) Normal PDF (truncated) based on the subjective mean value and standard deviation,
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(ee) Exponential PDF (truncated) based on the subjective range and mean value,;
{d)—Normal PDE-{truncated) based-on-the-subjective mean-value-and-standard-deviation;
{e)—Beta PDF based-on-the-subjective range;-mean-valie; and-standard-deviation:

Step 5. The three members of the parameter development team review the distribution created.
The process of producing a distribution is repeated, possibly after supplying more information
and data, and further explanation of the TSPA model and parameter until a meaningful
distribution is produced. Concurrence by all three members of the team is signified by signatures
on the Parameter Entry Form or equivalent memorandum (Figure 4-43). Normally, the PTL
facilitates disputes in assigning a distribution unless he/she is part of the dispute. The TSPA
Department Manager may then either resolve the dispute informally by appointin outside
facilitator or formally as specified in the QA procedures.

Document Parameters

nt_ gessoning for the selected shape
delzédort, including a discussion of

e ,,{/ ¥ .

Cgena %@%T@é/ use of unqualified data as

: distf

.f} 9’, /ﬁ-,:.
B '

//{ge fromt the Database Administrator, will prepare a parameter

s

g J an appg adix to the TSPA report, that describes the general process for
and distributions, defines plots and parameter values, and lists the

%

#htition will be reviewed along with the

3 s

of-var-ieus--phenemena-{-Seet—i-3}:----The-~T—SPA--Parameter--Dat-ab se-will-not-track-the parameters
in-the-process-models-nor-have-the-objective-of ensuring that-the-values-used-in-the TSPA-models

o_nace ats an 1 mata a hao _nro eaVala s ave hace Q ava

discussed--in-the

da Iha A Y

-model-reports-defining-parameter-values-and -developing -the -abstractions-as

ate ’ h

parameter uncertainty process are described below. The team members include three parameter
team members (PTL, SME, and TSPA Analyst), a Database Administrator to support the PTL,
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Project Manager or his designee will assign these roles.
PTL Tasks:

1. Confer with TSPA Analysts on the parameters required for computational model
components used in TSPA.

2. Identify means to categorize parameters (e.g., fixed, model-control, expert elicitation,
uncertain) natural-barrier,—uncertain-—engineered-barrier;—and--uncertain-—-waste)—and |
appropriate manner of defining and controlling values for each category.

3. Request data from SMEs to develop parameters.

o N @ s
5. Develop-and-implementguidelines-bBased on informajsonsi s '(ropy the
parameter distribution €BF-in consultation it Afinty
? s

2

S

7. Produce p o Gy
simulatigns a fo4 siator
o G
8. Provide} 5 st ioi°0f uncertainty and variability as part

2 V ';’.’/
of the a{', ﬁtlveat;agéce

T

rE g
TSPA Analyst(51 Fasks; ///y’f %gg
1. Present g 11 s : uous“description of the TSPA model and pertinent parameters to SME
and PT&%@;’

2. Perform” modeling and statistical analysis as requested by the PTL to support the
development of the parameter distribution.

SME(s) Tasks:

1. Gather project-specific data and all other qualified data to describe a specific parameter
of the TSPA model of the Yucca Mountain disposal system.

2. Gather any other corroborative information, including non-qualified data that helps
develop the distribution for a specific parameter.

3. Confer and assist the PTL as needed to determine and verify the appropriateness of the

selected distribution
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4. Describe the use of the parameter in a component of the TSPA model and the basis for
the distribution in the appropriate AMR. Display at least the CDF for the parameter.

Parameter Database Administrator (or designees) Tasks:

1. Set up and administer the parameter database.
2. Operate software used to maintain the parameter database.
3. Enter data and verify data entry, approved by the PTL, into the parameter database.

4. Maintain the history of modifications to the database files, and a dictionary defining
items in the database. ;

5. Produce output appropriate for use by TSPA software.

6. Assist in preparing a periodic parameter report with the

e .a
./ //44:/
ete? ‘4
TSPA-Department-Manager-Tasks: .
i
{f/ //,',
1 iw ORARe a ety ?ie/;" 3Se4
- vigs 5% ! y:",. g
in-the TSPA-a S/
% /-/ ;/j

. ///»‘:-;:'é TR
. /{?fg% .

'.4;-‘:/

pré,”;ﬁ%gﬁe MEs to confer with the PTL in |

devela
2. Inco & when formal expert elicitation should be used to
define Fattih

. /- Z {’j/ //’
43 CO FION OF UNCERTAINTIES

For purposes of*Communicating with and within the TSPA Department, the SME and TSPA
Analysts will display at least the cumulative distribution function (CDF) of parameters in the
model report. When others are preparing documents for a wider audience, the PTL will help the
author(s) in selecting the most appropriate graphical display and textual information for the
parameter distributions and provide citations to the source information. Examples for
developing and using text descriptions and graphics for a wide audience are provided in Section
4.3 of Uncertainty Analyses and Strategy (Williams 2001 [DIRS 157389]), and can be used for
guidance in determining appropriate presentation methods.
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Parameter Entry Form

YMP Form Number: TBD Effective: TBD
Procedure: _ N/A Revision: Page _ 1 of
D Modification D Error Correction D New D Deactivation
Parameter; Id:
Material: Idmtrl:
Model: Idpram
Category: Units
Distribution:
Type:
55
Values: v %%Attachmem. Y
SO
2
Source: i
Interpretation: o
; w Y
Qualified Data?: ;
o
Parameter Entry Apiiti
G
Para ""'”"fn Parameters Team Lead Signature/Date
Concurrence:
Subject Matter Expert Signature/Date
TSPA Analvst (Print) TSPA Analyst Signature/Date
Entered By:
(Print) Signature Date
Entry Checked by:
(Print) Signature Date

Data Control PA Database [}

Other TDMS File Code:

(i.e.. input file)

Figure 4-43. Parameter Entry Form. .
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APPENDIX A

ALTERNATIVE CONCEPTUAL MODELS, MODEL ABSTRACTIONS, AND
PARAMETER UNCERTAINTIES IN PREVIOUS TSPA ANALYSES

This appendix provides a brief summary of two predecessor documents that address the
treatment of uncertainty in a TSPA. The first of these documents, Evaluation of Uncertainty
Treatment in the Technical Documents Supporting TSPA-SR (YMP 2001 [DIRS 155343])
prepared by the Management and Technical Services (MTS) contractor to DOE, evaluated the
treatment of uncertainty in the TSPA-SR (and supporting analysis/model reports (AIV[Rs) and
process model reports (PMRs)), and provided recommendations related to improving the
identification, categorization, evaluation, and quantification of uncertainties. /&ae second

document, Uncertainty Analyses and Strategy (Williams 2001 [DIRS 1%];3& g)wdes the

strategy that is intended to be used to improve the treatment of uncert %t g sfopment of

the TSPA-LA. 7z

In addition, this appendlx summarizes an mternal € gluatlo e ‘abstractions in
: / 4

/ mpliance with
AP-3.10Q, Analyses and Models as documente s, rt (BSC 2001g

[DIRS 156257]) (MVSR).

; sses  (FEPs) (conceptual model
' a’ﬁjlllty and consequence models used

é; f?’ ; g/” igtice models (parameter uncertainty). Section A.2
provides a bri 51 i it conceptual models were addressed in the TSPA-SR.
Section A3 5u a/;? *f he %% f model abstractions in the TSPA-SR. Section A 4 discusses
the treatmen;?i”" - #faavicter 4 afﬂcertamty m the TSPA-SR, and the Supplemental Science and

Performance

A2 ALT RNATIVE CONCEPTUAL MODELS IN TSPA-SR

Conceptual model uncertainties arise from incomplete understanding of the processes being
modeled. The principal way of addressing this type of uncertainty is to develop and evaluate
alternative conceptual models that include a spectrum of viable conceptualizations. Valid
alternative conceptual models must be capable of explaining the available data.

The review conducted by the MTS and documented in Evaluation of Uncertainty Treatment in
the Technical Documents Supporting TSPA-SR (YMP 2001 [DIRS 155343] indicated that
discussions of the consideration of alternative conceptual models were sometimes documented in
the AMRs and PMRs that support the TSPA models and calculations. In many cases alternative
conceptual models were considered, but not utilized because: (1) they were not supported or
were invalidated by existing observed data; (2) there was insufficient data for developing and
validating a representational model for the alternate conceptual model; (3) the models developed
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for TSPA represented more realistic models than the alternative models; or (4) only the more
conservative model was forwarded for use in the TSPA.

One example where an alternative conceptual model was developed and then used in the TSPA-
SR was the saturated zone flow model. In developing the saturated zone flow model, two
conceptual models were used to develop two representational models. One model assumed
isotropic permeability fields. The second model included large-scale horizontal anisotropy of
permeability in the volcanic units of the saturated zone to the southeast of the potential
repository. These conceptual models were considered to be equally likely. Therefore, both
representational models were used in the TSPA-SR calculations for saturated zone flow.

into a probabilistic analysis. In the probabilistic seismic hazard analysis g
tectonic models were developed and incorporated directly into the '
probabilistic volcanic hazard analyses (PVHA), alternative con 5 .
igneous event probability were evaluated, weighted, and gg :
probability distribution for an igneous event occurren/ o

While alternative conceptual models were used i m;p / ; ;:."" es illustrate,
YMP (2001 [DIRS 155343]) conclugs P //’ ey mod o ption of the
conceptual model(s), the baseg,/. f’-/-_. 11 3 / inties; gie lacking or
difficult to find. The docume et hie aichy gtilized for the S ibuted g this lack of
transparency. - ’

A3

As part of the ng Wlth" the con51stent treatment of model

abstractions (s'ble o
model abstract;use o
5 : AN
supporting the 7
o , /’/"-

Systems Perfor

2000a [DIRS 14 ’ 4nd the hierarchy of analyses and models used to support the TSPA-SR
as shown in Fig o } 5-1 for the Total System Performance Assessment (TSPA) Model for the Site
Recommendann (CRWMS M&O 2000b [DIRS 148384]). These AMRs were reviewed to
develop a list of model abstractions. The resulting list was forwarded to Process Model Report
(PMR) Leads and Performance Assessment Representatives for their review and comment.
During this review, guidance provided resulted in the identification of several additional
abstractions. The identified model abstractions were then grouped into five abstraction
categories. These abstraction categories included:

_ ' :, ’Was conducted This review focused on the AMRs
3 ted in | Table 3.1-1 of the TSPA-SR model document (Total
r ssméﬁff (TSPA) Model for the Site Recommendation, CRWMS M&O

Probability Distributions - Probability distributions refer to the replacement of the
results of more complicated numerical models with a distribution. Specification of
parameters by a single representative value or range of values represents a subset of the
probability distribution approach to abstraction.

Simplified Numerical Models - Simplified numerical models are more efficient codes
that are used in the TSPA model to replace more complex process (numerical) models.
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Functions - The use of functions to replace more complicated numerical models is a
frequently used method to develop abstractions. The typical method is to determine how
a new parameter varies with respect to a known parameter and then create a function that
closely matches this variation.

Response Surfaces - Response surfaces are multivariate functions that return values for
unknown parameters based on any number of input values. Since there is no limit to the
number of mutually orthogonal dimensions in imaginary space, response surfaces in n-
dimensions may be used to predict multivariate relationships.

Parameter Reduction - Justification is given in the form of conceptual models and/or

FEPs arguments that limit or reduce the number of parameters/events conside#él in the
TSPA. The abstractions identified using this method fall within the B ientific
analysis abstractlon as defmed in AP-SIIL IOQ because tbe tin a

The review of project documents indicated that th
model abstractions In addition, three AIV[Rs no .

Vs classlﬁed as abstractions but not meeting the
: ‘%/ L ,%sxc description of each abstraction as well as
in labeled “Description of Model Abstraction.” In
1 he dependent process are shown. In actuality, the TSPA

c( ombinations of abstraction techniques; for simplicity, Table

only one of the types used.

as model abstrag/ s.
narrower deﬂmf’ o
outputs to the féﬁ’
addition, the aEé’/:; ct iy
model abstractis "’ '89:9, 4
A-1 categonze "?'
In addition to tfle mtemal review to identify model abstractions used in the nominal case of the
TSPA-SR, the YMP conducted a formal review of all AMRs to determine the extent to which
model validation was achieved in compliance with Administrative Procedure AP-3.10Q,
Analyses and Models. This review was accomplished as part of the response to Corrective
Action Request BSC-01-D-001 (Clark 2001; Krisha 2001) and is documented in Model
Validation Status Report (BSC 2001g [DIRS 156257]) (MVSR). In the MVSR, 128 models
were identified and their validation status was determined. The 128 models identified included
models that did not support the TSPA-SR (i.e. the output from these models was not used as
input to the TSPA-SR model), and multiple models that were combined into a single abstraction
(e.g., three identified models were embedded in the GENII-S dose assessment code). While
there is not a one-to-one correlation between the results of the internal review to identify model
abstractions used in the TSPA-SR, and the results documenting models/model validation status
in the MVSR, both of these sources provide information on model abstractions used in the
TSPA-SR.
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A.4 PARAMETER UNCERTAINTY IN TSPA-SR, SSPA, AND TSPA-FEIS

As indicated in the introduction to this appendix the treatment of uncertainty in the TSPA-SR
was examined in two reports. The first report, Evaluation of Uncertainty Treatment in the
Technical Documents Supporting TSPA-SR (YMP 2001 [DIRS 155343]) prepared by the
Management and Technical Services (MTS) contractor to DOE, evaluated the treatment of
uncertainty in the TSPA-SR (and supporting analysis/model reports (AMRs) and process model
reports (PMRs)), and provided recommendations related to improving the identification,
categorization, evaluation, and quantification of uncertainties. The second report, Uncertainty
Analyses and Strategy (Williams 2001 [DIRS 157389]), provides the strategy that is intended to
be used to improve the treatment of uncertainty in the development of the TSPA-LA
AR

The MTS study (YMP 2001 [DIRS 155343]) concludes that the Yucca Mp it (YMP)
has numerous good examples of parameters that are based on datg, t# ired directly,
and has good examples of uncertainty treatment of these | ther imelnde discussions of
measurement errors, representativeness, and related jés{:%yes. _- so mdicates that

there are a number of cases in the AMRs where pay
bounding parameter value is chosen. In other g/
Y . 2 b
indicated to be representative, o= ,g!ameter;;

ST 22

. . . ;.’f K
distributions. The MTS study %f i

S Om -
distributions is unevenly presenigs /@*’}}%
i, o -

For TSPA-SR, .// i

e  and described by probability
distributions. o

s
L

2 %
25 RN

Puamigiers (or the particular model or
i

/%/g&,/

we&;’%}cé’r’fsewative” estimates in order to
ctions of total system performance. As
i, - gwalyses and Strategy (Williams 2001 [DIRS
reatggenit of uncertainty in the TSPA-SR was in agreement
i age by the TSPA Peer Review Panel (Budnitz et al 1999 [DIRS
(0158 the TSPA-VA (CRWMS M&O 1998 [DIRS 108000]; CRWMS M&O
1997 [DIRS 1 , . / he general guidance can be summarized as the following: Provide a
defensible sele%’%’i&m among alternative conceptual models and explain the technical basis
for the selection in the AMR,; when there are sufficient data to do so defensibly, quantify
uncertainties in parameters (e.g., with probability distributions); otherwise, in the absence of
sufficient data, develop conservative or bounding estimates that can be defended technically.
The consequence of this approach was a mix of conservative and realistic inputs. In some cases,
the TSPA Analysts provided informal guidance to the project investigators on how to develop an
uncertainty description; in other cases, they did not. Thus, consistency in the uncertainty
description is lacking, as noted by the MTS study.

described in §
157389)), the
with the recomiis

A specific goal for the SSPA (BSC 2001b, Volume 1 [DIRS 155950]; BSC 2001c¢, Volume 2
[DIRS 154659]), which followed the TSPA-SR, was to evaluate the impact of uncertainty in the
parameters. Therefore, for many parameters, the uncertainty distribution was redefined. As
discussed in detail in Section 2.2 of Uncertainty Analyses and Strategy (Williams 2001 [DIRS
157389]), the SSPA work developed a full range of uncertainty and , if available, used “non-QA”
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data (e.g., information from outside the YMP) in developing these distributions. For the SSPA,
the DOE identified, considered, and evaluated the most recent and relevant information about
Yucca Mountain and the potential repository system that was available from all sources, inside
and outside the YMP, regardless of the "Q" status of the data. This information was used to
quantify uncertainties, provide insights for updating conceptual and numerical models, and
provide additional lines of evidence about the possible future behavior of a repository. To the
extent possible, the information was incorporated in an updated supplemental TSPA model and
evaluated for two thermal operating modes.

The process for evaluating unquantified uncertainties involved: (1) identifying unquantified
uncertainties to be evaluated; (2) developing more representative, quantified descriptions of
those uncertainties; and (3) evaluating the implications of those newly quantified uncertamtnes
for repos1tory performance The impacts of the new representations for previously, i

-

ol Thy {{é/t}%ental Impact Statement and Site Sultabzhty
» st recently available TSPA model document (BSC
6T of parameters listed for TSPA-FEIS includes changes made
/. : PA énalyses (see Section 2.1 of Uncertainty Analyses and Strategies
(Williams 200 , : 157389]) It also addresses several additional issues related to
promulgation g '/ ) CFR 197 (i.e., calculation of dose at 18 km boundary, consideration of
biosphere dose conversion factors (BCDFs) for reasonably maximally exposed individuals
(RMELI), the specified representative volume of groundwater, use of commercial spent nuclear
fuel to represent naval fuel in the inventory), inclusion of a new version of WAPDEG (that
includes microbial-induced corrosion and aging multipliers for inside-out corrosion and
temperature-dependent general corrosion), and corrections to the thermo-hydrologic process
models for the low temperature operating mode of the repository.

To some extent for probability models, and especially for consequence models, the inexactness
in parameters can be divided further into uncertainty from limited knowledge on the various
states of a system and uncertainty from the precise value for a model parameter. These two types
of uncertainty are referred to as aleatory and epistemic uncertainty.
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Aleatory uncertainty, sometimes called aleatory variability, relates to features, events, and
processes that are random in character and cannot be known in detail. As a result, aleatory
uncertainties are not reducible with additional data or knowledge. Examples are the location,
timing, and magnitude of the next earthquake to occur in a region; the fracture-scale permeability
structure and its lateral variability over dimensions of the repository; identifying which waste
packages will have manufacturing defects that lead to early failures; the molecular-level
variation in crystalline structure of Alloy-22 across a waste package surface or among multiple
waste packages. All of these processes are captured to some extent in the risk analysis, but they
are represented by random processes that are described by “effective” parameters (e.g., bulk
permeability) or average rates (e.g., earthquake probabilities, rates of manufacturing defects) that
include an aleatory component of uncertainty that will never be resolved. Aleatory variability
can occur over both spatial and temporal scales.

Epistemic uncertainties are lack-of-knowledge uncertainties arising becg.u

understandmg is imperfect. They are therefore reducible with the gathe. o " ation of

Distinguishing between these two types of uncerta -’
(Pate-Cornell, 1996), but they can b injhe
model and in assessing the d

collection of addltlonal data &z
long-term corrosi ﬁp 0 4

'aC‘.-." 25

temperature enji ﬁ i M -

probability distf] 1 . ;e.; /' et %%sment model varies between
two extremes. {1 /:, 3 ' . Jistribution is due entirely to random
variability (ale- ity / to all patches on a waste package and to all
waste packages cad y“ tates i diig o ‘ﬁrely to random variability in patches in waste

% e, dtﬁ% ences in the metal at different locations). The second
/s e , 58 +ved distribution is due entirely to epistemic uncertainty (i.e.,

74 4 £ach patch and each waste package is actually the same, but our lack of
knowledge keegs /’é;(ﬁ knowing exactly what that rate is). In the former case (100% aleatory
variability), the/f'enng of additional data will not lead to a reduction in uncertainty, while in
the latter case (100% epistemic uncertainty), the gathering of additional data will lead to a large
reduction of uncertainty. Because of the importance of corrosion rate to performance assessment

results, making a distinction between these two uncertainties can in this case be important.

i
packages due tg i
extreme is to ag :'_; ne
the true corrosi _’_

’é:/

The second type of inexactness arises from a lack of knowledge about a parameter (either scalar,
vector, or tensor quantity of a model) because the data are limited or there are alternative
interpretations of the available data. The parameter is not variable because of an intrinsic
characteristic of the entity but because an analyst does not know what the precise value of the
parameter should be. This type of inexactness is termed Type B, epistemic, state of knowledge,
or reducible uncertainty. “Epistemic” refers to the “state of knowledge” about a parameter. The
state of knowledge about the exact value of the parameter can increase through testing and data
collection such that the uncertainty is “reducible.”
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The MTS study (YMP 2001 [DIRS 155343], Section 3.4) provides a summary discussion of the
treatment of aleatory and epistemic uncertainty in the probabilistic seismic hazard analysis
(PSHA), which is one of the clear treatments of these two types of parameter uncertainty in
YMP. As described in Section 6.5.2 of the AMR Characterize Framework for Seismicity and
Structural Deformation at Yucca Mountain, Nevada, the PSHA methodology is formulated to
represent the randomness inherent in the natural phenomena of earthquake generation and
seismic wave propagation. Integration is carried out over these aleatory uncertainties to get a
single hazard curve. The size, location, and time of the next earthquake on a fault and the details
of the resultant ground motion at a site of interest are examples of quantities considered aleatory.
Epistemic uncertainties, on the other hand, are expressed in the PSHA by incorporating multiple
assumptions, hypotheses, models, or parameter values. These multiple interpretations are
propagated through the analy51s resultmg in a suite of hazard curves. Results are presented as

sil epistemic
RS 107710];

' oy aly rongly affeéi ie design of
individual subm ; .f_, it g gl / £ c ! szion of the waste package).
However, it is ‘ ningl B4 Mmsin

the analysis de D1 pEintain i 50
epistemic uncef] ‘f };f  Pue //, er,%,; 4 the s#cértainties are not separated and the
total uncertamt xpr %’“ a // ;?’m ned i 'g%/i}'ézutlon For example, in the TSPA, the disposal
system is not d’/.- it ¢h %%/ari ( Wihe adsorption coefficient (Kd) can be modeled
under various cg *hiica "’,mé»%y Rathiér” the probability distribution used for Kd includes both
7 J,;,"/, The separation of parameter uncertainty into aleatory or
»f/"" /;? iy or may not occur for any one particular variable for the license

Bcess described here will help ensure that appropriate AMRs and the

application, bu "/, o
TSPA-LA repMocument how the two forms of parameter uncertainty are handled and ensure
that the parameter distribution reflects how the underlying model is used in the TSPA analysis.
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Table A-1. Abstraction Types and their Frequency in TSPA-SR.

Abstraction or Model Abstraction

Type of Abstraction Frequency
Probability Distributions ( including those specified 10
only as representative values or ranges)
Model Abstractions {26} Simplified Numerical Models 4
Functions 9
Response Surfaces 3
Scientific Analysis Abstractions {3}

(see Table A.3)

Parameter Reduction

Total Number of Abstractions in TSPA-SR

7 7 5 //;I"; /""f"/g%’g.é‘ %f.‘%
s T
- | "
]
/ "

A-8 March 2002
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Table A-2. Model Abstractions Used by the TSPA-SR for the Nominal Scenario.

Document Number, Model
DPA Short ID, Document Title Abstraction Description of Model Abstraction inputs to Model Dependenf
ept Processes|
DIRS Number Type
BIO [ ANL-MGR-MD-000003 | Disruptive Event Probability Development of biosphere dose conversion factors. | Transport parameters, Biosphere
B0055 Biosphere Dose Distributions transfer coefficients, model
[DIRS: 152536] Conversion Factor exposure times,
Analysis Rev 01 ingestion/inhalation
exposure parameters,
erosion and leaching
data
BIO | ANL-NBS-MD-000007 | Abstraction of Probability Fourteen radionuclides were identified in a | trrigation times, scale Biosphere
B0075 BDCF Distributions | Distributions | predecessor AMR to have significant Biosphere | factors, statistical mean model
[DIRS: 153206] for Irrigation Dose Conversion Factors (BDCFs) build-up factors | & standard deviation,
Periods, Rev O/ICN from prior irrigation. The purpose of this AMR was | and in some cases the
1 twofold. First, to develop and fit, for each | shift for various
radionuclide, an analytical approximation for the | radionuclides
abstracted BDCF distributions over the period of
time considered for irrigation. Second, to
incorporate into this approx. the soil loss data. The
result is to provide PA with an abstraction for soil
build up effects on BDCFs to be used to calculate
4 dose.
BIO | ANL-NBS-MD-000008 | Distribution Fitting Probability The BDCF data are provided as data sets. Each | Predictions of future Biosphere
B0080 to the Stochastic Distributions | data set is comprised of 150 stochastic realizations | climate, irrigation, model

[DIRS: 1563207]

BDCF Data, Rev
00 ICN 01

of BDCFs evaluated for a given radionuclide after a
predefined period of previous irrigation. Each data
set was analyzed to derive statistically justifiable
distribution (abstractions) to the individual data sets
of the BDCFs. These abstractions that define the
BDCF distributions by a limited number of
parameters (two or three) will be used in the TSPA
numerical predictive capability for assessing
performance of the proposed Yucca Mountain
repository. In particular, they will be used in the
TSPA numerical predictive capability to calculate
dose with its uncertainty from radionuclide
concentrations in groundwater.

radionuclide physical
parameters
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Table A-2. Model Abstractions Used by the TSPA-SR for the Nominal Scenario. (Continued)

Document Number,

Model

DPA Short ID, Document Title Abstraction Description of Model Abstraction Inputs to Model Dependent
ept DIRS Number T Processes
ype
EBS | ANL-EBS-HS-000003 | Abstraction of NFE | Simplified Abstraction of the thermal hydrology (TH) model that | Inputs include averaged | WAPDEG,
E0130 Drift Numerical characterizes the in-drift thermodynamic | temperature, liquid waste form
[DIRS: 154594] Thermodynamic Model environment. Creates time-history data as output. | saturation, relative model
Environment and Outputs to the TSPA model include infiltration rates | humidity, evaporation
Percolation Flux, averaged for TSPA bins and for specific locations. rate, and percolation flux.
Rev 00, ICN 02
EBS | ANL-EBS-MD-000031 | Invert Diffusion Function A model to show how resistivity and diffusivity can | Resistivity, porosity, EBS
EO000 Properties Model, be estimated as a function of water content and | saturation, cementation Transport
[DIRS: 150418] Rev 01 temperature. factor model and
EBS
Radionuclide
Transport
Abstraction
EBS | ANL-EBS-MD-000042 | In-Drift Colloids and | Function A model for GoldSim to calculate colloid [ Radionuclide Waste form
E0045 Concentration, Rev concentration as a function of ionic strength, as well | concentrations, fonic model

[DIRS: 129280}

00

as for determining the stability of smectite and iron-
(hydrjoxide colloids as a function of both ionic
strength and pH. it employs bounding relationships
that are closely tied to the colloid generation and
characterization experimental programs conducted
at ANL and LANL and to documented colloid
characteristics of a variety of groundwaters. The
abstraction is considered valid and usable in TSPA
calculations for any time after the temperature in the
repository has decreased to well below boiling after
the thermal pulse. Many of the waste degradation
tests were performed at 90°C but mostly sampled at
near room temperature.

strength of fluid , pH
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Table A-2. Model Abstractions Used by the TSPA-SR for the Nominal Scenario. (Continued)

Document Number, Model
DPA Short ID, Document Title Abstraction Description of Model Abstraction Inputs to Model Dependent
ept Processes
DIRS Number Type

EBS | ANL-EBS-MD-000045 | In-Drift Precipitates/ | Response This model was developed to evaluate the effects of | Temperature, RH, EBS
EC105 Salts Analysis, Rev | Surface water  vaporization (evaporation) on water | seepage flux & transport
[DIRS: 163265) 00, ICN 02 composition at a given location in the EBS (e.g. the | composition, evaporation | model

drip shield surface). The presence or absence of | Flux, fugacity of carbon
backfill is irrelevant to the model. The output of the | dioxide, incoming
model that is important to the TSPA is pH, chioride | seepage chemical
concentration, ionic strength, and approx. maximum | composition

RH for dry conditions to exist. These effects are

important in estimating colloid mobility and corrosion

rates for the drip shield and waste package. In

addition, these effects may be important in

predicting spent fuel dissolution rates and

radionuclide transport.

SZ ANL-NBS-HS-000030 | Input & Results Probability Provides radionuclide transport simulation results for | input files and Saturated
80055 Base Case SZ Distribution the SZ site-scale model for use in TSPA | groundwater flow field for | zone
[DIRS: 139440] Flow and Transport | (and also calculations. The approach is to produce a set of | radionuclide transport transport

Model TSPA, Simplified radionuclide breakthrough curves at the accessible | simuiations from the final | model
Rev 00 Numerical environment, 20 km from the repository. These | calibrated SZ site-scale
Model) breakthrough curves contain information on the | flow model, uncertainty
radionuclide travel times through the SZ that is used | distributions for
in the TSPA calculations to determine the arrival | stochastic SZ transport
times and mass of radionuclides in the biosphere. | parameters, matrix
In addition, the analysis provides a simplified one- | porosity and bulk density
dimensional radionuclide transport model for the | in the area of the ISM,
purpose of simulating radionuclide chains in the | groundwater recharge
TSPA simulator. 1) The convolution integral method | distribution at the water
is used to determine the radionuclide mass flux at | table under Yucca
the SZ / biosphere interface. Mountain, Mean
2) The effects of climate change on radionuclide | infiltration for present,
transport are incorporated by scaling the | glacial, and monsoonal
breakthrough curves simulated for present climatic | climates.
conditions

SZ ANL-NBS-MD-000011 | Uncertainty Probability Parameters for the SZ model for TSPA-SR. | Aquifer parameters: sp. SZ flow and
S0050 Distribution for Distribution Specifies the important parameters to be | Discharge, porosity, transport
[DIRS: 147972] Stochastic represented stochastically and the minor parameters | density, partitioning model

Parameters, to be represented as constants. Constants were | coefficient., dispersivity,
Rev 00 assessed for validity and the stochastic values were | retardation, etc.

assigned bounded distributions.
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Table A-2. Model Abstractions Used by the TSPA-SR for the Nominal Scenario. (Continued)

PA
Dept

Document Number,
Short ID,
DIRS Number

Document Title

Model
Abstraction

Type

Description of Model Abstraction

Inputs to Model

Dependent
Processes

TH

ANL-NBS-HS-000029
NO125
[DIRS: 123916}

Abstraction of Drift
Scale Coupled
Processes,

Rev 00

Probability
Distribution

This AMR is an abstraction of data and a
comparative analysis. An abstraction method for the
THC water chemistry and gas-phase composition in
the host rock adjacent to the emplacement drift wall
is provided. Also included is an analysis of different
geochemical systems and how they impact the TH
predictions of the THC process-level model. Finally,
it provides a detailed evaluation of the thermal
hydrologic performance of a geologic repository
obtained from process-level models that either
include or do not include reactive transport process
(TH-only, THC, edge cooling, etc...} that result in
response to heat addition. It is concluded that either
process model, THC or TH-only, are equally valid in
determining the TH response of a geologic system
subjected to heat addition by repository decay heat.
On the other hand, if the TSPA abstraction input
requires the water and gas composition in the near-
field host rock, the drift-scale THC model is
appropriate.

Temp., liquid saturation,
air/water fluxes, ion &
gas concentrations

Various
process-
level modeld

uz

ANL-NBS-HS-000023
uo125
[DIRS: 153104]

Abstraction of Flow
Fields for RIP, Rev
00 ICN 01

Probability
Distribution

Post-processes 18 “base case” UZ site-scale flow
fields from TOUGH-2. In addition, four flow fields
that are used for future full-glacial climates are
processed. Flow fields processed for used in TSPA
particle tracking calculations. Infiltration rates were
extracted from the four full-glacial-climate flow fields
for use in seepage abstraction models in the TSPA.

TOUGH2 output

UZ transpor]
— FEHM
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Table A-2. Model Abstractions Used by the TSPA-SR for the Nominal Scenario. (Continued)

pa | Document Number, Model De endenj
D Short ID, Document Title Abstraction Description of Model Abstraction Inputs to Model P
ept Processe
DIRS Number Type
uz ANL-NBS-HS-000026 | Particle Tracking Simplified A particle-tracking algorithm is developed that { Mean fracture aperture UZ transpord
U0o065 Model and Numerical incorporates the transport processes determined to | and spacing, variance in
[DIRS: 141418) Abstraction of Model be relevant in the site characterization program, | aperture, moisture
Transport Process, including advection, dispersion, sorption, and matrix | retention curves,
Rev 00 diffusion. In addition, new model development was | cumulative probabilities
required to allow for finite spacing between fractures | for colloid transport
in the matrix-diffusion model, multiple-species | between one matrix and
transport with decay/ingrowth, and the integration | another calculated from
with the TOUGH2 and GoldSim applications. These | interpolation of pore
capabilities were incorporated into the current | volume data from Yucca
version of FEHM. This version of the code can be | Mountain Hydrologic
used to perform the UZ transport calculations for | Samples, probabilities for
TSPA-SR as long as the limits on the model are | constants and retardation
recognized and parameters are chosen accordingly. | factors from C-wells
microsphere data.
uz ANL-NBS-MD-000005 | Abstraction of Drift | Probability Results of seepage process-mode! simulations for a | Rock properties, drift & WAPDEG &
uo120 Seepage, Rev 01 Distribution large number of cases were synthesized, and | waste package EBS
[DIRS: 154291] distributions representing the uncertainty and spatial | geometry, fluxes, gamma | transport
variability of seepage into drifts as a function of | parameter and residual models
percolation flux were derived. liquid fracture saturations
for the base, low, and
high infiltration cases,
infiltration flow fields plus
gamma parameters and
residual liquid fracture
saturations for fault
zones for the base, low,
and high glacial-
transition
WF ANL-EBS-MD-000015 | CSNF Waste Form | Simplified Provides a current summary of data and updated | CSNF dissolution rates
F0055 Degradation: Numerical models for commercial spent nuclear fuel (CSNF)
[DIRS: 136060} Summary Models intrinsic (forward) dissolution (high water-flow) rates.

Abstraction

Bounding models that apply to all UO,based spent
fuel expected to be disposed in a repository.
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Table A-2. Model Abstractions Used by the TSPA-SR for the Nominal Scenario. (Continued)

PA Document Number, Model Dependenj
D Short ID, Document Title Abstraction Description of Model Abstraction inputs to Model
ept DIRS Number T Processe
ype
WF ANL-EBS-MD-000037 | In-Package Probability The chemical parameter pH was used as a “key” | ionic strength, pH, Waste form
F0170 Chemistry Distribution parameter where response surfaces were generated | CO3, Fi, Cl model,
[DIRS: 154620] Abstraction, Rev 01 with pH as a function of the independent WAPDEG
parameters, water flux, WP corrosion rate, and fuel
exposure for CSNF packages, for co-disposal
packages a distribution of pH was generated.
Relationships were formulated between pH and total
carbonate and pH and Eh such that for any set of
independent parameters the pH, total carbonate,
. and Eh could be directly calculated.
WF ANL-WIS-MD-000004 | DSNF and Other Probability Degradation models of DOE owned spent nuclear | Data, information, and Waste Form
Foo8s . Waste Form Distribution fuel (DSNF) and the immobilized ceramic plutonium | models for the model
[DIRS: 155609] Degradation (PU) disposition waste forms are selected for | degradation of DSNF
Abstraction, Rev application in the proposed monitored geologic | and Pu disposition waste
01, ICN 01 repository (MGR) post-closure TSPA. forms were obtained
from Iaboratory
experiments, DOE
reports, NSNFP reports,
and OCRWM AMRs.
WF ANL-WIS-MD-000006 | Inventory Response This analysis interprets the results of a series of | Radionuclide physical Waste Form
F0015 Abstraction, Rev Surfaces relative dose calculations and recommends sets of | parameters model
[DIRS: 150561] 00, ICN 02 radionuclides that should be modeled in the TSPA-

SR and TSPA-FEIS. The recommendations of the
sets of radionuclides to model are based on two
timeframes (100 years after closure to 10,000 years
and 10,000 to 1,000,000 years). The goal was to
identify the minimal set of radionuclides that would
contribute 95 percent of the dose. The exposure
scenarios considered are direct, nominal, and
human intrusion.
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Table A-2. Model Abstractions Used by the TSPA-SR for the Nominal Scenario. (Continued)

PA
Dept

Document Number,
Short ID,
DIRS Number

Document Title

Model
Abstraction

Type

Description of Model Abstraction

Inputs to Model

Dependenj
Processe

WF

ANL-WIS-MD-000010
F0095
[DIRS: 155455]

Summary of
Dissolved
Concentration
Limits,

Rev 01

Probability
Distribution

Solubility limits for 14 elements were derived. Three
radioisotope solubilities were abstracted as a
function of in-package chemistry dependent on
temperature, pH, and CO; concentration. Three
radionuclide solubilities (actinium, curium, and
samarium) were set equal to that of americium.
Four additional radioisotope solubilities were defined
by probability distributions (plutonium, lead,
protactinium, and nickel). The solubilities of the
remaining screened-in radioisotopes were set at
bounding values.

Physical parameters of
14 elements, Eh, pH,
other ion concentrations

Waste form
model

WF

ANL-WIS-MD-000012
FO115
[DIRS: 153933]

Waste Form
Colloid-Associated
Concentrations
Limits: Abstraction
and Summary,
Rev 00, ICN 01

Functions

A model is developed for GoldSim to calculate
colloid concentration as a function of ionic strength,
as well as for determining the stability of smectite
and iron-(hydr)oxide colloids as a function of both
ionic strength and pH. The abstraction employs
bounding relationships that are closely tied to the
colloid generation and characterization experimental
programs conducted at ANL and LANL.

Inputs are radionuclide
concentration, pH, ionic
strength, colloid stability
parameters and functions
and mass of colloids.

Waste form
model

WF

ANL-WIS-MD-000018
(no short ID)
[DIRS: 144167}

In-Package Source
Term Abstraction,
Rev 00

Functions

An analysis is presented such that the time term in
the rind calculation is no longer time since time zero
(or absolute time); instead, the time term is the
length of the time since the wasteform became
available for degradation. This represents a more
appropriate method for calculating rind volume in
terms of how waste packages fail at different times
over the life of the repository. This method also
accounts for rate of cladding failure for CSNF
packages for determining exposed mass. The
volume of water in the rind for each wasteform type
in a waste package at any time step is a function of
the fraction of exposed wasteform multiplied by the
volume of rods, the porosity, and the water
saturation of the wasteform.

Length of time since the
wasteform became
available for degradation;
volume of the rods,
porosity; water saturation
of the wasteform

Waste form
model

WP

ANL-EBS-MD-000003
W0035
[DIRS: 144229]

General and
L.ocalized
Corrosion of WP
Outer Barrier,
Rev 00

Functions

Addresses the development of models to account
for the degradation of the outer barrier of the waste
package. A combination of functions in a decision
tree

Temperature RH,
electrolytes, pH,
oxidants, physical
constants

WAPDEG
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Table A-2. Model Abstractions Used by the TSPA-SR for the Nominal Scenario. (Continued)

Document Number,

Model

DPA Short 1D, Document Title Abstraction Description of Model Abstraction Inputs to Model Dependenf
ept Processes
DIRS Number Type
WP | ANL-EBS-PA-000003 | Abstraction of Functions Abstraction analyses consider localized corrosion of | Temperature, pH, and WAPDEG
w0040 Models for Pitting & the waste package outer barrier (Alloy 22) and drip | the log of chioride
[DIRS: 147648] Crevice Corrosion shield (Titanium grade 7). The analyses consider | concentration, corrosion
Drip ShieldWaste 1) initiation thresholds for pitting and crevice | potential and critical
Package, corrosion both in the presence and absence of | potential measurements
Rev 00 dripping water and their uncertainty and variability | of Alloy 22 and Titanium
under repository conditions and 2) penetration rates | grade 7, solution
as a function of time, temperature, and other | compositions for
exposure conditions both in the presence and | simulated dilute,
absence of dripping water, and the uncertainty and | concentrated, acidified,
variability of the penetration rate under repository | saturated, and basic
conditions. saturated water.
WP ANL-EBS-PA-000004 | Stress Corrosion Functions The abstractions developed are: 1) stress and stress | Stress, stress intensity WAPDEG
w0045 Cracking of Drip (and also | intensity factor profiles as a function of depth, 2) | profiles as a function of
[DIRS: 151549] Shield and Waste Probability threshold stress intensity factor, 3) threshold stress | depth, threshold stress,
Package Outer Distribution) | to initiate crack growth, 4) parameters A and n of the | incipient crack densities,
Barrier and Slip Dissolution model, 5) incipient crack density and | crack growth model,
Hydrogen Induced size used with the Slip Dissolution Model, and 6) | model parameters for
Corrosion of Drip probability for the occurrence and size of | outer shell flat and
Shield, Rev 00 ICN manufacturing defects in the closure lid welds. | extended closure lid weld
01 Major efforts of the abstraction were given to | regions
develop an approach to represent uncertainty and
variability of the model parameters.
WP | ANL-EBS-PA-000005 | Abstraction of Functions General and localized corrosion of the waste | Solution temperatures None
W0120 Models for package inner barrier (316NG) is analyzed. | ranging from 30 to |dentified
[DIRS: 135968} Stainless Steel Potential-based  localized corrosion initiation | 120°C, chloride ion

Structural Material
Degradation,
Rev 00

threshold functions for 316NG stainless steel (based
on data collected for 316L stainless steel} were
derived from the functional dependence of
experimentally obtained electrochemical potential
data on absolute temperature, pH, and the base 10
logarithm of chloride ion concentration. It was
concluded that localized corrosion initiation is
probable at neutral pHs, temperatures below 380K,
and chioride concentrations in the range of 10™ to
10 mol/L.

concentrations between
67 and 154,000 mg/L,
and pH values between
2.7and 10.2
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Table A-2. Model Abstractions Used by the TSPA-SR for the Nominal Scenario. (Continued)

Document Number,

Model

DPA Shott ID, Document Title Abstraction Description of Model Abstraction Inputs to Model Dependenf
ept Processes
DIRS Number Type
WP | ANL-WiS-MD-000007 | Clad Degradation — | Functions; This analysis describes the postulated condition of | Uses data, formulas, etc. | Waste Form
F0155 Summary and (and also commercial Zircaloy clad fuel after it is placed in the | from several other AMRs | model
[DIRS: 1561662} Abstraction, REV Probability YMP site as a function of time. Provides | related to cladding
00 ICN 01 Distribution) | correlations, parameters, and data tabies for use in | degradation.
the TSPA-SR.
WP ANL-WIS-PA-000001 EBS Radionuclide Simplified This AMR provides the algorithms for transporting | Drift & waste package EBS
E0095 Transport Numerical radionuclides using the flow geometry and | dimensions, properties, Transport
[DIRS: 155638} Abstraction, Rev 00 | Model radionuclide concentrations determined by other | and construction, model

ICN 02

elements of the TSPA-SR model. In particular, this
model is used to quantify the time-dependent
radionuclide releases from a failed waste package
and their subsequent transport through the EBS to
the emplacement drift walllUZ interface.

properties of water
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Table A-3. Scientific Analysis Abstractions Used in the TSPA-SR for the Nominal Scenario.

Document Number,

DPA Short ID, Document Title | Abstraction Type Description of Abstraction inputs to Abstraction Dependent
ept DIRS Number processes
EBS ANL-EBS-MD-000046 | Physical & Parameter Provides an overall conceptualization of the WAPDEG,
E0010 Chemical Reduction physical and chemical environment in the Waste form
[DIRS: 151563] Environmental emplacement drift. It includes the physical model, EBS
Abstraction components of the EBS. The intended use of transport
Model, Rev 00 this descriptive conceptualization is to assist model
ICN 01 the Performance Assessment Department in
modeling the physical and chemical
environment within a repository drift  The
TSPA may use P/CE abstracted parameters
and models to specify groundwater
compositions and microbial masses for
potential application at the outer surfaces of
the drip shield and waste package and in the
invert.
EBS ANL-EBS-MD-000040 | In-Drift Gas Flux | Parameter Abstraction in the sense that results provide | The data and | WAPDEG
E0035 & Composition. Reduction justification to  limit  parameters/events | parameters are taken

[DIRS: 129278

Rev 00

considered. The scope of the document is to
evaluate the need to consider possible
changes to the in-drift gases, particularly CO»,
Oy, N2 and steam (H20) in future performance
assessments based on the conceptual
framework for -in-drift gas flux and composition
discussed in the report. The conceptual
analysis and mass balance calculations
presented suggest that in-drift gas flux and
composition will not be strongly affected by
interactions with in-drit and near-drift
materials.

from other AMRs and
YMP documents.
Masses and
compositions of the
various metals and
alloys included in the
repository, gas influx
into the drifts
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Table A-3.

Scientific Analysis Abstractions Used in the TSPA-SR for the Nominal Scenario. (Continued)

PA

Document Number,

Dependent

Dept oI ggoNrt D, Document Title | Abstraction Type | Description of Abstraction Inputs to Abstraction processes
umber
uz ANL-NBS-HS-000020 | Fault Parameter An abstraction in the sense that results provide | Data and parameter | UZ Flow an
TO0S0 Displacement Reduction justification to  limit  parameters/events | inputs for UZ flow | Transport
[DIRS: 151953] Effects in the considered. The purpose of the analysis is to | calculations using

Unsaturated
Zone. Rev 01

evaluate the potential for changes to the
hydrogeologic system caused by fault
displacement to affect radionuclide transport in
the UZ at Yucca Mountain. Results suggest
that transport between the potential repository
and the water table is only weakly coupled to
changes in fracture aperture. Overall,
insignificant changes in transport behavior are
found for large changes in fracture aperture.
The analysis concludes that the effects of fault
displacement on UZ transport can be excluded
from models for TSPA.

TOUGHZ presented in
this analysis are
contained in the AMR
titled “UZ Flow Models
and Submodels”
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Table A-4. Uncertain Parameters used for TSPA-FEIS.

TSPA Number of
Component Param:‘ter Type or Parameters Descriptions or Use
ame
Model Used
System BIN Probabilities 12 Used in selecting bins for various parameters including: low, mean, and high infiltration scenario and for
SS clad waste fuel packages for low, mean, and high infiltration scenarios. These are used for bqth low
thermal and high thermat operating modes (LTOM and HTOM).
System Random Values 2 Random generator used for selecting the environment for placing waste packages and for placihg SS
(Rand-Env, , clad fuel packages.
Rand-Env_S8)
System Rand_Fuel Type 1 Random generator used for selecting the fuel type for human intrusion and juvenile failure scenario
Waste Package Gaussian Variance 6 Parameter for the fraction of the original distributions variance due to uncertainty for the Ti-7 Drip [Shield
Partitioning Parameters and for Alloy 22
{(xx_GVP_xxxx)
Waste Package Gaussian Variance 6 Parameter for the cumulative probability used to sample the median of the variability distributions frpm the
Partitioning Parameters uncertainty distribution for the Ti-7 Drip Shield and for Alloy 22
(xx_GVP_xxxx)
Waste Package Gaussian Variance 6 Parameter for the fraction of the original distributions variance due to uncertainty for Ti-7 Drip Shigld and
Partitioning Parameters for Alloy 22
(xx_GVP_xxxx)
Waste Package Variance Input 6 WAPDEG variance input for Package-Package for Alloy 22 inner and outer barrier and Ti-7, for No Drip
(VarShar_xxxx) and Drip general corrosion conditions
Waste Package Variance Input 4 WAPDEG variance input for Package-Package for Alloy 22 inner and outer barrier, for in P4ckage
(VarShar_xxxx) general corrosion and pitting corrosion conditions
Waste Package Variance Input 4 WAPDEG variance input for Package-Package and Patch-Patch for Alloy 22 inner and outer barrjer; for
(VarShar_xxxx) Drip pitting corrosion.
Waste Package Variance Input 2 WAPDEG variance input for Patch-Patch for Alloy 22 inner and outer barrier ; for in-Package |pitting
(VarShar_xxxx) corrosion
Waste Package Variance Input 4 WAPDEG variance input for Package-Package and for Patch-Patch for Alloy-22 inner and outer Barrier,
(VarShar _xxxx) for Stress Corrosion Cracking
Waste Package Variance Input 2 WAPDEG variance input for Package-Package for Alloy-22 inner barrier; for stress threshold
(VarShar_xxxx)
Waste Package Variance Input 2 WAPDEG variance input. Aging multiplier for Package-Package for Alloy-22 inner and outer barrier}
(VarShar_xxxx)
Waste Package Variance Input 4 WAPDEG variance input. MIC multiplier and RH Threshold for MIC conditions, for Alloy-22 inngr and

(VarShar_xxxx)

outer barrier;
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Table A-4. Uncertain Parameters used for TSPA-FEIS. (Continued)

TSPA Number of
Component Paramﬁter Type or Parameters Descriptions or Use
ame
Model Used
Waste Package Outer Lid (OL) and 14 Parameters for describing the outer and inner lids including: non-detection probability, uncertain dejiation
Inner Lid (ML) from median yield strength for inner lid, location of non-detection probability for the outer lid. Chi-gquare
Parameters distribution for stress profile uncertainty magnitude of the stress profile uncertainty Variation frgm the
(xxxx_OL) or (xxxx_ML) mean, fraction of defects capable of propagation by SCC, fraction of outer surface-breaking flaws, ffaction
of surface-breaking defects, fraction of expected yield stress for assigning stress threshold
Waste Package Crack Growth Exponent 2 Crack growth exponent for slip dissolution in the inner and outer barriers
(nib or nob)
Waste Package Early Failure 1 Number of early failed waste packages
Waste Package General corrosion terms 2 Temperature at which general corrosion CDF is applied, and the general corrosion slope term
(Anchor T[°C] and B) :
Waste Form Cladding Failure 4 Parameters used to reflect cladding failure process including: percent of cladding stress crack cofrosion
Cladding Parameters failures, a cladding uncertainty term for CSNF dissolution rates, cladding unzipping velocity unceftainty,
and cladding local corrosion rate uncertainty
Waste Form | Rod Failure Parameters 8 Parameters to represent the fraction or rods perforated from creep as a function of peak WP durface
Cladding temperatures (includes 5 parameters for the bins used). Also includes parameters for Early Failure
packages, for stainless steel clad fuel packages, and for percentage of initial rod failures
Waste Form Activation Energies 2 Activation energies at high and low pH in high-level glass waste (HLW)
(Ea_high, Ea-Low)
Waste Form Effective Dissolution 2 Logarithms of the effective dissolution rates at high and low pH in HLW
Rate
(log_Keff_high, log_Keff
-low)
Waste Form pH Dependence 2 pH dependence coefficient at high pH and at low pH
Coefficient (mew-high,
mew-low)
Waste Form Gap_distribution 1 Uncertainty in CSNF gap fraction
Unsaturated Kd 35 Kd for various radionuclides in devitrified, vitrified, and zeolitic units. Radionuclides include: Am/| Cs, |,
Zone (xx-Devit, xx-Vitric, xx- Np, Pa, Pu, Sr, Tc, Th, U
Zeol)
Unsaturated Ke 2 Kc for various colloids including: Am and Pu
Zone (Ke_xx_gw_Colloid)
Unsaturated Matrix Diffusion 2 Coefficients for anion and cation matrix diffusion
Zone (Md_Anions\nn and
Md_Cations\r\n)
Unsaturated Fracture Aperture 41 Fracture aperture for various geologic units and grid locations
Zone (fa_xxxx) :
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Table A-4. Uncertain Parameters used for TSPA-FEIS. (Continued)

TSPA Number of
Component. Paramﬁter Type or Parameters | Descriptions or Use
ame
Model Used

Seepage Seepage Flow Factors 8 Parameters to describe seepage flow including: episodic flow factor, flow focus factor, sdepage
uncertainty, seepage flow rate standard deviation, seepage mean flow rate, seepage faction, avr\d two
random seeds used in various libraries.

In-Drift Chemistry CO2 1 Parameter used to reflect uncertainty of high/low uncertainty in CO2

CO2_Stochastic

Waste Form In- pH 2 Parameter used to sample between low and high corrosion rate pH values, and to reflect uncertginty of

Package (pH_Random, in-package pH for CSNF.

Chemistry pH_IPC_Uncert CSNF)

Waste Form n- pH 6 Parameter to reflect in-package pH for a given waste type (Waste being either CSNF or CDSP) fof three

Package {pH_(Waste)_IPC_#) time periods

Chemistry

Waste Form In- lonic Strength 5 Parameter to reflect in-package ionic strength for a given waste type (Waste being either CSNF or COSP)

Package (lonic_Str_(Waste) IPC for three time periods

Chemistry #)

EBS Transport Kd of Corrosion 7 Kd for corrosion products for Am, |, Np, Pu, Te, Th, and U.

Products
(Kd_Rn_CP})
EBS Transport Uncertainty Factors 3 Parameters used to address uncertainties in waste package flux split, drip shield flux split, and] invert
{xx_xx_xx_Uncert) diffusion coefficient.
EBS Transport Corrosion Rates 2 Parameters for stainless steel corrosion rate and for carbon steel corrosion rate
(xx_Corrosion_Rate})
EBS Transport In-package dimensional 5 Parameters for in-package diffusion including; breached thickness of waste package, rod path |ength,
factors diffusion path length for stress-corrosion cracking, diffusion path length for when general cofrosion
patches are present, and the surface area factor
Saturated Zone Location of radionuclide 8 Parameters defining the north-south and east-west locations of radionuclide sources in source regions 1
source through 4
(SCRx#)
Saturated Zone Alfuvium Uncertainty 2 Parameters to determine the northern and western boundaries of the alluvium uncertainty zones
Zone
(FPLAN, FPLAW)

Saturated Zone Flow Parameters 9 Parameters to describe flow conditions including: effective porosity in the valley fill hydrogeolodic unit
and the alluvial uncertainty zone, effective porosity of the undifferentiated valley fill hydrogeologic unit,
flowing interval spacing and flow interval porosity in the fractured volcanic hydrogeologic units, parameter
for determining the groundwater flux case and for determining the horizontal anisotropy case, ahd the
longitudinal dispersivity and effective diffusion coefficient in the fractured volcanic hydrogeologiq units,
and alluvium density

Saturated Zone Sorption Coefficients 8 Sorption coefficients for radionuclide tracking

(KDRN#)




AVI0 NOI 00 AZY 800000-Vd-SIMIAL

a4

00T YN

Table A-4. Uncertain Parameters used for TSPA-FEIS. (Continued)

TSPA Number of
Component Param:lter Type or Parameters Descriptions or Use
ame
Model Used
Saturated Zone Sorption Coefficients 7 Sorption coefficients for various radionuclides (Rn) including Tc, U, |, and Np in various geologit units
(KDRnUnit) (Unit) including alluvium units and fractured volcanic units; and for the strongly sorbing radionuclides for
the reversible sorption model of colloid-facilitated transport
Saturated Zone Colloidal Transport 5 Kc parameters for various radionuclides (Rn) including Am, Pu for equilibrium colloid-faglitated
Parameters radionuclide transport, and the Ke for Plutonium. Also colloid retardation factors in the alluvium units and
(KC-Rn-GW-Colloid) fractured volcanic units for the irreversible sorption model of colloid-facilitated transport
Waste Form Kd 7 Kd for various colioids including: Am reversible, Am Fe-OH, Pu-FE-OH, Am groundwater, Pu
Colloid Transport groundwater, Am waste form, Pu waste form
Waste Form | Waste Form Solubilities 5 Waste form solubilities for various radionuclides (Rn) for secondary phase including: Am, Np, Pu, Tjh, and
- Solubility {Solubilitiy_Rn_Second U
ary_Phase)
EBS Solubility Invert Solubilities 3 Invert solubilities for various radionuclides for secondary phase including: Am, Np, U
(Solubilitiy_Rn_Invert_S
ec_Phase)
Waste Form Solubilities and 4 Solubilities for various radionuclides and to reflect solubility uncertainties including: Pa. Pu, Tc, Th
Solubility Solubility Uncertainties
(Solubility_(Rn) and
{Rn)_Uncert)
Waste Form | Concentration factor for 1 Concentration factor for NP solubility calculations
Solubility Np
(Log_Fc)
Biosphere Groundwater BDCFs 21 BDCFs for groundwater exposure pathway for a variety of radionuclides (RIZQ includingZ:Ac”’, Ame,
(BDCF_Rn) Am234' C14, Cs137, |129' Pb21 ) PU238, Pu239, Puzao’ Pumzl Ra226, SraoI Tcsg' Th2 ' Thze,oI U 32, U23“. U234,
U U8 (100% correlation)
Biosphere Direct Release BDCFs 17 BDCFs for groundwater exposure pathwag for a varietg of radionuclides (Rn) including: Ac™’, Am*™,
(BDCF_Ash_Rn) Am® ™ Pa®! Pb?°, Pu”®, Pu?®, Pu*, Pu*®, Ra®®, Sr®, Th?®, Th*®, U2, U™ and U™ [100%
correlation)
Biosphere Groundwater Usage 2 Parameters to describe groundwater usage
(R1,R2)
Human Intrusion Infiltration Flux 3 Parameters to describe borehole flux for three infiltration states: high, low, and mean infiltration
(Borehole_(state)_Infiltr
ation
Human Intrusion input Region 1 A parameter for selecting the SZ input region for putting mass into the SZ system.
Igneous Probability and Timing 2 Parameters to reflect distribution of igneous event probability and the time of occurrence for the ipdirect
intrusive event,
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Table A-4. Uncertain Parameters used for TSPA-FEIS. (Continued)

TSPA Number of
Component Param:lter Type or Parameters | Descriptions or Use
Model ame Used
lgneous Number of Waste 7 Parameters to describe the interaction of the igneous intrusion and the repository. Used to dgscribe
Package Parameters factors such as; the number of drifts intersected per vent, the number of vents hitting waste packaggs, the
number of waste packages hit per vent, number of Zone 1 + Zone 2 packages, the number of Zone 1
packages,
lgneous Eruptive Event 8 Parameters used to describe the eruptive event and subsequent ash dispersion. These include: jpower
Parameters of the igneous event, initial eruptive velocity, eruptive volume, ash mean particle diameter, ash median
particle diameter standard deviation, ash dispersion controlling constant, wind speed, and soil relmoval
factor.




