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FINAL AGENDA
48TH DOE/EEG/EMNRD/NMED QUARTERLY REVIEW MEETING

October 20, 1994

TIME IQPIC PRESENTER

9:00 Resolution of Action Items Neill/Dials
9:30 SPM-1 Overview Mike McFadden, CAO
10:00 Caveats Paul Dawvis; SNL

Dok Lincotm
10:30 Break
10:45 Decision Analysis Method ﬁancy Prindle, SNL
11:45 Lunch
1:00 SPM-1 Baseline/Activity Sets Fred Mendenhall, SNL
2:00 Results and Conclusions Richard Lincoln, SNL
3:00 Discussion/Action Items All participants

941018

Providing an independent technical analyels of the Waste Isolatic
a faderal transuranic nuclear wasta repositor
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DATE

04/13/94

04/13/94

04/13/94

07/21/94

07/21/94

07/21/94

07/21/94

07/21/94

SUBJECT

46th Quarterly
Action 1

46th Quarterly
Action 2

46th Quarterly
Action 3

47th Quarterly
Action 1

47th Quarterly
Action 2

47th Quarterly
Action 3

47th Quarterly
Action 4

47th Quarterly

R egd {Vj 70

(-~

QUARTERLY MEETING ACTION STATUS

ITEM

Furnish truck vs rail study to EEG

Provide EEG the draft design for RH TRU Transportation
Cask

Provide response to Multiple Confinement in the
Underground to EEG

Address actions from previous meeting (April 13, 1994) and
actions in G. Dials presentation.

15) EEG recommends CAO establish a Carlsbad document
collection center for generator site WAC compliance
documents

Provide EEG any comments or responses submitted to BLM
on 59 applications for drilling

Obtain and Forward to EEG a copy of BLM's 1992
comments on EEG-50, Implications of Qil and Gas Leases

Provide EEG copies of all waste characterization analysis and
data available to date on waste drums destined for WIPP.

Provide EEG and other interested parties hands on training

STATUS

Complete

Complete

Complete, entered into interactive meetings on confinement.

Complete

Center is being considered with plans for larger CAO office

building.

Complete. BLM provided requested data to M. Silva, EEG.

In progress.

Same as 8/24/94 and 9/20/94 letters from EEG. The
requested data was provided to Dr. R. Weiner, EEG, on
9/26/94.

Training provided in three seperate sessions, most recently in

Page 1



DATE

07/21/94

07/21/94

07/21/94

1Ni%1 iNA

SUBJECT

Action 5

47th Quarterly
Action 6

47th Quarterly
Action 7

47th Quarterly
Action 8

QUARTERLY MEETING ACTION STATUS

ITEM

on computer programs (codes) used in the WIPP
Performance Assessment Report

Provide EEG access to the help files on the
SECO2D/SEC#_ TP and BRAGFLO computer codes.

\

Provide briefing to EEG on the SPM Baseline currently
under development.

DOE/CAO provide indepth briefing on performance based
waste acceptance criteria at a near future quarterly review
meeting.

STATUS

August, 1994 meeting. Attendies included representatives
from EEG and EPA.

Training and information provided in sessions discussed in

item 5.

On-going activity. Information is continuously provided in
stakeholder meetings. Additional information to be provided
in 48th quarterly review meeting.

Date of meeting open for discusion.

Page 2



DATE

04/13/94

06/01/94

06/06/94

07/01/94

07/01/94

07/22/94

08/03/94

08/24/94

10/21/94

SUBJECT

Engineered
Alternatives

Oil and Gas
EEG 55

QA Level C
Codes

Network Support
for Site NMED

Raptor Reports

Intrusion Rates

Anomolous
Water Levels

Land
Management
Plan

EEG/NMED OPEN ACTION STATUS

ITEM

Arrange workshop with SNL/DOE/WID/EEG on engineering
alternatives and engineered barriers. Committed at 46th
Quarterly Review Meeting.

EEG-55, Implications of the Presence of Petroleum
Resources on the Integrity of the WIPP

[

EEG requests immediate access to codes identified at QA
Level C.

Connect Site NMED to Network

Provide 92 and 93 DOE/BLM Annual Raptor Reports to the
Site NMED

Impact of different human intrusion rates on long term
compliance calculations.

Anomolous water levels in the Rustler formation in the
vicinity of the WIPP.

Respond to EEG comments on the draft Land Management
Implementation Plan, Revision 1.

STATUS

On hold.

Being evaluated, response expected April, 1995

In progress.

All hard wiring is complete. Training and software
installation to be completed by 12/30/94.

Report being re-written. It will be transmitted upon
completion - 4/95

In progress.

In progress.

CAO will resolve comments with the EEG and incorporate
appropraite modifications in the next revision of the plan.

Page 1



DATE

09/01/94

09/01/94

09/08/94

09/19/94

10/05/94

10/07/94

10/10/94

10/11/94

107/91/0A4

SUBJECT

RH Disposal
EEG 56

Performance
Assessment EEG
57

Performance
Assessment
Models

Performance
Assessment Code

-GET Training

Stakeholder
Meeting

Actinide Source
Term

FSAR

EEG/NMED OPEN ACTION STATUS

ITEM

EEG-56, Unresolved Issues for the Disposal of Remote
Handled Transuranic Waste in the WIPP

EEG-57, An appraisal of the 1992 Preliminary Performance
Assessment fgpﬁe WIPP,

Provide Technical Details on exiensions to the 1992
Performance Assessment Models.

Request for supplementary Session on code CCDF-Perm in

October and Request a definition list for internal variables in

SECO codes.

EEG Suggests including material on 40 CFR 191
(performance assessment) and RCRA compliance
requirements in General Employee Training

EEG's comments to statements made during the September
28-29, 1994 stakeholders meeting concerning the analysis of
the undisturbed performance of the WIPP.

Review of the Environmental Assessment for the actinide
source term waste test program.

EEG FSAR Issues

STATUS

Recently received, in review by the CAO.

Recently received, in review by the CAO.

In progress.

In progress.

This is a follow-up to previous letter (June 22, 1994) on this

subject. Is being evaluated for inclusion.

Recently received, in review by CAO.

Recently received, in review by CAO.

Recently received, in review by CAO-WPSO. Draft detailed

Page 2



EEG/NMED OPEN ACTION STATUS
DATE SUBJECT ITEM STATUS
Issues/Meetings implementation plan for disposal phase FSAR has been

reviewed by CAO and will be provided to EEG when CAQ
comments are addressed. November, 1994.

10/11/94 Performance EEG follow—up'ﬁatter to CAO's June 10, 1994 letter In progress.
Assessment providing access to some performance assessment computer
Codes codes. Not all requested codes have been released to EEG.

Page 3



ENVIRONMENTAL EVALUATION GROUP

AN EQUAL OPPORTUNITY / AFRRMATIVE ACTION EMPLOYER T

7007 WYOMING BOULEVARD, N.E.
SUITE F-2
ALBUQUERQUE, NEW MEXICO 87109
(505) 828-1003
FAX (505) 828-1062

48th Quarterly Meeting

USDOE/NMED/NME&MD/EEG

October 20, 1994

Providing an independent technical analysis of the Waste Isolation Pilot Plant (WIPP),
a federal transuranic nuclear waste repository.



Outstanding Issues at WIPP
e Waste Characterization
Radioactivity and VOC content in existing waste
What about pre-1970 waste?
How much and what is in RH-TRU?

Other wastes

e Site Characterization
Nature of Brine Migration to the repository .,/ dove ! foore e
Nature of flow in the Rustler

Retardation Mechanisms in the Rustler

. .{enh\‘/fw
{o
e Engineered Treatments and Additional Barriers

Treatment to reduce gas generation and mobile toxicity
Performance of borehole seals, plugs and panel seals
e FSAR

No Resolution of EEG-initiated Issues

Need Technical Review of Disposal-Phase FSAR

EEG October 19, 1994 WWLL



e Performance Assessment: What will be done for the certifica-
tion application?

< What combination of scenarios will be considered?

< What will be the period of intrusion? 1900 or 10,000 years?
< How will probabilities of human intrusion be determined?

¢ What waste inventory will be used?

< How will emplacement strategy be considered?

¢ How will release rates of radionuclides be calculated?

< Will you calculate fully coupled brine flow, gas generation and
creep closure?

¢ Will gas fracturing of anhydrite interbeds be included as a
new radionuclide migration pathway?

< What assumptions about institutional control, from closure to
10,000 years?

¢ What assumptions will be made about the intruders drilling
practice and well-plugging efficiency?

< Will spalling be considered in direct surface discharge in the
certification application?

<& What radionuclide retardation mechanisms will be considered
in Culebra transport, and what data is used to justify them?

< How will you calculate committed effective dose for compliance
with the Individual Protection Requirement of 40 CFR 191?

EEG October 19, 1994 WWLL



48th Quarterly Meeting

ENVIRONMENTAL EVALUATION GROUP
NEW MEXICO ENVIRONMENT DEPARTMENT
NEW MEXICO ENERGY, MINERALS, AND
NATURAL RESOURCES DEPARTMENT

GEORGE DIALS, MANAGER
CARLSBAD AREA OFFICE



VISIT BY ENERGY SECRETARY HAZEL O’LEARY

CAO provided program review

Report on Stakeholder Forum (September 26-27)

Stakeholders provided perspectives

- Don Hancock (Southwest Research and Information
Center), interest groups’ representative

- John Heaton, city of Carisbad representative
- Gary King, New Mexico Governor’'s representative

Secretary O'Leary reconfirmed commitment to June
1998 opening date

K"
1094..:66809a



WIPP STAKEHOLDER FORUM

® Held September 26-27 in Albuquerque

e |nvited 170 individuals

- 70 persons attended

Environmental Protection

Agency

Local governments

Oversight groups

Media

Congressional

e Stakeholders presented issues

‘representatives

DOE listened

State governments
Tribal governments
Environmental groups
Citizen groups

Regional government
groups

1094L:6800b



ISSUES IDENTIFIED

Lack of national nuclear waste policy

Disposal decision schedule too aggressive
- May impact science

Need to continue training emergency responders

Lack of program integration
~ National Transuranic Program
- Other DOE waste shipments

Working wrong issues
- Look at pre-1970 and liquid wastes

Waste inventories, characterization, quantities
uncertain

:"':b
1094L:66008¢



ISSUES IDENTIFIED

(cont.)

e Recognition of Native Americans as sovereign nations

e Regulatory compliance and risk assessment lacking

Human intrusion
Uncertainty of long-range predictions

Engineered alternatives and waste form
modifications

Site suitability and characterization

e Involvement process lacking

Timely notice of meetings and document review
opportunities

Evening meetings
Interactive TV
Videoconferencing
Toll-free number

:-:% £
1085L.:6608d CRIRIAY



UPDATE: SOURCE TERM PROGRAM

® CAO sent EA out for 14-day review

- Tribal governments
- New Mexicc Environment Department

- Environmental Evaluation Group

e Only EEG commented
- Los Alamos reviewing EEG’s comments

e Facilities, procedures, personnel in place to start

® Next steps:
- Comment resolution
- Issuance of Finding of No Significant Impact 4 _._;
- Start-up: November 1994




UPDATE: GAS GENERATION PROGRAM

Idaho notified CAO start-up date has slipped from
May to October 1995

Long-lead item, lack of management priority causing
problems

CAO has asked Argonne West to survey availability
of needed resource at Lockheed

CAO going to Idaho early November to develop "get
well” schedule

1094L:66081



UPDATE: FINAL SAFETY ANALYSIS REPORT

CAOQ is preparing Implementation Plan for Disposal
Operations Update to the FSAR

Objectives of Disposal Operations FSAR

Proposed modifications to safety analysis
documentation to support disposal operations

Major milestones
Schedule

Working draft of Implementation Plan in final stages

Scheduled for completion in November 1994

Following EEG review of the Implementation
Plan, CAO invites meeting with EEG to discuss {
concerns or recommendations

1084L:8608g



UPDATE: PA CODES

e Archived 92 PA codes
- Commitment: release copy of archived codes

~ Status: available on CD ROM (for IBM compatible
PCs); delay largely due to emplacing licensing
agreement

- Plan: conversion software within a week for EEG
Macintosh

e Current PA codes

- Commitment: all codes accessible on "TINA™;
all to QA Level A by 1/1/95

~ Status: all major codes accessible on "TINA™

- Plan: all codes to QA Level A by 9/30/95;
delay due to demands of System Prioritization

1094L:8800n GBS



UPDATE: COMPLIANCE

® Revised Part B Application chapters submitted to NMED
- B -- Facility Description
~ E -- Groundwater Monitoring
-~ F -- Procedures to Prevent Hazards
- G -- Contingency Plan

-~ H -- Personnel Training
- J == Corrective Actions for SWMUs

- K —== Other Federal Laws

10941:66081 ALY



UPDATE: COMPLIANCE

(cont.)

® Remaining sections to be submitted
- A —- Part A Permit Application, 3/2/95
-~ C —- Waste Analysis Plan, 3/2/95
~ D —-- Facility and Process Description, 1/6/95
-~ | == Closure and Post-closure Plans, 1/6/95
- L -- No-Migration Determination, 3/2/95
- M —-- Certification, 3/2/95

10941 :6609)



UPDATE: DISPOSAL DECISION MILESTONES

® Preliminary baseline assumptions for PB-WAC
~ To be completed in October 1994
~ Supports Fleet Optimization Study

e Biennial Environmental Compliance Report

- To be submitted to EPA, NMED 10/27/94
~ Meets l.and Withdrawal requirement

R

i 2
&5 %
1094L:6609k%i:. zvii g



The Waste'Isalation Pilot Plant (WIPP)
Systemsg.,..Pr“’Tcrltlzatlon Method -
Iteragid“’n One (SPM-1):

A Prototype Declsmn Analysis

7 i
., »

¥
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EXECUTIVE SUMMARY

) The System Prioritization Method (SPM) is a decision analysis tool developed to provide
- an analytical basis for programmatic decisions regarding activities undertaken in support of a
comphance application for the Waste Isolation Pilot Plant (WIPP) to meet selected portions of
apphcable Environmental Protection Agency (EPA) long-term performance regulations. SPM
will calculate the. Pprobabilities of certain sets of activities demonstrating compliance with portions
of 40 CFR 191 ‘Subpart B and 40 CFR 268.6. SPM will provide this information in the form
of a demsion matrix to identify low risk and/or cost-effective paths for demonstrating this
compliance.

SPM has éf@ven’ﬂiej; steps They are: the specification of the SPM compliance indicator
meeting selected performance reqmrements in 40 CFR 191 and 40 CFR 286.6 (step 1); the
development of a baseline® ccmstftmg of medels and data necessary to evaluate the CI (step 2);
the evaluation of the baseline CI for %P disposal system using models and data developed
in step 2 (step 3); the identifica "%f activities available to the WIPP project that, if
implemented, have the potential to i fpact the system’s CI (step 4); the elicitation of information
from the project about what might evolve if %weaﬁc activities are implemented (potential
outcomes) (step 5); the evaluation of the perfennan%e of the disposal system using the potential
outcomes of the activities and combinations of actwitxes (activity sets) (step 6); the performance
of a decision analysis and the creation of a dﬁecmonl Mnx that includes the probability of
demonstrating compliance, cost, and duration for the, acﬁwty ’sets (step 7); the selection by DOE
of activities to implement (step 8); the unplemengatlon of selected activities (step 9); the
reiteration of steps 2 through 8 as necessary (step 10); ggd“ When the baseline calculations
indicate compliance, the execution of PA calculatlonS§W1th ﬂﬁ Quality Assurance (QA)

requirements necessary to prepare a compliance apphcatloﬁ‘(step 11). 1N

The SPM uses existing WIPP Performance Assessment (P.&) metho&aand computational
tools, or modifications of these tools, to estimate disposal system pexfogzna% *Unlike previous
WIPP PAs, which used models based on best estimates of the naturaf?-p,[&esses r properties,
SPM assumptions and parameters are based on existing information that i Believed to be

defensible in a regulatory environment.

i P,
—,\

A prototype of the WIPP SPM was successfully completed on a tight scheduie the
constraints imposed on the SPM-1, and the fact that it was a prototype, required mod1fy1ng an@
condensing the SPM steps in several ways: 1) Models and data were based on the 1992, PA;

stakeholder concerns received in writing prior to May 1994 that could be easily implemented ss

simple code modifications, and some new PA models developed in 1993. 2) System



performance was estimated using the baseline prescribed by the SPM team. The baseline for
‘subsequent iterations of SPM will be documented in the WIPP Project Technical Baseline (PTB)
report. 3) Potential outcomes of activity sets and their probabilities were prescribed by the SPM
~ team (as opposed to fonnal ehc1tat10ns on a project-wide reference basis).

%
"q

leqmplement SPM-1, it was necessary to make several assumptions and decisions, and
to use several processes that limit the prototype’s applicability. As a result, the reader of this
report is cauucmed that the results of the SPM-1 are unsuitable for making programmatic
decisions. “The prmcxpal caveats are listed below.

Caveat 1. The SPM gﬁselme is an estimate of the future Project Technical Baseline (PTB)
used for the purposs of prototypmg the SPM and reflects only the beliefs of members of
the SPM team at Sandia Natmnal Laboratories (SNL). It does not include sufficient SNL,
Westinghouse Waste Is¢fatlon Dmsxon (WID), DOE-CAO, regulator, or stakeholder
involvement to repmentm fu&‘i'ange of concerns and therefore is not useful for drawing
programmatic conclusions.
Caveat 2. Only conceptual meﬂel“@ thﬁt could readily be incorporated into the modeling
structures used in the 1992 PA aﬂalysm were considered for the SPM-1 baseline and the
activity set outcomes.

interpretation of these outcomes and their use lnll SPM 'l are the sole responsibility of the
SNL SPM team.
Caveat 4. The tie between activity sets and cost and schedadé“for SPM-1 is an estimate for
the purposes of prototyping the SPM. :g éﬂ‘

Caveat 5. While in general the SNL SPM team b%heves thag\the decision matrix
information correctly reflects the results of the computer mode _f s¢, there may be isolated
errors in results because of insufficient time to check the outpw and behavmr of each run
of each code in detail, due to the large amount of information hagdle% ‘ 5
Caveat 6. SPM-1 analysis is limited to evaluating the ability of the*aP dlspg)sal system
to meet selected post-closure regulatory requirements. Any other requlreme'nts from the
regulator are not covered in this analysis. 4

Based on prior PA results, SPM-1 does not address 40 CFR 191.15 (mdmduat proteetlon

protection).

Gt o
i

The SPM-1 team implemented steps 1-7 of the SPM. The results of the evaluation of
the CI for the SPM-1 baseline indicated that radionuclide containment and hazardous consituent
concentration requirements were not both met. The results of modeling the potential outcomes



“of identified activities were compiled into a three dimensional plot representing a "decision
, mayix" showing the probability of demonstrating compliance of the activity set that leads to the
* highest probability of demonstrating compliance, against each associated cost and schedule

“ categoryb:.t

SPM 1 has successfully shown that the SPM is computationally feasible and that the type
of 1nformat10n" desu‘ed can be generated given sufficient resources. The results of the SPM

the antlcxpated requu'ements of the second iteration of SPM (SPM-2). The SPM-1 effort has
demonstrated: 1) The a,hlhty to reconfigure the original 1992 PA codes in a timely fashion to
i imat ""‘altmd conceptual models for both a baseline calculation and a suite of
activity sets. 2) The development of databases and the execution of decision analysis software
to handle large files of infg """I“'atton 3) The ability to handle a large number of input vectors
to the PA systems models,%compu&nons and PA output files. 4) The ability to reduce a very
it sion matrix.

large amount of informatiof*ifito a d

A number of lessons wer during SPM-1. One was that the SPM-1 decision
matrix for compliance probability as a function of program duration and total costs resulted in
no schedule discrimination because the SNL ﬁue—year plan had been modified to make all

currently planned activities consistent wnth, WIEP Disposal Decision Plan (DDP). SPM-2
will analyze multiple potential outcomes comspom i g to different total costs and durations for

selected activities to allow duration to unpact cempham\&probabﬂlty Another lesson leamed

change the baseline information. This means that theregulatory compliance worth of activity

sets with potential outcomes that are the same as the baselige wil be calculated to be zero.
po i

The SPM-1 prototype has demonstrated the abﬂ1ty‘~te supply}g decision maker with
important information to aid in directing a program as complex as WIPP The tool, however,
is only as useful as the quality of the input data including co)t and sehedule information.
Although the SNL SPM team has just started to fully analyze the. Jesu’its from the SPM-l

yyyyy

tool for 1denufymg
1) activity sets necessary for a given probablhty of demonstratmg comphance
(Caveat 6), __., ;
2) activity sets that give the maximum probability of demonstratmg‘ compﬁance
(Caveat 6), i

4

3) activities that have minimal impact on probability of demonstrating compliﬂil ¢

(Caveat 6), and 5
4) the potential worth, with respect to demonstrating compliance (Caveat 6), of new
activities.

S
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1. INTRODUCTION

The System Prioritization Method (SPM) is a decision analysis tool developed at Sandia
Nauona] Laboratories (SNL) to prov1de an analytical basis for programmatic decisions regarding
activities undertaken in support of a compliance application for the Waste Isolation Pilot Plant
(WIPP)*to meet selected portions of the applicable Environmental Protection Agency (EPA)
long-term performance regulations. SPM is designed to calculate the probabilities of certain sets
of activitieg: demonstratmg compliance with portions of 40 CFR 191 Subpart B and 40 CFR
286.6. SPM provides this information in the form of a decision matrix for identifying low risk
and/or cost-effective nt ,Qfor demonstrating this compliance.

" ;,,~:

the second iteration of SPM (SPM—2_§.

Section 2 of this report provides an ove "'ﬁeﬁk of the SPM and describes the key steps of
the WIPP SPM, the modifications that wers. made for SPM-1, and the differences in modeling
between SPM-1 and the 1992 PA. Section 3 discusses the caveats associated with the SPM-1.
The modeling codes used in SPM-1 and the SPM-1 Cgmph%ce Indicator (CI) are described in
Sections 4 and 5, respectively. Section 6 reviews the- SPM decision analysns methods, mcludmg

compliance using the CI, and the construction and analysxs@f the dicxsmn matrix. The results
and conclusions of SPM-1 are presented in Section 7 thh%n overv1ew\of the SPM-1 lessons
learned.

2. SPM OVERVIEW

The SPM is a decision analysis tool developed to prov1de ~-a.mg;analytlcal basis for
programmatic decisions regarding activities undertaken in support of a comphanee apphcatlon
for the WIPP to meet applicable EPA long-term performance regulations. SPM will calculate
the probabilities of certain sets of activities leading to a demonstration of comphance ‘with
portions of 40 CFR 191 and 40 CFR 268.6 (see Section 3, Caveat 6, and Section Si The SPM
calculations will provide information for identifying low risk and/or cost-effective paths fore
demonstrating this compliance. o



As currently defined, the activities considered are those managed by the Department of
" Energy (DOE) that have the potential to affect selected quantitative aspects of regulatory
“ compliance such as experimental and other information-gathering programs, engineered
altematlves to current repository design or waste form, and possible modifications to the waste
acceptano& criteria. Non-quantitative aspects of regulatory compliance will require consideration
of other activity sets. SPM-1 includes activities from experimental programs at SNL and
selected potennal ‘performance-based waste acceptance criteria (PB-WAC).

The SPM uses existing WIPP Performance Assessment (PA) methods and computational
tools, or modlﬁcat;ous of " these tools, to estimate the WIPP disposal system performance, but
ituses a ﬁmdamentally élfferent approach to iterative analyses than those used in past PAs. In
previous WIPP PAs, Pringipiat-Investigators (PIs) were asked what they believed about the
current state of knowledge and (ﬁta in their area of expertise. PIs typically provided the PA
analysts with models or data- dxsmbuucms that were their informal best estimates of the natural
processes or properties. There was M‘ex;)hcn constraint that assumptlons and parameters used
in the PA be based on exis jrmation believed to be defensible in a regulatory
environment. Each iteration of thesie PAs used increasingly refined models and data as they
became avaﬂable but the responSIblhty of estab .. g the suitability of the models and data with
In contrast to these
previous PA analyses, the PA calculations of‘ the bﬁelme in future SPM iterations will use only
information that can withstand significant scrutmy As sa%{l the SPM PA is more conservative
than the 1992 PA.

The SPM requirement to use only defen51b1e mfomwnon as a starting point is derived
from the following premise: information that is used in a CanW application must ultimately
be acceptable to the regulator for the application to be successful. ,premise drives the key
steps of the SPM process illustrated in Figure 1 and described beW

2.1 Key Steps of the WIPP SPM ¢ 5

1. Specify the SPM(CI).

The CI provides a binary measure of whether the WIPP disposal system is pmdicted to
succeed or fail in meeting the specific post-closure performance requu‘ementg in 40, CFR
191.13(a) and 40 CFR 286.6. Compliance with the requirements in Section 5 is mdxcated when

CI equals the value 1 (see Caveat 6). If the CI equals 0, compliance is not indicated. The ﬁtsﬁ

step in SPM is to specify how the CI will be evaluated.
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Figure 1. Overview of the SPM. Steps 1-7 were implemented in SPM-1; steps 1 10 wﬂl 3
be implemented in all subsequent iterations.




2. Identify the models and data that are necessary for evaluating the baseline CI, and that
are defensible based on existing information.
' Models and data identified in this step are used to analyze the SPM baseline. For
SPM-;-the baseline was developed by the SNL SPM team. The baseline for subsequent
iterations of SPM will be documented in the WIPP Project Technical Baseline (PTB) report.

3. Evaluate the €I for the WIPP disposal system using models and data from the baseline.

If the.~ baselihe CI shows compliance with quantitative standards (CI = 1), prepare a
comphance apphcatxon This involves implementing a full PA with appropriate Quality
Assurance (QA) (step ll,,"" %If the CI does not indicate potential compliance (CI = 0), proceed

to lmpact the system’s Ct
The activities may i
facility, such as changes to the wagse

These “potential outcomes" should be.:as §c and unbiased as possxble but ail parties
must recognize that they are essentially informied.estimates that are provided before the activity
has been implemented.

The process for eliciting information from the Pls and other prOJect participants includes

answering four basic questions: :
1) What is the purpose of the activity with respeckto demonstratmg compliance with
quantitative standards (CI = 1)? .
2) What do you expect to be the potential outcomes (os@tcome categones) of your
activity with respect to PA models and/or parameters that are m&pr@t for assessing
compliance with quantitative standards (CI=1)?
3) In your best judgment, what do you think are the probabllmes of thCSe possible

outcomes?
4) What are the appropriate PA parameters and/or models for each of these

outcomes? {

6. Model potential outcomes of activities using PA codes.




PA results are calculated assuming that the specific activities are implemented and the
‘,}g;-'results of the activities match their potential outcomes. For SPM-1, this means calculating
’:’?"Complementary Cumulative Distribution Functions (CCDFs) for radionuclide releases and
conoentraﬁons of Volatile Organic Compounds (VOCs) in soil. Other iterations of SPM could
address addltlonal quantitative regulatory standards.

7. Create a decns:pn matrix that includes the probability of demonstrating compliance (see
Caveat Q,Qeost, and duration for all activity sets.

for combinations of*ﬁctl%ty outcomes and the probabilities of those potential outcomes. These
are compiled into probablhtlesgafﬁdemonstratmg compliance for activity sets with the associated
cost and schedule. 'l'hest?<$ analyaes of thousands of combinations of activity outcomes are
condensed into a decision matrm dfsplaymg those activity sets leading to the highest probability
of compliance within given cost an sgﬁedule categories.

8. DOE-CAO decides which a§iviti$ to jmplement.
The decision matrix will provﬁde informatjon for selecting activities to implement.

9. Implement the selected activities. 5,
Update the PTB after the activities havé ompleted. Note that the results of the
selected activities may or may not match their potggtéa{; ou\tgomes.

CI equals 1.
11. When the baseline calculations indicate that the CI equals ohe, erun a full suite of PA
calculations for a compliance application with the corresponding: JA requirements.

The calculations performed in step 11 will follow a differetf pmcessﬂ;an those in other
SPM steps, and will adhere to all applicable regulatory QA reqmrememsf“‘i Sdinc work getting
the PA codes and models used in SPM up to QA Level A is expecte&,,ﬁpecxall where new

conceptual and numeric models have been added to the SPM baseline. ‘s“‘ '

10. Repeat step 2, and iterate as necessary until the base §

There are two important concepts integrated into the SPM: first, the QA lg 'el rcqxgred
for SPM is different than the level required for a comphance apphcatxon and second,t POE i is,




Note that calculations using the PA computational system are performed three times in
,:,Flgu!e 1. PA calculations occur first in step 3, which consists of an analysis using the current
baseline. PA calculations occur a second time in step 5, where multiple analyses are performed
usmgathe actlvrty sets’ potential outcomes. The PA calculations occur a third time in step 11,
for the comphance application. The calculations in steps 3 and 5 are for DOE’s internal use for
making" programmahc budget decisions, and cannot be used in a compliance application. Neither
the calculations for- makmg programmatic budget decisions nor the data used in these calculations
are at the Qgs"“IEVel necessary for a compliance demonstration. The data used in step 3 is based
on the current state of knowledge as contained in the PTB. It will be of whatever QA level the
PTB has available. "";’?hta used in step 5 is, by definition, hypothetical. Only the data and
calculations used in: step #, Wthh take place outside of the SPM loop (steps 2 through 10) (see
Figure 1), will be at the Q xg:l appropriate for a compliance demonstration.

Also note that the decmgﬁ about which activities to perform, in step 7, is a decision
made by DOE. There is always i ¢ risk that the activities will not actually yield the
anticipated outcomes. If the agtu gﬁtcomes do not support an acceptable compliance
application, DOE may need to implér{@”nt additional activities and iterate the SPM as necessary.

2.2 lmplememawtdn in SPM-1

The SPM overview above describes the ?d%ala proccss The time constraints imposed on
SPM-1, and the fact that it is a prototype process, req hlodlfymg and condensing the SPM
steps in the following ways:

1) For the most part, models and data were based-on_the 1992 PA. Only those
stakeholder concerns received in writing prior to May 1994 a ;'d that could be easily implemented
as simple code modifications were addressed. Some new iA models developed in 1993 were
implemented.

(as opposed to the PTB), as described in Appendix A.
3) Potential outcomes of activity sets and the probabilities ot: these outcomes were
prescribed by the SPM team (as opposed to formal elicitations on a project-wxdﬁ basis), as
described in Appendix B. A
4) The performance of the system was estimated using a "Selective Bmte Fo;ce
approach described in Section 6.1.
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2.3 SPM-1 and 1992 PA Modeling Differences
Table 1 summarizes the differences between the models for the 1992 PA, SPM-I

baselme and SPM-1 activity sets. Table 2 summarizes the regulatory requirements addressed
in the 1992 PA, SPM-1 baseline, and SPM-1 activity sets.

3. CAVEATS

SPM 1 is the prototype of a complex set of conceptual and numeric models and
computer calculations peffarmed on a tight schedule. As such, it was necessary to make several
assumptions and deefélohs and use several processes, that limited the scope of SPM-1, in order
to complete the analysis w1mme desired time frame. As a result, the reader is cautioned that
the results of SPM-1 are { t su1t§ble for making programmanc decisions. To understand the
SPM-1 results and their.ran 6 of apphcablhty, it is important to understand the caveats
associated with this prototype The, h;gh -level caveats are listed below. A complete list of
SPM-1 caveats appears in Appengb( ;

Caveat 1. The SPM-1 baselme is aq estimate of the future PTB used for the
purposes of prototyping the SPM and reflects*onlk the beliefs of members of the SPM team
at SNL. It does not include sufficient SNE Westinghouse Waste Isolation Division (WID),
DOE-CAO, regulator, or stakeholder involvement to
therefore is not useful for drawing programmatl

To measure the potential value of the data from the WIPP Experimental Program, the
SPM must use a "technical baseline” as a starting point. The teehmcal baseline is a compendium
of scenarios, conceptual models, numerical models, expeﬁmentaladata parameter ranges and
distributions, and computer codes that the WIPP project is vnllmg to de.fend to the regulator as
appropriate for demonstrating the performance of the repository. 'Iheuwé&hmcal baseline includes
both the repository design and a baseline inventory. Defining thE SPM-2  technical baseline is
an ongoing process that entails the consideration of input from the stakeho ider. %neetmgs and the
production of the PTB document.

,’resent a full range of concerns and

Caveat 2. Only conceptual models that could readily be mcovporated mto the
modeling structures used in the 1992 PA analysis were considered for the SPMH baselme
and the activity set outcomes. g\. i

This results from a need to rapidly explore the feasibility of SPM technology




Table 1.

Model Differences Between the 1992 PA, SPM-1 Baseline, and SPM-1 Activity Sets

Processes and
Parameters

Model and Parameter Values

Salado - Anhydrite
Relative
Permability Curve

Salado - Anhydrite
Gas Flow Model

Shaft Seals
Permeability

Panel Seals
Permeability

Initial Room
Moisture

Waste Inventory

Plastic and Rubber
Degradation

Actinide Solute .
Concentrations

1992 PA SPM-1 Baseline sﬁmfg_ Activity Sets
Brooks Corey used 66% of the Brooks Corey used 50% of the ) % Either Brooks Corey or Parker
time/Parker Van Genuchten time/Parker Van Genuchten Van Genuchten depending on
" Salado activity outcome (see

used 33% of the time used 50% of the time .

Two-phase flow with constant Instant gas transport to b@{lp
permeability and porosity when reposntory‘ ressure %“""
reaches -12:5:) Ps

Sample range: 102 to 10 m? ) years, sam le range: 1072
p 8 LYy P g

%&9-1@ 000 ycars, samplc rangc
10" to 10" m

10" to 10" m?

Sample Range: 0.04 to 5.2%

Mean: 0.44%
Used the 1994 BIR w/limits on
. UDS
SO% _avaiﬁble for gas production 100% available for gas
R production
%,jmited by actinide solubility Actinide inventory limited

Appendix B.1)

Either baseline model or pressure-
dependent permea-bility with
preferential gas flow model
depending on Salado activity
outcome (see Table B-1)

Sample range depends on Seals
activity outcome (see Table B-2)

10" to 10" m?

Sample Range: 0.04 to 5.2%
Mean: 0.44%

Used 1994 BIR w/limits on U%*

100% available for gas production

Solubility sample range depends on
Actinide Source Term activity
outcome (see Table B-3)

* i




Table 1. Model Differences Between the 1992 PA, SPM-1 Baseline, and SPM-1 Activity Sets (Continued)

Processes and

Model and Parameter Values

SPM-1 Baseli -1 Activity §
Parameters 1992 PA PM-1 Baseline SPM-1 Actmtyscts
Colloid Not modeled Actinide inventory limited Solubllity sample range depends on
Concentration Actinide Colloid activity outcome
(see 'I‘gble B-7)
Colloid Transport Not modeled No chemical or physical No chemical or physical retardation
retardation -
Culebra Physical Both dual and single porosity Not modeled " Fracture spacing sample range

Retardation of
Solute

Culebra Chemical
Retardation of
Solutes

Groundwater Level

in Recahrge Area

Human Intrusion -
Spallings

Human Intrusion -

Borehole Intrusion

Rate

Human Intrusion -

Earliest Intrusion

Time
Borehole Plugs

ki

PB-WACs ¢

depends on Culebra Physical
Retardation activity outcome (see
Table B-4)

cases

Retardation sample range depends
on Culebra Chemical Retardation
activity outcome (see Table B-5)

Modeled (see Appendix B.S)

Fixed at land surface for 10,000
years

Sample range: Present depth to
land surface

Not modeled Sample range depends on Spalling

activity outcome (see Table B-9)

Fixed at 30/km®

o »
Sampled as Poisson proegss with™ Fixed at 30/km?
sampled rate: ‘0-30&:1%

gy e

101 years 101 years

Degraded (approximates the
permeability of silty sand)

Degraded (approximates the
permeability of silty sand)

Not considered Considered (see Section B.8)




Table 2. Regulatory Requirements Addressed in the 1992 PA, SPM-1 Baseline,
and SPM-1 Activity Sets

"""""" SPM-1 SPM-1
Regufaiory Requirements$ 1992 PA Baseline Activity Sets
- 40 CFR' 191 13(a) Yes Yes Yes
Radionuclidé, Containment
40 CFRZGB’ Hazardous No Yes Yes
Constituents
40 CFR 191.15 Indwﬂﬁal No No No
Protection . “
No No No
Caveat 3. Possible outc S af the SPM-1 activities were defined in part using

information obtained in limited an drmal elicitation of the PIs. These activity outcomes

are estimates for the purposes of prototyping the SPM. The interpretation of these

outcomes and their use in SPM-1 are the soleixesponsibility of the SNL SPM team.

In addition to the technical baseline, thev"SPI\g process requires the elicitation of possible
future states of knowledge based on possible- actlvgﬁ%s "Actxvxty here has a broad definition,
and could include things as diverse as field experupw lab experiments, novel analyses,
changes in the engineering design, changes in the wagé acceptance criteria, discussions with the
regulator, and literature searches of existing mfofmguon bases The limited and informal
elicitation of the PIs, as in the case of the conceptual mode‘__ ui%ed from the need to rapidly
explore the feasibility of SPM technology. %

Caveat 4. The tie between activity sets and cost an(l’_"""’"m<§
estimate for the purposes of prototyping the SPM. <

Informauon reqmred for the SPM analysis also includes the coqt an§ diJratmn necessary

obtained from the SNL pomon of the budget only, and are therefore mcompletw Also note that
the definition of the potential outcomes of the activity sets occurred before “the recen&budget
validation exercise, which may lead to mismatches between the potential futgre states of
knowledge and the associated budget and schedule.
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Caveat S. While in general the SNL SPM team believes that the decision matrix
, information correctly reflects the results of the computer modeling, there may be isolated
errors in results because of the insufficient time to check the output and behavior of each
run o£ each code in detail, due to the large amount of information handled.

’ SPM-l required hundreds of runs of complex codes such as BRAGFLO (BRine And Gas
FLOw),. NUTS (NUchde Transport System), and SECO/TP (Sandia ECOdynamics TransPort).
Normally the output of each of these codes is carefully examined to ensure that the code behaved
appropnatelx;* In addition, a number of new codes were developed to process PA results for
decision analysns While in general the SNL SPM team has confidence in the codes and their
execution, the large am ¥ t of information generated in a short time frame did not allow the PA
analysts to check. gach run of each code for normal behavior. This leads to the need, as
discussed in Sectlon 6 2 5, to automate the analysis of the output of some codes, allowing
' ‘;ckly determine if the code ran as expected.

reviews of key indicators |

Caveat 6. SPM-1 aii ysns is Ijamted to evaluating the ability of the WIPP disposal
system to meet specific regulam" réequirements as defined in Section 5. Any other
requirements from the regulatoi' re not covered in this analysis.

The SPM-1 concems itself only with post-closure regulatory compliance. As such,
regulations related to the operational period of WP are not considered. Furthermore, based
on prior modeling results, the SPM-1 does not address 40 CFR 191, Subpart B, 191.15
(individual protection requirements), and 40 CFR~191 Sgbpart C (environmental standards for
groundwater protection). Compliance with the radion eontamment regulation requirements
is assumed when the mean CCDF meets the reqmrements ‘of 40 CFR Part 191, Subpart B,

191.13 (a), i.e., below the values specified in the regtrlatxon

Compliance with the post-closure hazardous cohstxtuents concentration regulatory
requirement is assumed in SPM-1 when the hazardous constituent conceﬁratlon calculated at the
Resource Conservation and Recovery Act (RCRA) unit bounda%@is less than the health-based
level for soils for each hazardous constituent. For SPM-1, the anhydrite mterﬁed pathway uses
from the top of marker bed 138 to the bottom of marker bed 139, the shaft pathway uses the
calculations. The hazardous constituent concentrations are calculated front,, tﬁe mean of the
multiple deterministic concentrations calculations to include the effect of parameter uncertmnty
For SPM-1, only five VOCs were looked at, and values for the VOC source term and fqt the
health-based level for soils were assumed. =

11



SPM-1 was run to demonstrate that the SPM is computationally feasible and that the type
<of information desired could be generated. None of these caveats should thus cause any
concern, as long as the SPM-1 results are not interpreted for the purpose of making
progra‘r’ﬁingtic decisions.

53
&
:"‘v:!

4. MODELING CODES USED IN SPM-1

Tham( pré‘&\':ess for the SPM-1 prototype required the modeling of the repository shaft
system for the undisturbed scenario, and either one or two boreholes for the El, E2, and E1E2
human intrusion scenane?‘(see Appendix D for definitions of the three scenarios). BRAGFLO
was used to model ""()(\phaﬁe flow in the repository shaft system, boreholes, and in the Salado
Formation. The PANEL ¢ _‘,w_,,_used the borehole flow to mobilize radionuclides and transport
them to the Culebra. SECOZE and SECO/TP were used to model radionuclide flow and
transport in the Culebra. %

The VAST code used theBRAGﬁLO flow fields to model transport of VOCs in the gas
phase for the RCRA CI determmatloxg The NUTS code was used to model transport of a non-
reactive tracer in brine to allow the determmanon of the potential for contaminated brine flow.
The CUTTINGS code was used to modell__:fltm'e’ea\sepamte physical processes causing direct

8

releases to the surface, including cuttings, éé\/mg and spallings.

*

SPM-1 required the development of new softw f%f‘assembhng and post-processing PA
results, storing activities and activity set data (Go , “duration, connection to PA results),
performing the decision analysis, and displaying and explonng,,.th&«decnslon analysis results. The

new codes developed for SPM-1 are briefly summarized lgiow 34
MIXMASTER: combines and re-scales output from P "1@CO/TP, and Cuttings
for each CCDF construction case.

CONREL: uses MIXMASTER output to calculate CCDFs fo “
drilling intrusions. -

CI191B: compares CONREL mean CCDF for each calculational case w\?he 40 CFR
191.13(a) performance requirements. Ed

CIRCRA: compares VOC concentrations calculated by VAST to evaluatewomphance

with RCRA health-based soil concentrations. i

12



CPROB: calculates probability of demonstrating compliance using the activities, activity
PR sets, outcomes, and compliance results in the activities database.

Databasg" quenes and macros- were also developed for:
)Y generatmg activity sets
2y calculatmg costs and durations for activity sets

3) ex 1 : and displaying decision analysis results

§. THE SPM-1Ci

The scope @ﬁe’syst%m prioritization effort has been defined as post-closure regulatory
compliance. Activities that are.to take place during the operational period of the WIPP are not
considered. Results of ; rior rgodehng of undisturbed performance have indicated that
radionuclide releases w1théut _hustan intrusion are very small. Based on these prior modeling
results, the system prioritization anal swdaes not address 40 CFR Part 191 Subpart B, 191.15
(individual protection requirements)-and.44
for groundwater protection). ) |

The CI addrossed by the system pnm'ﬁliatlon effort is based on the radionuclide

Compliance with the radionuclide containment regulaj
the mean CCDF meets the requirements of 40 CFR Part 191
the values specified in the regulations.

than the health-based level for soil for each hazardous constituent.

Hazardous constituents transported to the RCRA unit boundary by gas are compared w1thf
the health-based levels. This focus on transport by the gas phase is based on the results ofh_ipri”é

13



modeling of undisturbed performance, which indicated that contaminated brine does not reach
the unit boundary. The anhydrite interbed pathway model uses from the top of marker bed 138
‘to the bottom of marker bed 139; the shaft pathway uses the model shaft diameter; and both
- pathways-use gas-available porosity, for concentration calculations. The hazardous constituent
conc’entrat;‘__zpns are calculated from the mean of the multiple deterministic concentration
calculations to include the effect of parameter uncertainty.

> 5.3 SPM-1 WIPP Disposal System Cl

The SPM-1 WIPR, disposal system CI is equal to 1 if, and only if, the assumptions on
radionuclide contammt‘:_’ and hazardous constituent concentration compliance (as defined in
~ Sections 5.1 and 5.2) are met; otherw1se, the CI is equal to zero.

':6 D&EISION ANALYSIS METHODS

ytational Approaches

The following computatlonal agproaches were considered as potential ways to implement
the SPM-1 analysis: Straight Brute Force, Selectxve Brute Force, Median/Median Calculations,
and Interpolation Approaches.

Straight Brute Force: This potenm cbmputz%tgonal approach involves the direct
calculation of CCDFs for radionuclide releases and sodeﬁcéntratlons for hazardous constituents
for every projected outcome of each combination of i_ tivities. Previous PA analyses have used
this Straight Brute Force method, treating all input parameters And scenarios probabalistically,
and generating about 70 different vectors for CCDFs to c@fnpare mth the applicable 40 CFR

191 requmements However for the SPM-1 analysis, the. Stralght Brute Force would have

potential outcomes that are expected, on the basis of prior calculations or am'ut;derstanding of
the isolation system, to significantly impact the CI. For example, once comphanee ;s mdleated
for chemical retardation above a certain threshold, there is no need for addxtxonaﬁalculagxom
of related activities with higher chemical retardation.

14



Median/Median Calculations: This computational approach involves the direct calculation
:.of CCDFs for radionuclide releases and post-closure VOC concentrations using the single valued
medlan of each parameter distribution instead of current PA methodology (i.e., Latin Hypercube
' samp{mgfﬂqf each parameter dlstnbutlon with multiple Monte Carlo calculatlons).

Interpo]auon Approaches: These potential computational approaches (there are as many
of these approaches as there are interpolation algorithms) involve approximating the results for
CCDFs and,«,?VOC? concentrations associated with a given set of conceptual models and
parameters by mterpolatmg between previously calculated results created with the Straight Brute

Force method. ﬂ\

*
g 4 "«;,
Straight Brute Force was not used for the SPM prototype because of the large

computational resources n to nnplement this alternative. Medlan/medlan calculatlons were

of the output distribution. Inte‘ ‘UOQ approaches were not used for the SPM prototype

because of the unknown extent of po 'wrandom errors associated with these alternatives prior
to benchmarking. g

.

The Selective Brute Force computatxonal apgoach was chosen for the SPM prototype.
As discussed in the definition above, once compliang€ is indicated for chemical retardation above
a certain threshold, there is no need for additional calculﬁ’é‘ns of related activities with a higher
chemical retardation. Therefore, for SPM-1, the SNE, SPM téam elected not to overtly calculate
the CCDF for cases above the threshold. We did, hewevexl'ﬂ gé:‘ount for the probability that
these cases will occur and will lead to a favorable demonstwﬁon ofgcomphance in the decision
matrix. In preparation for SPM-2, we plan to use the resuk& fromr the SPM-1 PA calculations
as a library for rerunning SPM-1 with alternative interpolation con@atlonal approaches to
benchmark the interpolation approaches. The benchmarking mfonyﬁon along with the results
of rerunning SPM-1 with the median/median technique, will be used to sd‘ectg computational
approach for SPM-2.

15



6.2 Construction of Decision Matrix

""7'".6".2'.1' Definition of Measure of Value and Discriminators

The§SPM involves the evaluation of whether the CI that was calculated using the baseline
indicates; oomphance of the WIPP disposal system (see Caveat 6). If the answer is no, the goal
of the SPM decxslon analysis is to predict the value to DOE-CAO of implementing different
activities or ag&wty ‘sets on the basis of increasing the probability of demonstrating compliance.

these discriminators.

6.2.2 Probability of Demonstrating Comwance and the Cl

The results of the PA calculations for the. as:ﬁmed activities and their potential outcomes
are CCDFs for radionuclide releases and soil concenuza}ans of VOCs. The CI is determined
by comparing these results to the applicable quantmmv&regulatory standard.

% " . &g%“

The computational approach used for the SPM dggfsion “gnalysis allows for separate
analysis of the value of the activity sets with respect to RQRA ang 40 CFR 191. This can be
particularly useful when considering PB-WAC and engmeered de31gn a&ematxves to implement
for purposes of increasing the probability of demonstrating comgmnce with one or the other
regulation. ) ﬁ% |8

r ‘ﬁ .
’ -K*

The probabilities of demonstrating compliance for individual activities and%acnvxty sets
are calculated. The probabilities for the potential outcomes for actxvmes, | the set(s) are
combined with the calculated results for the CIs to calculate the probablhty of deawﬂs&(atmg
compliance (see Caveat 6) for each activity set combination. Figure 2 shows Aq.tmty Sgt K,

"Note that decision analysis allows for additional measures of value to be used if desired.
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an example of an SPM activity set composed of activities 1 and 3. The potential outcomes for
each activity and the estimated probability of occurring are listed.

ACTIVITY SETK

activity 1 activity 3

01: p=0.40
02: p=0.60

444444

Outcome 3 for Actmty 1 in cor on with Outcome 2 for Activity 3, which results in
demonstrating compliance. Then the probability that Activity Set K will demonstrate compliance
is the sum of the probabilities of the outcome co# binations that demonstrate compliance, or

(0.1) [(0.4)+(0.6)]1+(0. 85)[ 074

i
$(0.64]+(0.05) (0.4)-0.97.
&

will not demonstrate compliance, is

,,
ES
o

e

(0.05) (0.60) -0.03.

6.2.3 Constructing the Decision Matrix

The SNL SPM team constructed the decision matrix by assocumng th&calculated
probability of demonstrating compliance with cost and schedule information fg "“all activity sets
considered. The cost and schedule data used in SPM-1 are from the pre-validated, mbaselmed
SNL five-year plan, and are broken down according to the current WIPP Workg\Breakdbwn
Structure (WBS) elements. The resulting decision matrix contains, for each activity set. "
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ﬂf:'combination, the relationship between the discriminators of cost, schedule, and probability of
 dembonstrating compliance.

62.4An§|y5|s of the Decision Matrix

rt is possible to display in a 3-D plot the probability of demonstrating compliance of the
activity set thax» I‘E@ds to the highest probability of demonstrating compliance (see Caveat 6)
within eacMost and schedule category (see Section 7.1, Figure 3). In SPM-1, the SNL SPM
team also found other .analyses useful to understand the results. The SPM-1 results and
corresponding datab%g

k}g be used to design corresponding analysis algorithms for SPM-2.

matrix that shows the actwﬁy sets %dmg to the hlghest probability of demonstrating compliance
with the selected regulatdr)g smndards Correspondmgly, the utility function for the SPM
decision analysis is the probability p,

‘demonstratmg compliance with the selected regulatory
standards. However, one can also aujal}‘ze the information produced from the PA analyses of
potential outcomes of activities u g a different utility function, such as one based on
demonstrating the probability of comphance with, other portions of 40 CFR 191.

7. SPM-1 RESULTS AND CONCLUSIONS

.
o;’\he SPM-1 effort It is d1v1ded into

Tms section discusses the results and conclus_' ,

l,and 3) a dlscussmn of SPM as a decmlon tool. “*M‘%
N \
7.1 SPM-1 Results }g
5

The major purpose of the SPM-1 effort was to conduct a E?gtotype gﬁ-{he SPM in order
to determine the feasibility and usefulness of this technology. This e@or&?m“demonstmed
: i @\
1) The ablhty to reconfigure the original 1992 PA codes in a timely fash?f’on to contain
or approximate altered conceptual models for both a baseline calculation and’%b suite of acquty

,,,,,,,,,

sets. Examples of reconfigurations include: the addition of a spallings model (s& Appmdlx
B.7), the inclusion of actinide colloids (see Appendix B.6), an accounting for prefe‘ienﬂak (non—\
axisymetric) flow in the activity sets (see Appendix B.1), the adjustment of the recharge heads%
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_to bound climatic effects (see Appendix A.1.1), and the elimination of effective panel seals (see
Appendix C.2).

+2Y-. The development of databases and the execution of decision analysis software to
handle largg files of information regarding budget and schedule, and the CI resulting from the
PA models.

3) The abxh‘ty to handle a large number of: input vectors to the PA models (~ 37,000
input vectors), computatlons (500 Cray central processing unit (CPU) hours, 340 Alpha CPU
hours, and 600 Paragq %de hours); and PA output files (~ 1,500 mean CCDFs for 40 CFR
191 and 300 RCRA‘““t’:ohcenimtlon calculations for each of five VOCs).

4) The ability to md ceAf' very large amount of information, including results from
~ 1500 separate activity sZ:ts int a decision matrix.

The SPM-1 team implemengec\step® 1-7 of the SPM. The team specified how the SPM-1
CI would be evaluated (step 1) (see S&uon 5), identified the models and data believed necessary
for evaluating the baseline CI (step 2) (see Appendjx A), and then evaluated the CI for the WIPP
disposal system using models and data from t} """":"%asehne (step 3) (see Section 4 and 5). The
results of the baseline evaluation for RCRA a:nd 40 C§"R 191.13(a) are presented in Tables 3 and
4, respectively. Table 3 shows that the calculatediﬁﬁsehnex{nwn soil concentrations are less than
the assumed health-based levels. Table 4 shows that "'SFM-I baseline calculated probabilities
for the normalized releases exceed the probablhty cmena ‘in 40 CFR 191. 13(a) For the CI to

-------

(see Secnon S and Caveat 6 in Section 3) must be met. Smce bot& assumptions were not met
“%.

in SPM-1, the SPM-1 baseline CI equaled 0. %,

Activities available to the WIPP project that, if unplememéd woulcg)ave the potential
to impact the system’s CI, were identified (see Appendix B) (step,4):
prescribed what new information, or changes to existing information {m@t'evolve if specific
activities were implemented (step 5). They also identified potential outcomes aﬁ%ppropnate
PA parameters and/or models for each of these outcomes (see Appendix B; see also Table 1).
The potential outcomes of the identified activities were then modeled using PA codes (steg 6),
and the probability of demonstrating compliance for combinations of activity outcomes anﬁ the
probabilities of those potential outcomes, were calculated. These were compiled into a threes%g

dimensional (3-D) plot of the probability of demonstrating compliance of the activity sets thatﬁ
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Table 3. Baseline RCRA Results

. Calculated Assumed
: Asf{“e";g‘: ch SPM-1 Baseline Health-
Hazardgus Constituent C pac Mean Soil Based Level
L oncentration . .
(ppmv) Concentrations for Soil
e (mg/kg) (mg/kg)
Carbon Fetrachloride 441 0.01 5.38
Methylene Chloride . 177 0.001 93.33
1,1,1-Trichloroegsshe S 391 0.01 7,200
Trichloroethylene .14 0.001 63.63
1,1,2-Trichloro-  #  }
(S RS o 0.001 2,400,000
1,2,2-Trifluoroethane s :

SPM-1 Baseline

Normalized Release 40°CFR, t9‘1 l3(a) Calculated Mean

(40 CIE }r9all)ieA1;J)pendlx Probability Critgria Probability of
L) Exceedence
1 0.93
10

,;E:g%%
% 0.85
ja;

leads to the highest probability of demonstrating compliance agai & each associated cost and
schedule category (step 7). A representation of the SPM-1 "decision giayi

Figure 3. Note that all of these SPM-1 numeric results are sdu
Section 3 and are not to be used for decision purposes. e

This decision matrix has only one duration category, with all actlvmes bemg, eompleted
between one to two years. This lack of discrimination in the duration variable is asresult cﬁ the
process used to define the SPM-1 budget and schedule input and is discussed in 83 "‘5’7 2. 1,

20

i
o
¥



¥4

"

. 30-40
20-30

020
510 Cost ($M)

0-1

0-5

Figure 3. A representation of the SPM-1 decision matrix.
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Figure 4 is a representation of a hypothetical fully 3-D form of the decision matrix
“expected from the SPM-2 budget and schedule process, which will include activity durations that
are nog-eanstrained by the Disposal Decision Plan (DDP).

&ﬁ;ajor;fonclusion of the SPM-1 effort is that SPM analysis is possible given sufficient
resources. Futura.jterations of SPM will need to handle an even larger number of activities and
activity sets,,Thls prototype effort has identified methods that are expected to address this need.

Furthermore the results of the SPM prototype will serve both as a benchmark and as a test bed
for developing the toolsl:-."" seded for the anticipated requirements of SPM-2.

_ Lessons Leamed from SPM-1

In addition to th& hlgh,—gvel process results discussed in Subsection 7.1, additional
information was obtained in the protot ype. _that may impact future iterations of the WIPP SPM
process. In this section, we docupséh ttibse "lessons learned."

7.2.1 Budget and Schedule Resblution

The SPM-1 decision matrix resulted-in no dx@nmmauon in the schedule variable. This
is because the SPM team simply imported ﬁnm po ion of the WIPP schedule, which is
already in alignment with the DDP, into the analysisg e current plan for SPM-2 includes
budget mformatlon relating to the Experimental Ei"ogram Plan (EPA) costs, the total WIPP

.......

with various durations and correspondmg outcomes that aw‘P not c%pstramed by the DDP. To
take full advantage of the SPM as a decision-making tool asohd cost and schedule information
of the right scope is needed, just as solid conceptual and compu odels are needed to
calculate the CI.

7.2.2 Embedded Assumptions

A lesson leamned during implementation of the SPM-1 is that the SPM»cannot measure
the “regulatory compliance worth” of information in the baseline. The process is, demghed to
measure the regulatory compliance worth of activity sets that will change the baselmQ\ The giorth
is calculated from the potential change to the baseline resulting from implementing the* act1v1ty&t
sets. The regulatory compliance worth of activity sets with potential outcomes that are the samc:.as
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Figure 4. A representation of a hypothetical fully 3-D form of the decision matrix
expected from the SPM-2 budget and schedule process.
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as the baseline will be calculated to be zero. In some cases, the SPM-1 baseline contains
.modeling parameters that are unknown. If all possible combinations of these parameters can be
* used and the set that corresponds to the most significant regulatory impact is identified, that set
‘ may beused in the baseline, and the regulatory compliance worth of an activity set de51gned to

.u.
,,.A

Thls phenomenon of embedded assumptions represents a limit to the applicability of
SPM. The pnmary impact of it in SPM-1 appears to be in the area of the Salado modeling.
Whether it will have an impact on SPM-2 depends on the nature of the SPM-2 baseline
currently being definedﬁ\ the PTB process. The principle risk associated with the embedded
assumption phenomemmy@ arise when the decision to implement the activity sets is made. It
appears that the risk will be at armaxnnum if the embedded assumption has not been identified.

The decision risk can be ngﬂumlzed by the identification of these embedded assumptions.

¢§'
:,, 4
e%’%ﬁa

7.2.3 Elicitation Process

consultants who are familiar with the WIPP projeci ench*‘who specialize in expert elicitations.
The questions and documentation of the SPM-2 elicitatxons;‘;:nQ\o@ed to follow a standardized
process.

for interactions among PIs and between PIs and PA analysts. Th ormatlon provided by PIs
about individual activities, when aggregated into information about potentlal utcomes of activity
sets, can have dependent relationships between activity outcomes Ih af must be verified.

Additionally, there must be agreement between the PIs and PA modelers on the wﬁvesentatxon
of the potential experimental outcomes in the PA computational approach for: SPM 2. In some
cases, potential outcomes for SPM-1 did not have adequate PA representation in the current

models. An example is the full effect of colloid retardation, which was not phenomenologwally

modeled by the SPM-1 PA codes.
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; The third lesson learned is that more time needs to be allotted for the elicitation process
sthawroriginally provided for SPM-1. The goal of SPM-2 will be to maximize the information
“in the position papers and information acquired from stakeholder interactions in order to obtain
the necessary input to SPM-2-baseline for PA parameter input and models. We can only do this,
hovf}ever, 15 the position papers prepared for input to the PTB contain the baseline information
required*for SPM-2.

7.2.4 SPMSig#bor‘:iputational Needs

The computatig needs of SPM-2 are expected to be significantly larger than those
required for SPM-I?’%énon 6.1 described the computational approaches considered for SPM-1.
The results of SPM-1 will b%mﬂto develop and evaluate these approaches for use in SPM-2.
7.2.5 Automated Code 4 """’%}iion{;nd Alternate Computational Platforms

One observation made while mﬁementing the SPM-1 was that significant effort by
individual analysts was needed to uxmate the computer runs of various preprocessor codes,
analysis codes, and post-processor codes. The SPM analysis would be faster if the execution
of the PA codes were automated, and moﬂf«ﬁalyst time would be available to review
calculations, design analyses, or modify codes. The analytical codes that dominate the computer
time required for an analysis have been modified for gxecution on a variety of computer
platforms. Calculations in support of the prototypcSPM Were performed on Alphas using the
Open-VMS operating system and Crays, HP work staiwns,and the Paragon massively paralleled
processor using various UNIX-based operating systetﬁ? Agae&uonal observation was that a
UNIX-based computational platform is more readily ava@ble th&: Open-VMS platforms to
support the large scale intense computational efforts of SPM._.

7.2.6 Post-Closure Design

post-closure analysis.
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- 7.2.7 Configuration Control and Information Flow Requirements

The amount of information generated by SPM-1 was large, and the amount of
u1fomlat10n generated by SPM-2 will be at least an order of magnitude greater. This will lead
to sngmﬁcant information management requirements and complicate a meaningful analysis of the
results:* The results contained in the decision matrix should be traceable back to the original
proposed potemml outcomes and their probabilities, through the conceptual model used to
represent thé outcome, the computer platform used to analyze the outcome, and the post-
processing of results. Thxs requxres an automated process for information flow and a controlled
configuration to proc , information.

G e
.:.,»,,-:-" 3:;— "

7.2.8 Decision Analysnsnost Processmg

?
The decision malmf distil "‘fa large amount of information about the behavior of the WIPP
disposal system. Once actlv1ty sets mammlzc the probability of demonstrating compliance
for a given cost and duration had bee xdﬁmﬁed the SPM team recognized the need to answer
auxiliary questions in order to undeﬂtand the results:

1) How sensitive is the result to the outcpme probability?

2) Which activities have the greatest, uence on compliance probability?

3) What is the effect of removing aéﬁvxtle&sirom or adding activities to, selected sets?
\-»’;
Additional post-processing of the decision analysfs restllts is needed to help answer these

and related questions. Software should be developed to suppon SPM-2.

7.3 SPM as a Decision Tool E 4

%
&b‘”‘. e

SPM-1 has demonstrated the ability to supply a decisig "ﬁg:aker with important
information to aid in directing a program as complex as the WIPP p%m ~Fhe tool, however,
is only as useful as the quality of the input data, including cost and edfile information.
Although the SNL SPM team has just started to fully analyze the resuﬂs fromxthe SPM-1
prototype, it is clear (given activity cost, schedule, and potential outcomes) that sm is a viable
tool for identifying: A

1) activity sets necessary for a given probability of demonstrating ‘compiiance
(Section 3, Caveat 6),
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. 2) activity sets that give the maximum probability of demonstrating compliance
. . (Section 3, Caveat 6),
e 3) activities that have minimal impact on probability of demonstrating compliance
“(Section 3, Caveat 6), and

i the potential worth, with respect to demonstrating compliance (Section 3,
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APPENDIX A: SPM-1 BASELINE

: " The SPM-1 baseline estimates the current state of knowledge with which the proposed
i act1v1t1e§ and project design can be evaluated in terms of the regulatory requirements. The
SPM-1 basehne is an estimate of the PTB made by the SPM team for the purposes of SPM-1

ThengOng caveats apply specifically to the SPM-1 baseline:

Caveat A-1. he baseline does not include sufficient SNL staff, Westinghouse
Waste Isolation D; X WID), DOE-CAOQO, regulator, or stakeholder involvement to
represent a full range of concerns and therefore is not useful for drawing final
programmatic conclusionsgs* ",

completion of certain actmtm, e.g., the asgtmptm;x that fluid flow in the Salado Formation
behaves according to Darcy’s Law may requ ﬂgihe completion of some subset of Salado
experiments in order to be defensible.

%
&

A.1 SPM-1 Models and Q_ata

Conceptual models, computational models, and data not d &ri
section are the same as those used in the 1992 PA for the WIpp

Dolomite Member of the Rustier Formation

Regional groundwater flow is modeled using the 70 calibrated transmlssmq ﬁelds used

in the 1992 PA from which 20 sample fields were randomly drawn. Other assumptions,. models,%

and data used in the 1992 PA remain unchanged. Specifically, the Culebra is modeled as a tw.

dimensional (2D) confined aquifer (no leakage) because the SPM team believes that conﬁmng
transport through the Culebra is conservative with respect to subsurface releases at the site””

boundary, since the Culebra is the most permeable unit of the Rustler Formation. The regional

A-2
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three-dimensional (3D) modeling activity is intended to confirm or refute this assumption as one
_ﬁof its objectives. In response to stakeholder concerns that the treatment of climate change is not
_j?f;:i?f,defensxble SPM-1 uses the approach used in the 1992 PA of varying boundary heads in a
" northesm-. .recharge strip," except that heads remain at their elevated position for the entire
10,0 m y f This results in the maximum possible head gradient across the site, and provides
an uppegbound on the effect of climate change within the context of the 2D flow model.

The baSelmé model for radionuclide transport in the Culebra is one of the conceptual
models analyzed in the 1992 PA with no chemical sorption and no physical retardation transport
G.e., smgle-poro51ty, fremue-only transport). Specifically, there is no porosity in the dolomite

"""" ?mcture linings. These assumptions are made in keeping with the
interpretation offered by the Environmental Evaluation Group (EEG) of the terms of the
Agreement for Coopemtlw and‘Consultatlon between DOE and the State of New Mexico.
Colloids are assumed to trans@rted at the same-rate as dissolved mobilized actinides (i.e.,
they simply travel with the i"fow fiels ‘s ~ Uncertainty about the rate at which colloids are
transported is believed to be insigni ompared to the uncertainty in the flow field already
incorporated in the analysis. Furth 3’ ore, the source term model for the baseline, described
below, does not distinguish between ‘colloidal and dissolved forms of actinides.

Formatnon

Several changes have been made since the 19{2 PA= Ain the modeling of gas and brine flow
and contaminant transport in the Salado Formation. TFhese concgptual changes are included in
the SPM-1 baseline and activity set evaluations. The B GFLQ model now approximates
pressure-dependent fracturing of anhydrite interbeds by vangmg porosxty and permeability as a
function of pressure when gas generation creates pressures that approy% or exceed lithostatic.
Additional stratigraphic layers have been added above the SaladagFOrmatlon to model possible
flow into units in addition to the Culebra and to the ground surface T& regions above the
Culebra consist of the Santa Rosa, just below the ground surface, ind fﬁewey Lake, 15.76
meters and 149.3 meters thick, respectively, with the water table 24.6 meters abm the lower
boundary of Dewey Lake. o

Above the water table, the brine saturation was taken to be 0.20 and pressurg was 1 ﬁtm
Below the water table, initial pressures were calculated assuming hydrostatic gradient" w:tﬁ ﬂm%
(brine) density of 1230 Kg/m® and g = 9.79 m/sec?. Initial excavated regions had press &

equal to 1 atm. Additional properties are shown in Table A-1. <




Table A-1

Residual Residual
Stratigraphic Permeability Brine Gas
Lﬂ:%rs Porosity (m?) Saturation Saturation
Santa'Rosa 0.175 10° 0.20 0.20
0.20 10 0.20 0.20

An unsammtemmne was added in the uppermost layer. Transport codes were

incorporated for boMngs‘and radionuclides, allowing the tracking of contaminants within the
repository and the surroundmg strata.

and the validity of the assumptxon of radial homogeneous property flow used in BRAGFLO (i.e.,

possible preferential flow effects of @ling, fingering, and non-uniform fracturing were not
simulated). The SPM-1 baseline thu ntains the following assumption: if at any time pressure
within the repository approaches or exceeds 12"5 MPa in the simulation, the gas phase in the
repository is assumed to be directly connected tgs f regulatory boundary through the anhydrite
interbeds. Gas concentrations and species fﬂtﬁlg the 3 01d space in the anhydrite just outside the
regulatory boundary are the same as those calcuiawé in the repository. No estimate is made of
possible VOC degradation or sorption during transf oft, These assumptions bound the
consequences of gas migration with respect to 40 GFR 268 6.

:i.&

A comparable bounding assumption is not made fog quld-phase flow and transport in
the Salado. Brine migration distances are much less t‘han those for gas, and effects of
preferential flow in the anhydrite are greatly diminished because cap;ﬁ:v effects are assumed
to allow brine into brine-saturated halite porosity while gas remm‘wuhm tgi anhydrite pores.
The system CI related to liquid-phase transport of contaminants in the Sala% 1§.est1mated using
the current BRAGFLO and NUTS models. §

N

»&9
The dissolution of gas in brme is not addressed in the SPM-1 basehneg@e*ﬁas transport is
faster than brine transport; not allowing gas to dissolve in brine is therefore consggahve%_
Vertical fracturing was not considered in SPM-1 because vertical fractures* are not%
expected in the Salado. The modeling of gas-phase transport in the Salado leaves no d1st1nct10n§‘

between gas at the side boundary and at the top boundary of the regulated unit. Once 12.5 MPﬁ

pressure is reached in the disposal room, we assume that all disposal room gas is mstantancously
transported outside of the regulated unit. For evaluating compliance with 40 CFR 268.6, we
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therefore considered vertical fracturing to be no worse than horizontal fracturing. Note that
.vertical flow up the shaft is a separate issue, and calculated independently of the fracture issue.
+Imthe shaft, initial brine saturation was taken to be 0.25 except in the zones above the
water tableg? where the value 0.20 was used. Residual brine and gas saturations were 0.20 in
all shaf; xzegxons _panel seals, backfill, and experimental rooms. Initial saturation in panel seals,
experimental, and backfill was 0.25. Capillary pressures were assumed to be O in shaft regions
above the t.a;r of the Culebra, the Dewey Lake, and Santa Rosa as well as in the MBI139,
MB138, and Anhydrite A and B.
EN

‘%

A.1.3 SPM-1 Base lﬁe Assumptions About the lnventory

Physical properties @‘ﬁvastéwad backfill were treated in the same manner as in the 1992
PA; for repository and §alad0=§nodelmg, waste. and backfill is a homogeneous material
characterized by the same parameters 1 sﬁd _m 1992. Parameter values in some cases have been
updated to reflect new informationg <

The radionuclide inventory was based on the 1994 Baseline Inventory Report (BIR) with
the exception that values for remote handled ’ U’ were reduced to transportation limits.

J.

The VOC inventory was based on the hwt’ mfongatlon available to DOE-CAQ at this

time.

Alternative inventories were not included in thé" SPM 1 bgsshne However, DOE-CAO
is currently initiating an effort to define a bounding waste:?f’"' velop; based on the performance
of the waste in the disposal system. This envelope will be \he bams for the PB-WAC that may
be considered in future iterations of the SPM. &

A.1.4 SPM-1 Baseline Assumptions About the Repository an_g h%aq;gfield
Room closure occurs, according to the 1992 porosity surface, untxl gas praa?ure reaches
lithostatic. Thereafter, the room porosity and permeability remain constanthe note that the

assumption of constant room porosity and permeability after lithostatic pressure 1s achleVed is

consistent with the assumption that anhydrite fracturing occurs at lithostatic press """ yre. f

5
e
i, i L

The gas-generation model used in SPM-1 was that used in the 1992 PA, updated wit}
rate information documented in the June 18, 1993, memorandum of record from L.H. Brish t§
M.S. Tiemey titled, "Likely Gas-Generation Reactions and Current Estimates of Gas-Generation
Rates for the Long-Term Performance Assessment.” In response to stakeholder concerns about
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the treatment of the plastic and rubber inventory in past analyses, all plastic and rubber material
are available for degradation reactions.

_For SPM-1, the repository and surrounding strata are assumed to be horizontal.

The human intrusion model estimated cuttings and cavings in the same manner as in the
1992 PA. A simpliﬁed spalling model was included as defined by Berglund and Butcher. For
two-phase ﬂow calculauons waste permeability remained constant at 102 m2. However, for
the cavings; cuttmgs and spalling calculations, waste permeabxhty values were sampled from
a loguniform probability, distribution of 10%? to 10" m

The Dlsturﬁ’éd i?ock Zone (DRZ) was modeled with the halite regions having far-field
halite properties for porosxty# but-gnhanced permeability (i.e., k=10"° m’), under the assumption
that they do not act as a sigmﬁ agt barrier to fluid flow.

In response to concerns fro k ,ﬁolders that previous PA modeling of seals has taken
unwarranted credit for the ability coficrete seals to prevent groundwater from the Culebra
from reaching the repository, the concrete elements for all repository and panel seals were
assumed to have a permeability range from 10;.2 to 10" m? for the full 10,000 years. This
range is comparable to that of silty sand, amﬁ" is t‘ best that can be defended until it can be
demonstrated that large WIPP concrete sealmg elemgmts can be manufactured without fracturing

the concrete. The repository seals contain 120 feet of @rete modeled either as a continuous

,,,,,

column or as three discrete elements according to ghe seal .design. If fractures occur in these
concrete sections, they are not expected to heal. The crushed salt portions of the seals were
modeled as having permeability two orders of magmtude les f'thﬁ?‘lbe concrete elements for the
first 200 years. From then on, the lowest 100 m of cmsusd salt Was assigned a permeability
value from the range 10™° to 10" m’.  As modeled in SPM-1,"the panel V;ggals do not have hahte

of backfill in the drifts was not modeled.

For the actinide source term, it was assumed that the tota] acﬁmde m\&e\ntoxy was
available for liquid-phase transport as either dissolved or collmd-moblhzg& forms.  This
assumption was based on: 1) the lack of information concerning the solublhty of, aﬁumde-
bearing materials in the WIPP waste; 2) the anticipated local variability of Eh and pH condxﬁons
within the waste/backfill; and 3) the lack of agreement concerning whether the dafa
to actinide solubilities in fresh water are applicable and/or bounding.

The initial water content of the waste has been estimated as ranging from 0.04 % o

5.2%, with a median value of 0.44%. This parameter describes all water initially present in the
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waste, including that remaining as residual moisture in the pore volume of well-drained material.
The parameter value is expressed as a percent of the total porosity that is filled with water.

3 s,
b EE Y
&

i

A155EM‘ 1 As sumpﬁ°ns about Human Intrusion

S.

CcmSlstent with the current EPA guidelines, the intrusion rate for SPM-1 was modeled

as 30 b‘oreholc-,s/km2 for 10,000 years for all realizations. Intrusions were random in time, and
the first mtrumon' was assumed to occur as early as 101 years after closure.
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APPENDIX B. SPM-1 ACTIVITIES

: " The primary goal of the SPM is to caiculate the probability for each activity set identified
of demenstrating compliance with portions of 40 CFR 191 Subparts B and 40 CFR 268.6. The
activities t? be considered in a comprehensive application of the SPM will include activities

i DOE that have the potential to affect quantitative aspects of regulatory compliance;
for example, expenmental programs at SNL, engineered alternatives to current repository design
or waste form; m&possxble modifications to the waste acceptance criteria.

For SPM-1, a ed group of activities were selected by the SPM team at SNL based

o The 'actxvmes should cover a broad range of program options to provide a useful
igfFof a‘h@ modelmg system and the decision analysis methodology.

v,,_#gxtated in the following caveats, these outcomes are

lge in programmatic decision-making. However, the

usefulness of the dém@:stmuon depends on analyzing problems similar to those
that will be faced in future iterations.

i The total number of activity setg@ﬁould be small enough that analyses can be
completed within the time avmlable

o All models and data not exphcnlxﬁﬁcussqd in this appendix remained the same
as in the baseline. :

Results based on these activities should not béused for g\ grammatic decisions for the
following reasons: ﬁ,

Caveat B-1. The choice of activities and the aractenzatlon of their potential
outcomes do not have project-level input, and reflect only the be@ﬂs of members of the
SPM team at SNL. \?ﬁ’

Caveat B-2. The activities considered in SPM-1 do not covq‘% full range of
options available to DOE-CAQO. Some activities have not been io ered at all (e.g.,
various engineered alternatives), and others may have been sxmphf'ﬁed in uﬁppropnate
ways. \%f

Eleven activities were considered in the SPM-1. These activities are: Saladofhow Shaft
Seals, Actinide Solubilities, Culebra Physical Retardation, Culebra Chemical Retar a txon,g§é
Actinide Colloids, VOC Degradation, Cuttings/Spallings, and a combined category, PB-WAG§

and Engineering Enhancements activities. A § 3

e
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B.1 Salado Flow Activities

: Many of the ongoing activities related to the Salado Formation are aimed at supporting

the assumptlon that two-phase fluid flow in halite and anhydrite behaves according to Darcy’s
Law. Thmeffort is aimed at both supporting the two-phase flow conceptual model and defining
the appropnate parameter set needed to perform a two-phase flow calculation. Because of the
inherent Darcy: flow assumption in the present modeling system, SPM-1 cannot completely
identify the datﬁ“WQl‘th (i.e., estimate the value of the data relative to compliance), of all Salado
activities. $ome of the data worth will be essentially hidden from the analysis.

s oﬁSPM 1 Salado activities, we expect future states of knowledge to
change in two areas. We expect to be able to better define the two-phase flow characteristics
of Salado halite, and We.4 Xpeet to better define the nature of preferential fluid flow in the

,,,,,

Salado. ;j‘

flow behaviors in the Salado. Thex may or m'ay not, however, capture the extremes in flow
behaviors. The WIPP project currently has a tyv@?hasc flow parameter measurement program
underway that should define the range of behav1oir§ in FY95. However, for the purposes of
SPM-1, we assume that there is a 50% probak&hty that fluid flow in the Salado wﬂl be
Furthermore, we assume that if Salado flow is not comralled* by the Brooks-Corey relatwnshxp,
it will be controlled by two-phase flow characteristics® rapresented by the Parker-Van Genuchten
relationship. Thus, for activity-set analysis, we would constnpt results using only Brooks-Corey
relations for one outcome and results using only Parker/?an Genﬁchten relations for another
outcome.

As a result of Salado activities ,we expect to be able to defend ,ted gas flow and
VOC transport in the Salado instead of using the baseline conceptual m@dek}pf mstantaneous gas
transport to the regulatory boundary when the pressure reaches 12.5 Nﬁ'ﬁ This agssumes that
we will be able to account for preferential flow behavior either directly in the ﬂmv modeling or
through the use of simplified modifications to symmetric flow modeling. SPM-l usgs-a.model
for pressure-dependent fracturing of anhydrite where permeability and porosity of ghe anhydnte
are increased as a function of pressure when pressure exceeds the undisturbed poré pmssﬂre of
the unit. This model is referred to as the "altered anhydrite model.” In addition, we multlplié
the gas transport distance by a factor that is our current best estimate of the effects of
preferential flow process (i.e., anhydrite dip, heterogeneity, and fingering). This factor is use_d* '
to determine the earliest time that gas might cross the regulatory boundary. Once it is
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determined that gas has crossed the boundary, VOC concentrations are determined based on the

' VOC source term and the dilution caused by the net gas generation at that time.

o Uy,

_Probabilities assigned to these models, based on the assumption that all Salado activities
are. xmple mented, are as foliows:

Table B-1. Salado Outcomes.

GasFl’bw Conceptual Models Probability
i} Baseline Gas Flow Model 0.10
0.90
0.2
0.3
0.3
0.1
1 (Axisymmetric radial flow) 0.1

B.2 Shaft Se

Activities related to sealing address man;'\%__lssﬁﬁgs,f such as performance of concrete
elements, consolidation of salt elements, and DRZ gﬁ;utm g o™,

Table B-2. Seal Outcomi%. .ﬁ,%

Seal Permeability Prpbability
Baseline Values 0-21 % &
10" - 10"* Loguniform 0.00.. N
r.
10" - 10" Loguniform - 0.90 @5&*‘

Note that the seal program not only improves the permeability of the seal 1t glves &%
better performing seal much earlier in the repository life. Therefore, the above permeqbllxtg
ranges apply, beginning with emplacement, throughout the 10,000-year regulatory period. “-
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For SPM-1, we assume the length of the seal, as a result of seal program activities, will
be the same as the baseline length; that is, 100 meters.
% ) :4\,‘\

B.3 Actinide Solubilities

g"":’" following probabilities are assigned for ranges of actinide concentrations, assuming
completlon of tﬁe source-term related activities.

Table B-3. Actinide Solubilities Outcomes.

w‘ﬁ, Outcome Probability

mite 0.01

10 - 10 M (Expgt Judgment Values) 0.49
,,,,, % e .

107 - 104 M (Possible 2 0.50

Note that the distributions fogsgthe baseline are defined in Appendix A.1.4 and the other
dlstnbu(mns are the same as used for the 1992 PA\»_ ysis. In the case of reduced range, these
W¥ppeér endpoint of the range.

retardation when using the dual porosity conceptual model. gracuuefspacmg in the PA transport
model controls the amount of available surface area on fradture walls here contaminants can

diffuse into the matrix.

B.5 Chemical Retardation in the Culebra

The chemical retardation activity determines effective values for the%pamgémng
coefficients (K,s) and chemical retardation models used in PA, based on the type of the%’
groundwater flow, on a laboratory scale, in Culebra core (i.e., whether it occurs m,a 5ub-j
horizontal fractures and/or high-angle fractures, or whether it can be discriminated at all). Thé
type of groundwater flow affects the selection of K,s and the modeling of retardation, because
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Table B-4. Probability of Outcomes for
Physical Retardation Experiments.

Culebra Fracture Spacing Probability
Baseline values 0.05
Based on single well testing 0.95

le to 8 m (Uniform)
Based on single and multiwell testing

ol

0.1to.3 m (Uniform) 0.38
0.1 to?’f’em (Uniform) 0.57
T

clay deposits are located tﬁa sub-horizontal fractures and in horizontal clay lenses. The
flow in horizontal fracture§ w1ll hﬁve much more contact with clay deposits than will the flow
ingersect the thin clay layers. Probabilities for the five
@l retardation activity are shown in Table B-5.

in high-angle fractures, whit
selected potential outcomes of th_g_l

For computational expedlencyt in SPM-17 Cases 2 and 3b were both modeled assuming
bulk rock K;s based on a mixture of 95 wt% dolgﬂe and 5 wt% clay. In the SPM-1 analysis,
the K;s were calculated based on 1992 PA dlsm‘ﬁum a for dolomite and clay. For each vector,
a matrix K, and a clay K, were sampled then. w ted. Cases 3a and 3¢ were both modeled
assuming a clay lining and a fracture retardation fu%: calculated from 1992 clay Kgs.
Therefore, the 20 possible permutations of physw&l ‘artd chemical retardation (4 x 5) can be

reduced to the five distinct cases shown in Table B-Sse--

R
Smgle POI'OSlty %‘Y\ .

1. Fracture flow where clay lining and fracture concentxauon g“thbnum is assumed,;
fracture retardation is calculated from K s based on a xyt% clay mxxture (Cases 2
and 3b).
2. Fracture flow retardation where clay and fracture concén ation equilibrium is
assumed; fracture retardation is a function of clay K,s from the 1592 PAllg@ises 3a and

e x

3¢).

Dual Porosity: .
3. Fracture flow; no clay; matrix K; = 0.0; use fracture spacing physxcql\ retaxd&xon
outcome 2 (see Table B-5). % s

4. Fracture flow; no clay; matrix K; = 0.0; use fracture spacing physical retardatmn§

.\,:

outcome 3 (see Table B-5). W -

5. Fracture flow; no clay; matrix K; = 0.0; use fracture spacing physical retardationr”
outcome 4 (see Table B-5).
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Table B-5. Probabilities of Potential Qutcomes
for the Chemical Retardation Activity

Outcome Probability

Case 1 - No retardation
(baseline)

Case 2 - No distinction
‘between flow in sub-

0.01

horizontal and high-angle 0.95
fractures
Cage Ja “Flow in sub-
“horiZontal fractures only 0.0133
Case 3b _@:gm“ow»m high- 0.0133
angle g cturesgonly .
:x;
Case 3c - FI6W in bo;h
sub-horizontal a h?‘g}l- 0.0133

angle fractures*w/isighificant
distinguishing du;ﬁrences

Note 1: In the case of single pomsnty_ Mno retardation, all radionuclides released in

accessible environment was assumed equal to fele:
code. Past PAs have shown that the conceptual model it
with no retardation leads to relatively fast travel tig

Fi,
Note 2: In the case of dual porosity and chemical re 69 (cases 2, 3a, 3b, and 3c),
past PAs have demonstrated that integrated release at the\;egulatory boundary is very small.
Therefore, it was not necessary to recalculate these cases. ~

B.6 Actinide Colloids

Colloids are solid particles small enough to remain suspended i in 11qu1ds mdlonuchde-
bearing colloids may form in the repository environment or during transport wgthm the Culebra.
Colloids have the potential to affect radionuclide transport because they will haw* different
physical and chemical properties than dissolved species. Specifically, physi reta:datlon
(diffusion) may not occur if colloid diameters are sufficiently large, relative to- ﬁ'actura&
apertures, that most transport occurs in central portion of the flow path. Furthermore, che
retardation by sorption may not occur for colloids. °




: Colloids are assumed to be preferentially mobilized over dissolved species and, once
‘;mob%nzed, they are assumed to be transported with no chemical or physical retardation in the
“Culebra.

Table B-7 shows the probabilities of the possible outcomes for the colloid investigation
’act1v1ty cxpressed as total actinide concentrations in mobile colloids (moles/liter).

\ Table B-7. Probabilities of Outcomes
for Colloid Experiments

. ..u&tqome Category Total

5 Cbncentranon of Actinides Probability
in.Moles/Liter

0.33
0.33
0.18
0.09
0.05
0.01
0.01

straightforward. However, application of the results wxlkdepend,on the outcomes of other
activities (such as source term), and policy decisions (suduts PB-WAC) In particular, the
formation of colloids in the repository environment is expected to bg@s%hsmve to the presence

of humic acids contained in soil-rich waste forms. The two cases‘*Tow account for a potential
effect of humic acids on the concentration of actinides in mobile collo1ds § i,

B.6.1 Case 1

If the waste inventory has no significant amounts of high molecular wexght orgamc
materials, such as those found in soils, the parameters for the cornespondmg lognetmal
probability distribution for the total concentration of actinides to be used in the PA 'miodel are§
those given in Table B-8.
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Table B-8. Conditional Probability Distributions for
PA Total Actinide Colloid Concentration

Outcome Category Lognormal Parameters

:3 (Total Concentration for PA Model
:of Actinide Colloids
»»in Moles/Liter) ® 4
" 9 1.03
-8 1.03
-7 1.03
-6 1.03
-5 1.03
-4 1.03

The lognormal probablhty d@nsny function for colloid concentrations to be used in the
SPM-1 activity sets code evaluations is given by

such as those found in soils (for example, wastes related to decomﬁfssxonmwd environmental
restoration), the concentrations used in the PA model (see Table B- g) ii'e ﬁultlphed by 10.
Otherwise the information in Tables B-7 and B-8 remain unchanged. %

B.7 Cuttings/Spallings A ¢

Spalling occurs when solid waste material is transported into an intruding b&ehole t’s the
repository depressurizes. The amount of waste released by spalling will depend on the' strength%
and permeability of the waste, and the pressure within the repository, among other factors. , M
ongoing spalling activities are designed to provide better understanding of the waste’s responﬁc
to rapid depressurization.
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Based on the assumption that either a decision will be made to control the waste
perm&bxhty, or that completion of spalling-related activities will result in a spalling model that
mcludes a waste strength parameter and a non-zero value for waste strength, the following
probabrhtles are assigned to a factor used to scale the baseline spalling release. Calculated
baseline spallmg releases are multiplied by the scaling factor.

Table B-9. Spalling Outcomes

Spalling Scaling Factor Probability

i 1 (baseline release,

0.05

0.20
0.35
0.40

regulations. For the purposes of SPM-1, only ree condx,@_ ns were investigated. These are PB-
WAC Excluding Soils, PB-WAC Excluding RCRA Y

B.8.1 PB-WAC Excluding Soils

kY
Modifying the waste acceptance criteria to limit or exclude sogfrom the waste could
reduce humic acids in the waste, and thereby limit colloid formatj , The treatment of this
hypothetical change is discussed in Appendix B.6. A ¢

B.8.2 PB-WAC Excluding RCRA VOCs _&:gg“

o

it is possible to exclude VOCs from the inventory.
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_B.8.3 PB-WAC Excluding All Metals

Numerous engineering enhancements can be thought of as limiting the impacts of gas-
generam from waste degradatxon processes. For the purposes of SPM-1, these are combined
into a sm@e category that limits the total gas potential by reducing the amount of corrodible
metal md‘ﬁe reposxtory to zero. Note that the cellulosic and plastic content are the same as
defined in the Ju"' 1994 BIR, and are therefore the same as those used in the SPM-1 baseline.

e
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APPENDIX C: COMPLETE LIST OF SPM-1 CAVEATS AND ASSUMPTIONS

% The SPM-1 baseline is an estimate of the future PTB used for the purposes of prototyping
the SPM and reflects only the beliefs of members of the SPM team at SNL. It does not include
sufficient ° SNL Westinghouse Waste Isolation Division (WID), DOE-CAO, regulator, or
stakeholder involvement to represent a full range of concerns and therefore is not useful for
'drawmg programmatlc conclusions.

2. Only ccmceptual models that could readily be incorporated into the modeling structures used
in the 1992 PA analysis were considered for the SPM-1 baseline and the activity set outcomes.

e .
3. Possible outcomes of the SPM-1 activities were defined in part using information obtained
in limited and informal e tlbn of the PIs and are estimates for the purposes of prototyping
the SPM. These activity oﬁ’tcomesemre estimates for the purposes of prototyping the SPM. The
interpretation of these outcomes and t ﬁll' use in SPM-1 are the sole responsibility of the SPM
team at SNL.

4. The tie between activity sets and cost and schedule for SPM-1 is an estimate for the purposes
of prototyping the SPM.

5. While in general we beheve that the decxsmn mamx mfonnatlon correctly reflects the results
 results because of insufficient time
to check the output and behavior of each run of eacb"coﬂg inf detail, due to the large amount of
information handled. -

6. The SPM-1 analysis is limited to evaluating the ability &
the post-closure regulatory requirements as defined in Sectxon 3. Any
the regulator are not considered in this analysis. o

7. Baseline model assumptions and parameters used in SPM-1 could 1ot
_ compliance application because of Caveat 1. The SPM-1 results Cattnot be used to draw
conclusions about compliance.

8. The baseline contains embedded assumptions that presuppose the completxgn of cenam
activities; e.g., the assumption that fluid flow in the Salado Formation behaves Elacordmg to,
Darcy’s Law may require the completion of some subset of Salado experiments in order to ba;*
defensible. O3

4 et

y
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9. The choice of activities and the characterization of their potential outcomes do not have
”project-level input, and reflect only the beliefs of members of the SPM team at SNL.

10 Thaactwmes considered in SPM-1 do not cover the full range of options available to DOE-
CAO Some activities have not been considered at all (e.g., various engineered alternatives),
and othegs'may have been simplified in inappropriate ways.

oi‘ﬂy those stakeholder concerns received in writing prior to May 1994 and that
could be easﬂy unplemcnted as simple code modifications were addressed.

11. For SPM;

12. For SPM-1, sys;em pe:formance was estimated using the baseline prescribed by the SPM
management team (as opposed to the PTB), as described in Appendix A.

13. For SPM-1, potential 6utcom 38 of activity sets and the probabilities of these outcomes were
prescribed by the SPM manzgé; nent team\ (as opposed to formal elicitations or a project-wide

reference base), as described in A

14. For SPM-1, assumptions based on experience from past PAs were used to screen
unnecessary calculations.

15. The extent of the information derived fmm dePM analysis, coupled with the short time
available to study the resulting decision matrix, makes

tually certain that more conclusions
and insights will be obtained in the future.

et

16. For SPM-1, activities that are to take place during the dpe

R .
ratignal period of the WIPP are
not considered. &

17. SPM-1 does not address 40 CFR Part 191, Subpart B, 1¢ 19¥15 (individual protection
requirements), and 40 CFR Part 191, Subpart C (envu'onmenﬁ standaﬂ&for groundwater
protection).

191.13(a), i.e., below the values specified in the regulations.

19. For SPM-1, compliance with post-closure hazardous constituent concentration regulato:yéé
requirements is assumed when the hazardous constituent concentration calculated at the uni
boundary is less than the health-based level for soil for each hazardous constituent. '
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20. For SPM-1, the anhydrite interbed pathway uses from the top of marker bed 138 to the

bottom of marker bed 139, the model shaft diameter, and gas available porosity, for
concentratlon calculations.

21 The hazardous constituent concentrations are calculated from the mean of the multiple

determm,lstxc concentratron calculations to include the effect of parameter uncertainty.

22. For thg*’ baselme regional groundwater flow is modeled using the 70 calibrated
transmlsswrty fields used in the 1992 PA from which 20 sample fields were randomly drawn.

leakage)

24. In response to stakehdlder cogcems that the treatment of climate change is not defensible,

SPM-1 uses the same approat‘ﬂ‘ used i \the 1992 PA of varying boundary heads in a northern
"recharge strip," except that heads gt their elevated position for the entire 10,000 years.
This results in the maximum possible K d gradient across the site, and provides an upper bound
on the affect of climate change Wlthm the context of the 2D flow model.

25. The baseline model for radionuclid transpoﬁ in the Culebra is one of the conceptual
models analyzed in the 1992 PA with no chenhcal wrptlon and no physical retardation transport,
., single-porosity fracture-only transport.

26. For the baseline, colloids are assumed to be transported at the same rate as dissolved

.,

mobilized actinides; i.e., they simply travel with the flow ﬁeld %

:v%
5:.

27. Uncertainty about the rate at which colloids are transported is behitwed to be insignificant
compared to the uncertainty in the flow field that is already mcorg@raxed in the analysis.

28. The BRAGFLO model now approximates pressure-dependent’“ﬁ:f
interbeds by varying porosity and permeability as a function of pressure when %Qt,genemtion
creates pressures that approach or exceed lithostatic. '

29. Above the water table, the brine saturation was taken to be 0.20 and pressure* was 1 atm

Below the water table, pressures were calculated (initial conditions) assummg hydfbstatxc_%

gradient with fluid (brine) density of 1230 Kg/m® and g = 9.79 m/sec?.

30. Initial excavated regions had pressure equal to 1 atm.
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31. For the baseline, if at any time pressure within the repository approaches or exceeds 12.5
MPa pressure in the simulation, the gas phase in the repository is assumed for the purposes of
g,stiiﬁating a CI to be directly connected to the regulatory boundary through the anhydrite
""interbegfs_.

32 For the baseline, no estimate is made of possible VOC degradation or sorption during
transport.

33. For thabasehne Caveats 31 and 32 bound the consequences of gas migration with respect
to 40 CFR 268.6. %

34. A comparablé ‘ undmg assumption (Caveats 31 and 32) is not made for liquid-phase flow

and transport in the Salado

38. Residual brine and gas saturations were 0.20 in all sh
experimental rooms.

41. Physical properties of waste and backfill were treated in the same manfier as insthe. 1992
PA.

42. The radionuclide inventory was based on the 1994 Baseline Inventory Report (BIR) w1th’=*s
the exception that remote handled (RH) U** were reduced to transportation limits.

43. The VOC inventory was based on the best information available to DOE-CAOQO at this time.
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44. Room closure occurs, according to the 1992 porosity surface, until gas pressure reaches
.lithostatic. Thereafter, the room porosity and permeability remain constant.

45 The gas—generatlon model used in SPM-1 was that used in the 1992 PA, updated with rate
mfannatmn documented in thie June 18, 1993, memorandum of record from L.H. Brush to M.S.
Tlemey uﬂw "Likely Gas-Generation Reactions and Current Estimates of Gas-Generation Rates
for the Long—Term Performance Assessment."

46. In respOnse to stakeholder concerns about the treatment of the plastic and rubber inventory
in past analyses, all plastic and rubber material are available for degradation reactions.

47. TFor the purﬁ'ose of ‘JSPM-I, the repository and surrounding strata are assumed to be
horizontal.

48. The human intrusion’ T esnmated cuttmgs and cavings in the same manner as in the
1992 PA.

49. For two-phase flow calculatf%ns, waste'-"penneability remained constant at 10"* m
However, for the cavings, cuttings, and spallin, @culatlons waste permeability values were
sampled from the uniform probability dlstnbﬂtlon af 102 to 10" m?,

50. The Disturbed Rock Zone (DRZ) was modeled with ﬁe halite xegions having far-field halite

o
,,1‘?,

51. The concrete elements for all repository and paxé seals were be assumed to have
permeability values from 1072 to 1074 m? for the full 10 OOO’years '

two orders of magmtude less than the concrete elements for the first 2@) ymrs " From then on,

the lowest 100 m of crushed salt was ass1gned a permeability value ‘frém the range 10 B to
0 15

53. Possible consolidation of backfill in the drifts was not modeled.

54. It was assumed that the total actinide inventory was available for hqu1d-phase tmnspon aﬁ‘
either dissolved or colloid-mobilized forms.
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55. The initial water content of the waste has been estimated in a June 4, 1993, memorandum
by B.M. Butcher and Lincoln as ranging from 0.04% to 5.2%, with a median value of 0.44%.

56.. The SPM—I baseline did not include the effects of nuclear criticality.

57. The mtrusmn rate for SPM-1 was modeled as 30 boreholes/km? for 10,000 years for all

58. Intrusions were random in time, and the first intrusion was assumed to occur as early as

1992 PA, approximating tzfxat of

i ty sand.

60. Brine releases to the ground suxzfé ,‘;fi\iuring drilling was not examined in SPM-1.

61. Because of the inherent Darcy ﬂoév assumption in the present modeling system, SPM-1 can
not completely identify the data worth, i.e., estimat ‘,hthe value of the data relative to compliance,
of all Salado activities. ' :

62. For the purposes of SPM-1 Salado actlvmes wg;éxpect future states of knowledge to
change in two areas. We expect to be able to bettgr dbﬁne the two-phase flow characteristics
of Salado halite, and we expect to better define the pature of preferennal fluid flow in the
Salado.

’5:.
%
el

63. For the purposes of SPM-1, we assume that there is a 50% probah@xty that fluid flow in
the Salado will be controlled by the two-phase flow charactensugg%mpresented by the Brooks-
Corey relationship.

64. We assume for SPM-1 that if Salado flow is not controlled “by‘ the ngoks Corey

g
~.-:v>

ﬂow and VOC transport in the Salado.
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66. For SPM-1, we assume that we will be able to account for preferential flow behavior either
directly in the flow modeling or through the use of simplified modifications to symmetric flow
- modeling.

67.: For SPM-I we assumed the information in Table B-1.

68. For SPM- i"'"‘,fi-._we assumed the information in Table B-2.
69. For Sﬁd-l, we assumed the length of the seal, as a result of seal program activities, will
be the same as the bas lme length; that is, 100 meters.

70. For SPM-1, vi)é assumed the information in Table B-3.

71. Sensitivity analyses conducted;.&s part of the 1992 PA identified fracture spacing within the
Culebra as the smgle parartieter m the PA model that had the largest effect on physical

75. Cases 3a and 3¢ were both modeled assuming a clay ini
calculated from 1992 clay K;s.

76. The 20 p0551ble permutations of physical and chemical retardaﬂ’ n (4 X 5) can be reduced
to the following five distinct cases.

Single Porosity:
1. Fracture flow where clay lining and fracture concentration equxlxbmfm is assumed;

fracture retardation is calculated from K;s based on a 5 wt% clay mixture (Cases 2.and 3b)
2. Fracture flow retardation where clay and fracture concentration ethbnum is

assumed; fracture retardation is a function of clay K,s from the 1992 PA (Cases 3a-and 3c).

Dual Porosity:

3. Fracture flow; no clay; matrix K, = 0.0; use fracture spacing physical retardatlon' "

outcome 2 (see Table B-5).

LA
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| 4. Fracture flow; no clay; matrix Ky = 0.0; use fracture spacing physical retardation
&“outc_ome 3 (see Table B-5).
" S. Fracture flow; no clay; matrix Ky = 0.0; use fracture spacing physical retardation
| outcome. 4 (see Table B-5).

77. Fog;,S%M-l, in the case of single porosity and no retardation, all radionuclides released in
the Culebra were. assumed to instantaneously travel to the regulatory boundary.

have demonstrated that i
it was not necessary;t

egrated release at the regulatory boundary is very small. Therefore,
‘alculate these cases.

79. For SPM-1, colloids

80. For SPM-1, once mobit , coll ids are assumed to be transported with no chemical or
physical retardation in the Culebra b

materials such as those found in soils (for example, Wastés related to decommissioning and
environmental restoration), the colloids concentrations-used int

B-8) are multiplied by 10.

L
.

84. For SPM-1, we assumed the information in Table B-9

"I
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APPENDIX D: GLOSSARY AND ACRONYMS

Gldssary

Actmty A field experiment, lab experiment, novel analysis, change in the engineering design,
change i the waste acceptance criteria, discussion with the regulator, literature search of existing
information bases or other option available to the WIPP Project, that has the potential to influence
regulatory Cls: ~

Activity Set - A collectiomof activities that constitutes a coherent program option. SPM associates
a probability of demqmsratmg compliance with each activity set.

Compliance Indicator (CI f{'“ﬁé'i"hinary measure that indicates whether the WIPP disposal system

,."

is predicted to succeed dr fail with respect to meeting the specific post-closure performance
requirements in 40 CFR 19T 13(4) and 40 CFR 286.6.

Dual Permeability - A conceptualiz ‘ion of flow and transport through a fractured porous media
where flow, advective transport and mechanical dispersion take place through both the fractures and
pore space simultaneously. Exchange of fluid snd solute between the two continua are also
modeled.

Dual Porosity - An idealized conceptualization of contami_xgaﬁm’ransport through a fractured, porous
media where advective transport is assumed to take: tﬁéée only in the fracture and there is a local
exchange of solute between the fracture and matrix ccmtrolled“ bxﬁone dimensional diffusion. No
transport is assumed to take place in the matrix. The du% poros;ty model results in physical
retardation of solute. There is also an equivalent dual-porosn'ir conceptuallzatlon for fluid flow that
is not modeled in the SPM-1 PA.

E1 Intrusion Scenario - A characterization of an alternative future state of the

a;ld a hypothetical

P disposal system
that models an inadvertent exploratory borehole intersecting the repoSno y
pressurized brine reservoir in the underlying Castile formation. !

E2 Intrusion Scenario - A characterization of an alternative future state of the WIPP dispds'af"system
that models an inadvertent exploratory borehole intersecting the repository but‘;a nussmg the
hypothetical brine reservoir. Mg B

E1EZ Intrusion Scenario - A characterization of an alternative future state of the WIPP disbosaj’
system that modes two inadvertent exploratory boreholes intersecting the repository, only one of
which hits an underlying brine reservoir. With robust panel seals both boreholes must intersect a

D-2



panel: panels are isolated. With degraded or failed seals, any two such boreholes must intersect the
_repasitory.

Probability of Demonstrating Compliance - The probability that, if a particular activity set is

implemengéd, a defensible argument for compliance could be made based on the outcome of the
activity_,set"".'

CCDF - Complementary Cumulative Distribution Function

CI - Compliance Indicator 5

DDP - Disposal Decision Plan

DOE - Department of Energy

DRZ - Disturbed Rock Zone
EPA - Environmental Protection Agency
IDB - Integrated Data Base

PA - Performance Assessment

PI - Principal Investigator

PTB - Project Technical Baseline

TR
%

RCRA - Resource Conservation and Recovery Act

SNL -Sandia National Laboratories

SPM - Systems Prioritization Method

D-3



fSPM-l - The first iteration of SPM

@ -,

SI5M-2 - The second iteration of SPM

PBiWAC Performance Based Waste Acceptance Criteria
WBS - Work reakdown Structure

WID - Westinghouse Waste Isolation Division

D-4
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Agenda for Today’s SPM
Presentations

B SPM-1 Overview

m Caveats

Bills/Overview/EEG/10-20-94



SPM First Iteration

= FY92 PA Modified by

,s.

L Cé " pleted September 30, 1994
m Ensure SPM Process Functions Properly

Bills/Overview/EEG/10-20-94



Purpose of the SPM Prototype

B

Evaluate Computational Feasibi 11%-'

Evaluate Viability of Decl %Analysm
Method on WIPP PA/ @
Information \V

Bills/Overview/EEG/10-20-94



Success of SPM Prototype

| SPM-1 HAS DEMONSTRATED VIABIEITY
OF SPM AS A TOOL FOR IDEg’mFYING

Ven Probablhty of

ACthlt‘leS that Have Minimal Impact on
ablhty of Demonstrating Compliance

é Impact of New Activities on the Probability of
Demonstrating Compliance

Bills/Overview/EEG/10-20-94



Success of SPM Prototype

| SPM-1 DEMONSTRATED:

B 1992 PA Codes Can Be Reconfi
w. Data, Scenarios, and

-Development and Successful Application of
Decision Analysis Software

Bills/Overview/EEG/10-20-94



SPM Second Iteration

pad ot Fleca 75

m Regulator Concerns Addressed

B Expanded List of
Alternatives

m RefinedFechnical Baseline
m Completion Scheduled for March 1995

]
@&% ...... “‘5;//
N )
il

LR %
e
E %ma%&

Bills/Overview/EEG/10-20-94



Other SPM Iterations

Bills/Overview/EEG/10-20-94



Prototype of the System-

A9

s

CAVEATS FOR SPM-1

s

2% *Richard Lincoln

, andia National Laboratories

Lincoln/Caveats/EEG/10-20-94



'Caveat 1: SPM-1 Baseline

future Project Technical Baseh
for the purposes of prototy ipin

reflects only the beliefs‘of members of the
SPM team at SNk.. t'does not include

Lincoln/Caveats/EEG/10-20-94



Caveat 2: SPM-1 Conceptual
Models

&ould readlly
be | incorpo: -ated into the o?“ehng structures

Only conceptual models that““

Lincoln/Caveats/EEG/10-20-94



Caveat 3: SPM-1 Possible

were deflned n part us1g »,
elicitation

nes and their use in SPM-1 are the
* le re sponsibility of the SNL SPM team.

Lincoln/Caveats/EEG/10-20-94



Caveat 4: SPM-1 Cost and
| Schedule

sets ocsiirred before recent budget validation
xorcise, which may lead to mismatches
L “between the potential future states of

> knowledge and the associated budget and
schedule.

Lincoln/Caveats/EEG/10-20-94



Caveat 5: SPM-1 Possible
Isolated Errors in Output

m While in general, the SNL SPMtéam
believes that the decisionwxﬁat??x
information correctl; eflects the results of
the computer modé'%fl%ng, there may be

1solated erroé 5 1h results because of

Lincoln/Caveats/EEG/10-20-94



Caveat 6: SPM-1 Selected
| Regulatory Requirements

SPM-1 analysis 1s limited to evalualgn:,

of the WIPP disposal system tg rfi¢
closure regulatory requiremenst

aeet’specific post-

v’
tain) ment requirements (40 CFR

Rt
o ¥

191.13(a)) and hazardous constituent concentration

¢ Only radionuclide cor

- c/ )-#ﬁ hf’ﬁ:;«(ﬁ

;G i/ 6 e

requiremeq;; CFR 286.6) considered

Any otherfequirements from the regulator are not
d 1n %ﬁs analysis.

&

ividual protection requirements (40 CFR 191.15)

Groundwater protection (40 CFR 191, Subpart C)
¢ Others

Lincoln/Caveats/EEG/10-20-94



DECISION

23
._%«,;pz, s
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SPM-1 Decision Analysis Process

CREDITS

The material describ this presentation was

developed by d SNL team that included Walt
Beyeler, ¥ sl Marietta, Dave Rudeen, Jon

Helton Steve Hora, Fred Mendenhall, and
N O Richard Lincoln  1,» Aordese-

Y
;Vk’v‘

NHP/Decision Anal/EEG/10-20-94



Purpose of Presentation

B Describe General SPM Decision
Analysis Process

B Present Details

B Answer

Al%ls Process and Applications for

NHP/Decision Anal/EEG/10-20-94



Decision Analysis Process -
Information Flow

5 gJL 0-1[((&/*""3&/15,4
docd7C
ACost and

/ Schedule
Five Year Plan
DDP
Elicitations
Experiments

Engineered Alts
PBWACs

3 Fio / /
ed O ﬂl! 1#(*\«.4

Baseline —»

Conceptual Models
Scenarios
Boundary Conditions
Initial Cond -
Repository
Source Term

S s,
Regulations >
Long-téfm,
Post-closure
Quantitative Standards . .
40 CFR 191.13(a) X Ao bvey /u eliming fe Ptes / ?,V/Mf/wnéa“

40 CFR 286.6 .
NHP/Decision Anal/EEG/10-20-94
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Activity Definitions

m Prescribed by SPM-1 Team
N Iﬁféived Informal Interviews with PIs

m Guided by 1992 P

Luo'l/( 6r1%;/c c{:pwr\ 57&/;1‘“

m Tied to WBS‘Elements, EPP /e 2.
W[ ped
Terms of PA Parameters

ensitivity Studies

NHP/Decision Anal/EEG/10-20-94
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Examples of Activity Definitions

Activity

Colloid Program %‘:%gff@"éoncentration of

4

ctinide Colloids (m/1)

Culebra Fracture

g/? g

Spalling Scaling Factor

NHP/Decision Anal/EEG/10-20-94



Activity Set Definition

m Combinations of activities that consti
coherent program options

B Examples:

Activities: Colloid’ rogram Spallings
Program, Mu’ ~Well Tracer Test (MWTT)

¢ Possible Activity Sets: 2

fﬁbllmd Program}, {Colloid Program, MWTT},

1Spalllngs Program, MWTT}, {Colloid Program,
Spallings Program, MWTT}, .......

NHP/Decision Anal/EEG/10-20-94



Performance Assessment
' Calculations - Code Structure

&

m 1992 Methodology Used for P rf mance

news (ua[éj /lu/ wi'd

NHP/Decision AnalVEEG/10-20-94



Performance Assessment Calculations -
“Selective Brute Force” for sc/c /<
Undisturbed Cases

Y

BRAGFLO = VAST 7OC Concentrations

S = Radionuclide
Concentrations

/ 2O Qé C&"f/ ro 747 f/j/ /‘,‘)/j Co (;/Of

7;/,/[,\,)0/7/ ﬁl’l//é 7/54/(_42 _ Sl y #l

NHP/Decision Anal/EEG/10-20-94



| Cases

Performance Assessment Calculations -
““Selective Brute Force” for Disturbed

Transmissivity —= SECOFLO
Fields

Radionuclide
Concentrations

BRAGFLO —» PANEL

Colloid Releases

CUTTINGS » Direct Releases
of Radionuclides
to Surface

NHP/Decision Anal/EEG/10-20-94



Models and Parameters for
Example Activity

BRAGFLO

|

= (Baseline)

|

|

e |

] [

- Tpessible CUTTINGS/ |
e-lromes Gat e e

- PANEL ; SPALLINGS e

: I 7 Collou_i 4 Scaling

Fact

. Dissol.ved | actlors

N Species I

|

- SECO o/

= Colloids

/ 3 Transport
Possibilities

EPA Normalized
Integrated Release
7*3*4 = 84 Combinations

NHP/Decision Anal/EEG/10-20-94




RCRA Performance Measure Calculations

-

n Top of Salado

n

N

n

n

n

N

H

N =

u 1 Querege o0 :

. n W )~ew{-( C,, (t)/' ::

o > :

u — )

u — o -

n

n

n

an Land

Withdrawal Withdrawal
Boundary Boundary

NHP/Decision Anal/EEG/10-20-94



CCDF Calculation

Radionuclide
Colloid
Release

Replaces
CCDFPE

A

Cuttings/ Dissolved
Spallings Radionuclide
Release

Combined Releases
for Each Case

CCDF’s for Each Case
Based on Simulated
Intrusion Histories

NHP/Decision Anal/EEG/10-20-94



Compliance Indicator (CI)

requirements

SPM-1 ClIs 01 ulated by comparing Values

NHP/Decision Anal/EEG/10-20-94



| Compliance

Probability of Demonstrating

B Associated with Activity Sets

B Input to calculation:

outcomes o ele

¢ probabilities of acti
activity set defini

compha _.e'_'ndlcators for calculational cases

¢ & ¢

mapping ‘between activity outcomes and
caleulational cases | »ig Peokbeerrs et )

alculated for 1536 distinct activity sets in
SPM-1

NHP/Decision Anal/EEG/10-20-94



| Compliance

SPM-1 Example: Calculation of
Probability of Demonstrating

m For example activity set, CI =1 when the
following three conditions were satisfied: #2-/%-%

"+) ¢ Total colloid coneentrations < 10 moles/liter

NHP/Decision Anal/EEG/10-20-94



§ Probability of Demonstrating
§ Compliance

SPM-1 Example: Calculation of

m Probabilities of these three conditic
satisfied:

¢ 0.33 for Total colloid
liter

~

- 45

(33)(38 +.57)(2 + 35+ 4) =03

NHP/Decision Anal/EEG/10-20-94



Decision Matrix

¢ schedule

ghest probability of
demonstrating compliance for given cost
ind-schedule categories

n
n . .. . .

m B Built from activity set informat

- ACCESS database

- ¢ probability of demon St ting compliance
: & cost

|

N

N

L

n

s

P N

NHP/Decision Anal/EEG/10-20-94



Decision Matrix (cont)

m Multiple activity set solutions pos

m SPM-1 used only currently[ lanned WIPP
COStS

low other cost/schedule
) ST )

W Process set up to
bases \ -

al TRU Program, Total Taxpayer

~E f%?fltatlons as part of Activity Definitions

NHP/Decision Anal/EEG/10-20-94



Computational Resources Required
for SPM-1 Decision Analysis Process

Module

Cray HP Alpha
BRAGFLO 475/950
SECOFL, SECOTP 25/50

VAST, NUTS

PANEL

CCDFCALC

CCDFPERM

ety

50

325 (5950)

500/1000

245

325(5950)

50

NHP/Decision Anal/EEG/10-20-94



What will be different in SPM 2"

Stakeholder Input to Baseling

Formal Elicitation Proces
Definitions

PA Code Automation & Configuration
Managemen

fInformation Base (i.e., cost and

Expande

.. Onceptual Models in PA Codes

NHP/Decision Anal/EEG/10-20-94



,...W\_

What llmltatlon}emaln in SPM-2?

m Limited to considering selected:p
regulatory requirements o ‘n"‘““%

B Worth of activities desigr
u@ded assumpt

51.’ / /16_\

éd to confirm
difficult to measure

NHP/Decision Anal/EEG/10-20-94



SPM-1 Decision Analysis Proce
Successful as Prototype for. Genc
Desired Information

NHP/Decision Anal/EEG/10-20-94



Prototype of the System
Prioritization Metho

Fred/Activities/EEG/10-20-94



SPM STRATEGY

Prepare Final
compliance
package

PA Codes
(Present
state of

knowledge)

STy

Expected
results

R X Yo

L3

Ry

EA - Engineered Altérnatives

PBWAC - Performance-Based Waste Acceptance Criteria

PA - Performance Assessment

Implement
decisions

Decision
tree/matrix




SPM-1 Baseline Assumes 12/92
Modeling.

e The 12/92 PA modeling is the default
condition. That is, unless a change is
specifically stated, the modeling and input

parameters are those identified in the 12/92
PA Calculation.

 PA methodology 1s used.



The SPM-1 Baseline Defined
Changes in These Areas:

Salado
Waste Inventory
Culebra

; 1 fuf?’um (L)"S w‘
Near Field (areas near the disposal room) * ...
Main Shaft Seals
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Salado Changes

At lithostatic fluid pressure, disposal room
gas 1s transported to the regulatory
boundary without storage or degradation.

VOC do not degrade



Salado Outcomes

Gas Flow CDF
Baseline 1.0
Two Phase Flow 0.9
Transport Factor (n) |CDF
10 T g1 0
6 0.8
4 0.5
2 0.2
1 0.1




Gas Transport Factor

FLW/Fred-M/Culebra.pre



Inventory Changes

 The Waste and Activity Inventory for the
SPM-1 Calculation will be taken from the
June 1994, Waste Isolation Pilot Plant
Transuranic Waste Baseline Inventory

Report, CAO-94-1005 Revision O.




Culebra

Culebra
Dolomite

Repository

Fractured Castile
Brine Reservoir

G119 FAY G hesramn I dew



Schematic lllustration of Fracture-Only
Versus Double-Porosity Transport

Fracture-Only Transport

—1 Matrix
i no transport

Fracture
rapid transport

e C /wmaz_// //) /}/ j/“{,; /

AN

Double-Porosity Nonreactive Transport
_ (Physical 'Retardation)

Matrix
slow diffusive transport
high solute storage

—— Fracture
rapid transport

low solute storage

Double-Porosity Reactive Transport
(Physical and Chemical Retardation)
—1 Matrix
- 1 slowdiffusive transport
high solute storage

...........

———, >——1¥ Fracture

~_..] rapidtransport
; low solute storage

Chemical
Reactions

¢ 1(7 A~




)Ql/fLQ

Culebra Changes

No retardation of actinides in the Culebra
No dual porosity flow
Colloids travel with the flow

Ground water level in the areas of recharge
set to land surface for 10,000 years to
account for future climatic changes



CHEMICAL RETARDATION

SINGLE POROSITY TRANSPORT MODEL

-ADVECTIVE FLOW IN FRACTURES e Kos
-NO DIFFUSION INTO DOLOMITE MATRIX ’
-RETARDATION IN CLAY ADJACENT TO FRACTURES

DOUBLE POROSITY TRANSPORT MODEL

-ADVECTIVE FLOW IN FRACTURES Kor &
-DIFFUSION INTO MATRIX T Ko araix
-RETARDATION IN BOTH CLAY AND DOLOMITE '



CHEMICAL RETARDATION -

OUTCOMES

Kbo,mixep = Kp,swTeCLAY+95WT% DOL

SINGLE POROSITY [P(SP)=.05] DOUBLE POROSITY [P(DP)=.95]

1. KoF = Kbp,mxep P=0.33 1. Ko,maTRIX = Kb,MIXED P=0.964

2. KoFr = Kb,cray P=0.66 2. Ko,F = Kb,cLAY P=0.026
and

3. Kb,F

= 0.0

Ko,maTtrix = Kb,pOL

P=0.01 3. Kp,r = Ko,maTRix = 0.0 P=0.010



Near Field Changes

e All plastic and rubber are available for gas
generation. (worse case)

 Human intrusion spalling added (zero
strength waste worse case)

 Intrusion rate set to maximum constant of
30 boreholes per square kilometer for

10,000 years



Direct Release Mechanisms

Mud Pit

R R R RS
Relative

Roughness

Flow Rate
Mud Density

Viscosity at Zero Shear Rate
Well Viscosity at Infinite Shear Rate
Casing Oldroyd Viscosity Parameter

("Salt String")

Etfective
Shear
Strength

Disposal Area
Room or Drift

Disposal Area
Room or Drift

Spalling - n(/é' A’ (V:/,éwz e bﬁq/}’—(z
/770/"’5/3-/“ v //""WZ/")’,/’- Fe

/') WSSk §

Helical Flow

Uphole Velocity
Component

Drill Pipe

Drill Bit Collar

Diameter of
Drill Bit

A
~—— Angular Velocity

22570



Spalling Outcomes

Release Factor CDF
] (Baseline - zero strength) | 1.0
0.5 0.95
0.1 0.75
0.01 0.4




Near Field Changes - cont.

* Degrade shaft and panel seals (worse
case)

e Total Actinide inventory mobilized,

either dissolved or 1n Colloids (worse
/o e 5 VYV
case)

e Reduced 1nitial room moisture



Main Shaft Seals 100 Meters
Effective Length

* From seal e For time > 100 years,
emplacement -100 Seal Permeability
years, Seal ranges from 10-13 to
Permeability ranges 1015 m?

I Crtrses S Op AL
from 10-1? to 10-14 m? iCrecses S pAPT



Seal Outcomes

Note seal values are from the time of
emplacement

Seal Permeabilitx CDF

Baseline 1.0
10'%to 107'® m? 0.99
108 t0 10°° m? 0.90




Colloid

» Actinide associated with a long chain
molecule or solid substrate 1 to 4 orders of
magnitude larger in size than a single
actinide 10n dissolved in brine



Colloids

e For SPM-1 activity sets calculations
colloids will be preferentially mobilized
over solute species and once mobilized they
will be transported with no retardation in



Colloid Outcomes

Concentrations Probability
(moles/liter)

Less than 10 1/3

108 1/3

107 16/87

10°® 8/87

10” 4/87

10 1/87




Colloids

e For waste containing significant amounts of
high molecular weight organic materials
such as may be found in soils, the outcomes
of the colloid concentrations are multiplied

by 10.



Actinide Solubilities Outcomes

Concentrations CDF

Baseline nventory Limited) 1.0

10" to 10! 0.99

10" to 10 0.50




Reduced Initial Room Moisture

Parameter Values [%]

Min. Median Max.
1992 PA | s | Uniform
.0
0.0 14.0
Min. Max.
Median i i
SPM1 } ><e lan Ple-ceW|se
0.44 Uniform
- 5.2

0.4

FLW/Fred-M/Cutebra.pre



PB-WAC and Hypothetical
Engineering Enhancements

e Limit High Organics (See Colloids)
e Limit VOCs

o Limit Gas Potential s whis gheh / podee ses )



Summary - Changes based on the need for
more data to support 12/92PA

Seals - degraded » All plastics and rubber
Culebra - fracture flow degrade to make gas
Culebra - add colloids * Add spalling

Culebra - maximum  Max human intrusion rate
boundary heads e All actinides mobilized

Salado - instantaneous gas
transport at lithostatic
pressure



Summary - based on better data
than was available for 12/92 PA

e BIR inventory values

e Initial room brine saturation reduced



Summary- SPM-1 Activity Sets

Salado - preferential gas flow

Seals - enhanced seal effectiveness

Culebra - physical and chemical retardation
Colloids - concentrations and transport

Actinide Solubilities- Reduced Solubilities
Spalling - Reduced Releases

PB-WAC- reduced high organics, VOC’s & Gas
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Results of SPM-1

PURPOSE OF SPM-1:

Eval

Evaluate Viability of;«

131on Analysis
Method on WIPR PA%Cost/Schedule

Information (

ify Problem Areas and/or Improvements
,,_jddress for Completing SPM-2

Lincoln/Caveats/EEG/10-20-94



Lessons Learned

&
il ’
e =
bedded
"};.:,

(‘T)(é\m/) w W()énj‘/( Corypes ?/DA‘--L-? -J/A,M ///Iﬁ 40/

Assumptions

hng Approaches for
SPM 1) Computatlonal Needs

o i

f

Lincoln/Caveats/EEG/10-20-94



Lessons Learned

m Conversion to Unix- ngs

A/een/ Q. prnt

§:%

w"’"ﬁ?”nal sis Post-Processing
/oa/</ﬂ/ ,(,/ /K( cJ/>¢/ ¥ /m\k/ja se Se / /)

Lincoln/Caveats/EEG/10-20-94



Lessons Learned

; 5/7/‘/2/ e ) Ier_/ f/
Disposd  Lrerserm /)KM

m Budget and Schedule Resolution
\ s flex: B //9

¢ Allow for Alternate Cost ad fchedule
Scenarios

¢ Ensure Consistency, Bétween Elicitations fég)r&
JJ/QZ “1 ’—

Outcomes‘ an ,%Cost/Schedule Assumptlons

B Activities; 1:0**‘: *onfirm Imbedded

ASSuF” thIlS Seton 2.2

%ml@leasured by Current Process to Have Zero

% %

> Value

Lincoln/Caveats/EEG/10-20-94



Lessons Learned

B Elicitation Process

¢ Standard Process to be Det%new and Followed

M% Gy
by Consultants for SPM2, 3

LT

¢ Significant Time<Of Team, PA Staff, and
D P%anned in Schedule

skt dofe elic, fod could he
s defed s P

Lincoln/Caveats/EEG/10-20-94



Lessons Learned

B SPM-2 Computational Needs Wl.al
Other Modeling Approaches """""

b
=Y &
—
=
o)
-
o=
<
Q)
(@)
o=
o
H
wn

¢ SPM-1W ethod was “Selective Brute Force”
Iternate Methods: ‘“Mean-Mean,”
«“Interpolations”

SPM-1 Results will be Basis for Benchmarking
Alternate Methods

Lincoln/Caveats/EEG/10-20-94



Lessons Learned

B Automation

Lincoln/Caveats/EEG/10-20-94



Lessons Learned

P
g%ﬁx

ation Flow

m Configuration Control and Inforz

¢ Large Amounts of Informatie .ngﬂe?ierated and
Complexity of PA Model Drlve Need for

Improvements

Conceptual Model => Computer Code
jter Platform => Results

Lincoln/Caveats/EEG/10-20-94



Lessons Learned

¢ SPM-1 Pro%mebmty of Running on

Alternate Rlatforms and Doing File Transfers

ormal Definition of Post-Closure Design
A/ %Wf/p@&v s
Decision Analysis Post-Processing

Lincoln/Caveats/EEG/10-20-94



Baseline RCRA Results for SPM-1

N

: Assumed

) Assumed VOC Health-

o Hazardous Headspace MeanSoil ased Level

- Constituent Concentration f@oég%enﬁi‘iration '

H

= Carbon Tetrachloride 0.01 5.38

- Methylene Chloride 0.001 93.33

- 1,1,1-Trichloroethare 0.01 7,200
%j% )

- Trichloroethylene 14 0.001 63.63

L l,Lz;-ﬁTr%h%oro- 41 0.001 2,4,000,000

§ 1,2,2-Trifluoroethane
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Baseline 40 CFR 191.13(a)
| Results for SPM-1

|

N

|

H

= SPM-1 Baseline. )

n Normalized Release 40 CFR 19. I%(ég)‘“%” Calculated Mean
|| (40 CFR 191, Appendix Probability, Cg;itéria Probability of
= A, Table 1) Ao Exceedence
N

H 1 0.93

N

- 10 0.001 0.8

B <0. 85

|

N
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%4

Time to Completion (years)

Figure 3. A representation of the SPM-1 decision matrix.

Probability of Demonstrating
Compliance
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Conclusions

| SPM1 DEMONSTRATED:

m 1992 PA Codes Can Be Recont ou
Timely Manner for New Data, Scenarlos and
Conceptual Model

Requirements Can Be Met

Computatlon‘ay.g

Develgp _ﬁnt and Implementation of . laye
Act1v1*@:ies Cost, and Schedule Database

i’e%‘velopment and Successful Application of
Decision Analysis Software
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Conclusions

SPM-1 HAS DEMONSTRATED VIAB\; LITY

OF SPM AS A TOOL FOR IDENTIF

Activities Necessary for a G en Probability of

{ ik
%% A

Activities that Have Minimal Impact on
Pro ab ility of Demonstrating Compliance

e Impact of New Activities on the Probability of
Demonstratmg Compliance
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