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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).

The scope of these guidelines is specifically limited to alternative conceptual mode 
abstractions and uncertain parameters that are directly used in the TSPA model. T Ox 

have been developed based on consideration of regulatory requirements (pr l 
and 40 CFR 197), pertinent NRC guidance documents (i.e., NUREI'G Ol 
1999 [DIRS 155354] hereafter in the text referred to as NURE ..... . . 73 
1.174), and existing administrative procedures (AP) for the Yu tAih Pr. - (4 

AP-SIII.3Q, AP-SIII.9Q, and AP-SIII.10Q) They. 4.• o add/ f ssues and r6 ".m 
identified in Uncertainty Analysis and Strategy (WiAni4 20011 &A."7389]yj, a 
of Uncertainty Treatment in the Technic.Docunm• por1,gp, ":-,SR. (Y*WiP 2.0 
155343]). .

As required by AP-2.2.  
Regulatory Com.  
Assurance (Q 
development o.: t

1.1 BACK( 

A TSPA is padi 
(NRC) to demr 
requirements, , 
reasonable exp 
meets the regul

Quw hu'V•

7ity

Scientific, ee 
'or application to tl 
2002) determined 
)jram.

I., model 
•i'del ines 
•CFR 63 
r et al., 

and RG 
P- SI.1Q, 

endations 
'vahlation 
01 [DIRS 

ring, and 

ie Quality 
that the

UN

te i 5 ihat V.."be provided to the Nuclear Regulatory Commission 
S thd sitory post-closure performance will satisfy the regulatory 

in •< CFR 63. The current standard for the demonstration is a 
rather than absolute proof, that the performance of the disposal system 

requirements.

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

'in X7Q AAAAA ~7AATr A A.itn. v ,-rn-~JJ,,o tt, ~~ i ________________________________M_________ 20029fl
"97'%T:.D 'X1TO 1DA A(/CliA0fQ DV1,T AA TCKTJ n] A I March 913139



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 the, 
simulations very unrealistic, the confidence that can be placed on modelin 
is very limited. Inappropriate simplifications can mask the effects..o. f:N 
that will in reality determine disposal system performance, if,..*e.. . t s 
involved with these simplifications are not recogniz.: • :y "'tive S........ n::"' O Z• • .1 i 
assumptions made in developing performance scenari BID " 't`e arpes in 
the direction of unrealistically extreme situn whic eality may 01%ghIy 
improbable, and can deflect attention fro tions deve1lvg an 
adequate understanding of the ected eerocess, i For 
example, a typical appro ressi of is to : orm 
"bounding analyses" oe t uncertainti ite 
characterizatio n N ele features, ev-- and 

proeess m n nalyses may not be 
boundicess re USM ed simply at focusing 
attentioM.- Inl~l g disposal system 
perform so , M <,.ci. ma will be done with a full 

underst ' n" (p. 32102) 

In addition to t Afor the use of reasonable expectation, the preamble 
links the under i nc Ity with the use of simplifications (i.e., abstractions) and the 
understanding M 'even(s, and processes (FEPs). FEPs are, in turn, directly related to the 
formulation of al models. Consistent with the limitation of the scope of these guidelines 
to TSPA integ n 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 Total 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 2001c, 
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 O0A 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 

Internal and external reviews of Y... doVuments developed for the Site Recm..mendation-, 
i-nc-lud-ing--the---T.-PA-SR ---CRWM-S- 2-000a --[DIRS - 153246]; --found ..innsistenies ...in ..(a) the 
c-onsiderat-ion-of--alternat-i-ve.-e-neeptual--mMdes;-.-b)..the- development--and-documentation.of-m odel
abstractions, and (e) the process and methods used to develop and document uncertainties. To 
addr.ess--t-hese-inc-onsistencies-.i-n-the.-T.SP-A-L-A-,-t-he-Depaftment-of-Energy..(DOE)..and.NRC ---have 
developed five Key Technical issue (KTI) agreements (see Table 1 1). Other KTI aeet 
(e.g.. TSPAM 3.01, TSPAI 3.05, TSPXAJ 3.17, TSP~AA 3.32) were direte to .  
model ...grou-ps -- and-s-er-ve-as--ex-a-mp)-ies--. -of.-the-*types,-4-o--is-sues ---that --- need-toI - ...-at --- the 

---- -- -- .. ...

The past treatment of alternative conceptual models, 

YMP documents developed for thg.&, o] m r'
2000a [DIRS 1532461). found d..  
m.d.els,~....th-eoet aON 
methods used to0.411
.MQ. .. n. q0J 
models and d4o .......................................  

BSC's recent pi 
TSPA-LA.

iments-a
t-ion --- f

TSI
on of a ter 

•nt of alternative

hparam'eter~ 
,HMa~ized in 
Ing that ---as 

reviews of 
k (CRWMS 

conceptual 
:pmsq!sand
e concentual

I -. R. SSPA3 and TSPA-FEIS 
m ............... n ............ ............... •.........  

-in rmed sc ovide thef boas for 
-informed scope of work for the

The YMP has • •op" •'r doc4p i{t that integrates recommendations from the internal .. .................................. , .. . !_.. .. .... .. . .. ... .:... .......... ... . .................................. :. ................................................................  
and external rf f c . s a x .nels. This document, Uncertain Analyses and Strategy 
S................ .. .......... ....... 6 6 ..... ............. .. . ................. ................................................................... ....-. . ....... :-... ..... ......... ......................... ......  

following eighý' strategy for improving the treatment of uncertainties in TSPA-LA (Section 
3.-2 Williams 2001 [DIRS 1573891).

1. Developing a TSPA that meets the intent of "reasonable expectation" (see Section 4.1 
..of..th.e.s..e.gu~i .. ..i.n..s) 

2. Quantifying uncertainties in inputs to the performance assessment (see Section 4.2 of 
these..gqideln.e.s) 

3. Identifying a process that encourages the quantification of uncertainties and gains 
concurrence on approaches with the NRC (see Section 4.2 of these 1ýielns ..c..•....n..c...u....e...n..c....e...........n..a11.p.p...........c..h..e....s....w..i....h....t..h..e . .......... ...e...e..............................:. ...f.t h .• .g .d.•.. •...... )

4. Providing the technical basis for all uncertainty assessment (see Section 2 and 
Section 4.2 of.these guidelines) 

5. Addressing conceptual model uncertainty (see Section 2 of these guidelines)

TDR-WIS-PA-000008 REV 00. ICN 01A

SC--:, 
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6_. __Developinjg a.. c ..jonsistent set of definitions and methods for "bounds" an ............D.ey.....n.......a........c...•...n...s.i..s..t.e...n..t........s..e..........-..f..............e..•..s........a......d..........m.....e....................f...r.......•........u.n.d.s............n...d..  
"conservative" estimates (see Sections 4.1 and 4.2 of these guidelines) 

7. Developing and communicating uncertainty information that can be used by 7... .... ...D....e.y..e.....•..p..n.... ....a..n...d.......c.............m...... .n. c........t n.g.... u c .-r---------------I.a.i.t . ...........n. ..9 . ...........•.... ............ ........ ......... .............  

decisionmakers (see Sections 2.3, 3.3, and 4.3 of these guidelines) 
8l _detaile..4~ d g-uidance and -providin~g _forimpleýmentati on ..(see Se!ctions. J, ---.. ----8 --- .....D ...v.e.... j.~ ....d..e....a....e...d.. . ..d...a...n...c..e.....a..n......p.r..yid...n .g.f.~... ..•......e... n i.•....(.•.... .S.• ..... 2..... .3 

and 4 of these guidelines).  

In DOE's Technical Direction Letter (TDL) dated December 4, 2001 (DOE, 2001-2) this strategy 
document was identified as providing a good framework for accomplishing the goal of 
improvingthe treatment of uncertainty for T SPA-LA. However. DOE indicated in Item 4 of this .i...m..p.......y....n.g.. .. e....t..r...e..a...t.......e...n..t....•............n....c...e...a...n..t..y... .....•.................. .-..L......A...................o.. .........................D. K ••[ . .....• ....... ...9...............  

TDL that more details were needed in order "to implement a consistent, comprehensive, and 
ystematic strategy for the treatment of uncertainties." In addition Item 5 from ths TI.  

provided for the development of a document that describes how the strak W .... be im em ented ....................................................... ...... ..........................................................................................................................................in TSPA -LA . This idance docum ent, in art addresses b o ths

1.1.3 Key----Teehnieal-Is-sue ---(KTT) ..Agreements ----and- Y-MP
Agreements Addressing Program Improvements RAI 
Models. Model Abstractions, and Parametexk ncertl

iical Issue 
.onceptual

TSP

The KTI agreements prann 
-abst-r-actions-;--and--parameter--uneert 
they are adressed in~h~ 1~ 

respective ----mode 

O2-.02.[DIR-S-- ) -5 

d-.1--oeu ....... rt

M With .:..: - -i..hic 

EA~pr ---addit-i o- I-st-r ategies----or----a 
WE 

.. ber--4,;--20GI--ý(Hami-ton-Ray 
T e- X~ ha-s--developed--a--strategy-document 

.isams ...2-00-1 [DIRS ----1-57389]-)):-.-- This ...strategy 

ýs and thhe KTI agr-eements. The eight-par stfategy-tnevuaes

.idelin-es)

A �i---�.l Li...
""" tat meets te intent el re" "nable-exPeL-tion s c o

it ...
4.1t

2 Quanti-fying-uneertaint-ies--in--inputts--to--the.-perfofrmance-eassessment--(see--Section.4:2-of 
these-guidel-ines) 

3:...--Identifyi*g-..-a..preeess--th-at..ene-ouages..the ... quant-ifeation.- of -uncertainties.---and---ga-ins 
concur-rence on approeaches with the NC (see Section 1.2 oftese-guideli-nes).

4. Proeviding the technical basis for all uncee~ainty assessment (see Seetion 2--a d 
Section 4.2 of these guidelines) 

5. Addressing conceptual moedel unccd~ainty (see Section 2 of tese-gudelines)) 

6. Developing a consistent set of definitions and methods for "bonds"and 
"6......servativeestirates-(see....Sect ....... .. ,and-4:2.-of .theseguidelnes)
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7. D••vloping and emmuniiating unccr.ainty infeLatien that .an be us.d -by 
deeisionmakers--(see--Se-tion.s-2-:.3;---3-:3;--and-4---3,-f-t-hese-guideli-nes) 

............... Developing-detailed..guidanc-e-and--providing-for- impiement-ation--(see--Secot-ions--2;--3,---and-4 
of--these---gguidetines):The Department of Energy (DOE) and NRC have developed five Key 
Technical Issue (KTI) agreements for__programimprvmnseltdoatraiecnepul 
models, model abstractions, and parameter uncertainty for TSPA-LA. These KTI agreements call 
fo r: 

" development of written guidance to provide for a systematic treatment for developing and 
documenting alternative conceptual models, model abstractios and, a ....eter.  ..d .........u.... ...e..n...t .. n.. ..... ..........at .e ... ....a ..t ..v ....e........c ...n ..c ..e ...t ...a ...... m. •... d. .. 1..... .. ........ . . d..e.. .... .. b.. s.. t....a.. ... c ...... •... n..Q s .... ...... ..n..d ...... p .a . .r a . .m .e .t e ..r 

uncertainty in YMP documents being developed for TSPA-LA (KTIs TSPAI 3.38, 
TSPRAI3 4 0.And T....S.PA.4.:.0.) 

" implementation of the guidance leading to an improved and consist.*t r'ment of 
alternative conceptual models, model abstractions, and parameter.u• ----- t- -- TSPA
LA .KTIs TSPAI 3.40,. TSPAI 3.41, and TSPAI 4.01).; and.  

TSPA-LA documentation of the treatment of altern ptual i els, model 
abstractions and a uncertainty tha; ~8ects th .itten gqudang .TIs T SP Al ab..t~r~~c~ti•.n..s...a.n..........ar..a.m...e.....er...u......c..e.rt...a..n.......t. ...T..I. ....._..S. ..  

3.39, TSPAI 3.41, TSPAI 4.01).  

This, document provides the writti~ ~ a~~ the ..... qjpgy.c for ..........~ ......................................... ................. . ............  
its implementation. Table I e with the ttion in this 
document.where.they i ":::':::':::*:'sons called 
for in the KTI a teorts.  

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

1.2 RELA SH F GOERNING PROCEDURES 

Since the issuai 1 II agreements, the governing quality procedure for 
analysis and m - Ad ;initrative Procedure (AP) AP-3. 1OQ Analyses and Models, has 
been supercede 'ure -SIII.9Q Scientific Analysis and AP-SILI. 10Q Models. The 
governing proo t address software control and development is AP-SI.1Q, Software 
Management, a e process for capturing data into the Technical Data Management System 
(TDMS) is AP-'SIII.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 KTI agreements identified in Table 1-1.  

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-SIII.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 An Approach for 
Using Probabilistic Risk Assessment in Risk-Informed Decisions On Plant-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 
conceptual models, model abstractions, and parameter uncertainty in the TS •. The 
introductory material for each section briefly summarizes the scope of th, for the 
particular topic. The first subsection addresses definitions and key c {1e ded to 
implement the guidance. The second subsection addresses im . The third 

subsection addresses communication of the results to external r 

The TSPA Department will use these guideline -,upple thovem " Ps on the 
documentation of alternative conceptual models, , t parar uncertainty 
that are directly used in the TSPodel. ith 
process that the TSPA Depa -:- - se t /r/ from cent the 
developed by other sub pect " to A I ,d pment.  

1.3.1 Team • j

..A................... appro (i 'in the mpementaton of these 
guidelines. K .I' ..arameter Team Lead (.PTL), the Abstract..o.n 
Team Lead (A Vad *e s),~ - -s T he PTL and ATL wi 11manage the 
..........................-.p. nlin. w..ork clp sely, with the SM Es to ensure a consistent 

understanding US / es will be implemented and documented. The SMEs are 
generally the vestf ors that are most knowledgeable about individual process 
moŽdels and th ai prneters. The SMEs will provide the technical exp~ertise to -..-- .-d .------s-...-- n ................n ....--- a-r-- a...m ..-----.e --..s. -.. ..... ------- ..- .---- s....---------------.---.-----.d ..-...---.---.---------n- ----- ----- ----- ----- ---- ----- ----- ----- ----- ---
identify. implen and document the treatment of alternative conceptual models, model 
.stractio... '.•. a parameter uncertainty using the pe sses.identified in these guidelines. The 
-.P...T....L...... ....L.......5 a .......d I ....S . ...........w.... .....b.... I .u.p.p. . e..d.at ... b.. ..---- ...-- .-- ..e..-- . ....N.O.• ..... ............. ....... .... . n.o!.......... ......... ..e.......  
PTLý ATL and SMZfis will be su rteoyd Process Modeler(s) ..anld TSP$A Analyst(s)... he 
Process Modeler will assist the SME in the development, documentation and validation of 

.appropriate model abstractions. The TSPA Analyst will integatthabrcedm els .h ..a.p......A... T he f t...o..n.s..e .r...d...i...f..t.r..t.. .e...b..s...r...........T... ....e .fo.....l.... . .. s.............t....e r. .. ... .I ....... .... t.....a.....t..... ................... e.. s. ). .. ..... t..h. e 
TSPA-LA. The functional roles for the different team members are as follows-

To previde onstnY in the implementation of these guidelines, a team will be assembled. The 
key-team--member-s--inoclud--the-P-ar-ametef. .Teaim Lead -(P-,-t-l,,-he--Abstraotion-Teama-Lead-(A-T-L) 
and the Subject Malter Experts (SM~s). The PTL will lead the pro ees to ensure the Gonsisten 
treatment ..-ofparameter.--u-n-ertainty.aissues ..across-the--various ..subject.. aeas..through--coordination 
with.designated SMEs:.....T-he.-ATL.--will.ead-.a--parallel -prm-ess.-to,-ensufe- consistent.-treatment--and 
integrat ..io of mdel abstractions and alternative con.eptual models propagat e .nto the TSPA
LA.-----.The.PT.L.. and-.ATL-will -be--individuals--t-hat•-ar-e-knnowledgeable.-im addressing--t-heir--respectti-ve
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issues and in the integration r-equirements of the TSPA LA Model. The S s will be seletedeA 
bee-ause.of.their-.-knowledge..i-m-the--partieular.subjeet-.area-.and-the.breadth-.•fknowledge-regarding 
proceess modeling activities in theircsctv areas. The work of the PTL, ATL=, and SN4Es willI 
be supperted by TSPA Analyst(s) and ProcssMoPMdeler(s). One or- more TSPA Analysts and 
Proeess..-Modelers---inay..-.be--sed---to---provide---the--needed---support: ...... The---funct-ional---roles---are--as 
fellows: 

Parameter Team Lead (PTL) - Indi.vidual assigned respo.nsjibily to lead the pr•ces•.fo• 

ensurinRg the consistent treatment and documentation of parameter values, paramet.er 

distributions, and parameter uncertainty used in the TSPA-LA.-ndi-vidal---- assigned 
responsibility to lead the development of parameter values and distributions used in 
-TSPA:

Abstraction Team Lead (ATL) - Ini.d.idua..a.ls-sj.gned. restpo..n.si.b.i .ity-.-o.  
for ensuring the consistent treatment and documentation of alternative.::t 
and model abstractions used in the TSPA-L -ndividual as~ .a.............m .dI.e...a.s..t.r...c..t.....•...n..s......... .d.... ~ ..... t..........T......s.. ....... ... •L .............  

the.. development---ef ...alternative---coneept-ual ...models ...a-/ 
TS-PA-

Subiect Matter Expert (SME) - Pe: 
i~nd~i-vi~dual.pro.smodels and uncertain..  
The SME is responsible identf mnd d 
abstractions, and aram"'ng V 
.w i.t..h. .th.e..s..e gu..i......  

topie-;----wn 

and as.4,e 
Al apprF 

P T L ,

that

Mmodels 
-tE--lead 
.-used ---in ...a

mow knowlW able about 
At. e .sess mod el s.  

S�ect dels. model 
and unceaM ) consistent 

eloping ..rnodel --abstractions,
is espnibe for- evaluating 

ion to the TSPA Analyst-a d

nsibi-tity--to-design-.and--condu

to-desij

analysi-s-of 'IZ,"-

S- fe'sonnel assigned to assist the SME in developing and 
cess models for use in the TSPA-.A.Pe.s.nnel assigned resp. nsibility 
.............................................................................................. d 1 
iue-t--analysi-s-of -any--aspec-t--ef-a-proc-ess-speeifie- --model-:

TSPA Analyst - Personnel assigned to integrate alternative conceptual models and 
model abstractions in the TSPA-LA model.  

These functional roles may or may not correspond directly with the existing or future PA Project 
o.ganjizational structure. However.,.i jsexpected that ndivi duals 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 
45ssigned to fulfill both roles. The individual(s) selected will be authorized by the PA Project.  a s s ig.................................................................................... .d...................!....................................................... ................................ I .......  

Manager. The SMEs will be designated by, and report to, the various departments and the 
resp.ecte...sub project managers. This allows for the input and documentation to the ... To. . S.P...A.---L-.A.  
.t- - o...e.............t........h............w...i.t...h.i.n....t..h...e....PA ..... .r.je...
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These funetional roles may or- may not correspond direetly with the existing or- f~tUe PA Project 
organiz-ational ..-structur-e:-----The--ATL ---and--PT-L-...are-generally---i-ndi-v-idual s--with--responsibil-ities--that 
cross-41isciplines ---for --the --sak-e--of-- -onsistency. At ----the--direction --of -the--PA--P-roject Manager--a 
single individual may be assigned to fifilfl beth roles. The individual(s) selected -ill be 
-authorized-..by--the--PA-Projec -t- Manager.The SMEs. will...be..designated...by--and---repoft---to---the 
various departments and the respective sub. . ,ject managers. This allows fOr the input an.  
documnentation to the TSPA LA to be coentroelled_ v'thin. that. department, whereas develpment
and--documentation--ot-.preCess-speetti--- itorm.  
stnucure-.

ation--wil-l--remai-n--wit-hin--the--existing--model ---report

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. • 
transparency and traceability of the treatment of uncertainties, t 
information describing the treatment of uncertainties be doc tfd 
distinct section in, the individual model reports.  

The use of the model abstractions and parameters SP 
documented in the TSPA-LA modeL entat ge r R 
The documentation will includ~ of• ' abs s at 
describing the interfaces with t del cri of an 
TSPA Analyst t ,t pr.d b• N

I will 
"ocedL 
nd par 
y chai
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Table 1-1. KTI Agreements: Alternative Conceptual Models, Model Abstraction, and Parameter Uncertainty.

KTI # NRCIDOE Agreement Corresponding Section of This Document 

TSPAI 3.38 DOE will develop written guidance in the model abstraction process for model Section 2, 3 and 4 
developers so that (1) the abstraction process, (2) the selection of conservatism in Abstraction Process (Section 3.2) 
components, and (3) representation of uncertainty, are systematic across the TSPA Selection of conservatisms (Section 4.2) 
model. These guidelines will address: (1) evaluation of non-linear models when Representation of uncertainty (Section 4.2) 
conservatism is being used to address uncertainty, and (2) use of decisions based Evaluation of non-linear models (Section 4.2) 
on technical judgement in a complex system. These guidelines will be developed, Use of decisions based on technical judgment (Section 4.2) 
.implemented, and made available to the NRC in FY02.

00 

C) 

Z 

0 
00 

0 
co

Section 3 
Represent necessary processes (Section 3.2) 
Propagation of uncertainties (Section 3.2)) 
Compar* )n of output from process models (Section 3.2, AP-SIII. 1 
DQ ation of information in model reports (Section 3.2) 

ote: These guidelines provide the methodoloý 
. implementatiorim e..m.e.ntn.g.. .s...K......gre...m. t. Docume 

justification, and comparisons will be provided in the respective 
<4• reports)

DQ) 

y for 
itation, 
model

DOE will implement program improvements to ensure that the 
the AMRs are consistently propagated into the A or e 
documentation describes any differences. Prog. roverT 
example, upgrades to work plans, procedural es, pr 
guides, worker training, increased rewvyew and . 'The p 
will be implemented and made,.'N' 'eo tFe 

W.- j~~o theY 
DOE will provide the tec. e.' .firthe d ' i i 

provide support for the 1:T09=.pi esen ' un 
The docume t of 3 hni sis e ora 
assoc, te4"WiA IV!

ude, t 
desktc 
lemen

(n the TSPA t1 
ty in the TSPA 
documentatioi 

)cumentation is

'Uri that 1i¶A•e us•'incorporate alternative 
...o..W,:o t 0 a ent. fe methodology will ensure 

s ot~ Dfl ca l models in the TSPA does not result 
of 0u ment the guidance given to process

ft o n;Itor0ative models. The implementation of the 
2 Uff1 *o allow a clear understanding of the potential effect of 

13, a 1 Wand 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 
TSPA for any potential license application in FY03.

on 3 
ment program improvements (Section 3.2) 
re TSPA documentation documents differences (Section 3.2) 
-am improvements (Section 3.2)

ffion 4 
Hide technical basis (Section 4.2) 

opipport mathematical representation of uncertainty (Section 4.2) 

(Note: These guidelines provide the methodoloc 
implementationimp.!em.en!in.th.jis...KT.agre..em.nt Documental 
be provided in the respective model reports)

I. ____

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

eptual

ciated

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 propaga, 
uncertainty and the risk significance of the model. The documentation 
information will be provided in abstraction Analysis Model Reports (AM .,.

TSPAI 3.39

+

TSPAI 3.40

TSPAI 3.41 

TSPAI 4.01 DO0E 
conc 
thattI 
in ar 
level 
meth 
alteri 
asse 
assu 
AMR

y for 
ion will

i



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 imperf 
information resulting in considerable extrapolation of sparse quantitat " 'd"ata 
which, in turn, could possibly lead to large conceptual errors in the A .& • 
view of this, it is especially important that alternate mod ,,•.q d nd 
tested to account for possible biases in conceptual mod .....  

The discussions in NUREG-1573 regarding m"di also, addre te issue of 
considering alternative conceptual models. 0.111"N 

"Treating model uncertau q s ma leons abq el 
processes and events, gh ction of ap .. riate 
conceptual nand S. vd sl d subsysten mdels 
are desi r at nse 'c ative, yet realistic", 
credi 1 poss ions in available site 
data; ( b s nd (c) inadequacies in 

undetemi geologic, and meteorologic) 
relevant ogeered barriers and the site. When 
evaluati I odeW e i1. ePreferable to quantify performance using 
multipl 4 ad choose the most conservative conceptual model 
for dem me. However, the evaluation should be performed in 
the con viding a reasonable range of potential outcomes - incredible 
events, nlikely combinations of parameters, and unreasonable modeling 
assumpb s should not be used. Additionally, it is important 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 as 
use by other analysts, and that there is a physically reasonable asis 
alternative. It is not the intent that the search for alternative should ...........
or arbitrary." (p. 1. 174-14

As indicated in the Introductio 
conceptual models that are to be 
first activity in these guidelines is 
These guidelines assume that alti 
the various subproject department 
as a separate model for consid.  
the alternative conceptual mod 
development, vd 
within the sc# 
requirements of 
third activity id 
implementatior ny at 
documentation ! 
impacts, does .. m 
technical repoI 
forward traceatani

in, the scope of these i p i liited to 
propagated for use direct in t odel. The 

s the identificatio asona ter ive ual models.  
ernative concept els ei ave b d dressed by 
ts "pr '.ls, or W4 e presented 

Shactivity is i valuation of 
me LA. If iffi mented, the 

me tin onceptual mo-del will occur 

Ak6 V ~Irdance with the procedural 
R' PR ni,,M.els that are implemented, the 

e stem-level model results. The 
40~ 1 fi-.els w I be presented in the TSPA-LA model 

'": j. The third activity, evaluation of system-level 
.dev ment and will be documented in the TSPA-LA 
iy, FEPs traceability, provides for the documentation and 

ng of the FEPs included in the TSPA-LA.

A discussion oW:Niteatment 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-SIII. IOQ.  
In many instances, the AP-SIII.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. 1OQ 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-SIII. 1OQ)" 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-SIII.1OQ) - 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 .omplex 
models, representations of a continuous process or entity with a few. d:t Itements, 
etc. -, - -------

Alternative Conceptual Models - Multiple working s 
of a system that are all acceptable (i.e., copse 

logically consistent with one another, in ag t wit 
be tested).  

Applied Model - An plicatfg 
particular system, using"" alue••ae 
initial cond .ji A n a e. •ne s i! 
model L CifiQ

purpos 
i.nform;

"-computati( 
arameters, a 
ste disposal

issumptions 
the model, 
and able to

Pmodel to a 
.•undary and 
te, and so this

ma
If'• ta•ifon of the mathematical model.  
ical, 's" empirical. The computational model 
to develop the applied model.

IN -F set 6f hypotheses and assumptions that postulates the 
Pavioi.F a system. These hypotheses and assumptions describe (a) the 
Kl arrangement of system components, (b) the initial and boundary 
and (c) the nature of the relevant, chemical, physical, biological, and

)mena.

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. 1OQ) - 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 direXy n their 
mathematical form. Regardless, without an expression in the mathematical • is not 
enough structure to quantitatively apply the conceptual model. 41Ps S - chy is 
consistent with PA pyramid utilized for YMP PA analyses-• • :. M .O 00a [DIRS 
153246]). Or --

Relationship of Definitioi 

Differences exist in the de 
and as presented above.  
application of the more ge 

For instance, t 
component, ba 
geologic repoai 
"simplifying ahemy 
incorporation i n 
abstraction as §rdu 
between :63 
conceptual mo f 
conceptual allo ..  
semantic.

ns Provided 

finitionsr 
The 

neridc.., 
PIdnlm0"17 "'

rg vided reflect th JREG-1636 
ect-specific

f t TWA - I mAN,, is " a conceptual model of a 
~st rpu pnfld t into a model of the overall 
ci di W-••I.OQ limits abstraction to 

o barrrer, or subsystem process model) for 
I ~m ~ he geologic repository", and defines model, 

t s th ition of a mathematical model". The difference 

. Q is the starting point of the abstraction, either the 

ahe cal model. However, the AP-SIII. 1OQ definition for model, 
plification (or abstraction) and idealizations, so the difference is largely

The distinctions in the AP-SIII.1OQ definitions are necessary to distinguish between model 
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
SIII. 1 OQ. Those that are in nature scientific analysis and apply more towards choices made 
within the context of formulating conceptual models fall under AP-SIII.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.
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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 
NLTREG-1636 definition lies in the concept of "a representation that enable predictions." By 
contrast, the AP-SIII. 1OQ definition suggests a somewhat less predictive quality: 

A set of hypotheses consisting of assumptions, simplifications, and ide -. 'i.c"..ns that 
describes the essential aspects of the system, process, or phenomenol" ad 

For the purposes of these guidelines, the concepts expressed ." 6 definition 
should be used as a supplemental definition to that provided i . case, to be 
of use to the TSPA-LA evaluations, the alternative eptual el or its abst breons must be 
translated into a useable mathematical model. o,,,/ 

Alternative Conceptual Model / 1 

As suggested by the tpment 53 / ". lat idance, a c N";ptual model 
can be truly "alt ee fol r 

• It ml del.  

"* It mn oja I e and current scientific understanding.  

• It r ted in RG-1.174, "In this context, reasonable is 
inte. <some precedent for the alternative, such as use by other 
analso t there is a physically reasonable basis for the alternative. It is 
not t that the search for alternatives should be exhaustive or arbitrary." (p.  1.1 4• 

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

The -.alternat.ive..-ooneepta--.-model --process...for.. TSPA-LA...is...summarized.-i--n.Figure----.2-A ..-....... The 
process will use a team approach (Figure 2-.1-2) 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), .(s.Fgu.. r.e..-..). 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 coordinate activities with multiple 
-SME-s:--. -_This will provide for consistency in the direction-..and---reviewguidance given to the 
multiple SME's, the treatment of alternative conceptual models, and the implementation into the 
TSPA-LA. The ATL will direct the team in implementation of these guidelines, ad, 1-e SME 
on the appropriateness of proposed alternative conceptual models, and coordiatto 'l es with 

The process provides for review and concurrence by thi 1 e . E pr to 

implementation of the alternative conceptual models >he TS ' AIt also ~ ies that the 
implementation of the alternative conceptual mod e TS check ?d reviewed 

by both the ATL and SME. This will allow for c' t gul N and ifi •ce with the 
TSPA Department and the respect" ect *. A heckif d I 
the alternative conceptual mo fp.et tehnicahec ki ng 
AP-SIII. 1OQ. i 

Requirements wi d/ mee conceptual models to be 
propagated int, d"I This procedure requires 
revision of the nep lan and model validation by the 

Chief Science er iption'of the consideration and treatment of 
alternative con al s a s. Effective with the implementation of these guidelinge development and validation of the alternative 

conceptual moc 7' 'ATL for consideration and/or implementation in the TSPA
LA will be doc he lpective model reports. This documentation will be in the form 
of an attachmeJ ct section to the model report, such that the updated documentation is 
more transpare an 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.  

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 model 
alternative conceptual model abstracttion---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-LA 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..(.s..eF.Figur.e.....

Identify Alternative Conceptual Models

The first activity in the process is to determine whether any alternative conceptual 
consistent with available information. Because of the use of the FEPs p 

reievant---F.EPs---w-ll---have--been---.ricluded, in. coneeptual ... model-s--sed --- t1 ... .."" .. ..  

and reasonableness of most alternative conceptual meodls ha UrlH .  
SMEs and either incorporated probabilistically, most ;ervive coi 
chosen. Consequently, the identification of altern 1ncelp ""• willfustpidnfedblwodtrm•N nit .-- ': 

uAsinqgany..a~lt~e....a.t.i..v.e..c..o.n..c.. tu •• ••

These steps will r 
TSPA Departn 
documentation 
then ...nbe fully d 
list of the altei 
appropriatenes, 
document, if a" 
reviewed, the d 
and the basis j 
conceptual mo 
the steps may b

e c 
re

mcels are 

ITS A-SR 

y with data 

ered by the 
ual models 
ie the three 
riateness of

~he , ult i-i ohell and TSPAnPhalysts in the a, ting models and supporting 

lor /ee-step-examination should 
a Tmo 'g t'in should at a minimum include a 

tby t" SME, the decision made regarding 
bl' is for the decisions made. It should also 
iv eters evaluated, the associated FEPS that were 
re c ianges or development of alternative conceptual models, 

isioV.The technical justification for determining that only one 
stent or reasonable must also be documented. As the process evolves, 
as appropriate.

Step 1. The ATL initiates a team meeting to discuss implementation and use of these guidelines.  
At this meetng.tJh.eA_.A.dT.L -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 aprplt These criteri weepeiously listed and include: significant differenc 

from the initial/existing conceptual model, consistency with existing data, and reasonableness.  

Step -1. 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..-onsidered. Ir.many ... naseo;...the..atternate..ncepttua... m es. n-were-- not

TDR-WIS-PA-000008 REV. 00,. ICN..0I.A.6 16 March 2002



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 
.al.ternm.ate.c.•n.c.eptual..m.d..e .wa.s..n.o.t -.ava.lableor.obtain.

(4.)-they--wefe--not-suppeoted--r--we 
developing and validatn er 
avaoitable-or--obtai-nabIe:,--or---3)-the
than the altenative mfiodels.

sre 

!set

-in-valatted-.by-existing-obsefved--data-,--(2-&-sufficient-data--for 
ntatienal medel for- the alteprnate Ioneptualm i was not 
odels-,developed--for--T-SP-A--represent-ed--mfore-fealis~t-ic-models

Step 2-3. 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 implem.m.tIon into 
TSPA-LA. Alternative conceptual models will only be developed for areas w or key 
parameters. This would include a reexamination of FEPs that are rela.l paters.to 
determine the appropriateness of modifying an existing screeni ~.~hn e from 
exclude to include) or identifying areas where an alternatiM '• • . nate. For 

example, the consideration of stress corrosion crac may resented n or more 
alternative conceptual models that were not previ onsi s1. only o.onservative 
model was chosen for use in TSPA-SR. The chan. cons bounrion estimates to 
realistic treatment (as described on 4 re. eter re ainty) may 
constitute an "alternative con in that the . thes and 
assumptions used to construcl -Vf fje notifi ed. Any c odes to FEPs Sdcsion ~A~me• • /-/•! 

screening decise ill ,sita e oified in accordance with 
the Enhanced re. a. ýIA;s-J-on on FEPs traceability.

Step 34. The ; 
the existin.gcol 
may be done 
using existing 
analysis under 
judged consist' 
models is also 
the model sele(

qu

Al' models differs sigaifiPP,11fy.. from •24 • r • con ~ =moae~s.a..Te..r...s...s~.n........ ..t.!...t..o...m....  
e te ith available data, and i-s-are reasonable. This 

ME's technical judgement, or quantitatively 
So# (i.e., consistent with the definition of a scientýfic 

SNE's judgement is that only one conceptual model is 
i foation, then uncertainty from associated alternative conceptual 

significant, provided important parameter uncertainty is propagated in

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, ther•-the--SME-..should--doeument---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 
dQcumented by theS...t.h.e. in-S . t..in.he ---m.d.e.l ..r..eport. 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 
data.to be used .toset of data to use in validateating the alternative conceptual model(s).

Step 3. The SME and Process Modeler develop the mathematical expression and/or 
abstraction of the alternative conceptual model(s), validate, and document the results, 
accordance with the requirements of AP-SIII.1OQ. If the mathematical express" • 
abstractions are not straight forward, then the use of conservatism (consistent y 
provided in Section 4 of this document on the use of conservatism) is 
will be documented accordingly. To validate the alternative con "f,' comt 
of the results will be to data ....o.r..by..s.o.m.e..other ...mrethod rather .S r Sul the 
model. This is --because differences from the nom:1 case ss model t s wo 
expected i.e., the alternative conceptual model shon : .- ,tlv"fferent m the 
m.ode If an alternative conceptual model ca rmu .. oduce Its ti 
commensurate with existing subsys /, one te d erence erfor 
between the alternative concepl will e ntified / prac 
(e.g. using statistical measur nes .is submitte, the A review . .,j/i ~ o •>•---,----,- ....... ...................... ........

model 
all in 

model 
delines 
on and 
p)arison 
process 
uid be 
Sinitial 
hat are 
rmance 
:ticable 
•TL ...WT

Step 4. The 
c•onid.ered ......in 
dispositions th 
transfers the alt

alti 
hod

p H t_.Anodel(s) to---.be ---- incorporated 
-ort :,Accordance with AP-SIII. 10Q and 

ccordance with AP-SIII.3Q. The SME then
TL.

Step 5. If all . ti -1, ncef model(s) generated by the SME predict behavior similar to 
the current sub ,pond used in the TSPA-LA,...a.s...d.et-ermin.e.d by thA...t..h.e...ATL, then the 
alternative con I* odel uncertainty is insignificant and no further consideration of the 

alternative con model(s) at the overall system level is needed and the ATL will determine whi ch cnetal model to carry..i~nto..T.S.P..A.-.L..A.. This determination should be documented in ..w-... .~c. ..c .. .. .. ..e..e t ..up..at.. .. n .. o....o.--t...o----c......--......J.pt..........---S.P....A LA....T is de er in ti n sh ul.b.d cu en ed i 

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-mo11deler fu~rther develop-abstractions as imple ented in th T SPA LA, .h.e.......M..........a..n......p ...c....ss ..... d...e..•..e......•...•...e.... ........e..v...e..•.............a..b...t.r..c.t....n.s--....a..s..  
appropriate, and the SME provides a confidence distribution to the ATL for use in weighting of 
the alternatives. then--the.---T-SA.Analyst.-praceeds-..with.--integratien.-ofthe--alternat-ive--conc.ept-ual 
moedel or moedel abstraction into the TSPA.  

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 bv 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 T-he ---dee-sin--t&--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 MAO. The S. . ..... ...• 

TSPA A.nalyst .w.ill .- and-document the basis for that decision along with a q...pton S . . .............. . ......... . .... ..... . . iýAl 
of the degree of uncertainty. These decisions should be based on the se1s -t..e•PA-LA 
model results to changes in the subsystem model component bein S . IN

Should the system level impact of any alternatives 
two approaches will be used. For those alte 
controversy exists (i.e., it is the SME's judgement
considered reasonable or acceptable Scien 
system-level impact, the TSP wil 
TSPA-LA model. A paramete- t s• 
selection paramete-q e tbu~assi.  
the various alte I f~ttQ i~Te 
judgement and/ titati 
for those with Iica te ' cte 
TSPA simulatin 21- L er ----

... gltough to R4tify, one of 
I.t.. al rnodels W1which little 

wion wc ,e generally 

~ _bg~e) and av significant 

i conceptual : els into the 
Wo or more .. tives. This 

i dence in the pplicability of 
provided based on the SMIE's 

iontroversial alternatives and 
artment may choose to run the full

FEPs Traceati

Because of the V';`h'e FEPs..process for TSPA-SR~. relevant FENs will have been included in 
concpt~al1rod1S Pus,_ed as the basis for TSPA-SR and/or SSPA. The basis for excluding certa.in 

.B..au .e...f................. .................................................................................................................................................... .................  

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 

AMRs that feed TSPA, in those cases where the abstraction AMPR 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).  

Ste 2. The SME(s) (or designees will pP-rovide a summary for each included FEP of how it has 
been included (e.g., explicit modeling, incorporation in parameter range, etc.)..fQo~the... T.S.P.A-L.A.  
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 AMIR lead so that it can be 
included in the FEP AMR or other appropriate document.  

2.2.2 Roles and Responsibilities 

The alternative conceptual model team will include the ATL and •S .. A;: A.." ' ) and the 
SME.. --.a.nd..pr.e.. mo.d.e..er. It is intended that a single ATL, •1' set ;ee- lead --- the 
entire alternative conceptual model process. The tea will ude an S determined 
.sete.e.d.by the appropriate Department Manager, appr e Prcess MI tr. In many 

instances, it will be desirable for the alternative c (al mc Onembei ®. be identical 
to and/or to interface regularly wi Ig tracticq id1sues and/or 
parameter uncertainty. The PA .. these roe 

Department Manager qks 

1. The PAl and the TSPA Analyst from 
within t P 

2. The re ve anagers(s) will select the SME(s) and the 
Process ele 

ATL (or desig 
to iscuss imlmnainof these giei ......I ...... In..i.tg.a.t.e.. . •.. ttng .... ............... .~q~ p _ isqqss--i..m..p..e..m...e.n.t.at..i..o..n. o. t -.............. u-i.d..e.i.Ln..e..s.: 

21. Provide e SME with a list of essential-k.ey..models and key parameter uncertainties.  

3. Coordinate the alternative conceptual process and interface with personnel performing 
any relaýýte~dnoel ahst.ra~ctijqn .a~ndparameter uncertaint ciiis 

4-2. Confer- withA...d...vi.s.se the SMEs and Process Modeler on the alternative conceptual models 
to be used in TSPA to determine the viability of implementing them into TSPA-LA-., 
bas.e.d.. . gn. i.f.iant..di.ffe.r.e.n.ce,...con.i.steý cyxw..th..d.atan..a d..re.a.s.onab.l.e.n.s., 

-3-: 5. Determine whether Deeide- whic-l--alternative conceptual models result in significantly 
di.ffe.r.e.n.t...behavi.o.r..and w....h.eth.er.to.. i.n.c.lude .the.m.in..the...TSPA-LA..De.termine.i...thwil• b 
in.luded 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 
documentation of the alternative conceptual model. .Adeyj....Cenfe.with-and assist the 
TSPA Analyst during implementation of the alternative conceptual model into the TSPA.  

7. Advise the TSP A Department regardin2g the need to fturther qiuantify altenative S.......... ....... A..d..y..s...e......t..h..e.......... ....S.....................e..p ..................a.....e.. .. .eg .rd ..n. ...t....he...... e.e..d......t.... .......f.. h........ ...... q... u ....a..n..t..f...... ...a..t...e.......a.t...........  

conceptual model uncertainty.  

.8-5. 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.  

--------.. 7.C.-oordinate-.the..altemative--.enoeptua ... process.-and...interfac-e-.with-..per-sonneV1 °r... ,rIng 

any related fmcdcl abstraetion and par-ameter uncetit atvities. 

810. Ensure that the alternative conceptual models • bloped and 
documented in the model retort and TSPA-LA d I applicable documented .....................--.-.---.. -------------------..------.--..... .................... .d*.. ---------

modeling and software control procedures.  

PTL (or designee) (see Section 4.2) Tasks: • .  

1. Provide insight to the AT al a n ess Modeler wlth regard to 
key parameters identifi roce d i tion 4 and 1 Oe guidance 
on the proo aIn th h the altern tiVe conceptual 
model 1p 

TSPA Analyst( P 

1.Atnd ~Kme 1Wi~dg u~ entation of these. guide~line~s..  1..... te......d......... .m....e...n..t..a..... ...n.....o.... ...t..e...s..e....i.. d...i.e.s: 

1.2. Assist t roce 1 d0 in d eloping the alternative conceptual model, particularly 
with reg A WO Kin in ges with other TSPA models and components.  

23.. Integrat .. of the alternative conceptual model(s) in the TSPA-LA model.  

3•.. Document the m.odeq'1ipnvg.4decisi-ons•.. basis ---.fo..r t...h e -.deci -.s..i.o..n...s.".. a...n.d ---.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.  

1-2. Identify and--vefify -appropri-ateness--of--any.-alternative conceptual models that should be 
forwarded to the ATL for consideration based on the criteria of sijgnificant differences.  
co n.si st en.cy....W. w r..... d ataa•...a.n...d. r..e..as...o...n...a...b..l...e..n.s...
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23. 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 
be used as a basis for comparison. Provide any site data or standard data sets.or.....t.her 
me.tho..d.. to be used for validation of the alternative conceptual model.  

34.. 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.  

45. Perform review of the alternative conceptual model before and after integration into the 
TSPA-LA.

-56. Transmit to the ATL final copies of the developed and documented 
models for integration into the TSPA. Provide a distribution thatA 
the confidence in each of the alternative conceptual models.  

67. Document the development and validation of he It or 
AMR in an attachment or distinct section to all r exer 
needed. r9 d 

-78. Interface with personn g a str 
uncertainty activities. .. ...  

a- c1cra' MEMoc W '*velope 
accorda 1 lroc .. ... dels an

910.  

Process Model' 

1. Attend 

-12. Assist

ilen

ceptual 
nate of

ncepti 
ided

actior

odel in the 
ientation as

parameter I

d and documented 
d use of software.

in

fWstracNffity activity as described above.

imnlementation of these auidelines.

Fin reviewing process models and determining the viability of any 
eptual models to be forwarded to the ATL.

-23. Modify the Technical Work Plan as necessary to include development, validation, and 
documentation of the alternative conceptual model(s) as required per AP-SIII. IOQ.  

.34. 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. Ast M indermini~ng..signifi cant ifrne.,ostnc supp rtin ----------------------------------------- n ...A...s.s.t... ..i....d.e... . ..j.n s..g.n......a...n..t..................e.n....... ..... ....... .t.e........  

with data, and reasonableness.  

4.5.. 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.  

5.6. 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 wi , ..... rta 
probabilistic analyses is still an open issue in the risk analysis e choices that 
must be made regarding which models to include in the Tthe r .of model 

a 

integration, the Project is left with the task of com.ating ivel of uncei :y that these 
choices impart on the final results. , 

Without an explicit or clearly aeans fyinncertai it is critical 
that any communication of rs con iderati alternative 
conceptual models, th te al oil I . The appro discussed in 
this document 0ion in the model report for 
discussion k s 

In addition to - lsscr M A aT hE ision process used to determine the 
"consistency" al I, as described above in the implementation 
process, for ea ern c tu judged to be "consistent" and "reasonable", the 
attachment or d t s t mo report will include a discussion of: 

Uncert, a brief discussion of uncertainties in results derived from the 
alternati . ptual models in comparison to the current TSPA model component, 
referrin the 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

TDR-WIS-PA-000008 REV 00,.I.CN.IAN2Mach100 March 200223



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 is 
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 conceptual.,..• g 't model 
abstractions in the TSPA-LA will be documented in the TSPA-L, I The 
information will include. identification of the model abstraction, 1 f • with other 
system model components, and documentation of any changes nalyst from 
the alternative conceptual model abstraction prov' d by that ... needed to 
implement the alternative conceptual model abstra The 1. ! fo etermi the use and 
type (i.e., conservatism or weighting) of the mn .stract• bq t 

cmnailso beSp i aded in the dociimentation Snecific reference _t.,.•uo• e re -• kred bytiSv fMi and/or

Process Modeler will be p N ,
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Figure t mser Am- Coptual 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 
is 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 realistically 
simulate the disposal system's performance. If choices are made that makl:4'-1 
simulations very unrealistic, the confidence that can be placed on mod.e, 
is very limited. Inappropriate simplifications can mask the eff.. M.-.-..  
that will in reality determine disposal system performan , e0,' es 
involved with these simplifications are not recognized . ," 

The concept of abstraction (or simplification) is a dG-1j ;ection A.3.  
NTRE~ impi4ffi Ccurs at- Wh step o h In the description of model hierarchies in NUREG. -. a . st of the 

modeling process. As stated in the ope"ion ofbe guidelines are limited to model abstractio .W"rmode. " corresends 

with the third and final level of moel-6o6r 

"In the . er simplified and coupled to 

fo rmIePce ag . del." 

NUREG-1636 I need to be reduced to their third level of 
simplicity for ii n' se some of the processes may be so central to 

the final result in full detail. This suggests that NUREG-1636 
recognizes that mstrctions and model integration represents a continuum of 

activity, rather identifiable steps.  

The first activ1 e.".se guidelines is the identification of those model components that are 
suitable for moi 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-SILI. IOQ. 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 considered 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-SIII. IOQ 
and a new taxonomy for identifying abstraction methods and techniques. In many instances, the 
AP-SIII.IOQ 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.1OQ 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-SIII.1OQ)". The remainder of the definition$,J4W'e been 
derived from other related sources (e.g., WIPP documentation, NLUREGs) aný .. '... ided to 
clarify and supplement the existing proceduralized definitions 

Abstraction (per AP-SIII. 1OQ) - The process of purp ...... ematical 
model (component, barrier, or subsystem proce -"21 corporatic io an overall 
system model of the geologic repositooy, of j•odel a tctior may 
represent reduction in dimensionality, eli n of dence,['.-les obtained 
from more complex models, .4se riveI use ci re complex 
models, representations•' us Ien Th a few d , e elements, 
etc. 6110I 

Al terna hypotheses and assumptions 
of a sy le t the purpose of the model, 
logicall sist i M isting information, and able to 
be teste• 

A' plie C .tion of the generic computational model to a 
particuh ei~iopi values for dimensions, parameters, and boundary and 
initial c.w {emanagement, the system is a waste disposal site, and so this 
model i!red to as a site-specific model.  

Compu ~ 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 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 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.1OQ) - 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-SIII.1OQ) - A collection of interrelated models that represents 
the overall geologic repository or overall component subsystem of the geologic 
repository.  

Scientific Analysis (per AP-SIII. 1OQ) - A documented study that 1) defines, calculates, 
or investigates scientific phenomena or parameters; 2) evaluates perf ""'ance of 
components or aspects of the overall geologic repository; or 3) solvh"•. . Mmatical 
problem by formula, algorithm, or other numerical method. A scienti 4y .&'may use 
a previously developed and validated mathematical mo. 0 .]iathematical 
model's intended use and stated limitations, but may nol . e .5al model in 
order to complete the scientific analysis. A S nay tI :e numerical 
manipulations that are not part of a validt e I el, bt 'y if 1) the 

/c I ...... o s o choice of method for such manipulation i .rac .hd does not 
require justification and 2) "'sis r copiac argumetntsenin 
compliance arguments on that would.i attained by 
documenting the work g -f/gE 

Sc re.t. uct of the abstraction process 
that me not meet the definition of a 
mathem I Crg 

3.1.2 ConcepaJ1 Yf,. g 

Relationship o ed i P-S .10Q and NUREG-1636 

Differences exi finition of abstraction provided in AP-SII. 10Q and those provided in 
NUREG-1636. ý4: ifferences largely reflect the specific-project application in AO-SIII. IOQ 
of more generi efinitions provided in NUJREG-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 NLUREG-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 hierarchy is 
suggested, though the models may not be explicitly discretized in this manner. Thi•st level 
consists of the very detailed models of the individual processes. This is,_ .i an 
abstraction of the actual physical system. At the second level, a subset, f"ýmodels 
with some simplifications (abstractions) is coupled to study -" .. ... interfaces 
between processes. In the third and final level, compone ea-, f"4" simplified 
(abstracted) and coupled to formulate the total syst per odel I WE's approach, 
abstraction occurs at each step of the modeling pr This '_,nsnt with 11 approaches 
and taxonomies used by other total system modeli( 1998).  

Model abstractions are based CO tion of muUOpi techniques, 
depending on the initial com roco nevel of det•., sired in the 
abstraction. Sisti nv omy of absfraction methods 
that addresses e onceptual model, then to a 
mathematical /#7inid1 p 0 Red or abstracted model.  
This is consisted tt f.-mp d bc,1 ited in NUJREG-1636.  

Frantz (1998) :;ahniques can be categorized into three broad 

classes - Mod"' oicati f-imodel Behavior Modification, and Model Form 
Modification. e c 1 .ries Model Boundary Modification is most closely aligned 
with the format'. ntu odels, and Model Behavior Modification is more commonly 
associated witl ttin of the detailed mathematical or representational models. The 
primary area o. .. r these guidelines, however, is in the area of Model Form Modification.  

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-SIII.9Q.  

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 (RMiEI) (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 is on the third level of abstraction, as described in NUREG-1636.  
Genera1lyGener.ajly, 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 tw. ameter 
values are determined. In some cases, the results from the process model.. . to the 
original inputs) may be used as the basis of the abstraction. p' ! o Form 
Modifications result directly in a mathematical model and :i" to address i i to ddres 
uncertainty propagation under AP-SIII.1OQ, which include fr n validation 
consistent with the intended use of the model abstract's.  

Several possible techniques or combination of tea can,.. s demos ated by their 
use in TSPA-SR (Appendix A, Sec ,k"11.,-K .0x 

Look-up Tables in wl1'1,at i n iN4resented by/.... t of values.  
The input yr a table of'2alues, and the 

generatilg the indexed value(s).  
Multidtif ' le d to 

Probab@.' Disb U tl9omputV':ion of a parameter value is replaced 
with a i ~ of various probability distributions. The 
distribu ral t forms. Multiple examples of the use of this 
techniq I ix A Probability distributions can be used to replace more 
complej< Lts (in which case they are being used as an abstraction 
techniqqt can also be used for a more realistic representation of uncertainty (e.g., 
replacin ervatism with a probabilistic approach).  

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.
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3.2 PROCESS FOR MODEL ABSTRACTION IN TSPA-LA

The-- model...abstf-aetir---.pr-oess ...fr...- T.S-A-LA--- is..- summarized....•n-..-Figure ...3-1: -------- The..-model 
abstr-action .rcs wll use a teamn approeaeh (Figure 3 2) for- performing model abstractions that 
elosely---parallel s---the---approah..--deseribed--fr---.both ---- addressing a----alternative --conceptual-- m odels 
(See-tion--2)--and-considering-parameter-uncreftai-nt-y-(Section-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 guidelines is that one ATL will be designated to address all model abstraction 
issues across the various subject areas and c .ordinate activities with the multiple S. M. This 
will provide consistency in the guidance direction--- and--review---given to the mulýipiSME'sý 
treatment of model abstractions, adas well as cons-enc. in the integratn:* i 
ineludi-ag-the propagation of uncertainties and variability; into the T

-The intent of these guidelines is that the ATL will also serv 
alternative conceptual models, due to the interrelationsl.p of tf 
provides for review and concurrence by the A ' the 
abstraction in the TSPA-LA. It also specifies the - y th 
of the model abstraction into the T- Th• , 

interface with the TSPA Depof% 0e rb 
checking and review of the mo ans-• •.  
under AP-SI1. 10O , .

The changes sl 
TSPA-LA sirr 
developing ea( 
departments. V 
in parallel with 

However, the L 
these differenco 
This will also 
model reports a

addressing 
rhe process 
the model 
integration 

e from and 
The cross
iical review

• • iodel abstractions within the 
W I consistent use of parameters in 

' TSPA-LA by the various process model 
various model abstractions may be produced 

ur prior to the TSPA-LA integration step.

I- /ýTL N central point of contact in the checking process will allow 
•lentified and assist in minimizing differences to the extent practicable.  
•W'or documentation of any such differences in the individual supporting 
d in the TSPA-LA.

The.model abstractio oces for TSPA-LA is sum rd in Fg .......... The ..... mode 
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 

(Sfip2)~~•P cosdeig aameter uncertaint(Scin4 .( .S.. .e c.t~i......n. ..2.------------------------------i..n--.---a---- ..u.i .o.t ...S.•. •. ..........4 ) .  

Requirements for model abstraction documentation are now addressed in AP-SIII. IOQ, 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 AMIRs. 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-LA 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 do _4'i use of 
model abstractions in TSPA-LA(seegure......

Identify Possible Model Abstractions

Te initiate the process, the ATL (or- designee) ide
and ---any- newly--developed--compute 
-T--SP-A-LA ... The designated ATL 
m.de.s.,.process models, and 
addition, the ATL and TSPA 
parameter uncert 
process models? •, im

it-ional-.models-
PPA A 

stion.  

•ls. -.

F.' h pr mo c1s mc 1-1mpon ..fr --the 

wil. revlev conceptual 
"SR and...........  

V0(see Sectiohi ) to review 
OR PA Analyst ill review the 

9;1. 1 .

1 IdentifyA '/ p 1ro ,mUR el A fiie' 'ahimay appropriately be addressed 
using a -tio SURE 12 _ 

S Identi. . ' n '•l•' onents needed for the TSPA-LA.  .....................................  

"* Consid . e TSPA-SR, SSPA, previous sensitivity studies, or other 
project ation to identify the importance of the model component and the 
specific ters to the estimated mean dose.  

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

" Consider the level of resolution needed from the model abstraction by considering the 
level of resolution of the other TSPA-LA 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 
guidelin~es. At.. thsmetng heAL rvdes to the SME a list of key parameters, TSPA- SR ..........e..-1n................................................e. -- .......... ......... ................................: S.  

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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-.n..sem -e.. -a-ses;...it..m ay..be..,determ ified..•-hat..add -re .ssirg..paria m eter..u -nert ai ty.-,a nd ---variabitity---m ay 
be diffieult if an abstraetien is used, er- that other sensitivities pr!vent the use of a model 
abstraction....n.tat... ase;...a...more..eai-ed... epfesenational...mde•...--such...as... he...i-nitia-l.model 
ensider-ed) will be re-smmended f-fr se and the desision will be documented in the TSPA LA 

mae! fepert

Request-hInput--and--Ass~istance--froem-SM-Es

At the request of the ATL, repct subprojeet department managers will identify an 
-appr-opi-ate--SME(s-)--and---P-roeeess--Modeter-(s-}--te--assist--in--evalu-ating--the--feasbi-1lit-y--of--developing 
the--abstr.action--metheds--aid-teehniques--prel-iminar-ily--identi-fied-.by..t.he-T&P.A-De.epat-ment. S-me 
model abstractions are specific to the TSPA model, so individuals in the TSPA Departmen-ft will 
be---considered---the-...SMEs---for- these -par-tieua----•m•del.----abst-ractions-.- ---------- The SME p..';.i~dentify 
technical issues in proceeding with a recommended model abstraction, ,.,.pr o e ate.rnatives identify' other areas that would be more suitable for mode.a The SME 

will provide such information to the ATL for further t" note that 
the TSPA-LA is intended to be an iteration of the SR model s "O.. ons will not 
be incorporated without a thorough consideration of thj- overa1 ri•cance. 1'..11

n.....s.so.me..c~ase.sý. i y... maybe ....determin.ed ---.that ....ad.d 
be difficult if an abstraction is us hh 

a ih0ý' S.................................................. .  abtato. In that'case•'a1r 
considered) will be recommen 

__ 

report. ..

C-onstruct Mo

At G itiv

..

§ .t the 
.(.uc!h.. as...  
documen

..il.y...m.ay 
if a model 
tia. model 
the model

Limenft

In constructing 
resolution of 
abstraction. TI 
that the model 
abstfaetien-an 
identifiable ann

Sno / st n .....n, and Process Modeler will consider the level of 
"ro m whiW' is the basis and/or provides input to the model 

co er the level of resolution in the TSPA-LA model components 
will address (as identified by the ATL and PTL).The-basis-of -the 

•e. iques used will be documented in such a way that they are elear-ly 
adl epained te an extrnal reviewer-.

Consequently, the SME and Process Modeler will work in consultation with the ATL and TSPA 
Analyst during the model abstraction development. ---to-..achieve--those--goals:.---..-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
SIII. 1OQ. The basis of the abstraction and the techniques used will be documented in such a way 

t ... j denti-f.ab rle.a.Mdily d ex-.pl-ai.ned..t•o•ane.te .- r.neviewer 

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 .T--SP-A-..Depart-mentATL requests and 
recommendations r..ga...rpg .... (and prwvides assistan. e in determinng and re.ommending 
appropriate-.met-heds...for.. pipagating...necessary...uncertainty...and...variabi~itys...see ...See.tion ...4-.n 
par.ameter uncertainty) inthe model abstraction. and fcr- achieving the desired degre. m . ... d.l 
abstractin recslution.. -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 
pipfpro a atnpg uncerainy and variability.  p~r....p..aga..tj..ng..u..n...c..e..rka...n.t~y..a..n... .....v .....a.... .1.it -..  

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 ipr.,. tion of 
important variabilities and uncertainties. The SME will be responsible for d.ej 4 i i hat the 
effects of the input included in the model abstraction capture the impor, • :tenput as 
identified in the process models. ", 

Step 3. The SME and Process Modeler develo nd va he modet ;bitraction by 
comparison to the results of the process modeland ment u all in _rdance with 
the requirements of AP- SII. I OQ 
Step 4. The SME then p.with d.t nt.ation to ••... the work.  

... . ... ... .............. .... 7 g ,•.- ..• ....... .............  

After the ATL's review is co' tdel abstracti,. S the model 
report in a-WON0 dis ti, ~iy ~ting data in ccordance with 
AP-SIII.3Q. T spsuYDr bstraction complies with the 
project proced n are c control of data. The SME 
then transfers c601......... ..... n t W.. A L.
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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-SIII.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 an4 model 
abstraction results. The ATL iterates with the TSPA Analyst until the mo,4, tlOn is 
properly implemented and documented. If any changes were mad. 0 ose of 
integration, the TSPA Analyst will ensure compliance with an . .are control 
procedures per AP-SI.1Q and information and data storage 1II.3Q. The 
ATL .and---SMN---deument--.any--- inter-na---of---exntema... danc --- ... SUf--decisions 
based on te.hnial judgem.ent, anddocuments the / s and c neo the 

appropriateness of the final model abstraction.  

Step 3. The ATL ensures that .- e ' d v fn o f the ri: abstraction 
(along with the decision to use n decision), ia :umented in 
the supporting mod Ttion of the o &el abstraction 
into TSPA-LA e in.t.i report.  

3.2.2 Roles a p ill 

The model abs, n t 4and a TSPA Analyst(s). It is intended that a 
single ATL wil se v the f the model abstraction process. The PTL (see 
Section 4) will e ob od4astraction team. The team will also include a SME(s) 
determined by trtment Manager(s), and a designated Process Modeler(s), 
neither of ohi rt directly to the TSPA Department. In many instances, it will be 
desirable for thf abstraction team members to be identical and/or to interface regularly 
with the team a essmng alternative conceptual model issues and/or parameter uncertainty. The 
PA Project Manager will assign these roles.  

ATL (or designee) Tasks: 

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

2. Initiate team meetin.g to discuss implementation of these guidelines.
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2-3. C-onfer--Advise wit-h-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. Cenfe .A.dvis.e with the Process Modeler during development, validation, and 
documentation of the model abstraction. Confer--- 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. .5 .............. 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.

rming I7. . - Coordinate model abstraction process and interface with pei 
any related alternative conceptual model and parameter uncertaintqy a!g

8. 7 --------------.Ensure that model abstractions have been devw 
applicable modeling and software control procedures.  

PTL (or designee) Tasks: B 

1. Provide insight and reco .l'ahs to ' 
Modeler with regard tc e 
the propagatio•,,,,ncev ý r / ab1t

cording to I

'Se Wlt(s), 11 
1) and pro 
lel abstrac,

and Process 
,uidance on 
rocess.

TSPA A

1. Attend 

1-.2.  
feasiblc 

3....... .2 
regard 1

.0

L
- tecpunq

rocer'Modeler in 
ng with other TSPA

lk§ggu delnes.  ..n...9•,.•~ ~..s. ...g.u .~....n...e........  

pJW&ess models, identifying, and categorizing any 
ues.  

developing the model abstraction, particularly with 
models and components. ---Document--any- direetions

y Ay-hp fI~t;JrI::r1 41P III I -t

4. 3: ............... Integrate model abstractions in the TSPA model.  

5. 4.- -----------.. 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: 

.!.------.-----------e-----.. ------.-----.. --.-....m . ...e.e.j . ...w...i..c...h.....a....d..r......s...s...e...s...... j ..m .....e...m....e.n..t...............t....o........h ..... d . •..........  i..Aten temmei~ hc drse mlmnaiong • ofthsegudeins 
-1.2 Ident technical issues related to performing Deter-mine the viability of 

..................... ............... . ................................................ .................. perform ing the 
abstraction in light of the eonjunction---wit-h-recommendations from the ATL and TSPA 
A-natlyst-and--mtake-additiona1-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 inte soon into 
the TSPA after concurrence with the ATL has been documented. _.  • .. .  

67. Document the development and validation of model a in an 
attachment or distinct section~. Appendix format toae ~ ~ intation as 
needed-.  

78. Interface with personnel performing any rei linty act es.  

89. Ensure that the model •n's d ý 'ad hted in -dance with 
applicable project proc . *ng ql. ftware.  

Process Modelera-A / ONIN"' /"g 

1. Attend , Wines.  

4-2. Assist tI Is and determining the viability of performing 
the abst 1 -. 1 u -endations from the ATL and TSPA Analyst.  

-2-3. Modify a Plan as necessary to include development, validation, and 
docume...... m el abstraction as required per AP-SIII. 1OQ.  

34. Determ. ether 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.  

$..6,. 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 p5 .e and 
related uncertainties and variabilities are appropriately represented in the res.... ffi* 'bt model 
abstraction. ..... .. ...  

The integration of the model abstraction in the TSPA-LA te TSPA 

model report. The information will include identificatn of e abstrac a listing of 
interfaces with other system model components an umen- of 4y char nade by the 
TSPA Analyst to the model abstraction. The r de that Ht"'th model 

ahbtraction was annronriate will also be'•uded i cum Y/ . oecifiA rence to the

supporting AMR prepared by thW .0 4'r proI .... eler provided.
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General Phases 
of Model 

Abstraction 

ATL and TSPA Analysts Identify 
Model Components Needed for TSPA 

I I 
cldend Pass Subproject Manager Req',uests Modenly 

Abstractions Department Manager Jlentily 
Appropriate SME(s) 

- AltI Requests SME Identify New 
Processes to be Abstracted 

SUE and AlIL Decide onl Methods 
and Techniques to be used 

Construct tor Model Abstraction 
t
., 

Model

Implenmert 
Abstraction 
into TSPA 

System Model

[ Consistent with Existing Data 
. - - - J 'Significant Difterence in 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) r a few 
concepts and assumptions related to parameter uncertainty, (3) describe a. . at will 
provide consistent treatment of parameter uncertainty (called epistemic%. . t4tt :',in) and 
variability (called aleatory uncertainty) for TSPA-LA, and ,(-4• "tasks to a 
parameter development team. , 

"A summary of the past use of uncertainty paramete he TS providein Appendix 
"A (Section A.4). # ' 

4.1 DEFINITIONS AND 4 / 

4.1.1 Definitions i 

These guidelin/ onsistent with AP-SIII.10Q.  
In many instan t etior ir application for the project 
(e.g., the defini.. - s as rincororation into an overall system 
model of the stinction between mathematical models and 
scientific analy initions have been derived from other related 
sources (e.g., a nt N Gs) and are provided to clarify and supplement the 
existing proce init These supplemental definitions have been modified based 
on the need to ' ameter uncertainty and on the definitions provided in other regulatory 
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, 
logically consistent with one another, an.d... in agreement with existing information,-and 
able to be tested).  

Applied Model - An analyst's application of the generic computational model to a 
particular system, using appropriate values for dimensions, parameters, and bq....ary and 
initial conditions. In waste management, the system is a waste dispoq.A"ý.1 ii'$: so this 
model is also referred to as a site-specific model. 

Computational Model - The solution and implement MI. at i.tical model.  S... ~ ~ ~ /. / •,'/ . ...  

The solution may be analytical, numerical or empiri e computt, ial model is 
generic until system-specific data are used to4Kliedb odel.  

Conceptual Model - The h.adns thaN...fiý/stulates the 
description and behavior, - d assumptii& describe (a) 
the simplified physical -s.(b) the init#And boundary 
condition t .na of t [,JRal, physicaliý-'ological, and 
cultural 

Data - r CO.. d, and used to prepare values for 
paramet I 

K 

Episte n ce the parameter space of the conceptual model for 
which .0 kr ainable. For the corresponding imprecisely known 

paramet ei can be expressed as a degree of belief of what the true value 
should 1 d to the conceptual model. The second type of inexactness arises from 
a lack i ledge about a parameter because the data are limited or there are 
alternat! 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 (i.e., 
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 (pr continuous function) and the 
log of the probability (i.e., U oc -Y pi log pi where U is informational entropy and pi 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. That is, 
the algebraic, differential, or integral equations that predict quantities of in".' o 
system and any constitutive equations of the physical material .riately 
approximate phenomena in a specified domain of the conceptual..od,.  

Model-Control Parameter - Parameter used to cont .tal l.00tion of the 
mathematical model (e.g., convergence control time- 'irol).  

Model-Form Uncertainty - Uncerrtaint moate mI form for a 
system. The uncertainty resd om s IV ,d lack. t f information 
available to corroborate ing alterngtv models is a 
method to explicitly ack dE Wa 

P-a-ram•R ements (x x 1 , x 2,. .. x,) of a 
parame eal e vectors or tensors, but are 
usually ir q........, result. Parameters that reflect 
epistem atheiatical model. --As-a--paramete--varies--so 

.e / aleatoric uncertainty define choices in the 
selectio. as .. narsi. or selection of various models within ooo// Of P -dl nd--t-he-c-orresponding--mat hem~atie-a4--odel-s: 

Param. ase - Database of parameters that are used in the TSPA simulation.  
The pari have been developed by interpreting data stored in the primary databases 
of the Yc'ca 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 analyical or 
numerical techniques to determine the impact of the uncertainty on model re,.u..i.  

4.1.2 Concepts Associated with Parameter Uncertainty 

Characterizing Parameter Uncertainty 

Characterizing the uncertainty in parameter x re devel a joint pr c lity density 
function, F(x). In TSPAs for Yucca Mountain, nt ds apprommated by the 
product of distributions of the individ xameteF (iF2 a parameters 
are assumed to be independen ter cumulgI'-i distribution 
function [CDF] or probability eter, xn, reprop s both what 
we know and what no th r, a buld reflect hebest, current 
knowledge of0 ýwter value when used in the 
particular cont/ 

Aleatory and . a 
Conceptually, ar c i'vided into aleatoric and epistemic parameters.  

Distinguishing ee t aypes uncertainty is not important to estimates of mean risk 
(Pate-Cornell, b ortant to understanding the results and how the uncertainties 
might be better zed (and possibly reduced) by the collection of more data:.. The desire 
to .mai~n~tain ..a- b - etween ..al e ato~ry. and_ eistemic uncertainty affects the design of the t.o....m......i...t..aI...n .... .. . .... ... .•... ...e..t...........a.!. e .a ... ...a..n..d. e. . s.t.. e m........_ .u .c~........... ........ ..f_.s...•h...d.......... ..... - .............  

analysis (e.g.. s (arate 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 

----- If.the ...T.SP.A d.o.e.s ---n.o..tmnn sr.m.ataitnwetenaaj.ena ada ... i s.ep.a.r.ation..e.twe.e...a.e.atory.- a. ..... epistm..c 
uncertainty for a specific parameter, then the total uncertainty is expressed as a combined 
distributi.o.n......The usefulness of making this distinction and the choice for which parameters will 
be treated as aleatoric is-.will -----bhe .... made and documented when developing submodels *.o.*.r 
components of the TSPA and designing the TSPA analysis (e.g., selecting scenarios to propagate 
through the TSPA..sy..st.m..mgde.). The description of parameter uncertainty of all the remaining 
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 
u.n.c.t.y,.....m.uus.t.be ...tailored ...to t... t yh e ... otfd atf ... advatia... bl•i.bh..e and the _.parameter's use in TSPA 
computational models. Hence, to appropriately characterize uncertainty ...- si.2n a 
distribution• F(x.) within the context of the assumptions and requirements of0 iNipa.ysis., 

TSPA Analyst familiar with the TSPA Model and a SMEfamiliar wimation ..a....................A ..n..a... ... .................................................................................................----------------. ...a...... ...........................  

available, must jointly define a distribution. The guidelines b ..teraction is 
coordinated by.......... ... .......the P . n. .....................................................Only.one.PTL.would be s..e.l..c.tIed .t . . . ...  
parameter values. A database administrator assists- P . arryng od As/her duties 
(Figure 4-1). ' "'

Documentation of Parameter V

For TSPA-SR, the description t. .....p.p~... li.a.t../r.e..1.  

these gidln IJ 
.r.e..ý..e...tjve o...e....................  

be more trans t i 
parameter valu, dd u 
. --------- --TSPA-LA mo

S.

o[n. include~d ..in ..Viblume I1.. of the 

e --with .-.- t.e..i.m.p..Ie.menta.tion..o f 
e I& eton will remain in the 

................ .........................  
LA dcumentation will summarize all the 

x, and the particular use of the parameter in 
A-LA model documentation.  S.........................................................................

For TSPA-SR r . parffffers were manually placed in the input files or directly into 
coded eciuati o#f•tive with the implementation of these guidelines, the parameter 

uncertainty pro •'' include development of a TSPA parameter database, or modification of 
gxJis~ting dqatqb4M_$s (cj as RIB or. TDM.$) consistnt with existing QAgt~d:4s .e.x- s.t!n ......... b...- ---.--.... s...u...c...h.....a ..............s... ..... .....D S..), .......o.n . st.n.............w.t.....e...x..•...t .ng .Q ... ~.......e........u... Qe..s..re Ijga~d.  

input data, for controlling the entry of parameters. A TSPA parameter database facilitates 
rerivbility ...Jby.(,..pcjip.onsistent distributions amonp th0opttoalmdl;.(.  ....e..t......e..y..ab.•i.t ...y............~ .... ~y..di..pg ....c...•...n...s....s..t....n...t....d..•...t...n...b...u...t..•...n...s.....a.........•.. g....t_~ h..e.......•. q m.p..u..t ..t.i.?.n~a..m...o.de.I.s..; ...(b.) 
p.acing....r..e..spnpsiqilit,,y for maintaining correct paameter entries with a limited number of 

personnel, (c) providing a uniform interface for software used by TSPA Analysts: and (d) 
plrpyi.ding .a uiniform interface for SMEs communi cating with the TSPA DepartI~met The p .. ..y.d.. .n ....a.....u..n.f.................i...n.....t...e....•...a.... ......e......f. .. ..........S. ...s ........c . .......m..m.u.•.• ..... w.....t.........t...e..............P... ........... ...a• m...nt .... T h e 
parameter database is expected to contain the following information on parameters, as 
applicable: (a) ID of entry: (b) qualitative description of parameter, (c) quantitative description of 
distribution,_..(.) ...Mnits(preýfe~rabyS ytn)(. ucso ndryn aa f lgdnt d.i..s..r......u..t..o....n....(..d. .....n.i ..(~.e..er• • .. L s)... -Y.....s. pq!ýý... qf.j d.& Týyi.ng...--.-. g. • 
whether or not parameter is active, (g) date of most recent change: and (h) name of person 
making the entry or undate_
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The TSPA, as currently configured, relies heavily upon extensive abstractions of process models 
of various~pheno ($eciq p) The TSPA Parameter Database will not track theparame ersý ............... ... .u.. s....... .... .n ..............................................................................................D ...a.t.....b ..a.s ......w.... .....n. ......t... a.... ... ..t..e....a...a.......t.....  

in the process models nor have the objective of ensuring that the values used in the TSPA models 
..a...e.....n......c....s..s...a..r..i..•.y... ...... n..s...s..t......n..t......w...i..t.......p...a. ...a.......e.....e.........•........t......p ...... ss.......m..9...ý_M d..e...s.:...R..a.t.h..e.r. .t~he..s.e .....i.s..s.u..e..s...w...i•......b..e.  

discussed in the model reports defining paramete!r values and developing the abstractions.a .d. .s.........s.s.....d......n.....t..h.............d.... ...•.........p... I..t....s.....d...e..• .ni.g....a.......I.a....e. ...e..r....y..a..u...e...s.....a...n............... .....v..e ......i ... ..t..¢.•.a.b.s. - ..a..c... L......s..... as.....  

described in Section 3, which will be provided by the respective departments responsible for 
d!eygjppjng~prcess models.. and-ab-straction~s..

Conditions Where Bounds and Conservative Estimates are Appropriate

As described in Section 3.1.4 of Uncertainty Analyses and Strategy (B SC, 2001 a), 
of uncertainty in the TSPA-SR was in accord with the recommendations made..  
Review Panel (Budnitz et al 1999 [DIRS 102726]), who provided their lna, g•r 
of the TSPA-VA (CRWMS M&O 1998 [DIRS 108000]; CRWMS ' l~iij 
The general guidance can be summarized as the following: Pr 
among alternative conceptual models and explain thetechni'° d for the 
AMR,; when there are sufficient data to do so de y, qu U u irtamtl, (e.g., with probability distributions); otherwise, abs icierN.  

conservative or bounding estimates t be de %/,chni . .

In 10 CFR 63, the NRC 
expectation (i.e., a 
from assessme 
degree of con I 

conducted by r 
make use of w at
decision proce: 
or parameter o 
adequate for th 
the TSPA-LA 
realistic estima

i..,.atment 
A Peer 

I'f review 
S 100842]).  
ection from 
ction in the 
parameters 

ta, develop

2 re {•.•alysec N W to be basec0'ffi,,.•,, reasonable 
3np e gyxclude important parameters 

eprecisely quantify to a high 
~h ~ xto I xkitation, however, not all work 

he dse application. The DOE intends to 
-0 , if appropriate in relation to a risk informed 

may be used when the influence of the model 
V INK t1 vces ironment is minimal and the existing model is 

th Iysi. Consequently, conservative estimates may be used in 
del ~meters. All other parameter values will be developed making 

stribution as described below.

In addition, sezritivity 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 of 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) verification and parameter review (ensuring that the parame, g "Xsed are 
complete and consistent with PA model assumptions); and (d) documentaAe 02meters 
(ensuring that the parameters are defined and parameter distributions are 

ingee-proaliath prees for using th dataude and Velum e t 1~*ft 

a434 -*selecý-tiawl i-ran--in*The 

unoert-ainty;---must --- be ---t-ailored --- to--the --- t-ype--of.-data--.- av e --- aaamete ;e-...r-TP 

a--TP--A---Atnealy-st---famisah.atwith-thee idfmntatio an 

c-oordinated--by--t-he--P-T-L -------A--dat- -a ni-earrying-o, :W /her-dutie5: 

the--appfo ff-ia , 4nP1-(eu d n e --i~--Volume --- 1---of--the 

these---guideli- e- -- fameter ....selection---wilt --- -emai-n----.in----.the 
respect-i-re--rood "_ .stinc-t---seetion--such--that--the--doe-um-ent-ation--can 

J documentation wvill summarize all the 
parametef ---valu/ tin-- an-- Appendi-x,---and--the--partic.utar-.use ..of. t-he--parameter--in TS •A Jith SAL moe oueai.

For ..TSPA-SR-- , PA-.-.....parameters--were --- manuaflly-- placed -- in--the ...ifput-..-files... or ---directfly --inato 
eoded egu-afieoi.. Eff-ective with the implementation of these guidelines, the parameter 

u-n-ertai-nty..pr-ee~ess-.w-iH.-inc-ude-.development..of..a..TSP.A..p~afameter..d-at-ahase;..of..modifi-c-ation..of 

existing databases (such as PdB or- T-DMS), consistent with existing QA proccdures regarding 
input data, for contrelling the entry of par-ameters. A TSPA parameter database facilitates 
retrievabil-ity--.by...(a.ý-.providin.g-consistent-..-distributions ...among--.the.---eomp•tational----models;... -b) 
placing responsibility for maintainin cret-par-ameter entries with a limited numbe-of 
personnel•..--(.}-- providing.. a ..uniform -.interfface --foF -soft-ware ..used -by-. T-SPA ...Analysts: .and ...(d) 
providing.---a---uniform...inter-face-f----r SMEs... ommunicating - with ... the --.TSP-A -Department ....... The
par-amfeter database is expeeted to1 contain the followinig infifem aien on parameters, as 
applicabl-e..(a)..oD.f.entryt..(1).qutaitative.deseription.ofpafamete-;..c--).quanti-ative.-description of 
distribution, (-- units (preferably m (e) soures of under-lying data; (f) flag de 
whether or not par-ameter is active, ()ate of most recent change; and (h) name of person 
making--the ,-ent-ry .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 
categorize the parameters as either model-control parameters or model configuration parameters.  
Model-control parameters will be officially tracked when a simulation is warehousA'..-OYMP's 
Technical Data Management System (TDMS) and will not be further tracked by 3.IL. Model 
configuration parameters will be further categorized by the PTL as app (ig -xed or 
uncertain_;-or-uncertai--but--spec-ifed--twreugh-experft--elioitatien): 

P.parameters. Uncertain parameters for which there are mpott o the TSPA 
may be evaluated through formal elicitation. ThS Su ct l/anager Xonst 
with PTL and other Department Managers, will te ...... s requuu x assignment 
through formal elicitation. The parag~ t wi1c n but .ied through 

_tlicitation.- as per the• .  

Request -Pcrtincnt .4fo .....ect ter// ýN p -s 

At the request € R m.nt., Managers will identify 
the appropriate i t' u W ine n fthation for evaluating uncertain 
parameters oft P, Wt.I ubprl 

Describe TSP4 de1 an ent -Pa-r-ametersData 

The TSPA Anra r pertinent TSPA model component and pertinent parameters 
to the SME -r42).In turn, t...Theassigned--SM Ea 
prtinentdata mdel parametes. The SME describes the..p.rtjnent data for 
developing mo__m 1 parameters this--data--to the TSPA Analyst and PTL--(Figure--4-2-). An SME 
may supplement the site-specific data with (a) other qualified data approved for use according to 
appropriate QA procedures, and (h).... other information necessary to fully characterize the 
uncertainty. The use of other information will be used when reviewing the Model Report, as 
described when documenting the parameters..(Fgure..4.3.). The source of underlying information 
will be documented on a Parameter Entry Form (Figure 4-43) or equivalent memorandum. The 
initial categorization of the parameter as either model control, fixed, or uncertain, will be 
pCes...tr Dbe..sd..l..t.o..h.e.PTL.i 

Construct Distributions for Uncertain Parameters
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In consultation with the TSPA Analyst and SME, the PTL develops a parameter distribution for 
unceta.in-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 2 
parameter) and 

"";4• /mm 
(b) One of the following (in dm asing o preft 

(1) Percentile p dist i tf 
[md:1, an I p' tile /

ameter

iken by the 

25th, 50th

(2 

(3 

The range and 
treatment of ale 
model does nol 
then the param 
uncertainty) in

de,

c a

Lion, or

•Fot T paIME.st take into account the model form and the 
43st111uncg ty in the TSPA analysis. For example, if the TSPA at."t and temp orally-_---t-he--per-tnent---F-E-P-s---met--uded --- in--- the --- mode4 

ritiorff'ill account for this temporal and spatial variability (aleato.ry 
averaged manner.

Step 4. The P'AL, 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)__(b) ---------------- 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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(go) Exponential PDF (truncated) based on the subjective range and mean value.;-

(d). - Normal-P-DF-(-tr.Une-ated)-based-on-the-subjectivre-mean--value-and--standard-deviation; 

(e) Beta.PD-F-4based.on .-the-subjecti-ve-range;,-mean-.value;--and-st-and-ard--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 4-4•3). 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, Coutside 
facilitator or formally as specified in the QA procedures. AIR 

Document Parameters ...- ' 

Step- ----The PTL submits the signed form to the Database Adn$ gt(5O, who u ts the TSPA 
parameter database with the endorsed values an# the pararir After the 
database is updated, the Database Administrator c 'pr" t files ikse in TSPA simulations (Fig'ife-4 1. ••• 

~: /." 

Document Parameter F ~IRM 

The SME will i O di tion1 oning for the selected shape 
1.0 

and range of th. i Elie a am_/W ort, including a discussion of 
how aleatoric Ilaif_-Lai use of unqualified data as 
corroborative i ati h e t dist ion will be reviewed along with the 
model report.  

In addition, the si fro he Database Administrator, will prepare a parameter 
report, to be pu arQdix to the TSPA report, that describes the general process for 
selecting paran andistributions, defines plots and parameter values, and lists the 
parameters use SPA report.

The TSPA& as eurrently ..enfigur-ed, relies heavily upon extensive abstractions o&fpfeee~ssmedes 
of-var-ious.-phenomena.(-Seet-ioft-3) ....The. TSP-A-..Par-ameter--Dat-abase-w-i•.l--not..traek.the-parameters 
i-r-the-pre-eess--rmdel-s-ner--h.ave-.t-he-objetive-.f.ensur-ing that-.the-.values--used--i-n-the--TSP-A--models 
are neessar-ily consistent with pafaameter- of the process models. Rather, these issues will -bre 
d i s-u-ssed --- in---.the--- mo d e 1---fepors-- ef n i n ...-pa rameter ---v sluies--and,--deveto p in g...-the ...-abst-ract ions s--- as 

described in Section 3, which will be provided by the r-espective depart~m. ts-,resensF0ible -fer 
devlpn g eess -m edend- ndabstraefiens

4.2.2 Roles and Responsibilities 

The functional roles and responsibilities for the six-fiv.t.e-...eparticipants needed to implement the 
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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and a support roles for the PASS Subproject Manager.
Project Manager or his designee will assign these roles.

EtIji dt-ment--Manaeer.

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) nattra.... barrier;..-..un-eftain....engineered....barrier;.....and.-..unoertai-n ....waste).... and 
appropriate manner of defining and controlling values for each category.

3. Request data from SMEs to develop parameters.  

4. Coordinate discussion of parameter in TSPA by TSPA Anal 
available information by SME to develop parameter value. ,,

5. Develop and implem.ierit guidelines b"'ased on informý 
paramet~er d~istributio~n GDF in consultation".'., SPA p..r...a..m....e..t...e.....d...s......n.....u...t..Q..n.........c ns lato • • P 

6. Provide-.Subm.tparameters andctb~r uncet.s de 

source to Database Admi •• n4-- ,en 
Parameter Entry Form. /#• < • .

7. Produce 
simulatiA 

8. Provide 
of the al 

TSPA AnaLyst 

1. Present 
and PTI

"px :' -ion of 

to-develop 

;, including 
,r approved

~r"p . ..A pmq parameters for periodic PA 
riatbasfro 

thf p 'f uncertainty and variability as part 
'm~r el abstraction process.  

.scription of the TSPA model and pertinent parameters to SME

2. Perforrr'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.  

gg .'ý ': 

5. Produce output appropriate for use by TSPA software.  

6. Assist in preparing a periodic parameter report with the g 

TSPA-Departnment-Manager--Tasks--- • 

i--the--T-P-A--anaty-i-, Ws: i !;: 

PASS Subproi a rs 

1. Ensur --d se pr e MIEs to confer with the PTL in I 
devel Js i 

2. In con when formal expert elicitation should be used to 
define str ns.  

4.3 COMN 1-ON OF UNCERTAINTEES 

For purposes #ommunicating 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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TSPA Manager 

Subproject Dept TSPA Scope & 
eg Eng.neered Bare Strategy Subproject 

S................. .3"................... .................... i. . . . . . . ..  

•.. .. ............ . ........ . . .i' i " i ". . .. . ................. • ..................  

Waste Form TSPA Dept 

i .... .............. ........... .......•. .... : • : : 
i ....... ...... 3 . .................. . ..... ................ ...... ....... •.................. .  

Parameter Uncertainty TSPA Design 

e.g.L Cladding Lead.  

(Knowledge of YMP (Knowledge of 
and other pertinent data) TSPA models) I I I.......................................  

Paramete• Team iiDatabase Administrator : 
Leader (PTL) 

(Knowledge of Supports PTL 

expressing uncertainty) TR02A00".ai 

4-A. arameter Development Team.  
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General 
Parameter 

Development 
Phases

Perform Periodic 
Performance 
Assessment 

Based on New Model Reports and 
Past TSPAs, the TSPA Department 

Identifies Computational Model 
Parameters Necessary 

for TSPA Analysts 

ste2 
TSPA Analysts Guided by PTL Compile 
Pertinent Parameters used in past 
TSPA Analysis and Categorize Data: 

a) Uncertain 
b) Fixed 
c) Expert elicitation parameter

p 4' 
�ibii 

U
In Consultation with SME and *TSPA 
Analyst, PTL Constructs Distribution, 

Anchoring Distribution "sing 
SOO-Soeciic Data

Identi y and d) Modet Control 
Categorize I Step 3 
Parameters PASS Subproject Manager 

Requests Department Managers 
to Identify Appropriate SMEs 

I Step 4 

For each Xn, PTL Requests selected 
TSPA Analyst Describe Component in 

TSPA Model and selected SME 
Provide Appropriate Data for Parameters 

Specilicslly. SME Extracts Pertinent 
Oata trom TDMS, Literature or 

Reviews Current TSPA Value in 
Parameter Data Base 

Note That Each] 
Parameter Xn ..  
May Take a Parameter Yes 
Different Path J tot Mode" 

Control? 
Parantete 

No as Part ol 
Contigi 

ys Is Yes Parameter 

Fixed ? 

No 

Parameter 

fStep o 

ParametersData Point 

Yes
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In Consultation with TSPA 
Anaiyst, PTL Elicits fotm 

SME Subjective Estimates of 
Range of Xn and. if Possible.  

More Percentile Points 
(Quantities). (e.g. Median) o1 

a Distribution Based 
on Generally Applicable 

Scientific Information 

Step 4 

PTL Constructs Distribution 
Preserving Maximum Entropy
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General

General 
Analysis Steps 

Planning

Perform Periodic 
Performance 

S Assessment 

TSPA Deparlment Identifies Computa
tional Model Parameters Necessary 

for TSPA Analysis 

TSPA Analysts Guided by PTL Compile 
Pertinent Data used in pest TSPA 
Analysis and Categorize Data: 

a) Uncertain 
b) Fixed 
c) Expert elicitation parameter 
d) Model control 

PASS Subproject Manager 
Requests Department Managers 

to Identify Appropriate SMEs 

PTL Requests TSPA Analyst Describe 
Component in TSPA Model and SME 

Provide Appropriate Data for Parameters 

Parameter Xn - - I
May Take a 
Different Path r

Figure 4-24. Steps in the Description of Parameter Uncertainty.
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General 
Parameter 

Development 
Phases A 

Can 

PTL Define Review No Meaningful Value or 
Parameter Distrbuton? 

Vasuent Prob"em Raised 
Assignment to.Attenton of Yes 

ITSpA Department + 

Back PLT, SME, and TSPA 
to Anarayst Endorses 

Parameter Entry 
through Memo or Form 

I 
Data Base Cataloger Enters 

or Updates Parameter Values 
in Parameter Database (PDS) 

SME Places Memo or Formn 
Document in Appropriate Model Reports 

Parameters and Sends Data to TDMS A 

Data Base Administrator 
Prepares Data Summary 

for Formal Report 

SRepeal 
TRI.6342-0595-2B
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Parameter Entry Form 
YMP Form Number: TBD Effective: TBD 

Procedure: N/A Revision: __ Page I of .  

D Modification []Error Correction [] New Deactivation 

Parameter: Id: ____.,._..___ 

Material: Idmtrl: M______.,.__ _ _ _ _ _ _ _ _ _ _ _._ _,__ _ _ _ _ _ _ _-.--/ 

Model: ____________ Idpram: ___________ 

Category: Units: mdpram 

Distribution: '.." 

Type: i. .........  

•"•.. .•.;.' ....  S~ 
Vaus:., /./;//,,Att•4 f. achent: Y N 

Source: g•N•• 

Interpretation: r 4..  
Qualified Data?: VEV'IAttachment: Y N 

........ ...... • ....•o• •, •.• i........ ..  

Parameter Entry A V d By ':• ON.  

Para• e• :Prin• •.:,•:•,g 'Parameters Team Lead Signature/Date 

Concurrence: , • 

Sub g< " °Expert (Print) Subject Matter Expert Signature/Date 

TSPA Analyst (Print) TSPA Analyst Sienature/Date 

Entered By: 
(Print) Signature Date 

Entry Checked by: 
(Print) Signature Date

Data Control PA Database 11 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 (AMRs) and 
process model reports (PMRs)), and provided recommendations related to improving the 
identification, categorization, evaluation, and quantification of uncertainties. A.gio'e second 
document, Uncertainty Analyses and Strategy (Williams 2001 [DIRS I vides the 
strategy that is intended to be used to improve the treatment of uncertam t 'pment of 
the TSPA-LA.

In addition, this appendix summarizes an internal 
the TSPA-SR and identifies the YMP review c 
AP-3. 1OQ, Analyses andModels as documente.  
[DIRS 156257]) (MVSR). .  

A.1 BACKGROUND A••IX •

Uncertainty 
by consider 
uncertainty), 
in TSPA (r 
parameters c 
provides a br 
Section A.3 
the treatmen 
Performance

uatioi 
Rs fo 
ýdel P>

se Lbstractions in 
npliance with 
t (BSC 2001g

" Pcai ..... what can happen as expressed 
v •N r s (FEPs) (conceptual model 

foy i i ty and consequence models used 
"'del ufcertainty), and (3) uncertainty in the 

Ab i ndie models (parameter uncertainty). Section A.2 
a conceptual models were addressed in the TSPA-SR.  

he model abstractions in the TSPA-SR. Section A.4 discusses 
er rtainty in the TSPA-SR, and the Supplemental Science and 

SSPA) documentation.

A.2 ALT:NATIVE 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.  

In the TSPA-SR, there are examples of alternative conceptual models being incorpotd directly 
into a probabilistic analysis. In the probabilistic seismic hazard analysis X rnative 
tectonic models were developed and incorporated directly into the b2 Aiy..A In the 
probabilistic volcanic hazard analyses (PVHA), alternative coy n "ate to the 
igneous event probability were evaluated, weighted, and • e':n composite 
probability distribution for an igneous event occurren• 

While alternative conceptual models were used s, ( lb ve exi Wls illustrate, 
YMP (2001 [DIRS 155343]) con c at fo.key lear d""a p tion of the 
conceptual model(s), the basadel, , r icertainties, . lacking or 
difficult to find. The docume chy z r tl I( contributed 4 this lack of 
transparency.  

A.3 MODE 

As part of the in I the consistent treatment of model 
abstractions (s bl Tgi 3 3.39, and TSPAI 3.40) an internal review of 
model abstract s conducted. This review focused on the AMRs 
supporting the in4it*ed 1A Table 3.1-1 of the TSPA-SR model document (Total 
Systems Perfor 4TSPA) Modelfor the Site Recommendation, CRWMS M&O 
2000a [DIRS I id the hierarchy of analyses and models used to support the TSPA-SR 
as shown in i for the Total System Performance Assessment (TSPA) Modelfor the Site 
Recommendatin (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: 

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 consided ' in the 
TSPA. The abstractions identified using this method fall within the s4 .. * I .r:"ie 

analysis abstraction" as defined in AP-SIll.1OQ because t.yd9 t•t... .]t in a 
mathematical model (see Section 3. 1.1 for definitions)., ......  

view of project documents indicated that toer the Th R used 26 
abstractions. In addition, three AMRs no ing t rro r def!in#t of "model 
tion" (i.e., defined as a mathematical mode .-Sill. identit 
umber to 29. In should be n addi d s were dr to address 
eous disruption case, an bstr r dc I ual process 

.These additional mocswl. i hs w1 pe of the abl i on review, 
was focused s "'.ire•i m ase for the I PA-SR.

A summary of 
based on the pi 
as model abstrz 
narrower defin 
outputs to the 
addition, the a 
model abstracti 
A-I categorize,

abff``zp ised MIT. is presented in Table A-1, al uti•. e rfhs the AMRs that were classified 

s t- C Lssied as abstractions but not meeting the 
f "ac .sic description of each abstraction as well as 

Lhe e n labeled "Description of Model Abstraction." In 
e the dependent process are shown. In actuality, the TSPA 

~ve combinations of abstraction techniques; for simplicity, Table 
as only one of the types used.

In addition to th' internal 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-L ....-:", 

The MTS study (YMP 2001 [DIRS 155343]) concludes that the Yucca No (YMP) 
has numerous good examples of parameters that are based on dat ,je . N. ed directly, 
and has good examples of uncertainty treatment of these • influd•x uicussions of 
measurement errors, representativeness, and related is.,i T• study alf idicates that 
there are a number of cases in the AMRs where p er unc t Wnot ch erized and a 
bounding parameter value is chosen. In other . ,parans are c en that are 
indicated to be representative, mer w*sed ui probability 
distributions. The MTS study t the'n of the s iic values or 
distributions is unevenly presen 

FIN -11.. -10 

For TSA-R ' nd described by probability 
distributions. a A , s (or the particular model or 
representation), iana ect Fc servative" estimates in order to 
not bias the re," tno o I..projeons of total system performance. As 
described in n o '4 V elyses and Strategy (Williams 2001 [DIRS 
157389]), the p.Tjk"t g cerc ra f uncertainty in the TSPA-SR was in agreement 
with the recon r a a the TSPA Peer Review Panel (Budnitz et a! 1999 [DIRS 
102726]), aftere .-VA (CRWMS M&O 1998 [DIRS 108000]; CRWMS M&O 
1997 [DIRS 1(4> he general guidance can be summarized as the following: Provide a 
defensible selei -om 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.  

A specific goal for the SSPA (BSC 2001b, Volume I [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 uncertainties 
for repository performance. The impacts of the new representations for previously.3&W.('antified 
uncertainties were then evaluated through updated process models, and st.I wn4 TSPA 
analyses using the updated uncertainty treatment. The representations and the 
form and rationale for them documented. The implications o • ntations for 
process-level model results are discussed in Sections 3 throu 4 'okm• ,f the SSPA 
(BSC 2001b, Volume 1 [DIRS 155950]). For sny o e quantifi z ncertainties, 
supplemental TSPA sensitivity analyses were alsc cte, Jes .bed in C me 2 of the 
SSPA (BSC 2001c [DIRS 154659]). These inclu syst ance a' es TSPAs, 
and analyses similar to those docu •J 'th (CRd W M&O 2000 

[DIRS 153246]). The signifi e a des in SectioriM and 2.3 of 
Uncertainty Analysesa S I 2 /15 j) Section :•, ddresses the 

snccI 4discusses the key remaining 
uncertainties th I 

Table A-4 lis xaeters used in the Total System 
Performance A e n ommercial and DOE Waste Inventories at 
Yucca Mountam, In11 to ! ental Impact Statement and Site Suitability 
Evaluation (TS- EtS Fite t recently available TSPA model document (BSC 
2001d [DIRS 1 e r of parameters listed for TSPA-FEIS includes changes made 
from TSPA-SRPA alyses (see Section 2.1 of Uncertainty Analyses and Strategies 
(Williams 200 157389]). It also addresses several additional issues related to 
promulgation 4 CFR 197 (i.e., calculation of dose at 18 km boundary, consideration of 
biosphere dose conversion factors (BCDFs) for reasonably maximally exposed individuals 
(RMEI), 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 bec•,• ' 'w1ftientific 

understanding is imperfect. They are therefore reducible with the gathgd ieation of 
additional data and other pertinent information. Examples ar /e recurrence 
rates on a particular fault; rates of general corrosion (passi 'ii6on) c%4 oy-22 as a 
function of pH and temperature; and changes in bulk" str afu nction hal stresses.  

Distinguishing between these two types of uncert estim f mean risk 
(Pate-Cornell, 1996), but they can ant for assessment 
model and in assessing the dehr might be r led with the 
collection of additional data. U I amultiple me bupons in a 
long-term corrosa res1for a given chemical and 
temperature eni istribution can be used as a 

probability dist n t sment model varies between 
two extremes. e I hat e bution is due entirely to random 
variability (ale var ty o al patches on a waste package and to all 
waste packages th ea e'irely to random variability in patches in waste 
packages due t( b e, d ences in the metal at different locations). The second 
extreme is to a e /ed distribution is due entirely to epistemic uncertainty (i.e., 
the true corros i ac atch and each waste package is actually the same, but our lack of 
knowledge keel knowing exactly what that rate is). In the former case (100% aleatory 
variability), th e ring 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.  

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 analysis, resulting in a suite of hazard curves. Results are prespnted as 
curves showing statistical summaries (e.g., mean, median, fractiles) of tlapexedance 
probability for each ground motion amplitude. A second example of clear tre21 it@istemic• 
and aleatory uncertainty can be found in Section 6.1 of Incorporgn' risfinty and 
Variability of Drip Shield and Waste Package Degradation iG . (CRWMS 
M&O 2000c [DIRS 146546]). 
The general consensus is that maintaining a tion leator epistemic 

uncertainty is valuable (Pat6-Comell, 1996 [DIR 1989 S 107710]; 
Helton, 1994 [DIRS 107739]). re to a betwep leatory and 
epistemic uncertainty strongly n (e gan sep=. analysis of 
volcanic disruption a no v al rongly affec e design of 
individual subm ti on of the waste package).  
However, it is 'ih aration for all parameters. If 
the analysis d n ration between aleatory and 
epistemic uncet r 1 rtainties are not separated and the 
total uncertaintf .xprq as . tion. For example, in the TSPA, the disposal 
system is not I tize adsorption coefficient (Kd) can be modeled 
under various ci hl:Rat e probability distribution used for Kd includes both 
aleatory and ep e The separation of parameter uncertainty into aleatory or 
epistemic unce, / or may not occur for any one particular variable for the license 
application, bui 4  ,cess described here will help ensure that appropriate AMRs and the 
TSPA-LA rep 'ocument 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-I. Abstraction Types and their Frequency in TSPA-SR.

Abstraction or Model Abstraction F Type of Abstraction Frequency

Model Abstractions {26}

Scientific Analysis Abstractions {3} 

(see Table A.3)

Total Number of Abstractions in TSPA-SR

Probability Distributions ( including those specified 
only as representative values or ranges)

10

Simplified Numerical Models 4 

Functions 9

Response Surfaces 3

Parameter Reduction

- 29
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Table A-2. Model Abstractions Used by the TSPA-SR for the Nominal Scenario.

0 0 

Z 

0 

O0 

,0

PA Document Number, Model Dependeni 
Dept Short ID, Document Title Abstraction Description of Model Abstraction Inputs to Model 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 Irrigation 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 0/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 
dose.  

810 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: 153207] BDCF Data, Rev of BDCFs evaluated for a given radionuclide after a radionuclide physical 

00 ICN 01 predefined period of previous irrigation. Each data parameters 
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.

0• 
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Table A-2. Model Abstractions Used by the TSPA-SR for the Nominal Scenario. (Continued)

PA Document Number, Model Dependeni 
Short ID, Document Title Abstraction Description of Model Abstraction Inputs to Model Peped Dept DIRS Number Type Processes 

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 
E0000 Properties Model, be estimated as a function of water content and saturation, cementation Transport 
[DIRS: 150418] Rev 01 temperature. factor model and 

EBS 
Radionuclid 
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, Ionic model 
[DIRS: 129280] 00 as for determining the stability of smectite and iron- strength of fluid, pH 

(hydr)oxide 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 900C but mostly sampled at 
near room temperature.

0



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

C> 

C 
C 
C 

0o 

,I

PA Document Number, Model Dependeni 
Dept Short ID, Document Title Abstraction Description of Model Abstraction Inputs to Model 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 

E0105 Salts Analysis, Rev Surface water vaporization (evaporation) on water seepage flux & transport 
[DIRS: 153265] 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, chloride 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 
S0055 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 simulations 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-00001 1 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)

> 
0 
C 
0 
00 

0

PA Document Number, Model Dependen1 
Dept Short ID, Document Title Abstraction Description of Model Abstraction Inputs to Model Processes 

____ DIRS Number Type 
TH ANL-NBS-HS-000029 Abstraction of Drift Probability This AMR is an abstraction of data and a Temp., liquid saturation, Various 

N0125 Scale Coupled Distribution comparative analysis. An abstraction method for the air/water fluxes, ion & process
[DIRS: 123916] Processes, THC water chemistry and gas-phase composition in gas concentrations level model 

Rev 00 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.  

UZ ANL-NBS-HS-000023 Abstraction of Flow Probability Post-processes 18 "base case" UZ site-scale flow TOUGH2 output UZ transpor 
U0125 Fields for RIP, Rev Distribution fields from TOUGH-2. In addition, four flow fields FEHM 
[DIRS: 153104] 00 ICN 01 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.



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

0 

Z 

0 

0 
o 

[I

PA Document Number, Model Dependeni pt Short ID, Document Title Abstraction Description of Model Abstraction Inputs to Model Peped Dept DIRS Number Type Processe 

UZ ANL-NBS-HS-000026 Particle Tracking Simplified A particle-tracking algorithm is developed that Mean fracture aperture UZ transpor 
U0065 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-model simulations for a Rock properties, drift & WAPDEG 

U0120 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 UO2-based spent 
fuel expected to be disposed in a repository.

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

C) 

C, 0 00

PA Document Number, Model Dependent 
Dept Short ID, Document Title Abstraction Description of Model Abstraction Inputs to Model Processe 

DIRS Number Type 
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 C03, Fl, 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 
F0065 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 laboratory 
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.

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

C> 

0 

00 

0 ,<

PA Document Number, Model Dependenl 
Dept Short ID, Document Title Abstraction Description of Model Abstraction Inputs to Model Deped 

DIRS Number Type Processe 

WF ANL-WIS-MD-000010 Summary of Probability Solubility limits for 14 elements were derived. Three Physical parameters of Waste form 
F0095 Dissolved Distribution radioisotope solubilities were abstracted as a 14 elements, Eh, pH, model 
[DIRS: 155455] Concentration function of in-package chemistry dependent on other ion concentrations 

Limits, temperature, pH, and C0 2 concentration. Three 
Rev 01 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.  

WF ANL-WIS-MD-000012 Waste Form Functions A model is developed for GoldSim to calculate Inputs are radionuclide Waste form 
F0115 Colloid-Associated colloid concentration as a function of ionic strength, concentration, pH, ionic model 
[DIRS: 153933] Concentrations as well as for determining the stability of smectite strength, colloid stability 

Limits: Abstraction and iron-(hydr)oxide colloids as a function of both parameters and functions 
and Summary, ionic strength and pH. The abstraction employs and mass of colloids.  
Rev 00, ICN 01 bounding relationships that are closely tied to the 

colloid generation and characterization experimental 
programs conducted at ANL and LANL.  

WF ANL-WIS-MD-000018 In-Package Source Functions An analysis is presented such that the time term in Length of time since the Waste form 
(no short ID) Term Abstraction, the rind calculation is no longer time since time zero wasteform became model 
[DIRS: 144167] Rev 00 (or absolute time); instead, the time term is the available for degradation; 

length of the time since the wasteform became volume of the rods, 
available for degradation. This represents a more porosity; water saturation 
appropriate method for calculating rind volume in of the wasteform 
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.  

WP ANL-EBS-MD-000003 General and Functions Addresses the development of models to account Temperature RH, WAPDEG 
W0035 Localized for the degradation of the outer barrier of the waste electrolytes, pH, 
[DIRS: 144229] Corrosion of WP package. A combination of functions in a decision oxidants, physical 

Outer Barrier, tree constants 
Rev 00

0 
0



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

PA Document Number, Model Dependeni 
Dept Short ID, Document Title Abstraction Description of Model Abstraction Inputs to Model 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 chloride 
[DIRS: 147648] Crevice Corrosion shield (Titanium grade 7). The analyses consider concentration, corrosion 

Drip ShieldNVaste 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 30to Identified 
[DIRS: 135968] Stainless Steel Potential-based localized corrosion initiation 1200 C, chloride ion 

Structural Material threshold functions for 316NG stainless steel (based concentrations between 
Degradation, on data collected for 316L stainless steel) were 67 and 154,000 mg/L, 
Rev 00 derived from the functional dependence of and pH values between 

experimentally obtained electrochemical potential 2.7 and 10.2 
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 chloride concentrations in the range of 10.4 to 
10 mol/L.



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

Document Number, Model Dependeni 
pt Short ID, Document Title Abstraction Description of Model Abstraction Inputs to Model Processes Dept 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: 151662] Abstraction, REV Probability YMP site as a function of time. Provides related to cladding 
00 ICN 01 Distribution) correlations, parameters, and data tables 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 properties of water 
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 wall/UZ interface.

C> 
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0 I



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

PA Document Number, Dependent 
Short ID, Document Title Abstraction Type Description of Abstraction Inputs to Abstraction penden Dept 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 from other AMRs and 

evaluate the need to consider possible YMP documents.  
changes to the in-drift gases, particularly C02, Masses and 
02, N 2 and steam (H 20) in future performance compositions of the 
assessments based on the conceptual various metals and 
framework for -in-drift gas flux and composition alloys included in the 
discussed in the report. The conceptual repository, gas influx 
analysis and mass balance calculations into the drifts 
presented suggest that in-drift gas flux and 
composition will not be strongly affected by 
interactions with in-drift and near-drift 
materials.

00
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Table A-3. Scientific Analysis Abstractions Used in the TSPA-SR for the Nominal Scenario. (Continued)
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PA Document Number, Dependent 
pt Short ID, Document Title Abstraction Type Description of Abstraction Inputs to Abstraction penden Dept DSNubrprocesses/ 

DIRS Number 

UZ ANL-NBS-HS-000020 Fault Parameter An abstraction in the sense that results provide Data and parameter UZ Flow an 
T0090 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 evaluate the potential for changes to the TOUGH2 presented in 
Zone. Rev 01 hydrogeologic system caused by fault this analysis are 

displacement to affect radionuclide transport in contained in the AMR 
the UZ at Yucca Mountain. Results suggest titled "UZ Flow Models 
that transport between the potential repository and Submodels" 
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.

k) 
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0o



Table A-4. Uncertain Parameters used for TSPA-FEIS.
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TSPA Number of Componn Parameter Type or Nubro Copo Name Parameters Descriptions or Use 

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 beth low 
thermal and high thermal operating modes (LTOM and HTOM).  

System Random Values 2 Random generator used for selecting the environment for placing waste packages and for placing SS 
(Rand-Env,, clad fuel packages.  

Rand-Env SS) 
System RandFuel Type 1 Random generator used for selecting the fuel type for human intrusion and juvenile failure scenarios 
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 fr m 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 ShiE Id 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 PE ckage 
(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 barr er; 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 barrie 
(VarShar xxxx) 

Waste Package Variance Input 4 WAPDEG variance input. MIC multiplier and RH Threshold for MIC conditions, for Alloy-22 inn ýr and 
(VarShar xxxx) outer barrier;

0 
t0



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

00 

CD 

Z 

,> 
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00 I

Unsaturated 
Zone

Fracture Aperture 
(fa-xxxx)

41 Fracture aperture for various geologic units and grid locations

TSPA Number of Parameter Type or Prmeer D o 
Component Name Parameters Descriptions or Use 

Model Used 
Waste Package Outer Lid (OL) and 14 Parameters for describing the outer and inner lids including: non-detection probability, uncertain deviation 

Inner Lid (ML) from median yield strength for inner lid, location of non-detection probability for the outer lid. Chi-square 
Parameters distribution for stress profile uncertainty magnitude of the stress profile uncertainty Variation from the 

(xxxxOL) or (xxxxML) mean, fraction of defects capable of propagation by SCC, fraction of outer surface-breaking flaws, f action 
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 co rosion 
Cladding Parameters failures, a cladding uncertainty term for CSNF dissolution rates, cladding unzipping velocity unce tainty, 

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 urface 
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 
(logKeffhigh, logKeff 

-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, I, 
Zone (xx-Devit, xx-Vitric, xx- Np, Pa, Pu, Sr, Tc, Th, U 

Zeol) 
Unsaturated Kc 2 Kc for various colloids including: Am and Pu 
Zone (Kc xx gw Colloid) 
Unsaturated Matrix Diffusion 2 Coefficients for anion and cation matrix diffusion 
Zone (MdAnions\r\n and 

MdCations\r\n)



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

0 
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00 

CD

TSPA Parameter Type or Number of 
Component P Name Parameters Descriptions or Use 

Model Used 
Seepage Seepage Flow Factors 8 Parameters to describe seepage flow including: episodic flow factor, flow focus factor, Sl epage 

uncertainty, seepage flow rate standard deviation, seepage mean flow rate, seepage faction, sid two 
random seeds used in various libraries.  

In-Drift Chemistry Cs2 1 Parameter used to reflect uncertainty of high/low uncertainty in Ci2 

CI2 Stochastic 

Waste Form In- pH 2 Parameter used to sample between low and high corrosion rate pH values, and to reflect uncert inty of 
Package (pHRandom, 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) fo three 
Package (pH_(Waste)_lPC_#) time periods 
Chemistry 
Waste Form In- Ionic Strength 5 Parameter to reflect in-package ionic strength for a given waste type (Waste being either CSNF or CDSP) 
Package (Ionic Str (Waste)_lPC for three time periods 
Chemistry #) 
EBS Transport Kd of Corrosion 7 Kd for corrosion products for Am, I, Np, Pu, Tc, Th, and U.  

Products 
(KdRn 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 co rosion 

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 rec ions 1 
source through 4 

(SCRx#) 
Saturated Zone Alluvium 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 hydrogeoloc ic 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, a d the 
longitudinal dispersivity and effective diffusion coefficient in the fractured volcanic hydrogeologic units, 
and alluvium density 

Saturated Zone Sorption Coefficients 8 Sorption coefficients for radionuclide tracking 
I_ _ K(KDRN#) I I

tC 
0 0



Table A-4. Uncertain Parameters used for TSPA-FEIS. (Continued)
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00 

00 I

TSPA Number of Parameter Type or Parameters Descriptions or Use Component Name Ue 

Model Used 
Saturated Zone Sorption Coefficients 7 Sorption coefficients for various radionuclides (Rn) including Tc, U, I, and Np in various geologi units 

(KDRnUnit) (Unit) including alluvium units and fractured volcanic units; and for the strongly sorbing radionucli, es 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-fac litated 
Parameters radionuclide transport, and the Kc for Plutonium. Also colloid retardation factors in the alluvium un ts and 

(KC-Rn-GW-Colloid) fractured volcanic units for the irreversible sorption model of colloid-facilitated transport 
Waste Form Kd 7 Kd for various colloids including: Am reversible, Am Fe-OH, Pu-FE-OH, Am groundwat r, 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, I h, and 
Solubility (Solubilitiy_RnSecond U 

ary Phase) 
EBS Solubility Invert Solubilities 3 Invert solubilities for various radionuclides for secondary phase including: Am, Np, U 

(Solubilitiy_Rn_l nvert_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 

(LogFc) 
Biosphere Groundwater BDCFs 21 BDCFs for groundwater exposure pathway for a variety of radionuclides (Rn) including:Acz' '\m"4 

(BDCFRn) Am 234 C14 cS137 129 P.210 pU238 pU239 pU240 pU242 . 226, 90 Tc99 T-229 Th230. U-232 u23' u234 (BC•n m ,CL, C Ls ,lI ,PbD ,Pu ,Pvu ,Pvu ,P•u ,RHa S :r ,Tlc 9 ,Thn ,Th , U , 
U236, U238 (100% correlation) 

Biosphere Direct Release BDCFs 17 BDCFs for groundwater exposure pathway for a variety of radionuclides (Rn) including: Ac"', 4,mz 
(BDCFAshRn) Am 2 3 4 , 13T Pa

2 3
1' Pb2 1 0 Pu 2 3

8, Pu 2 3 9 , P? 40 , Pu 2 4 2, Ra2 2 6 Sr, Th 2 2 9 Th 2 3 0
, U 2 3 2 , U 2 3 3 , and 234 100% 

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 i direct 

intrusive event,0D



Table A-4. Uncertain Parameters used for TSPA-FEIS. (Continued)
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TSPA Number of 
Parameter Type or Parameters Descriptions or Use Component Name Ue 

Model Used 
Igneous Number of Waste 7 Parameters to describe the interaction of the igneous intrusion and the repository. Used to describe 

Package Parameters factors such as: the number of drifts intersected per vent, the number of vents hitting waste packag .s, the 
number of waste packages hit per vent, number of Zone I + Zone 2 packages, the number of Zone 1 
packages, 

Igneous Eruptive Event 8 Parameters used to describe the eruptive event and subsequent ash dispersion. These include: power 

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 removal 
factor.
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