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ABSTRACT

The U.S. Nuclear Reguiatory Commission (NRC) undertook a formal independent peer review
of the total system performance assessment methodology as embodied in the Total-system
Performance Assessment (TPA) Version 3.2 Code in the summer of 1999. This peer review,
organized by the Center for Nuclear Waste Regulatory Analyses (CNWRA), was conducted by
eight scientists and engineers from outside the NRC high-level waste program who have
expertise in material science, voicanology, hydrology, rock mechanics, geochemistry, radiation
health physics, scenario analysis, and performance assessment. Each external peer reviewer
provided an independent report documenting the strengths and weaknesses of the TPA code
and the Total System Performance Assessment approach, evaluating the suitability of the TPA
Version 3.2 Code for use in reviewing the U.S. Department of Energy License Application for
the proposed Yucca Mountain repository. This report documents the response of the CNWRA
and NRC staff to the comments of the external reviewers and describes modifications to the
TPA code that have been made or are under consideration for inclusion in future versions of the
code. Each suggestion put forward by the reviewers for improving the technical bases for the
model abstractions, data used in the TPA Version 3.2 Code, and for improving the level of
documentation used to support the TPA Version 3.2 Code has been responded to individually.
The results of the external review, as summarized in this report and documented in full in the
appendixes, have been used to a limited extent to assist in developing version 4.0 of the TPA
code and will be used more fully as the code progresses toward version 5.0.
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1 INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC), with assistance from the Center for Nuclear
Waste Regulatory Analyses (CNWRA), developed a series of Total-system Performance
Assessment (TPA) codes for use in quantitatively evaluating the U.S. Department of Energy
(DOE) safety case for a proposed high-level waste repository at Yucca Mountain, Nevada.
These TPA codes have already been used to demonstrate the NRC capability to conduct a
performance assessment (Codell, et al., 1992), to evaluate preliminary Total System
Performance Assessments conducted by DOE [e.g., Total System Performance
Assessments—-95 (TRW Environmental Safety Systems, Inc., 1995)], and to investigate the
safety case supporting the DOE Viability Assessment (1998). Ultimately, a version of the
TPA code will be used by the NRC to aid in determining if the quantitative basis of the
safety case for Yucca Mountain presented in a potential DOE license application is sufficient
for regulatory decisions.

1.1 Approach

Building confidence in a computer code requires, at a minimum, that the software developers
implement adequate procedural controls, prepare suitable documentation, and conduct
appropriate code testing and benchmarking. However, establishing the technical soundness of
the code requires validation or verification of the underlying process models and their
abstractions. For a multidisciplinary software development project as complex as Total-system
Performance Assessment, establishing technical soundness may require the publication of
peer-reviewed journal articles on the structure of, and results derived from, the TPA code as
well as the scientific basis for the data and conceptual models used in the code and the conduct
of coordinated technical and programmatic reviews by internal advisory committees, such as the
Advisory Committee for Nuclear Waste, or external, independent peer review groups. Various
peer-reviewed publications are cited in the TPA Version 3.2 User's Guide (Mohanty and
McCartin, 1998) that provide the technical bases for selected model abstractions and input data.
In addition, several papers have been submitted or will be submitted to peer-reviewed journals
that describe the development, structure, and results of the NRC TPA approach

[e.g., Eisenberg, et al., (1999); Lu and Mohanty (2001); Jarzemba and Sagar, (2000)].

However, developing the extensive body of peer-reviewed literature needed to support the

TPA code is a time-consuming process that may be only partially completed prior to the review
of a license application.

Conducting organized peer reviews by external experts for the purposes of establishing the
technical or scientific merit of research and development programs is a well-established practice
among federal agencies (U.S. General Accounting Office, 1999). The timing and execution of
the peer review process are largely controlied by the organizing body. Therefore, organized
peer reviews can be an efficient procedure for vetting a research and development program and
abbreviated timeframes, typical of the high-level waste program, are more readily met.
Moreover, by conducting the review in a group setting, the external reviewers are able to
formulate more probing followup questions based on the synergism of group interactions. In
addition, a greater volume of background reading material can be provided to the reviewers
than might be possible for peer review of journal articles.
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For agencies of the Federal Government, procedures for establishing and operating advisory
committees and panels are prescribed in the Federal Advisory Committee Act of 1972. The
Federal Advisory Committee Act requires that advisory committees conduct open meetings, that
timely notice of such meetings be published in the Federal Register, that detailed meeting
minutes be recorded, that records of all working papers and reports used by the committee be
available to the public, and that each advisory committee meeting be attended by a designated
officer of the Federal Government. Typically, organized peer reviews produce a committee
consensus or a compilation of the individual reports of the reviewers.

Approximately 3 years ago, DOE established a Performance Assessment Peer Review Panel
charged with providing an independent evaluation of the Total System Performance
Assessment-Viability Assessment and suggestions for improving the Total System
Performance Assessment approach to be used to support the license application. The DOE
Performance Assessment Peer Review Panel, which operated for approximately 2% years
under Federal Advisory Committee Act guidelines, produced three interim reports and one final
report that reflected the consensus view of the panel.

NRC instructed staff of the CNWRA to conduct an organized peer review of the TPA Version 3.2
Code and the overall NRC TSPA methodology. This review was not undertaken with the
purpose of obtaining a consensus opinion from a panel and, therefore, was not subject to
Federal Advisory Committee guidelines. Instead, the experts selected for the external review of
the TPA Version 3.2 Code were asked to provide individual reports whose content would not be
modified. The entire content of the reports received from members of the external review group
is presented in Appendixes A—-H of this report. While reference is made within this summary
report to the external review group, it should not be construed that any of the observations or
recommendations presented here are the product of a group or consensus opinion. The
summary of key results contained in Chapter 3 is not intended to be a substitute for the
complete individual reports provided in the appendixes. The reader is strongly urged to read
each of the appendices, particularly if wishing to examine in detail the strengths and
weaknesses of the TPA Version 3.2 Code.

The goal of the external review was to get input from the technical experts on the External
Review Group Panel on whether the TPA Version 3.2 Code was sufficient to support NRC role
as the regulator for the Yucca Mountain repository. In accordance with the provisions of the
Nuclear Waste Policy Act of 1982, NRC has the responsibility to evaluate any license
application for geological repositories constructed for the emplacement of high-level nuclear
waste. The NRC review of the DOE TSPA is intended to be risk-informed, such that the items
most important to the performance of the repository system will be subject to the greatest
scrutiny during the NRC review process. The TPA code has been developed to integrate the
detailed technical assessments for the different repository systems into a single code to provide
insights into the most important aspects for repository performance. The TPA code is not
intended to provide a comprehensive safety case for the Yucca Mountain repository itself; it is
intended to be a tool that supports the NRC staff review of the DOE license application.




1.2 Summary Results

Each external peer reviewer report is contained as an appendix to this report. Other than
converting to WordPerfect 8.0 format and renumbering the pages to fit the format of this
summary document, the content and wording of these reports are unchanged. In general, the
external peer reviewers were positive about the overall quality of the TPA Version 3.2 Code and
concluded the code was suited for use in reviewing any DOE license application. Numerous
suggestions were made by the external reviewers regarding improvements that should be made
to the model abstractions and data used in future versions of the TPA code. In particular, one
reviewer had serious concerns about the technical bases supporting the saturated zone flow
and transport module. A predominant theme of the comments focused on the failure of the
TPA Version 3.2 Code to include or explain the exclusion of coupled thermal-hydrological-
mechanical-chemical processes. There was a general sense that TPA documentation was
insufficient to explain the technical bases for the model abstractions, input data, parameter
values, and probabilistic approaches embodied in the TPA Version 3.2 Code. Furthermore, the
overall transparency of the code could be enhanced by preparing documents that explain how
features, events, and processes were included or excluded.

1.3 Development of Responses

Developing responses to the external peer review comments involved numerous technical
experts with diverse skills. In March 2000, an action plan was completed for responding to the
external review of the TPA Code Version 3.2." This plan cataloged each comment or
recommendation, its location in the reviewer’s report, and its status of resolution. Similar
comments from multiple reviewers were combined and a tracking number was assigned to each
individual or combined comment. This process resulted in identifying 234 comments requiring
response. These comments were divided and submitted to the developers of the different
modules that make up the TPA Version 3.2 Code.

This report provides the comprehensive response to the external review of the TPA Version 3.2.
There are several general categories into which the responses to the comments of the external
reviewers fall. Many comments are resolved by indicating that the recommended changes have
been incorporated in the latest version of the TPA code, which has undergone one major
revision since the external peer review was conducted (Version 4.0) as well as minor revisions
(Version 4.1). Many of the changes made in these later versions addressed weaknesses
identified by the external reviewers. Many other comments are resolved by indicating that the
comment addressed is being considered for incorporation into the next major revision of the
TPA code. Coding has begun to develop the TPA Version 5.0 Code, and suggestions for
improvements to be incorporated into the code are being compiled and prioritized. Many
suggestions for improvement result directly from comments made during the external review of
the TPA Version 3.2 Code. The changes that become incorporated into the code will be
determined by the significance of the proposed change (i.e., how much it affects performance)
and the complexity associated with the incorporation of the change. Although there has not
been a final decision on whether to incorporate individual changes, code developers and
technical experts will look into these issues and decide whether these improvements to the

'Firth, J. “Action Plan for Responding to External Review of Total-system Performance Assessment Version 3.2.”
Memorandum (March 6) to C.W. Reamer, Division of Waste Management, NRC. Washington, DC: NRC. 2000.
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code could significantly affect the results of the code. It is likely that all risk-significant changes
will be incorporated into Version 5.0 of the code. Other responses will refer to published work
(either peer-reviewed literature or an NRC or DOE document) that demonstrates the issue
identified by the reviewer does not have a significant effect on the resulits of the analyses.
Alternatively, the responder may provide additional documentation to defend assumptions made
in the modeling or parameter values selected for the analysis. Finally, many of the comments
resulted from the external reviewer not being able to determine how the code works, based on
the documentation provided. These comments were responded to by simply describing how the
code performs the calculations in a clearer manner than documented in the user’'s guide for the
TPA Version 3.2 Code. These comments will help to guide future revisions to the user’s guide
as they highlight areas where the documentation is not sufficiently transparent to aliow a
reviewer to fully understand how the TPA Version 3.2 Code works.




2 CONDUCTING THE EXTERNAL REVIEW OF THE TOTAL-SYSTEM
PERFORMANCE ASSESSMENT VERSION 3.2 CODE

This section describes the process used to identify and select participants in the external
review of the Total-system Performance Assessment (TPA) Version 3.2 Code, identifies
materials provided to the reviewers in advance of the meeting, outlines the primary goais of the
review and the questions to be addressed by the reviewers, and documents the meetings and
overall schedule used in the review.

2.1 Selection of the Members of the External Review Group

The members of the external review group were selected using a peer nomination
process. More than 120 letters were sent to members of the international performance
assessment community, soliciting nominations for experts in eight general areas of
technical expertise, including

Geochemistry

Hydrology

Material Science and Corrosion Engineering
Rock Mechanics and Mining Engineering
Health Physics

Volcanology

Overall Performance Assessment

Features, Events, and Processes Analysis

More than 50 responses were received. Based on the nominations received, clear experts were
identified by peer acclamation in hydrology, geochemistry, and features, events, and processes
analysis. Insufficient responses were received to provide a clear-cut preference in the
remaining technical areas. Consequently, technical staff at the U.S. Nuclear Regulatory
Commission (NRC) and Center for Nuclear Waste Regulatory Analyses (CNWRA) were asked
to nominate reviewers to fill the remaining positions on the external review group. A final short
list of reviewers was identified for the eight positions on the external review group.

The nominees selected were contacted regarding availability and willingness to participate in
the external review of the TPA Version 3.2 Code. Several potential reviewers were not able to
participate because of scheduling conflicts. The remaining nominees were asked to provide
detailed information necessary to evaluate their ability to meet the CNWRA conflict-of-interest
requirements. Restrictions were placed to eliminate those nominees working either currently or
in the past as employees of the U.S. Department of Energy (DOE) or its contractors on the
Yucca Mountain high-level waste disposal program. Several identified experts were eliminated
from further consideration due to conflict-of-interest concerns.

Eight participants in the named technical areas were selected based on availability and
freedom from conflict-of-interest (Table 2-1). Because of conflict-of-interest restrictions, five
of the eight reviewers were from outside the United States. Because of the uniqueness of the




Table 2-1. Members of the External Review Group for the TPA Version 3.2 Code

Reviewer

Affiliation

Area of Expertise

Dr. Barry Brady

University of Western Australia
Perth, Australia

Rock Mechanics and
Mining Engineering

Université Pierre and Marie Curie
Paris, France

Dr. Paul Delaney U.S. Geological Survey Voicanology
Flagstaff, Arizona
Dr. Ghislain de Marsily |Laboratoire Géologie Appliquée Hydrology

Dr. Robert Kelly

University of Virginia
Charlottesville, Virginia

Material Science and
Corrosion Engineering

Dr. Gérald Ouzounian

Agence Nationale Pour La Gestion
Des Déchets Radioactifs (ANDRA)
Chatenay-Malabry, France

Geochemistry

Dr. Brian Thompson

independent Consultants
Twickenham, United Kingdom

Overall Performance
Assessment

Dr. Frits van Dorp

Nationale Genossenschatft fur die
Lagerung Radioaktiver Abfalle
(NAGRA)

Wettingen, Switzeriand

Features, Events, and
Processes Analysis

Dr. F. Ward Whicker

Colorado State University

Ft. Collins, Colorado

Health Physics

proposed repository at Yucca Mountain, Nevada, technical expertise in the different
components of the repository was considered more critical than familiarity with the DOE
high-level waste disposal program.

2.2

For their initial independent evaluation of the TPA Version 3.2 code, the TPA Version 3.2 Code
User’'s Guide (Mohanty and McCartin, 1998) and the NUREG-1668 (NRC, 1999) were provided

to each member of the external review group.

Materials Provided to the External Review Group

In addition, references cited in the reports were provided to the reviewers upon request.
Reference sections in the individual expert reports attached as Appendixes A-H identify
the additional material that was reviewed. The materials for review were provided to the
members of the external review group prior to the group meeting to allow them to familiarize
themselves with the conceptual approach to TPA used by the NRC and the CNWRA.
Approximately 7 weeks were available to review the material prior to meeting with NRC and

CNWRA staffs in San Antonio, Texas. Final comments (Appendixes A—H) were provided by the
reviewers about 3—4 weeks after that meeting.




2.3 Primary Goals of the Review

The overall goal of conducting the external review of the TPA Version 3.2 Code was to

receive an independent critical evaluation of the NRC approach to performance assessment
from recognized authorities in different fields of research. The review focused on the TPA
Version 3.2 Code and associated documentation. It was stressed to the reviewers that the
purpose of the TPA Code is to provide a review tool for NRC staff reviewing any DOE License
application, and is not intended to make a comprehensive safety case itself. More specifically,
the members of the external review group were provided with a list of primary goals to establish
the scope of the review and help focus their review of the TPA Version 3.2 Code. In particular,
the reviewers were asked to

. Examine the methods and assumptions of the NRC studies as implemented in the TPA
Version 3.2 Code

Recommend improvements that could be made in subsequent revisions, modifications,
and updates to the TPA Code

Evaluate implementation of conceptual models, including parameter choices

Determine whether the NRC approach to TPA is suitable for achieving its objectives to
review the DOE license application and associated performance assessments

In addition to these primary goals, the external review group was provided with specific
questions to consider in evaluating the TPA Version 3.2 Code.

. Is the TPA Version 3.2 Code sufficiently complete?
— Are the included features, events, and processes sufficient to provide credible
results and meaningful insights? If the included features, events, and processes
are not credible, can the nature and degree of conservatism be explained?

Are the conceptual model abstractions and data defensible?

- Are the conceptual model abstractions and data appropriate for the spatial and
temporal scales being considered and for the selected performance measure?

Are the model abstractions and data supported by site information or other
related information to ensure the credibility of the resuits? If they are not credible,
can the nature and degree of conservatism be explained?

Is the documentation sufficient to provide an understanding of the approach?

Is the level of conservatism and simplicity of approach appropriate considering
the role of the NRC?




Are parameter values reasonable?

— Are the parameters used in the TPA Version 3.2 Code appropriate to
the abstractions?

— Is the functioning of the code adversely affected by the parameters or the ability
to obtain values for the parameters?

. What are the strengths and weaknesses of the TPA Version 3.2 Code as a tool in
supporting the NRC licensing decision?

. What improvements to the code would panel members recommend, taking into
consideration the intended application of the code to support the NRC
licensing decision?

As necessary, the reviewers were also requested to provide questions and discussion points
to be raised with the staff in advance of the 3-day meeting held on July 27-29, 1999, in
San Antonio, Texas.

24 Meetings and Schedule

Seven of eight experts attended a meeting held at the CNWRA in San Antonio, Texas, on
July 27-29, 1999. Because of scheduling conflicts, Dr. Paul Delaney visited the CNWRA

2 weeks earlier on July 13-14, 1999. During the meetings, the reviewers were provided with
additional information on the regulatory framework for high-level waste disposal in the United
States, the role of the TPA Version 3.2 Code in the licensing process, site characteristics at
Yucca Mountain, conceptual models used in the NRC TPA Version 3.2 Code, the basis for
model parameters and parameter uncertainty, TPA Version 3.2 Code results, sensitivity
analyses with the TPA Version 3.2 Code, and the CNWRA quality assurance program.
Reviewers were provided copies of all presentation materials and encouraged to ask questions
during the presentations. Time was also allotted for discussion at the end of each day, and the
afternoon of the final day was reserved for a summary discussion.

At the conclusion of the meeting, all members of the external review group were asked to
independently prepare a brief report evaluating their general areas of expertise in the TPA
Version 3.2 Code. As appropriate, the reviewers were also asked to review and comment on
other parts of the overall TPA Version 3.2 Code. In each report, the reviewers were specifically
asked to provide

Descriptions of areas of the TPA Version 3.2 Code reviewed

Weaknesses of the TPA Version 3.2 Code in these areas

Strengths of the TPA Version 3.2 Code in these areas

Recommendations for improving subsequent versions of the TPA Code in these areas

Although the reviewers were requested to provide independent review comments, they were
encouraged to contact each other following the meeting as necessary to ensure that comments
made on areas outside their areas of expertise were sound and technically correct.




3 RESPONSES TO THE COMMENTS OF THE EXTERNAL REVIEWERS

This chapter provides a response to all comments made by the external reviewers. It is hoted
that the summary of a reviewer's comment does not necessarily include the full context of the
comments made by the external reviewers. To get the entire context of the comments, the
reader is encouraged to read the reports provided by the reviewers of the Total-system
Performance Assessment (TPA) Version 3.2 code, which are included as Appendixes A-H.
Specifically, the report written by Brady is attached as Appendix A; the report written by Delaney
is attached as Appendix B; the report written by de Marsily is attached as Appendix C; the report
written by Kelly is attached as Appendix D; the report written by Ouzounian is attached as
Appendix E; the report written by Thompson is attached as Appendix F; the report written by
van Dorp is attached as Appendix G; and the report written by Whicker is attached as

Appendix H.

The detailed technical presentations made by U.S. Nuclear Regulatory Commission (NRC) and
Center for Nuclear Waste Regulatory Analyses (CNWRA) staffs during the formal meeting
relieved the initial concerns of several external reviewers regarding the technical bases for the
code. Additionally, many reviewers had concerns about the quality assurance program under
which the code was developed prior to the formal meeting. These concerns were mostly eased
by the formal and informal briefings on CNWRA configuration control procedures. These
concerns indicate that the currently available background material supporting the TPA

Version 3.2 code, given to the reviewers prior to the formal meeting, did not provide sufficient
information about the technical underpinnings for the model abstractions, input data, and
probabilistic approaches embodied in the code.

Many comments were made by the external reviewers that applied to the TPA Version 3.2 code
and the overall performance assessment process, such as comments related to code
documentation. These comments will be addressed first, followed by the comments identified
for each of the specific technical areas.

The comments relevant to the specific technical areas are organized by integrated subissues,
which is the format expected to be used to review the U.S. Department of Energy (DOE) license
application. The organization of the integrated subissues correlates well with modules of the
TPA Code, however, there are some differences. Table 3-1 contains a crosswalk between
integrated subissues and modules of the code. Note that some code modules are related to
more than one integrated subissue.

Each specific comment is identified by comment number, the reviewer's name, and where the
comment can be found within the reports of the reviewers. For example, the notation (A-3) in
the comment indicates the comment is located on page 3 of Dr. Brady’s review report, which is
attached as Appendix A.
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Table 3-1. Crosswalk between Integrated Subissues and TPA Code Modules

Integrated Subissue TPA Code Module
Degradation of Engineered Barriers (ENG1) EBSFAIL

Mechanical Disruption of Engineered Barriers FAULTO, SEISMO
(ENG2)

Quantity and Chemistry of Water Contacting the | NFENV, EBSREL
Waste Package and Waste Form (ENG3)

Radionuclide Release Rates and Solubility EBSREL
Limits (ENG4)

Climate and Infiltration (UZ1) UZFLOW
Flow Paths in the Unsaturated Zone (UZ2) UZFT

Radionuclide Transport in the Unsaturated Zone | UZFT

(UZ3)

Flow Paths in the Saturated Zone (SZ1) SZFT
Radionuclide Transport in the Saturated SZFT
Zone (SZ2)

Volcanic Disruption of Waste Packages VOLCANO
(Direct1)

Airborne Transport of Radionuclides (Direct2) ASHPLUMO

Dilution of Radionuclides in Water due to Well DCAGW
Pumping (Dose1)

Redistribution of Radionuclides in Soil (Dose2) [ ASHRMOVO

Lifestyle of the Critical Group (Dose3) DCAGW, DCAGS

3.1 Comments Relevant to the Entire Code

Comment 5: A weakness is the possible lack of versatility in analysis of repository
layouts different from the standard drift-and-pillar planar design. (p. A-2) It is doubtful if
the code is sufficiently flexible to handle possible radical changes in repository layout.
One objective of further development on the TPA Code should be to ensure that generic
repository designs other than drift-and-pillar layouts can be simulated. (p. A-3)
Concerns about the effectiveness of shedding as a method of controlling WP exposure
to percolating and refluxing groundwater could conceivably lead to changes in
repository layout more radical than those expressed in the EDA-ll design. (p. A-8) This
reviewer was left with the impression that the design change (i.e., EDA-ll) was not
accommodated readily by the current TPA Code functionality. (p. A—10) [Brady]



It is acknowledged that the code is not flexible enough to handle radical changes in design.
However, it is believed that the code is sufficiently flexible to handle expected changes to
design. Development of a code that is completely flexible such that it could accommodate all
possible layouts would be more expensive than is appropriate for the needs of the high-level
waste program. Limited staff resources are better spent improving models for the expected
repository design than developing models for other designs. The framework for the TPA
Version 3.2 Code was consistent with the viability assessment repository design, but did not
include features such as a drip shield or the revised spacing of emplacement drifts considered
for the EDA-II repository design. Revision to the TPA Version 4.0 Code was necessary to
evaluate the EDA-Il repository design. It is expected that radical changes to design are less
likely as the project matures.

Comment 6: Decoupling of many FEPs raises questions about the extent to which all the
possible modes of repository response will be captured in the performance simulations.
A qualification study on a repository analogue could provide strong support for an
inference of an acceptable level of completeness of the formulation. (p. A-2) [Brady]

Appropriate coupling of features, events, and processes for inclusion in performance
assessment is currently being evaluated. An attempt is made to represent key features, events,
and processes with a sufficient degree of coupling, either represented in the TPA Code or
through abstraction of detailed process-level model results. In many cases, the conceptual
models and supporting data are highly uncertain and, therefore, a conservative approach is
considered. NRC and CNWRA staff are concerned about the decoupling of features, events,
and processes in performance assessment and have raised questions to DOE about
considering the range of repository performance when evaluating features, events, and
processes for screening. While analogs for pieces of the repository model may exist, the
repository system has no relevant analog. Typically natural analog information is used to
develop a basis for the detailed process-level conceptual models and data used in the TPA
Code. If conceptual models are able to accurately model natural analog systems, it provides
confidence that the degree of coupling in the models is sufficient. For example, one alternative
for the dissolution of the source term uses a model for the dissolution of schoepite based on
data collected from natural analogs. However, due to insufficient knowledge of the conditions of
the natural analog, it may be difficult to justify the use of a less conservative model based on
evidence from a natural analog system. However, natural analogs are used to provide insights
into the processes modeled by the TPA Code as appropriate.

Comment 12: The documentation of the code would be improved considerably if the
interaction or coupling between the FEPs was mapped as an influence diagram or a
matrix, and the strength of each interaction was evaluated explicitly. (p. A-9) It would be
useful to build an “influence diagram” in which all the FEPs taken into account both as
internal and external are linked to all the relevant processes on which they may have an
effect. An additional document then describes, for each link, the reason why this link is
not considered important in the TPA, or on the contrary how it is incorporated in the
process system. (p. C-8) [Brady/de Marsily]

Model abstraction chapters in the TPA user’'s manual conclude with a section on assumptions
and conservatisms. These sections list the main features, events, and processes addressed by
the models. The suggestion of developing a cross-matrix to show the couplings addressed by
the TPA Code will be taken into account for a future revision of the user's manual. The reasons
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for couplings not accounted for will be explained better in the documentation for the code, either
in the form of appendixes or as an independent document. NRC and CNWRA staff will consider
elaborating a cross-matrix of features, events, and processes to highlight considered couplings
in a future TPA Code. Couplings not accounted for will require additional explanation.

Comment 13: Flexibility in application is a feature that must be provided intrinsically in
further development of the code. (p. A-10) [Brady]

Flexibility in application is a feature that will be included to the extent practicable. However,
experience to date with the TPA Code suggests that the flexibility in application of the tool is not
the limiting feature. Rather, creativity of the analyst is most important in determining how the
code can be used. In addition, continual analyses with the code [such as documented in the
NRC sensitivity analyses report (1999) provided to the External Review Group and the TPA
Version 3.2 Code sensitivity analyses report] (NRC, 1999) identify weaknesses in the code that
are improved in future code versions. It is common to have proposed code changes that do not
technically influence the models or computation but are targeted at improving flexibility

of application.

Comment 25: It is not clear which FEPs were excluded and based on what reasons.

A more rigorous classification of the FEPs, of their roles and of the consistency of

their introduction in the Process System or the Scenarios would be desirable. (p. C-3)
Documentation of the origins of many of the modules, data, and side analyses needs to
be more traceable. The methodologies used for the selection and rejection of different
FEPs are not clearly outlined in the documentation. (p. D-8) The scenario development
methodology must be explained and documented. Sensitivity studies may also be used
to focus some of the scenarios. QA and traceability are important in order to record
how decisions were made at each step, to include or not an event or process. For
those scenarios which have not been analyzed, justification must be given. In order to
allow NRC to independently review DOE’s approach, NRC needs to have its own
capability to generate a set of FEPs and scenarios. For each of the scenarios, definition
of the range and boundaries of the given set of models and data is requested in order to
prove that computation was not performed out of the valid domain. (p. E-5)

[de Marsily/Kelly/Ouzounian]

The TPA Code is designed as a review tool to look at vulnerabilities in any DOE license
application, not to make a comprehensive safety case itself. The TPA Code has been
developed by an iterative process and the gradual identification of the elements relevant to
performance. It is the responsibility of the DOE to produce a comprehensive collection of
features, events, and processes applicable to the proposed geologic repository system at Yucca
Mountain. In case relevant features, events, and processes are identified that are not currently
addressed by the TPA Code, effort will be made to include those in the TPA models. Model
abstraction chapters in the TPA user’s guide conclude with a section on Assumptions and
Conservatisms. This section lists the main features, events, and processes addressed by the
models. In the future this section will be enhanced with an explanation of why some features,
events, and processes have not been addressed. The TPA Code and the user's manual have
been produced following internal quality assurance guidelines that require traceability of
modules and data. Nonetheless, additional effort will be made to enhance traceability in future
versions of the manual. The enforced quality assurance requirements guarantee that the TPA
Code is fully traceable to our internal records. Scenario development in the TPA Code has
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been accomplished through an iterative process. Several potential and relevant disruptive
scenarios such as volcanism, faulting, and seismic activity have been identified. [f other
scenarios and processes not currently modeled are noted as important, the TPA Code will be
modified accordingly. Sensitivity studies (among other studies) have been used to revise the
DOE approach of considering only two relevant scenarios: volcanic disruption and nominal.
Staff disagree with the viewpoint that the only way to independently review the DOE approach
to scenario analysis is to develop a comprehensive set of features, events, and processes and
scenarios. Resources are better used by gaining familiarity with the scenario analysis process
and reviewing DOE studies by NRC subject matter experts. Relevant testing has been
completed to verify that computations are performed within valid domains. Sensitivity studies
have been used to complement the testing effort. Elaboration of a separate document outlining
the ranges of operation of the system submodels or TPA Code submodules would be beneficial,
and its future production will be considered. See also the response to Comment 12 in this
section in this section.

Comment 40: The level of QA for the TPA Code appears to be less than the level DOE
prescribes for its contractors. Should NRC use a different ievel of QA than DOE? (p. C-9)

[de Marsily]

The TPA Code was designed and built in accordance with a technical operating procedure
designed to produce quality results with a significantly smaller staff than DOE. The CNWRA
uses Appendix B of 10 CFR Part 50 and NQA1-1986 (American National Standards
Institute/American Society of Mechanical Engineers, 1986) requirements for its quality manual
and these flow to the controlling procedures. These standards include requirements to validate
computer codes. Validation of the TPA Code is expected to be completed in fiscal year 2003.
The DOE procedures are more prescriptive than the CNWRA's procedures, but the CNWRA
procedures have been judged to be adequate to produce a quality code. The TPA Code is
meant to assist the NRC in confirming certain DOE assumptions regarding the high-level waste
repository, not to build a licensing case.

Comment 41: The test cases and comparisons for each of the modules of the TPA Code
made during the course of code development should be better documented to provide
evidence of the confidence that can be placed on the TPA Code. (p. C-9) [de Marsily]

A software validation test plan for the TPA Code is being developed. This document will outline
the types of tests that will be performed to build confidence that the software accurately
implements the conceptual and mathematical models. The validation of the TPA Code is
expected to be completed and documented in fiscal year 2003.

Comment 42: The TPA Code should be verified against the DOE TSPA Code using a test
case where the two codes could be given parameters and assumptions as close as
possible to each other. (p. C-9) [de Marsily]

Because of substantial differences between the TPA Code and the DOE Total System
Performance Assessment Code in modeling and parameterization, it is difficult to verify the TPA
Code against the DOE Total System Performance Assessment Code. Nevertheless, an
initiative was undertaken to model the DOE conceptualization and parameter values using the
TPA Version 3.2 Code. Results from these analyses were presented at a DOE and NRC
technical exchange. An example comparison for container life modeling can be found in
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Pensado and Mohanty (2000). Because of serious limitations encountered during this effort, no
additional attempts have been made to replicate the DOE conceptual models using the TPA
Code. New efforts are currently underway to model the NRC conceptualization using the DOE
Total System Performance Assessment software for selected components of the TPA

Version 4.1 Code. In addition, outputs from the TPA Version 3.2 Code have been compared at
the intermediate results level where such comparison is possible. For example, the validity of
the DOE use of the Gaussian Variance Partitioning approach was assessed by performing
stylized calculations using the TPA Version 4.1 Code.

Comment 43: The decision not to include couplings, heterogeneities, and complexities
into the PA models needs to be reevaluated periodically. (p. C-9) [de Marsily]

The need for coupling between processes and modules was identified early in the development
process for the TPA Code. Early development of the TPA Code attempted to incorporate the
most signficant couplings in the repository system into the code. As development of the code
has continued, additional couplings have been added to the TPA Code to improve the modeling
of the system. Heterogeneity within the repository system is accounted for through the use of
different subareas to model different regions of the repository and through the use of
distributions for parameter values that may vary spatially. As more information becomes
available on the heterogeneity of the natural system, the system is divided into a different
number of subareas. The repository area is now divided into ten subareas instead of the seven
subareas that were used in the TPA Version 3.2 Code. The level of heterogeneity, as well as
the level of complexity in the TPA Code is re-evaluated during the development of each new
version of the TPA Code. There is a delicate balance to be achieved between increasing
coupling, heterogeneity, complexity, and maintaining a tool that is computationally efficient. It is
expected that the TPA Version 5.0 code will have improvements in coupling of modules

and processes.

Comment 45: Another method to be considered for the sensitivity studies is to fix one
parameter at selected values and perform a full stochastic analysis for all other
parameters. (p. C—-10) [de Marsily]

This concept has been applied to verify approaches to select influential parameters. Example
applications of this approach can be found in Lu and Mohanty (2001) and Mohanty and
Wu (2001).

Comment 47: The lumping of the water from all four SZ streamtubes is inadequate since
they represent different zones of the repository that may have different waste package
failure rates, etc. (p. C-17) [de Marsily]

The regulations require dose to be calculated to the reasonably maximally exposed individual.
The Reasonably Maximally Exposed Individual is a member of a rural-residential community
defined to be located 18 km [11.2 mi] south of the repository. The TPA Code models the dose
to the Reasonably Maximally Exposed Individual by assuming that 100 percent of the
radionuclides that reach the Reasonably Maximally Exposed Individual location are captured by
wells that pump a specified quantity of water each year. These radionuclides are diluted by this
volume of water to determine the concentration of radionuclides in the water. The four
streamtubes contribute to the total quantity of radionuclides that reach the Reasonably
Maximally Exposed Individual each year, and, therefore, the TPA Code representation of
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variability in waste package failure times and transport properties in the different areas of the
repository is sufficient to check compliance with the regulation.

Comment 49: Documentation that allows a full analysis of the entire structure of the
code needs to be assembled. (p. D-2) The User’s Guide is inadequate for a
comprehensive review of the approach being taken by NRC to analyze the eventual DOE
license application. It is recommended that a document that provides a traceable
overview of all aspects of the TPA Code be developed and maintained. (p. D—4) [Kelly]

The methods used by NRC to use the TPA Code in a review of the DOE license application will
be documented directly in the quantitative review strategy and the demonstration of the review
strategy, which are both expected to be completed in fiscal year 2003. Note that the TPA
Version 5.0 code or one of its subsequent revisions will be used to evaluate any DOE license
application. The TPA User’s Guide will provide a traceable overview of most aspects of the
TPA Code, including a better description of the structure of the code. (Also see response to
Comments 115, 123, and 129 in this section.)

Comment 62: The documentation system needs substantial improvement to aliow
newcomers to the code to efficiently develop a grasp of what factors are and are not
being considered, the process by which the selections were made, and the influence of
the selection of the various parameters. (p. D-9) [Kelly]

The purpose of the Assumptions and Conservatisms section for each module was intended to
convey to the reader what is considered in the model and their potential impacts. For additional
clarity, these assumptions will be expanded and revised and additional references to the most
recent supporting documents will be added (also see Comments 115 and 123 in this section).

Comment 63: This documentation can be improved, especially by adding a
logical flow-chart for each module, as given for some during the EPR meeting.
(p. E-3) [Ouzounian]

An attempt was made to develop a flow diagram for the TPA Code, particularly for the executive
driver of the code. Because the code is largely serial in nature, such flow diagrams were not
considered essential to improving transparency and traceability of the code. Flow diagrams for
several abstracted models exist in supporting documents, such as the container life and source
term module presented in the EBSPAC User’'s Guide (Mohanty, et al., 1996). Similar flow
diagrams will be developed for other abstracted models if warranted by the complexity and level
of coupling of the processes.

Comment 64: The underlying work, models, data, and assumptions should be more
traceable. The links between the phenomenological or process level and the
performance assessment level should be described in a comprehensive and accessible
way. (p. E-4) [Ouzounian]

Traceability is valued as an important component of the TPA Code, and the NRC has
continually attempted to improve the documentation of the code to make connections between
process-level work and the TPA Code more traceable. Although the NRC does not have the
need or resources to build a comprehensive documentation pyramid similar to the DOE where
analysis and model reports contain the detailed calculations and bases for parameter samples
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that are summarized into process model reports which are then combined into the top-level total
system performance assessment documents, the traceability of the TPA Code will be improved
in future versions of the user’s guide.

Comment 65: Having teams in charge of describing the processes and mirror teams
performing sensitivity analyses gives certainly all chances for an efficient work.
(p. E-4) [Ouzounian]

This recommendation does not address either the substance of particular models or other
approaches used in the Total-system Performance Assessment code, so no changes in the
Total-system Performance Assessment code are needed to address this comment.

Comment 67: Each iteration between a new selection and calculated dose to man will
lead to a new ranking of radionuclides and selection as to be reconsidered for each step.
Thus, exercises performed with TPA Version 3.2 Code would have benefited from
previous results. (p. E-5) [Ouzounian]

Early versions of the TPA Code tracked 43 radionuclides, which were selected based on
inventory considerations and review of DOE work. As the development of the code progressed
and experience with the code increased, developers were able to identify various radionuclides
that did not contribute significantly to the results. Many radionuclides were removed from the
base case to reduce the computational burden. Therefore, the current set of 20 radionuclides
tracked for the groundwater pathway is indeed based on previous results with the code.
Periodic analyses, such as the one described in Appendix |, are conducted to ensure that the
set of radionuclides tracked is sufficient for the latest models in the TPA Code.

Comment 68: A specific methodology, starting from the total inventory of radionuclides
to be disposed of, must be defined and described. It can lead to the same selection as
the one used, but will be justified. (p. E-5) [Ouzounian]

Periodic analyses are conducted to ensure that the set of radionuclides modeled in the TPA
Code are sufficient to represent the dose from the repository. The latest iteration of this process
is described in Appendix | of this report.

Comment 76: On p. 2-10, the residential community is indicated to be < 20 km from the
repository. Is it possible to be more specific about the location? (p. H-5) [Whicker]

The residential receptor was defined as an alternative for perspective only. The

U.S. Environmental Protection Agency (EPA) has defined the Reasonably Maximally

Exposed Individual as a member of the public expected to be located 18 km [11.2 mi] south of
the repository. More information on the selection of the Reasonably Maximally Exposed
Individual is provided in the Federal Register notice for 10 CFR Part 63. Because the location
of the Reasonably Maximally Exposed Individual is now specified by 10 CFR Part 63, the option
of using the residential community is no longer used.
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Comment 90: The fourth column in Appendix A often gives two values. Do these
represent the range, the 5th and 95th quantiles, or what? For lognormal distributions
(e.g., p. A—48), why not give the GM and GSD? (p. H-7) [Whicker]

The TPA Version 3.2 Code uses a utility called SAMPLER to access either Monte Carlo
Sampling or Latin Hypercube Sampling routines to calculate and manage parameter
distributions. In TPA Version 3.2 Code, Latin Hypercube Sampling has been modified by
(i) adding log-triangular, exponential, and finite exponential distributions; (ii) modifying the
user-defined distribution; and (iii) replacing the beta distribution, but is otherwise used as
described in NUREG/CR-3624 (Iman and Shortencarier, 1984).

Detailed descriptions of each distribution available in TPA Version 3.2 Code are included in
Section 3.3.1 and Appendix D of the TPA Version 3.2 Code User's Guide. Typically, where two
numbers are listed, they represent either the 0.1 and 99.9 percentile values (for distributions
such as normal and lognormal) or the minimum and maximum values (for distributions such as
uniform and log-uniform). It was decided to display these values instead of means and standard
deviations because they both define the distribution equally well, and displaying the extreme
values gives the reader a quick idea of the actual range of the parameter.

Comment 91: Also, many parameters in Appendix A appear to be treated as constants,
yet many of these must be somewhat uncertain. Is it clear anywhere why these are
treated as constants? (p. H-7) [Whicker]

As stated in the introduction to Appendix A of the TPA Code User’'s Guide, the base case data
set evolves as technical staff use the TPA Code and analyze the resuits. Additionally,
sensitivity analyses were performed (NRC, 1999) to determine which parameters were most
important to repository performance. A parameter’s importance is characterized by its influence
on performance or on uncertainty in the performance measure. The sensitivity studies allow the
staff to focus on what is likely the most important phenomena relative to performance and to
point out deficiencies in the current state of knowledge. Parameters that have been shown to
not have a significant effect on performance may be set to constant values to reduce
computational burden and focus sensitivity studies on the most important parameters. The TPA
Code retains a high level of flexibility in that most parameter values, even those listed as
constants, can be treated as sampled parameters if new information or analyses make it
necessary. The TPA Code’s flexibility gives the NRC the capability to analyze a great number
of repository configurations and scenarios that may require study. The introduction in the TPA
Code User’'s Guide has been improved to include additional information on the purpose and
intended use of the TPA Code. NRC agrees that information on the current status of parameter
distribution development would be helpful to many users of the TPA Code in the future and will
consider adding such information.

Comment 94: A “Knowledge Management” system to coordinate all data, models,
simulations, etc., together with records of decisions, assumptions, and omissions that
led to a particular PA result, should be implemented. If such a system is not already
being set up by NRC, then the most important recommendation that resuits from the
present review is that NRC management should have the courage to pause the
apparently continual process of PA development and refinement in order to consolidate
a well-defined release of TPA and all related assessment tools, techniques, and
datasets. Then to spend substantial time and resources designing and implementing
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this support system and all the resulting linked documentation in order to reveal the
strength of their achievements to the scientific and technical world beyond the Yucca
Mountain program. (p. F-1) The justification quantitatively for these model abstractions
and the reference data is not clear as written and requires the new documents to provide
traceable, transparent, and defensible support for each module. This should be done in
combination with the aggregation of data and compatible accounting of uncertainty.

(p. F-10) [Thompson]

A regulator does not need to develop a documentation system for their performance
assessment tool as comprehensive as recommended; however, future revisions to the user's
guide, as well as future iterative performance assessment reports based on use of the TPA
Code, will endeavor to improve the traceability of the major decisions made in the performance
assessment program. NRC and CNWRA staff expect that the potential license applicant (DOE)
will produce documents that describe the Total System Performance Assessment process in a
traceable and transparent fashion, similar to what one would expect in the knowledge
management system described in the the comment.

Comment 95: Should the time period of interest be extended beyond about 100,000 years
(say), then considerable further development is likely to be needed. (p. F~1) Substantially
longer time periods of interest will require consideration of futures with two or more
volcanic events and somewhat larger seismic magnitudes. The complexity of the
sampling scheme explained during the ERG Meeting may then approach that of the WIPP
CCA, Helton (1998). (p. F—10) [Thompson]

10 CFR 63.311 requires an evaluation of repository performance for 10,000 years. Extension of
the time period of interest beyond 100,000 years would require considerable further
development to account for features, events, and processes not considered for the 10,000-year
calculation. 10 CFR 63.341 requires the DOE to perform calculations out to peak dose for the
Environmental Impact Statement, so changes to the TPA Code to extend analyses to longer
times are under consideration for incorporation into the TPA Version 5.0 Code.

Comment 97: The reasons for including the present combination of features, events, and
processes in the TPA system model are not stated nor the procedure followed to decide
what should be left out. Therefore, it is not possible to be sure that the representation is
sufficiently comprehensive for purpose. (p. F-3) Nowhere is this process of
conceptualisation and reduction described and justified, whether using FEP analysis or
by some other method. There is no visualisation of the results of this process, for
instance, using influence diagrams as in the regulatory assessments undertaken in
Sweden, SITE '94, SKI (1996), and in the UK, Dry Run 3, Thorne (1993). (p. F-10) Formal
elicitation and documentation of all steps from raw data and FEP catalogues, for
instance, to the conceptual model of the integrated system used in TPA is needed. (p.
F-10) How all potential relevant FEPs and, in particular, the KTl have been selected,
including detailed reasons for this selection and for the omission of others, should be
documented. This should include all potential interactions between FEPs (e.g., coupled
processes) and the reasons why they are in- or excluded. How the included features,
events, and processes and their interactions are treated in the different scenarios as well
as in the different process level models and in the modules of the TPA Code shouid be
documented. (p. G-3) In order to allow the NRC having an independent review of DOE’s
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approach, it is also needed to have its own capability to generate a set of FEPs and
scenarios. For each of the scenarios, definition of the range and boundaries of the given
set of models and data is requested in order to prove that computation was not
performed out of the validity domain. (p. E-5) [Thompson/Van Dorp/Ouzounian]

The TPA Version 3.2 Code User’s Guide is complete with regard to the listing of the features,
events, and processes addressed by the models. The TPA Code has been developed through
an iterative process, not necessarily starting from features, events, and processes catalogs.
The approach taken by staff has been to gradually enhance the TPA model by expansion (i.e.,
include new elements considered relevant to the Yucca Mountain system) and revision (modify
implemented models). Identification of important features, events, and processes for inclusion
in the TPA Code depends on staff insights, which are augmented by review of the results of the
DOE's studies.

Comment 100: There appears to be no overall mass or activity balance maintained
throughout the entire system. (p. F-3) [Thompson]

Overall mass balance or activity balance that verifies that the code is working correctly has been
conducted and documented in scientific notebooks. Figure 3-30 of NUREG-1746 (Mohanty, et
al., 2001) provides a summary-level plot of cumulative activity releases at the engineered barrier
subsystem, unsaturated zone outlet, and saturated zone outlet as a function of time, that
qualitatively demonstrates the correctness of activity release. More quantitatively rigorous tests
will be performed and documented in accordance with the software validation test plan currently
under development. The validation of the TPA Code is anticipated to be completed in fiscal
year 2003.

Comment 101: The three methods of abstraction outlined in Section 3.1 are all
acceptable, in principle, but it is impossible to say from the present documentation if
they have resulted in sufficiently precise approximations to observation and/or the
results of calculations at a more detailed level. Evidence of quantitative
verification/calibration is required, under conditions that lead to the higher dose
realisations in TPA simulations, rather than for realisations based upon expected values
of the independent variables. (p. F-3) [Thompson]

The TPA Version 3.2 code represented only a snapshot of the ongoing NRC performance
assessment capability development effort. Quantitative analysis (e.g., cross-comparison of
models and scenarios) for building confidence in the correctness of calculation can be found in
several documents, such as NUREG-1746 (Mohanty, et al., 2001) and Mohanty and Rice
(2000). For subsequent versions of the TPA Code, rigorous technical bases have been
developed for abstracted models; though the effort is not uniform across all abstracted models.
A software validation test plan is currently under development for the TPA Code. The validation
of the TPA Code is expected to be completed and documented in fiscal year 2003. This
validation will encompass the range of parameter values used in the TPA Code.

Comment 102: In order to independently reproduce the models (and their associated
data) from fundamental source information, the entire chain of reasoning needs to be
recorded, together with the uncertainties and biases accumulated at each stage and the
evidence used, for instance, in expert elicitations. Such a record typically may be
distributed over several supporting documents and a roadmap diagram, see Sumerling
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(1992), provided in each section of Chapter 4 would then enable the reader to recover the
abstraction process. (p. F-3) [Thompson]

The recommendation to include a reasoning roadmap diagram in each of the module
description sections of Chapter 4 (NOTE: Chapter 4 was divided into separate sections for
each module in the interim TPA Version 4.0 User’s Guide) is being consided for inclusion in the
User’s Guide for the TPA Version 5.0 Code. Roadmaps may be included in the reports outside
the TPA User’s Guide that describe the model abstraction process from detailed process
models, field studies, or expert elicitations.

Comment 103: Appealing to a bibliography indexed solely by authors’ names is
inadequate and does not satisfy fundamental requirements of traceability or
transparency. (p. F—4) [Thompson]

The bibliography is indexed according to the Chicago Manual of Style. The references in the
main text and in Appendix A of the TPA Code user’'s manual as referenced should be
sufficiently traceable to allow a reader to find the referenced information.

Comment 104: High-risk reanalysis should be performed and documented to provide
confidence in the modules of TPA and, hence, give a better idea of their domain of
applicability. (p. F—4) [Thompson]

Several documents, such as NUREG-1746 (Mohanty, et al., 2001), Lu and Mohanty (2001),
and Mohanty and Wu (2001), produced subsequent to the external review, describe the effort
toward high-risk reanalysis, although the term is not used explicitly. Important barriers and
processes and associated models and parameters have been identified through sensitivity and
importance analyses. Based on this information, important subissues have been identified. This
information has been further used by the key technical issues to conduct additional process
level studies, which are then used to update abstracted models or parameter ranges for
additional confidence. NRC and CNWRA staff plan on improving model support for the
abstracted models used in the TPA Code.

Comment 105: The extensive and honest comments show that at least 230 of the
approximately 830 items listed in Appendix A seem not to be justified by a clear,
traceable record back to reliable sources. (p. F-4) Have the items ‘assume;’ as quoted in
the references, been independently reviewed and justified or are they open to further
challenge because they may not be traceable to relevant sources? (p. F—4) [Thompson]

Indeed, many sources for the parameter values cannot be currently cited and include
descriptions like assumed, best estimate, conservatively assumed, assumed due to lack of
information, and assumed due to limited information. This area should see improvement in
future versions of the TPA Code, but it is one that may never be completely resolved, for
several reasons. One reason is that the DOE repository design is not final, so although the TPA
Code has been in development for nearly 10 years, many of the parameters, parameter values,
or both are relatively new additions made in response to design changes. A second reason is
that priority has been placed on parameters demonstrated to be important to repository
performance. Less important parameters have received less attention in the update process.
Nonetheless, NRC is working toward using the best available data and using a more traceable
and transparent methodology to report the sources for the TPA Code parameter values.
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Comment 106: The need to distinguish clearly where proponent's data and
assumptions are adopted and if these have been done only after independent
review? (p. F—4) [Thompson]

It is agreed that sources for all data and assumptions should be transparent and traceable. The
NRC has and will continue to ensure to the extent practical that all data and assumptions
provided by DOE are made known. The TPA Code was developed to permit NRC to study and
gain understanding of the potential repository system. Where DOE data are used in the TPA
Code, NRC staff considers their appropriateness for the Yucca Mountain repository system. [f
DOE submits a license application for the repository, all data and assumptions provided by DOE
will be independently reviewed by NRC during the licensing review. Until such time, the TPA
Code and its supporting data will continue to be iteratively improved and updated.

Comment 107: Data from design studies and site-specific investigations, including the
ESF, should be highlighted, as opposed to information from other sites or of a general
nature. (p. F-4) [Thompson]

Attempts have been made to ensure that data and assumptions generated from design
studies and site-specific investigations are clearly indicated in Appendix A. The highlighting of
such data will continue to be improved as development of the TPA Version 5.0 Code User’s
Guide continues.

Comment 108: When data or judgements are ‘expected,’ or are to be further ‘evaluated,’
the references to explicit work packages in NRC or DOE (YM) forward programmes
should be given. (p. F—4) [Thompson]

We agree that it would be useful to provide information in Appendix A related to expected future
work or studies. In a general sense, all parameters within the TPA Version 3.2 Code are being
reviewed and refined. Because this is implicit, it would be useful for NRC to provide a brief
reference to ongoing work related to a parameter, when that information is available. In this
way, future TPA Version 3.2 Code users would know if a particular parameter was being
actively studied and by whom. Currently, Appendix A includes a reference to the staff member
responsible for developing the parameter range so an interested reader could contact that staff
member directly to find out the current status of additional work to improve estimates of the
parameter’s range. NRC agrees that information on the current status of parameter distribution
development would be useful to many users of the TPA Code and will consider adding such
information during development of the User's Guide for the TPA Version 5.0 Code.

Comment 109: Many ‘constants’ could misrepresent the true level of uncertainty.
Elicitation of Maximum Entropy PDF’s over ranges bounded by physical fundamentals
(say) would be much better. (p. F-4) [Thompson]

Parameter values are set to constants in the TPA input file for one of two reasons: (i) there is
little uncertainty in the parameter value (items such as waste package dimensions or physical
constants like the boiling point of water at the repository horizon) or (ii) reasonable ranges of the
parameter value have little effect on the results of the calculation, and, therefore, the parameter
value is set to a constant to reduce the computational burden on the code. Neither reason for
setting the parameter values to constants misrepresents the true level of uncertainty in

the code.
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Comment 110: Unbounded Gaussian PDF’s are unjustified surely as the truncation is
open to endless discussion. (p. F-4) [Thompson]

The distribution selected to represent parameter values is the distribution that was judged to
best represent the available data. For many parameter values, unbounded Gaussian probability
distribution functions are used because they represent the data reasonably well and are more
mathematically tractable than other distributions. As implemented in the TPA Code, the input
file specifies the 0.1 percent and the 99.9 percent values of the distribution, but these do not
limit the values that can be sampled. In theory, any value in the distribution could be sampled if
enough realizations of the code were run.

Comment 112: Much is made of correlations, but in hardly anywhere are they to be found
or elicited (especially if not multivariate Normal?). (p. F-5) [Thompson]

Correlation is introduced through the sampling techniques in the Latin hypercube sampling
program. Parameters that are nonnormal can also be correlated. The TPA Version 4.0
User’s Guide (prepared after the external review) provides documentation on parameter
correlation in Appendix A as well as in the main text where the models that use correlated
parameters are described.

Comment 113: Uncertainty is not well expressed by point estimators such as means,
medians, etc., but rather by showing how the percentiles of dose, and other output of
interest, vary over time and depend upon assumptions. Comparisons of design options
(as in NUREG-1668) could be compromised by not showing (say) the 95 to 5 percentile
range as well as sample estimates of the mean. (p. F-5) [Thompson]

One factor in favor of the emphasis on the mean dose is that the regulation, 10 CFR Part 63, is
based on mean dose. In this regard, the mean results are more meaningful than the extreme
values of the output distribution. Nevertheless, the 5™ to 95" percentile range of results would
enhance the presentation of the effects of parameter changes and alternative conceptual
models, and the range will be included in future TPA sensitivity studies.

Comment 114: Displaying only indications of high doses does not give a balanced
'reasonable’ account of estimated behaviour when a large proportion of realisations
show values that are much lower than regulatory limits and may satisfy targets for
acceptable or negligible levels of risk. (p. F-5) [Thompson]

Peak expected dose in the compliance period is the regulatory standard to be met. The use of
Monte Carlo or Latin Hypercube Sampling technique to calculate peak expected dose generally
involves giving equal weight to all realizations, including the most optimistic and pessimistic
realizations. Because the NRC primary emphasis is on safety, the focus on high doses is aimed
at revealing features and processes represented through models and parameters that are most
significant to safety.

Comment 115: Uncertainty needs to be logically and defensibly determined at the level
of basic information from site studies, design, and research in terms of scales
appropriate to the quantities concerned. Then it needs to be translated into estimates for
the various modelling levels of detail, used as the assessment proceeds, ending in the
PDF’s and bias evaluation for the aggregated quantities used in TPA models. This
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reasoning, including questions posed to elicitation groups operating at a system or at a
process level, was not readily apparent from information supplied. (p. F-5) [Thompson]

The process modelers provided the uncertainty representation of data (i.e., probability
distribution and nominal data) based on site data, and multiscale studies. Many reports have
been produced by the process modelers documenting the analyses and time-dependent values
presented in Appendix B of the TPA Version 3.2 Code User’s Guide. In future installments of
the TPA Version 3.2 Code User’s Guide, rationale will be provided either by referencing those
documents or using abstraction from those documents to support the probability distributions
used for the parameters described in Appendix A.

Comment 116: Importance sampling was clearly shown to have considerably

greater efficiency than either random or LHS and should be considered seriously for the
NRC programme in future developments of TPA. (p. F-6) Further examination of
sampling methods and of statistical convergence is required. (p. F-11) [Thompson]

There were several earlier studies conducted by NRC and CNWRA staffs, not directly related to
TPA, that explored forms of importance sampling including mean value, advanced mean value
and adaptive importance sampling in which the results were compared to standard Monte Carlo
and Latin Hypercube Sampling strategies (Wu, et al., 1993). The mathematical models were
restricted to relatively small numbers of independent variables. The model results show the
superiority of the importance sampling strategies by results converging with fewer samples,

but proved troublesome for complex models with large numbers of independent variables

such as the TPA Code.

More recently, NRC and CNWRA staffs have been including alternative sampling strategies to
enhance sensitivity and uncertainty studies of TPA Code results. Staff used the Fourier
Amplitude Sensitivity Technique (Cukier, et al., 1975) for selectively sampling the input
parameters to extract sensitivity information in a non-random way, which covers the ranges

of the input parameters. Staff are also exploring factorial design of experiment methods such
as the Morris method (Morris, 1991) and those methods based on orthogonal matrices (Plackett
and Burman, 1946).

NRC and CNWRA staffs continually try to update methods used for sensitivity and uncertainty
analyses. Further evaluation of new sampling strategies will be made based on priorities for
NRC and CNWRA resources.

Comment 117: Without confidence intervals on results, such as those in NUREG-1668,
however, the conclusions from sensitivity analysis, and the comparison of different PA,
cannot be entirely credible. (p. F-6) [Thompson]

Staff agree with this comment and will endeavor to include confidence limits in future TPA Code
results. These confidence limits will be included by (i) running the TPA Code several times
starting with different random seeds, (ii) approximating the confidence interval of fractiles of the
distribution of results such as the median or 90" percentile directly from analytical expressions
using distribution-free statistical methods, and (iii) approximating the confidence interval of the
mean by the bootstrap method (Efron, 1982), where the mean results would be calculated by
resampling from the output pool or results.




Comment 118: Sophisticated statistical methods appear broadly to support the general
conclusions reached in this study, but they appear to this reviewer to rely upon
non-intuitive assumptions of monotonicity and normality. They seem to have been
overruled by engineering ceteris paribus methods when planning future DOE work.

(p. F-7) [Thompson]

This comment refers to the fact that the TPA Code may not have a monotonic response to the
independent variables (i.e., there could be more than one peak response for each independent
variable). Regression methods applied to the Monte Carlo results may fail to show a multimodal
response for some of the independent variables even if they exist because the regression
equations tend to be low-order (first or second order only). Furthermore, these regression
equations are applied over the whole range of the independent variables, so responses in
certain parts of the space of the independent variables cannot be discriminated.

Staff recognize the shortcomings of regression methods for sensitivity analyses. However, the
problem of multimodal response surfaces is not overlooked. The resuits of the Monte Carlo
analyses are examined carefully to notice if there are particular ranges of parameters leading to
unexpected or high peak doses. When high dose realizations are found, the staff tries to find
reasons for the high values, and does not simply rely on the results of the regressions.
Furthermore, the staff uses peak dose for each realization as the dependent variable because it
is likely to show the most sensitivity. The regulatory criterion (10 CFR Part 63) however, is the
peak of the dose averaged at each time step over all realizations. This mean dose is less likely
to show a multimodal response to the independent variables. CNWRA staff have recently
developed a sensitivity method based on the peak of the mean dose, and this method will likely
be added to future performance assessment analyses (Mohanty and Wu, 2001).

Comment 119: Elicitation of PDF ranges and shapes may not achieve confident
consensus. The implications of differing opinions about inputs to PA should be
explored. (p. F-7) [Thompson]

Alternative conceptual models are considered in the NRC (1999). See response to Comment
125 in this section.

Comment 120: Overuse of bounding or conservative reasoning can be a serious concern
if it leads to estimates for mean values that are so biased that they nullify the entire logic
of a risk-informed simulation approach using Monte Carlo sampling to account for
uncertainty. (p. F-7) [Thompson]

Overuse of bounding or conservative reasoning can be a serious concern if propagated
through a performance assessment model. The performance assessment staff have a goal
of maintaining as much realism in the TPA Code as possible. For instance, the amount of
moisture that may flow into drifts is highly uncertain. Instead of setting seepage equal to the
infiltration rate, highly uncertain parameter distributions are used to represent the processes.
However, because a key goal of the NRC is to maintain public safety, some processes or
distributions are represented conservatively when minimal information is available.




Comment 121: The assessment ‘Toolkit’ needs to be explained clearly and not only from
the analyst point of view, but also from a software engineering standpoint. A full
structured documentation system seems invisible as yet (from the material supplied) and
should be stated well in advance of licensing reviews. (p. F-8) [Thompson]

Software engineering for the TPA Code has been largely documented in the software
requirements description document and the software development plan document. These
documents were maintained to fulfill quality assurance requirements and were not available to
the reviewers. A software validation test plan is currently being developed. This plan will be
applied to the TPA Version 5.0 Code. Additional stand-alone documents will be developed if
funding is available. This work is planned to be performed during fiscal year 2002 and beyond.

Comment 122: The TPA manual and all related documents should show the document
structure and give references to standards, etc., separately from general scientific
references. Data flows couid be illustrated graphically and could, in principle, be
obtained from CASE tools. Configuration management is understood to apply to
everything consistently, including program versions, simulation cases, data sets, control
files, output files, and post processing results, all co-ordinated and recorded to avoid
mismatches, etc. and, of course, all related documentation. (p. F-7) [Thompson]

A complete coordinated set of documentation is an admirable goal, and it is our intent to provide
a consistent set of documents as much as possible. However, high performance CASE tools
can be expensive and require a shift in operating procedures with associated training for all
involved. In addition, consideration must be given to the resources required, because some of
the test runs produce more than 6 GB of output data. The TPA Code uses the Software
Configuration Control System, provided by the Solaris operating system, to control all source
codes developed as part of the TPA system. The data files associated with test cases are
submitted to the quality assurance staff who place the files in a permanent archive. Staff
believe these actions are sufficient for this project.

Regarding data flow, Figure 3-1 in the TPA Version 3.2 Code User's Guide presents the best
compromise of a flow diagram for the TPA Code. A complete calling tree was generated
automatically by the SUN compiler, which resulted in too much information on one page to be
usable. Also, Table 5-2 in the TPA Version 3.2 Code User's Guide presents a topically
arranged list of data files used by the TPA Code. This information has been enhanced and
appears in Table 19-2 in the TPA Version 4.0 User’s Guide.

Comment 123: It is somewhat disturbing that no documentation was referenced for the
following TPA Modules: UZFLOW, NFENV, EBSFAIL, EBSREL (are these in EBSPAC?),
UZFT, SEISMO, VOLCANO, ASHPLUMO, ASHRMOVO (are these in ASHPLUME?),
DCAGW, DCAGS. (p. F-8) [Thompson]

The development of abstracted models was documented either in journal papers or reports.
Many of these documents were being developed at the time of the external review. Also, many
abstracted models represent the current state of knowledge. Consequently, for those cases,
the abstracted model represents the corresponding detailed models. For all stand-alone codes,
there were corresponding user’s guides that describe the models in detail. For example,
EBSFAIL and EBSREL are described in the EBSPAC User's Guide. In the TPA Version 5.0

3-17




User’s Guide, the references will be updated, and a clearer connection will be established
between abstracted model support and detail process-level model support.

Comment 124: There is no clear reference to EXEC in the User Guide, and there appears
to be no separate document showing how best to design and implement new modules
for incorporation into TPA. It is not clear if EXEC permits loops in the call sequence of
modules. (p. F-9) [Thompson]

The EXEC module is a high-level control module and, as such, is typically not made available to
the consequence module developers. All execution controls are in EXEC and are separate from
the consequence modules. It was intended that the consequence module developers would
have limited need to know of the mechanics of how subareas or realizations are controlled. The
only requirement is that the consequence module developers accept the array that contains the
physical quantities that are input to their module, and return their output in a second array. This
interface is described in the software change report. New TPA Code modules are added with
the consent of the NRC and the Program Manager. Face-to-face meetings are required with the
program manager and the development staff before work on a new module can be authorized
via a software change report or similar instrument. The EXEC Code loops through realizations
and subareas during the execution of the code. However, the order in which the modules are
called are hard-wired into the code and cannot be changed to allow loops in the call sequence
of modules.

Comment 125: No attempt seems to have been made to explore the sensitivity of the
results to the shape and range of parameter PDF’s. (p. F-10) Further sensitivity studies
might usefully explore the influence of uncertainty over such PDF elicitation. (p. F-11)
Has the influence of the choice of parameter distribution function on the result been
evaluated? (p. G-7) [Thompson/van Dorp]

Evaluation of the sensitivity of the results to the shape and range of probability distribution
functions is currently ongoing. Because of the large number of parameters sampled, efforts
were focused on parameters identified as influential from previous sensitivity analyses.

Comment 126: The present implementation of TPA seems somewhat dated and the user
interface requires too much knowledge about and interest in FORTRAN and in-file
handling from the user, who should be allowed to concentrate upon the regulatory
tasks without distraction of computing considerations. There is a confusion between
‘Auxiliary Codes’ and ‘Auxiliary Files,” which are unrelated. There is no general purpose
Post-Processing Module, as seems standard for other PA codes. (p. F-10) [Thompson]

The TPA Code was developed to satisfy the NRC requirements and interests starting in 1991.
No requirement was provided for language independent I/O files or graphical user interfaces.
Development of TPA pre and post-processors are currently ongoing. VWhen these processors
are fully developed, the user of the code will not have to use UNIX or FORTRAN commands to
exercise the TPA Code and, thus, can concentrate more on regulatory tasks. While it is true
that the auxiliary codes are not necessarily related to the auxiliary files, they both are auxiliary to
the main TPA execution module and its input file (tpa.inp). The auxiliary codes are stand-alone
codes that run at the request of and are controlled by the TPA executive. The auxiliary files are
a library of reference data files that are seldom modified.
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Comment 127: ‘Conservatism’ is claimed but not demonstrated for the assumptions
underlying many models, data values, and distributions. No formal decision logic
records seem to have been kept nor is the subsequent evaluation of cumulative bias
undertaken as proposed under the HMIP programme, Thompson and Williams (1997) for
instance. (p. F-10) Conservatism needs to be evaluated by a bias evaluation procedure
at all stages of model development. If consistent levels of conservatism are not
achieved, comparisons between performance assessments may be misleading, and the
present data and results using TPA Version 3.2 Code should be evaluated to see if
significant further development is really necessary to meet 10 CFR 63 requirements.

(p. F-11) [Thompson]

The claims of conservatism have been substantiated with straightforward reasoning where
possible and documented either in the main text or in the assumption section for each module.
In those areas where straightforward reasoning is difficult, either the calculation has been
propagated through the TPA Code to determine conservativness or detailed process-level
analyses have been conducted outside the TPA Code to determine the conservative bound.
For instance, a complete TPA calculation is conducted to determine whether high temperature
or low temperature is conservative. A detailed thermo-hydrological coupled process calculation
is then conducted using the MULTIFLO computer code to corroborate the TPA Code estimation
of thermal regime. A greater effort will be made in future revisions to better document
information produced to substantiate assertions of conservativeness. A bias evaluation
procedure may be adopted (to the extent feasible) to evaluate the level of conservativeness
propagated at various levels (e.g., model level or component level) in the TPA Code.

Comment 128: Model + data + uncertainty must be handled at each stage in a
comprehensive and compatible manner. (p. F-10) [Thompson]

The performance assessment team relies extensively on the other KTls for data interpretation,
identification of relevant FEPs, development of key process-level modules, and related
abstracted modules. The documentation for the TPA Code will provide direct reference to other
NRC and CNWRA reports that describe in detail the processes that led to the construction of
each consequence module. Particular attention will be paid to providing references that support
the treatment and propagation of uncertainty.

Comment 129: Detailed documentation can show whether the developed code fulfills the
requirements implied by the assessment context. The document does not contain
sufficient information. Scenario development can be a tool to demonstrate, in a
structured manner, sufficient completeness or comprehensiveness of an assessment. It
can be used to identify interactions between different FEPs. (p. G-2) [van Dorp]

NRC will include a modest treatment of features, events, and processes and the scenario
analysis procedure adopted when developing the TPA Code in future versions of the TPA Code
User’s Guide. NRC will not conduct the type of exhaustive scenario analysis required of the
DOE, upon whose performance assessment results the licensing decision will actually be
based. The features, events, and processes that NRC views as important for consideration in
the performance assessment have been passed onto DOE. DOE included those features,
events, and processes in its database. Because NRC has been reviewing the database for
comprehensiveness, knowledge gained from the review is used in developing the TPA Code.
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Comment 130: It is not clear what the position of this document is within a
documentation system. Such a documentation system could show the past and future
phases and the different tasks and results of a series of performance assessments.

(p- G-2) [van Dorp]

Past iterations of the performance assessments have been summarized at a high level, and
key findings and issues are documented in the TPA Version 4.0 Code User’s Guide and the
TPA Version 3.2 Code sensitivity analyses report. These documents also provide rationale for
the current phase of the study, though in a highly condensed form. A regulator does not

need to develop a knowledge system as comprehensive as is recommended; however, future
revisions to the user’s guide, as well as future iterative performance assessment reports based
on use of the TPA Code, will endeavor to improve the traceability of the major decisions made
in the performance assessment program. In particular, greater emphasis will be placed on
describing how risk insight have changed as the TPA Code has evolved with clear ties drawn to
the findings which led to the evolution of the code. NRC and CNWRA staffs will certainly expect
the potential license applicant (DOE) to produce documents to support a transparent and
traceable license application

Comment 131: The flow of information from field and laboratory observations,
measurements, and experiments, through system understanding, the development of
conceptual models, the development of process level models, to the development of
the Total-system Performance Assessment code should be documented. This should
include the source of the information, e.g. general, DOE, or NRC and CNWRA.

(p. G—4) [van Dorp]

See the response to Comment 130 in this section.

Comment 132: Although scenario development techniques are being applied, they seem
not to be used for demonstrating “comprehensiveness”. (p. G-5) [van Dorp]

NRC has not completed and documented a systematic effort to determine comprehensiveness
of scenario analysis by compiling, categorizing, and screening features, events, and processes.
NRC, has, however, used the experience gained from the previous iterations of performance
assessment and from the review of the DOE effort toward ensuring that the TPA Code
represents all important features, events, and processes in the Yucca Mountain system. NRC
does not believe the systematic development of a comprehensive list of features, events, and
processes is necessary for future development of the TPA Code. NRC, however, has identified
numerous features, events, and processes documented in the key technical issue-specific issue
resolution status reports, and has communicated those to the DOE. DOE has now included
these features, events, and processes in its database.

Comment 133: The Document concentrates, as the title suggests, on the description of
the code. However, in a review, the evaluation and assessment of the actual system
understanding and the conceptual models behind the codes are more important.

(p. G—6) [van Dorp]

The user’s guide documents what is included in the abstracted model and the assumptions
made in developing the abstracted model. Many documents have been developed since the
external review providing process-level support to these abstracted models. The list of
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references and the description in the user’s guide will be updated for consistency with the
process-level documents.

Comment 134: Imposing too many restrictions and/or simplifications, to assure short
runtimes for inclusion into a probabilistic code, can reduce transparency and the code
might, under certain conditions, not behave as expected. (p. G-6) [van Dorp]

NRC agrees with this comment in that a balance is needed between complexity and execution
time. A tool that is extremely complex and represents processes in great detail but cannot be
executed is of little value. There are a couple of components to the code development process
that address this issue. First, at the process-level, staff typically conduct extensive evaluation
and modeling external to the TPA Code to evaluate what is needed and what is important.
Second, simplified abstractions of the effects of the processes are developed for incorporation
into the TPA Code. For example, a thermohydrology calculation may take 10 hours of
computation time to develop the temperature and moisture response for the near field. Fully
coupling this calculation to the TPA Code would be computationally prohibitive. However, after
the response is developed, it can be abstracted into the TPA Code via a look-up table or
regression relationship. Process-level staff evaluate the output of the TPA Code to see if the
abstraction of the process in the TPA Code adequately represents the process model output.

Comment 135: Uncertainty in parameters might dilute the calculated risk (as discussed
at the External Review Meeting of 27-29 July 1999) [D. Hodgkinson in D. Savage (editor)
The scientific and regulatory basis for the geological disposal of radioactive waste, Wiley
and Sons Chichester 1995, Section 10.1.6 Risk dilution in PSA, page 364]. (p. G-6) [van
Dorp]

NRC staff are aware of the phenomenon of risk dilution in performance assessment
calculations. Interestingly, one of the reviewers (Thompson) (Page F-7, Section 3.6.1 of this
peer review) comments that changing the shapes of the distributions (but maintaining the same
mean values) can either lead to a decrease or an increase in risk, depending on the functional
dependence of dose on the variable. He further states that “ ... judgements during probability
elicitations should not be swayed by concerns over so-called dilution effects on risk.”

In an effort to gain confidence in the extent to which risk dilution is a problem, staff have
performed some numerical experiments with probabilistic codes similar to TPA in which the
input distributions for the independent variables were changed by making them broader, but
with the same mean values. In this regard, it is important to recognize that NRC has adopted
the peak-of-the-mean as the metric for compliance with the proposed regulations. In this
approach, the values of dose at each instant in time are averaged for all stochastic realizations.
The peak of the realization-averaged dose is then compared to the standard. An alternative
metric, the mean-of-the-peaks, reports the average value of the peak doses calculated for
each realization. NRC staff decided that the peak-of-the-mean metric better reflects risk to the
target person or group exposed to effluents from the proposed repository. With either metric,
results based on limited numerical experiments indicate that broader distributions lead to
lower risk values (thus, apparently risk dilution). However, broader distributions decrease

the mean-of-the-peaks dose to a significant extent, but decrease the peak-of-the-mean dose
only slightly.
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Staff will continue to pay attention to the possibility of risk dilution, although experiences with the
current model results indicate that it is not a serious problem.

Comment 136: The transition from field and laboratory observations, measurements,
experiments and general knowledge through conceptual models to computer code or
modules should be demonstrated, otherwise, how is it assured that a consistent ‘picture’
or system understanding is the basis for the different assumptions? (p. G-6) [van Dorp]

The descriptions of the modules and the model abstraction each implements (Chapter 4 of the
TPA Version 3.2 Code User’'s Guide) will be expanded to better describe the NRC and CNWRA
interpretations of the physical repository system. Please see the response to Comments 115
and 123 in this section.

Comment 137: What will be the effects of uncertainty in knowledge of processes, in
conceptual models, etc. on the application of the code? (p. G-7) [van Dorp]

Currently, some alternative conceptual models are represented in the code and their effect can
be evaluated by turning one model off and turning another on (for example bathtub versus
flow-through for water contacting waste form). It is recognized that many more conceptual
models exist than those represented in the code. Process-level staff are encouraged to
evaluate alternative conceptual models by changing parameter distributions, when possibie. If
risk significant, changes are then suggested for future code revisions. In general, the
uncertainty resulting from alternative conceptual models is in many instances larger than
parameter uncertainty. The insights obtained from the consideration and implementation of
alternative conceptual models will allow staff to focus their review of DOE models to ensure that
model uncertainty is adequately considered in their performance assessment.

Uncertainty in knowledge of processes is addressed by conducting analyses such as (i) the
barrier component sensitivity analyses in which the functions of a barrier component or a group
of barrier components are suppressed (neutralized) and (ii) distributional sensitivity analysis in
which the distribution functions describing parameter uncertainties have been changed to
deliberately bias the data.

Comment 138: The documentation should show which information has been used for
the development of the models and codes and which for validation or confidence
building and benchmarking [benchmarking can be both verification (check on
correctness of the calculations and validation; check on ‘fit for purpose’)]. (p. G—4)
Which information and data have been used for the development of the models and
codes and which for validation or confidence building? Validation should be discussed
mainly in relation with the conceptual models and verification in relation with the codes.
Have codes been benchmarked against independent data? (p. G-7) [van Dorp]

A software validation test plan for the TPA Code is currently being developed. The plan will
enumerate various tests to validate various components of the software. Model validation will
be pursued for various key technical issues responsible for developing model support. A clear
separation will be made between calibration and validation. However, model and software
validations are planned to be conducted during the last phase of the TPA Code development.
The CNWRA quality assurance procedure TOP-018 requires software validation for the TPA
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Code. NUREG-1636 (Eisenberg, et al., 1999) provides an example staff may use for model validation.

Comment 139: Although the Document deals with a code, a major part is devoted to
input data. In general, both the code or modules of the code and the input data are
insufficiently justified. (p. G-7) [van Dorp]

This is a recognized deficiency with the TPA Version 3.2 Code User’s Guide. Because the
TPA code is continuously updated, much of this poor documentation is improved as new
versions of the code and user’s manual are released. NRC is committed to improving the

TPA code documentation. The use of the TPA Code differs from the TSPA Code in that the
latter must support the DOE safety case, and thus requires must more rigorous documentation
and justification. NRC will produce documentation that justifies the models and data in the TPA
code to the level required for its use as a review tool.

Comment 140: It might be useful to document the source of the data and information,
(e.g., (1) generic literature, NRC and CNWRA, DOE; (2) site specific, generic; and (3) peer
reviewed, other quality assurance, no quality assurance.) (p. G-7) [van Dorp]

Staff agree that sources for all data and assumptions should be transparent and traceable. All
data and assumptions reported in Appendix A and throughout the TPA Code user’'s manual will
be clearly indicated by ensuring that the sources for all data and assumptions, including those

for site-specific studies, are clearly referenced.

Comment 153: The code should be able to evaluate the consequences of the maximum
radionuclide release by groundwater beyond 10’000 years. (p. G-8) Many of the results
depend strongly on the time of interest. Regulators and regulations in other countries
require that consequences are calculated until the peak(s) have been reached.
Experience shows that peaks often appear long after 5§0'000 years, in particular, in the
more realistic scenarios and calculations. (p. G-18) [van Dorp]

The code can be executed for time periods of interest longer than 10,000 years. In addition, it is
believed that important processes are represented such that calculations beyond 10,000 years
are pertinent up to at least 50,000 years. As explained in the response to Comment 95 in this
section, significant code revision would be needed to evaluate time periods of interest beyond

100,000 years.

Comment 155: It is important to have rigorous and documented criteria for the
selection of radionuclides to be included in an assessment. (p. G-10) How has the list
of 43 radionuclides been derived? It seems, according to 3-20, that selection was
performed based on decay equations, and that environmental conditions (i.e., retention,
retardation, migration) were not taken into account for the second and third iterations in
the calculation process. (p. E-13) What support is available to the selection of
radionuclides (justification for Tc99; why other radionuclides such as Nb, Se, or many
other were not included in the list?) (p. E-15) Why fission products, such as Cs, Nb, Sn,
Se are not considered at a large extent? (p. E-17) [van Dorp/Ouzounian]

Periodic analyses are conducted to ensure the set of radionuclides modeled in the TPA Code
are sufficient to represent the dose from the repository. Thes