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ABSTRACT

A review of the Mined Geologic Disposal License Application Annotated Outline (LAAO), Chapter 6,
Rev. 0, YMP/94-05 (LAAO-Chapter 6) was conducted by the Center for Nuclear Waste Regulatory
Analyses (CNWRA) in accordance with requirements specified by the Nuclear Regulatory Commission
(NRC). The LAAO is assumed to be the first in an approximately annual update of such documents
written by the U.S. Department of Energy in preparation for its License Application to be submitted to
the NRC for licensing Yucca Mountain as a geologic repository of high-level waste. The CNWRA review
of the LAAO-Chapter 6 described in this report focused on the following areas: (i) a review of the
LAAO-Chapter 6 to determine how it addressed or failed to address the currently existing Open Items
as identified in the Open Item Tracking System, (ii) a review of the LAAO-Chapter 6 to determine how
it addressed or failed to address the comments made by the CNWRA about the INTERA and Sandia
National Laboratories Total System Performance Assessments-1993, and (iii) a review of the
LAAO-Chapter 6 to determine any new comments the CNWRA considers appropriate.
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1 INTRODUCTION

A review of the Mined Geologic Disposal System (MGDS) License Application Annotated Outline
Chapter 6 (LAAO/6) (U.S. Department of Energy, 1995), was conducted, and the results of this review
are summarized in this report. This review was conducted in accordance with direction from the Nuclear
Regulatory Commission (NRC). As part of the NRC directive on this task, a review of the LAAO,
Section 1.7 (LAAO/1.7) was also conducted. Hereafter, these sections will be referred to simply as the
LAAO.

In accordance with NRC direction, the Center for Nuclear Waste Regulatory Analyses (CNWRA) review
and, hence, structure of this report, is focused on the following areas:

(i) Review of the LAAO with respect to any information presented that could close any of
the existing unresolved Open Items (Ols) identified in the Open Item Tracking System
(OITS). If no information is presented in the LAAO that could close an item, this review
recommends that the item remain open. For completeness, unresolved Ols pertaining to
Chapter 6 and Section 1.7 of the LAAO are included in this report as Appendix A.

(ii) Review of the LAAO with respect to any information presented that could close any of
the comments that remain unresolved from the CNWRA audit reviews of the two Total
System Performance Assessments (TSPA-1993) from INTERA (Andrews et al., 1994)
and Sandia National Laboratories (SNL) (Wilson et al., 1994). If no information is
presented in the LAAO that could resolve the comments made in these two audit reviews,
this review recommends that the comment remain unresolved. A by-product of this
section of the LAAO review is that the CNWRA audit reviews compared TSPA-1993 to
TSPA-1991 to see if significant progress was made. Hence, this LAAO review will
indirectly incorporate the TSPA-1991 NRC comments. For completeness, the audit
reviews of the INTERA and SNL TSPAs are included in this report as Appendices B and
C, respectively.

(iii) Review of the LAAO with respect to any information presented that is new or is not
sufficiently commented on in the audit reviews. This review is limited because it appears
that the U.S. Department of Energy (DOE), in this iteration of the LAAO, has mostly
repackaged information formerly introduced in the two TSPAs, presumably due to
resource limitations.
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2 REVIEW OF THE LICENSE APPLICATION ANNOTATED
OUTLINE WITH RESPECT TO THE OPEN ITEM TRACKING

SYSTEM UNRESOLVED OPEN ITEMS

2.1 ORGANIZATION OF TIIIS SECTION

Comments about currently unresolved OIs as presented in the OITS are identified in this section.
Each comment is organized as follows: the OI is identified by its OITS identification number (OITSID),
and the topic of the uncertainty appears as it is written in the OITS. This topic is followed by the
CNWRA comment about how the LAAO addresses (or fails to address) the OI. The unresolved OIs, as
they appeared on March 21, 1995, are found in Appendix A. The reader is directed there if more
information on any particular 01 is desired.

2.2 COMMENTS ABOUT THE UNRESOLVED OPEN ITEMS

2.2.1 Current Open Items Recommended to Remain Open

The following Ols, listed in increasing order of the last three numbers of their OITSID along
with their topic, are items for which the CNWRA found no new material presented in the LAAO that
would facilitate closing the item and has no comments to add:

099: Premature limiting of the Total System Performance consequence analysis may distort
performance allocation.

105: Site characterization should provide data, analyses, or justification to substantiate
elimination of scenarios.

109: Alternative models based upon the nature of coupling times for transfer of mass between
matrix and fracture flow are not provided in hypothesis testing tables.

117: Current approach for 14C exposure will not provide the information needed to calculate
residence time.

2.2.2 Open Item 003

Topic of the Ol/Uncertainty: Reliance on formal use of expert judgment in place of quantitative
analysis may lead to incomplete license application.

CNWRA Comment About the LAAO with Respect to This 01: Section 6.3.4 of the LAAO,
page 6.3-18, states that estimation of probability of occurrence will include the use of expert
judgment. This use of expert judgment is expected to involve the formal elicitation of expert
judgment(s). However, there is no mention of the procedure that the DOE would use in
conducting these formal elicitations. In addition, there are no references to existing reports that
outline the essential elements of a formal elicitation procedure. Two such references are:
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(i) Bonano, E.J., S.C. Hora, R.L. Keeney, and D. von Winterfeldt. 1990. Elicitation and
Use of Expert Judgment in Performance Assessment for High-Level Radioactive Waste
Repositories. NUREG/CR-541 1. Washington, DC: Nuclear Regulatory Commission.

(ii) DeWispelare, A.R., L.T. Herren, E.J. Bonano, and R.T. Clemen. 1994. Background
Report on the Use and Elicitation of Expert Judgment. CNWRA 94-019. San Antonio,
TX: Center for Nuclear Waste Regulatory Analyses.

The NRC is currently preparing a staff technical position outlining the major steps of the
elicitation procedure that are recommended. The DOE has also prepared a guidance document on expert
elicitation and has submitted it to NRC for comment. Since these documents are currently under
development, it would be premature to close the item and the CNWRA recommends that it remain open.

2.2.3 Open Item 091

Topic of the O1/Uncertainty: No discussion of how alternative canister designs can limit 14C
release rate.

CNWRA Comment About the LAAO with Respect to This 0I: Section 6.3.3.2 of the LAAO,
page 6.3-17, paragraph 2, briefly mentions 1 4C release with respect to design: "It may readily
be seen that differences were not significant (an order of magnitude difference in releases is
assumed a convenient measure of significance) except for the 45 cm outer barrier case. These
results are dominated by the 1 4C release component, and differences are, therefore, direct
function of waste package (WP) failure rates." Since this statement is taken from a discussion
of how alternate canister designs can limit 14 C release rate, the CNWRA recommends that this
OI be closed.

2.2.4 Open Item 095

Topic of the OI/Uncertainty: Underlying logic for, and implementation of, Scenario
Development and Screening is deficient for generating a Complementary Cumulative
Distribution Function (CCDF) and deficient for guiding site characterization.

CNWRA Comment About the LAAO with Respect to This 01: Section 6.3.2.2 of the LAAO,
page 6.3-9, outlines a rational approach for screening scenarios. In Section 6.3.4.1,
page 6.3-18, the mathematics of combining the conditional probabilities for individual scenario
classes are described. The mathematical constructs (although certain notation is incorrect1) are
appropriate and would not preclude a proper construction of the overall CCDF. The CNWRA
recommends that this OI be closed.

IP[El] (not El) is the volcanic recurrence rate in the region of Yucca Mountain (YM); P[E21El1 (not E2) is the

.conditional" probability of eruption in the repository area; and P[E3 1 E1E2] is the "conditional" probability that the releases

exceed the release rate. The terms El, E2, and E3 designate the 'events," not the probabilities.
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2.2.5 Open Item 098

Topic of the O0/Uncertainty: Weighting alternative conceptual models according to judgment
that they are correct does not provide a conservative estimate of performance.

CNWRA Comment About the LAAO with Respect to This 0I: The LAAO fails to address the
method of incorporating alternative conceptual models in the calculation of the overall CCDF.
Therefore, there is no basis in the LAAO that would justify closure of this O0.

2.2.6 Open Item 101

Topic of the 01/Uncertainty: The equation (8.3.5.13-21) used to estimate the partial
performance measure for the jth scenario class involving water pathway releases may be in
error.

CNWRA Comment About the LAAO with Respect to This 01: The DOE no longer uses partial
performance measures; therefore, this OI should be closed.

2.2.7 Open Item 102

Topic of the O0/Uncertainty: Performance Assessment (PA) flow models are inconsistent with
current understanding of site hydrology.

CNWRA Comment About the LAAO with Respect to This OI: Section 6.2.1 briefly describes
the two alternative conceptual models for unsaturated flow: (i) weeps and (ii) composite
porosity. There is no basic objection to these two conceptual representations. However, there
are concerns regarding their actual implementation in the SNL TSPA calculations and the
possible lack of conservatism in their parameterization. This section of the LAAO does not
provide sufficient detail to determine if this 01 has been adequately addressed. Therefore, this
O0 should remain open.

2.2.8 Open Item 103

Topic of the O0/Uncertainty: The Ross sequence numbers 59 through 62 and 64 through 69 do
not characterize scenarios.

CNWRA Comment About the LAAO with Respect to This 01: There is no indication of any
further use of the Ross sequence numbers in the designation of scenarios or scenario classes.
This 01 should be closed.

2.2.9 Open Item 115

Topic of the O0/Uncertainty: The statement that CCDF scenario classes can only be expanded
if entities are independent is incorrect.

CNWRA Comment About the LAAO with Respect to This 01: Section 6.3.4.1, page 6.3-18,
of the LAAO indicates use of conditional probabilities in the calculation of the scenario
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outcomes, that is, consequences that are then combined for the overall CCDF. The use of
conditional probabilities suggests that the DOE acknowledges the treatment of dependencies in
CCDF construction. Thus, this OI should be closed.

2.2.10 Open Item 116

Topic of the OI/Uncertainty: Incorrect assumption that absence of significant sources of
groundwater sources at site precludes consideration of environmental pathways for individual
dose calculation.

CNWRA Comment About the LAAO with Respect to This 0I: Information presented in the
LAAO suggests that the DOE no longer believes that it will not have to perform individual dose
calculations through pathway analyses simply because of the presumed absence of significant
sources of groundwater [as defined in Title 40 of the Code of Federal Regulations, Part 191
(U.S. Environmental Protection Agency, 1987)] at the Yucca Mountain (YM) site. In
Section 6.4.1 of the LAAO, the DOE discusses the period of time after repository closure and
considered the means used for calculating individual radiation doses that were used in the
TSPA-1993 reports. The demonstrated calculations consider different pathways to man,
specifically in the INTERA TSPA. With the presented information in mind, the CNWRA
recommends that this OI be closed.

The recommendation that this OI shall be closed should in no way be construed as a
concurrence with the means by which the DOE has calculated its individual doses through
pathway analyses in the TSPA-1993 reports. The possibility for closure is simply due to the
information being presented in the LAAO that shows that the DOE has addressed the item and
knows that the above stated assumption is incorrect.

2.2.11 Open Item 120

Topic of the O0/Uncertainty: Lack of comprehensive, integrated, and prioritized plan for model
and code validation.

CNWRA Comment About the LAAO with Respect to This 01: Sections 6.3.6 and 6.4.3 of the
LAAO seem to hint that the codes and models used in the DOE TSPAs have gone through
extensive verification and validation. However, the documentation provided in either
Table 6.3.6-1 [INN 6.3.6-1] or 6.4.3-1 [INN 6.4.3. 1] is restricted solely to information needs
and fails to respond adequately to the issues outlined in the above mentioned OI. It is, therefore,
recommended that the OI remain open.
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3 REVIEW OF THE LICENSE APPLICATION ANNOTATED
OUTLINE WITH RESPECT TO THIE TSPA-1993 CENTER FOR

NUCLEAR WASTE REGULATORY ANALYSES AUDIT REVIEWS

3.1 ORGANIZATION OF THIS SECTION

Brief comments are presented in this section regarding information presented in the LAAO that
could modify comments that the CNWRA made in the audit reviews of the two TSPA-1993 documents
from INTERA and SNL. These comments are organized by section. For completeness, the two CNWRA
audit reviews are included in Appendices B and C. The reader is referred to these appendices if further
information about the audit reviews is required.

3.2 COMMENTS WITH RESPECT TO THE AUDIT REVIEWS OF
THE INTERA AND SANDIA NATIONAL LABORATORIES
TSPA-1993 DOCUMENTS

3.2.1 Section 6.0 of the License Application Annotated Outline-Overall
System Performance Assessment

The DOE has determined that future climate change; tectonic events, including basaltic igneous
activity; volcanism; and human interference are "the principal features, events, and processes that are
considered to potentially affect the overall system performance...." The disruptive events described by
the DOE in the LAAO are the same as those on which the CNWRA commented in its audit reviews of
September 1994. In the CNWRA opinion, the discussions presented by the CNWRA in those reviews
remain valid.

3.2.2 Section 6.1 of the License Application Annotated Outline-Basic
Approach

The approach to formulation and evaluation of how scenario classes are described by the DOE
in the LAAO is the same as those on which the CNWRA commented in its September 1994 audit
reviews. In the CNWRA opinion, the discussions presented by the CNWRA in those reviews remain
valid.

3.2.3 Section 6.2 of the License Application Annotated Outline-System
Description

The conceptual models, processes, and events analyzed by the DOE in the LAAO are the same
as those on which the CNWRA commented in its September 1994 audit reviews. In the CNWRA opinion,
the discussions presented in those reviews remain valid.
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3.2.4 Section 6.3 of the License Application Annotated
Outline-Assessment of Compliance: 14C Cumulative Release of
Radioactive Materials

The conceptual models, processes, and events analyzed appear to be the same as those on which
the CNWRA commented in its September 1994 audit reviews. In the CNWRA opinion, the discussions
presented by the CNWRA in those reviews remain valid.

Some CNWRA observations about this section as they relate to the audit reviews are:

(i) The DOE reiterated that the volcanism disruptive scenario analyses "was not intended to
bound the effects of volcanism [but were] rather [intended] to investigate a particular
aspect of the potential interactions."

(ii) Sections 2.5.1 and 2.5.2 of the September 1994 CNWRA review of the SNL TSPA-1993
discuss 14C releases estimated by the composite-porosity and weeps models. For the
composite porosity model, it was noted that 14C releases estimated in TSPA-93 were
greater than in TSPA-91 due to faster transport times. Gaseous releases were not as high
with the weeps model because the new source term resulted in a smaller number of WPs
releasing 14C. This information did not appear in Section 6 of the LAAO, where it was
noted that "Models of waste package degradation and their substantiation and uncertainty
are presented in Chapter 5 [See Subsection 5.2.1]."

3.2.5 Section 6.4 of the License Application Annotated
Outline-Assessment of Compliance: Undisturbed Performance

3.2.5.1 Dose Calculation/Biosphere Transport

No material is presented in this section of the LAAO that the CNWRA feels would answer or
modify any of the comments that were stated in the audit review of the INTERA TSPA-1993 document.
The dose calculation/biosphere transport methods are still very rudimentary. In addition, the CNWRA
would add that the dose conversion factors used in the analysis from the INTERA TSPA-1993 were taken
largely from the Pacific NorthwestLaboratory (PNL) TSPA-1991, derived for radionuclide concentrations
in the well/irrigation water for a family farm in Richland, Washington, and may not be relevant for the
specific situation of YM; that is, they assume lifestyle/climatic conditions that may not apply to YM.

The CNWRA had no comment about this topic in the audit review, but would add, however,
that the approach to calculating doses used in the SNL TSPA-1993 report assumes that the only dose
pathway to man is the drinking of contaminated well water. This assumption is unconservative (e.g.,
crops irrigated with contaminated well water will provide a dose to man). More research is needed by
the DOE to address this issue.
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3.2.6 Section 6.5 of the License Application Annotated Outline-10 CFR
60 Criteria

The DOE has identified preliminarily the following as favorable conditions:

(i) A low population density within the geologic setting and a controlled area that is remote
from population centers

(ii) Pre-waste-emplacement groundwater travel time along the fastest path that substantially
exceeds 1,000 yr

(iii) A water table depth that is sufficiently below the underground facility such that fully
saturated voids contiguous to the water table do not encounter the facility

(iv) Host rock that provides for free drainage

(v) Nature and rates of geochemical processes that when projected would not affect or would
favorably affect the ability of the repository to isolate waste

(vi) Geochemical conditions that promote sorption

(vii) Geochemical conditions that inhibit formation of particulates, colloids, and inorganic and
organic complexes

(viii) Geochemical conditions that inhibit transport of radionuclides

(ix) Mineral assemblages that, when subjected to anticipated thermal loading, either remain
unaltered or inhibit radionuclide migration

(x) Precipitation is a small percentage of evapotranspiration

The DOE has identified preliminarily the following as potentially adverse conditions:

(i) Structural deformation during the Quaternary Period

(ii) Frequency or magnitude of earthquakes may increase

(iii) Evidence of igneous activity

(iv) Groundwater conditions in the host rock that are not reducing

These topics appear to be the same as those commented on in the audit reviews. The CNWRA
has no new comments to add.
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4 NEW COMMENTS ON OR CONCERNS WITH THE LICENSE
APPLICATION ANNOTATED OUTLINE

4.1 ORGANIZATION OF THIS SECTION

This chapter contains new CNWRA-generated comments about material presented in the LAAO;
new meaning that comments were not made about the material in any previous reviews. The comments
are organized according to sections of the LAAO.

4.2 SECTION 1.7 OF THE LICENSE APPLICATION ANNOTATED
OUTLINE-STATEMENT OF COMPLIANCE WITH THE
PERFORMANCE OBJECTIVES OF 10 CFR 60 AND SUMMARY
OF PERFORMANCE ASSESSMENT RESULTS

This section of the LAAO is in the first stages of development and only "skeleton text" is
presented. What is presented in this iteration of the LAAO is merely a restatement of 10 CFR 60
subparts 112, 113, and 114. It appears as if the DOE plans to complete this section after most of the
other chapters of the LAAO have been developed; therefore, the CNWRA has no comment on this
section.

4.3 SECTION 6.0 OF THE LICENSE APPLICATION ANNOTATED
OUTLINE-OVERALL SYSTEM PERFORMANCE ASSESSMENT

The acronym "INN" is used throughout the LAAO, but is not defined. It may be defined in
other chapters, but it should be included in the list of acronyms given on page 6.0-9. Other than this
small detail, the CNWRA has no new comment.

4.4 SECTION 6.1 OF THE LICENSE APPLICATION ANNOTATED
OUTLINE-BASIC APPROACH

Table 6.1-1 referenced in this section gives a list of regulatory issues, states the status of their
resolution, and cites topical reports addressing those issues that have been raised by the NRC or other
concerned parties in the review of the DOE TSPA iterations. However, the headings in Table 6.1-1
regarding the issues are very general in nature (e.g., erosion and volcanism) and do not give the specific
regulatory concern or where it came from. It is recommended that Table 6.1-1 in the LAAO be
rearranged and enhanced to state specifically what the issue is, who raised the issue, and possibly a
reference to that regulatory issue. As the table is currently presented, a reviewer of the LA might be
confused as to the issue being addressed.
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4.5 SECTION 6.2 OF THE LICENSE APPLICATION ANNOTATED
OUTLINE-SYSTEM DESCRIPTION

In Table 6.2.3-10, the List of Geochemistry data requirements should also include fluid
chemistry.

The description of the conceptual repository layout (Figure 6.2. 1-1), as utilized in the TSPA-93
analyses, is outdated [U.S. Department of Energy, 1994 (Section 8.6, Figure 8.6.3-1)]. The waste
emplacement configuration has now been revised due to the fact that the repository main drifts will now
be parallel to the Ghost Dance Fault and not be directly perpendicular to it. As a result, not only will the
waste emplacement configuration vary laterally due to this realignment, but the configuration will also
vary in elevation since separate upper and lower drifts have been designated for waste emplacement. This
comment was previously raised in the review of the SNL TSPA-93 analyses. As a result of this
reconfiguration, the thermal loads and corresponding temperature fields may vary enough to affect the
results of the TSPA analyses. It is suggested that the LAAO and subsequent TSPA analyses incorporate
this revised repository layout since it was adopted sometime during 1993.

4.6 SECTION 6.3 OF THE LICENSE APPLICATION ANNOTATED
OUTLINE-ASSESSMENT OF COMPLIANC E: CUMULATIVE
RELEASE OF RADIOACTIVE MATERIALS

4.6.1 Unsaturated Zone Radionuclide Transport Processes

Future work associated with radionuclide transport in the saturated-unsaturated zone of YM must
also include analyses of multimember radionuclide decay chains. These analyses would provide a better
understanding of the migration features of radionuclides through the geologic media.

4.6.2 Compliance Assessment for Cumulative Releases

The adopted approach for determining compliance assessment for cumulative releases is quite
detailed in form, yet seems to overlook the probabilistic sensitivity analyses issue. This issue is briefly
stated in Section 6.3.5, but is not listed as an independent item. Further clarification or continued
research is needed from the DOE in this area.

4.6.3 Alternative Waste Package Designs

Evaluation of alternative WP designs with respect to meeting performance objectives should be
either provided or summarized in Chapter 6 with a reference to a more in-depth treatment elsewhere in
the LAAO. Alternative canister designs were not discussed in the LAAO with respect to either limiting
14 C releases (the subject of OI 091) or meeting performance objectives.

Chapter 6 referred to Subsection 5.2.1 for models of WP degradation. Reference to Subsection
5.2.1 leads the reader to Subsection 5.2.2.1 before reaching the following mention of alternative WP
designs, "Alternative WP designs are discussed in Subsections 5.1.1.2 through 5.1.1.4." Those sections
provide only blanks, to be filled in later, for descriptions of alternative designs and for comparative
analyses of performance of alternative designs.
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4.6.4 Sensitivity Studies of the Cumulative Release Performance Measure

Sensitivity studies of the dry climate percolation flux indicate that variability in the cumulative
release performance measure is largely explained by the variability of the dry climate percolation flux
parameter. The wet climate percolation flux and the first climate-change time are not considered
important. This fact is explained by the observation that container temperatures usually fall below 100 0C
within the initial dry period. Containers fail quickly if they are wet or moist and below 100 'C. An
important implication is that characterization of the hydrologic behavior near the WPs in this initial period
is critical. The DOE has assumed that the initial dry period lasts, on average, for 50,000 yr (an
assumption not supported by most available evidence). The wet climate percolation flux and the first
climate change time were found to be of minimal importance in the variability of the cumulative release
performance measure for times soon after repository closure (thousands of years) when the containers are
expected to fail. The CNWRA recommends that the characterization of the climate and infiltration in the
initial post-closure millennia be given much greater attention.

4.6.5 Information Needs

Table 6.3.1.2-2 lists "neptunium solubility' as an information need. This need should be
generalized to include solubility information on all important radionuclides because much data for
important radionuclide solubility under differing groundwater chemistry conditions are not known at this
time.

4.7 SECTION 6.4 OF THE LICENSE APPLICATION ANNOTATED
OUTLINE-ASSESSMENT OF COMPLIANCE: UNDISTURBED
PERFORMANCE

4.7.1 Dose Calculation/Biosphere Transport

As mentioned previously in this report, the dose calculation/biosphere transport modeling that
was used in the LAAO is very rudimentary in nature and, in some cases, incorrect. The dose modeling
from the SNL TSPA-1993 report assumes that the only biosphere transport pathway that exists at YM
is that of consumption of contaminated well water by humans at the accessible environment. This
assumption is not only incorrect, since there are a myriad of other biosphere transport paths that would
lead to doses to man, but nonconservative, as well. The dose modeling from the INTERA TSPA-1993
report uses dose conversion factors that assume a lifestyle that may not accurately model one typical of
YM. Also, this type of approach to dose modeling may not permit accurate sensitivity and uncertainty
analyses to be performed, as discussed in the following section.

In general, more work needs to be performed by the DOE in this area to incorporate a more
robust biosphere transport model and, hence, dose calculation model in order to calculate doses to humans
at the accessible environment that are believable.

4.7.2 Code Verification/Model Validation/Sensitivity Studies

Representing biosphere transport/dose modeling by means of a simple multiplicative factor of
the groundwater radionuclide concentration is an oversimplification of a very complex system. In general,
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there are many processes that are modeled individually in environmental pathway analyses, each of which
has its own variation. The LAAO seems to indicate (page 6.4-4, first and second paragraphs) that the
techniques used in the two 1993 TSPAs (groundwater ingestion only in the SNL TSPA and the Richland,
Washington, family farm scenario based dose conversion factors in the INTERA TSPA) that give an
"order of magnitude difference" in the dose calculations are indicative of the uncertainty in biosphere
transport modeling. The idea behind this assumption is that the two techniques represent the lower and
upper bounds of what could be expected at YM. In general, there could be quite a bit of uncertainty in
the "upper bound" of this range due to the large variation of parameters that would be used in more
advanced biosphere transport models, as well as uncertainties calculated using site specific information.

It is recommended that the DOE incorporate a more robust biosphere transport/dose modeling
technique in order to more accurately quantify any variability of dose calculations.

4.8 SECTION 6.5 OF THE LICENSE APPLICATION ANNOTATED
OUTLINE-10 CFR 60 CRITERIA

The DOE is presenting in this section its evaluation of the favorable and adverse conditions.
Such a presentation will make it easy for the NRC reviewer to evaluate the DOE position on each
condition. Otherwise, the CNWRA has no comment on this section.
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5 CONCLUSIONS

This report presents the comments of the CNWRA as related to a review of the LAAO Chapter 6 and
Section 1.7. The review was conducted in accordance with NRC direction on the task. The CNWRA
comments are related to the following three areas:

(i) The currently unresolved OIs as identified in the OITS

(ii) The issues raised by the CNWRA in the audit reviews of the two TSPA-1993 reports

(iii) The concerns the CNWRA has about new information presented in the LAAO or any
comments to reinforce what was previously stated in the audit reviews
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APPENDIX A

OPEN ITEMS RELEVANT TO CHAPTER 6 AND SECTION 1.7 OF THE
LICENSE APPLICATION ANNOTATED OUTLINE

Appendix A contains a listing of the remaining unresolved Open Items (Os) pertaining to Chapter 6 and
Section 1.7 of the License Application Annotated Outline (LAAO), as identified in the Open Item
Tracking System (OITS). Each 01 is listed in increasing numerical order of its OITSID number.



* S

OPEN ITEM STANDARD REPORT

OITSID: OSCOOOOOO1347C003 REPORT DATE: 17 Mar 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: Reliance on formal use of expert judgement in
place of quantitative analysis may lead to incomplete license application (LA).

RESPONSIBLE BRANCHISECTION: PAHB/Performance Assessment and Health Physics Section

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commission, 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, Office of Nuclear Material Safety
and Safeguards, August 1989.

DOE ACTIVITY CODE/WBS NO.: 8.1, 8.3/1.2.3

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: The Site Characterization Plan (SCP) describes a program that relies heavily on the formal
use of expert judgment (expert elicitations) to supply licensing information and data or to substitute
for quantitative analyses. To the extent that a subjective approach is planned in situations where
quantitative analyses based on empirical evidence are available, investigations that should be
considered in the SCP are not considered. Thus, the SCP does not identify a full program of
investigations needed for a complete, high-quality LA. Without stating criteria for the formal use of
expert judgment, it is not clear that the LA will comply with the requirement of 10 CFR 60.24 that
the application be as complete as possible in terms of information reasonably available.

RATIONALE/BASIS: As noted in CDSCP Comment 4, the use of expert elicitation will be
examined to determine if the subjective approach was necessary because objective approaches were
unavailable.

One way in which expert elicitation will be inappropriately relied on is noted in Comments 93 and
98. Weighting alternative conceptual models according to the judgment that they are likely to be
correct is not a good substitute for field studies to determine which model is correct.
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Page 8.3.5.13-115 states: "The form of the joint probability distribution of state variables, and the
ranges of those state variables, will inevitably be determined by judgment. Whenever possible,
judgment will be enhanced and supplemented with site specific actuarial data concerning magnitudes
and frequencies of the phenomenon that determine the state variables." This joint probability
distribution is central to the calculation of the CCDF, which quantifies total system performance;
hence, it is crucial to demonstrating compliance with the Environmental Protection Agency (EPA)
standard. There are two problems with the proposed approach: (i) the priority of the use of judgment
instead of site specific data is reversed; site specific and other types of data should be supplemented
by judgment when there is no other practicable recourse; (ii) to the extent that judgment is used in
determining the joint probability distribution, the DOE should assure that the facts, analysis, and
rationale on which the judgments are based are fully documented.

Page 8.3:5.13-126 states: "The processes and events that are determined to play potential roles in
release scenarios are then subjectively arranged in series, and an attempt is made to discover the
effects of realization of each series on the performance of one or more of the isolation barriers for the
total system. This part of the analysis is necessarily subjective because the number of series formed in
this way could be astronomical if the intuition and knowledge of the analyst is not applied to reduce
the number of possibilities to a manageable size." The text then articulates two nonsubjective
principles that may be used to guide the formulation of these series. The NRC advocates that
wherever possible objective methods should be used preferentially over subjective methods.
Development or extension of analytical procedures may render this problem largely objective. If
subjective methods are used, the intuition and knowledge on which the analyst relies must be fully
documented.

Section 8.1.2.3 states:

"Two fundamental premises should be mentioned before the steps in the process
are discussed. First, a full performance assessment cannot be conducted after each
study to determine if the information obtained is sufficient to resolve issues. The
site characterization program is extremely complex and comprehensive. While
many of the critical elements needed for the full performance assessments will be
completed early, others that will be needed will not be completed until much later,
and some not until the end of site characterization. To wait until the complete set
of information is available to evaluate the testing is not prudent. Therefore,
elements of this program will be evaluated individually with respect to adequacy of
the information obtained without resorting to full performance assessments. Part of
this evaluation will involve some analysis. The extent of such analysis is discussed
below.

"Therefore, the first steps in the process are to initiate the studies under the
various investigations (step 7) and to conduct analyses as the data become available
(steps 8a and 8b). For the purpose of deciding if the data are sufficient, the
principal result of these analyses is an estimate of the confidence that the particular
parameter goals specified for the study are met. This estimate will depend not only
upon the uncertainties in those parameters, but also the uncertainties in the models
and hypotheses upon which the parameters are based, and these uncertainties must
be taken into account in making the estimates. In some cases, the estimates may be
quantitative; but in many cases judgment, supported with appropriate
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documentation, will be the principal basis for the estimates. All reviews and
documentation will be performed in accordance with established quality assurance
procedures as described in Section 8.6."

This approach to issue resolution may not succeed because of at least three problem areas:

(i) Evaluating elements of the program individually, without resorting to full PAs, may
fail to take account of important interactions and synergisms in the very complex,
interrelated repository system. Although individual components or elements may be
found to perform acceptably, system performance may be inadequate if important
interactions are not accounted for until a full PA after all testing is complete.

(ii) The text correctly states that the estimates of confidence that a particular goal is met
depends not only on the uncertainty in the parameter, but also on the uncertainties in
the models and hypotheses upon which the parameters are based. However, the goals
themselves depend on the initial concept of systems performance and the preliminary
judgment of how elements of the system interact. These goals may only be
reevaluated by a full PA that accounts for important interactions.

(iii) It is not clear that judgment is a suitable replacement for analysis in making the
determination that the parameter goals are achieved with a suitable degree of
confidence. Documentation of such judgments is not a suitable replacement for a
quantitative analysis of the confidence in an estimate taking into account the complex
interaction of various data used to arrive at the estimate.

In discussing the Issue Resolution Strategy for Issue 1.8 (NRC Siting Criteria), the SCP
(pages 8.3.5.17-8 to 9) states:

"Issue 1.8 has many similarities to Issue 1.1; the two issues take many of the same
site conditions into account, and both deal with the effects of site conditions on the
isolation of the waste. They do not, however, have to be structured identically.
Although each of the two issues will require both quantitative and qualitative
arguments for resolution, the DOE expects that the resolution of Issue 1.8 will rely
more heavily on expert geotechnical judgment. The resolution of Issue 1.1 will
result in a definitive quantitative demonstration of compliance by the construction
of the cumulative complementary distribution function. This resolution will rely on
qualitative reasoning primarily for the justification of the conceptual models it uses
and for showing the reasonable assurance required by 10 CFR 60.101. Because 10
CFR 60.122 makes explicit reference to meeting the waste-isolation performance
objectives, the resolution of Issue 1.8 cannot be wholly qualitative. It can,
however, be a forum for full expression of sound qualitative technical judgment on
the site's ability to isolate waste. The DOE expects that such judgments can
frequently be made without recourse to complex calculations of releases to the
accessible environment; for example, modeling of groundwater flow may be used
to address increases in water-table elevations and infiltration. Such simpler
calculations and the use of expert geotechnical judgment will play important roles
in the resolution of Issue 1.8."
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The NRC staff believes that compliance with 10 CFR 60.122 requires that PAs, rather than
judgments, need to be used to provide an early and ongoing evaluation of whether any of the various
potentially adverse conditions (10 CFR 60.122) significantly affect the ability of the site to meet the
10 CFR Part 60 performance objectives and whether data being gathered are adequate to make this
determination.

Pages 8.1-13 to 14 describe how judgments will be made at three levels "to determine whether to
extend or curtail any of the testing originally planned." The three levels of judgment cited are:
(i) technical judgment at the study level, (ii) technical and management judgment at the investigation
level, and (iii) management judgment at the issue level. Studies, investigations, and issues require
increasing degrees of integration and interrelation of data. It is not clear that judgment rather than
analysis is the appropriate mechanism to achieve the needed degree of integration and interrelation.
Furthermore, it is not clear what role "management" judgment plays in resolving a set of technical
issues or that such management judgments are appropriate.

RECOMMENDATIONS: State criteria for the formal use of expert judgment to assure that
objective, quantitative analyses based on empirical data are used in preference to expert elicitation
wherever possible.

Modify the SCP, in an early update, to assure the requisite data will be available.

UNCERTAINTY RESOLUTION METHOD TYPE:
Guidance - STP on Expert Judgement

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: Clarify criteria
for decision to use expert judgement and the procedure for conducting and documenting expert
elicitation.

HISTORY:
July 31, 1989 - The NRC staff identifies comment as result of review of the DOE SCP for Yucca
Mountain and documents concern via letter from R. Bernero to S. Rousso (DOE) dated July 31,
1989, and Site Characterization Analysis (NRC NUREG-1347) published August 1989.

December 14, 1990 - DOE response to all SCA OIs via Yucca Mountain Project Report
YMP/90-107.

July 31, 1991 - Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on
staff evaluation of DOE response of December 1990, the OI remains open.

CROSS REFERENCE

CITATION: §60.112

LARP (REVIEW PLAN) NUMBER: 6.1; 6.2; 6.3
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OPEN ITEM STANDARD REPORT

OITSID: OSCOOOOOO1347C091 REPORT DATE: 17 Mar 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: No discussion of how alternative canister designs
can limit 14 C release rate.

RESPONSIBLE BRANCH/SECTION: ENGB/Engineering and Material Section

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commnission. 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, Office of Nuclear Material Safety
and Safeguards, August 1989.

DOE ACTIVITY CODE/WBS NO.: 8.3.5.10/1.2.5.4.2

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: Figure 8.3.5.10-3 outlines the various alternatives to be used if the reference approach proves
inadequate to contain radionuclide releases. Two approaches are proposed. The first approach
proposes alternatives on what can be done on the spent fuel waste form and release rates. One of the
alternatives proposed (Alternative 1, gas release) would alter the release rate limit of 14C from the
Engineered Barrier System (EBS) under 10 CFR 60.113(b). The second approach proposes alternative
container designs as discussed in Section 8.3.5.9. The SCP does not include discussion or
consideration regarding how well the alternative containers (e.g., the ceramic-metal system, the
bi-metal system and the coating and filler system) can also reduce the gas release rate of 14C from the
EBS.

RATIONALE/BASIS: As stated in p. 8.3.5.9-34, 14C present in the spent fuel waste form both in
the fuel and on or near the exterior surfaces of the fuel cladding and assembly hardware can be
released rapidly as 14C in dioxide form when air contacts the waste form at elevated temperature.

The presence of liquid is not required for transport of gases to the environmnent.
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The SCP suggests (in Section 8.3.4.1.2) that the alternative containers may provide additional control
of the release of gaseous radionuclides, such as 14C.

RECOMMENDATIONS: Provide discussions to address how well the proposed alternative container
designs may contribute to mitigating the release of gaseous 14C from the EBS.

Waste package design improvements should be considered to satisfy the controlled release
requirements of 10 CFR 60.113(a) before considering variation in allowed release of 14C from EBS
under 10 CFR 60.113(b).

UNCERTAINTY RESOLUTION METHOD TYPE: Other

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: None

HISTORY:
July 31, 1989-The NRC staff identifies comment as result of review of DOE Site Characterization
Plan for Yucca Mountain and documents concern via letter from R. Bernero to S. Rousso (DOE)
dated July 31, 1989, and Site Characterization Analysis (NRC NUREG-1347) published August 1989.

December 14, 1990-DOE response to all SCA OIs via Yucca Mountain Project Report YMP/90-107.

July 31, 1991-Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on
staff evaluation of the DOE response of December 1990, the 01 remains open.

CROSS REFERENCE

CITATION: §60.112; §60.113(a); §60.113(b)

LARP (REVIEW PLAN) NUMBER: 6.1; 6.2; 5.4

REFERENCES:

Bernero, R. 1991. Evaluation of DOE Responses to SCA Open Items. Letter to J. Bartlett, U.S.
Department of Energy, July 31, 1991, with enclosure. Washington, DC: Nuclear Regulatory
Commission.

Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization Analysis of the Department of
Energy's Site Characterization Plan, Yucca Mountain Site, Nevada. NUREG-1347.
Washington, DC: Nuclear Regulatory Commission.

U.S. Department of Energy. 1988. Site Characterization Plan, Yucca Mountain Site, Nevada
Research and Development Area, Nevada. Washington, DC: U.S. Department of Energy:
Office of Civilian Radioactive Waste Management.

U.S. Department of Energy. 1990. Responses to Nuclear Regulatory Commission (NRC) Site
Characterization Analysis. YMP/90-107. Las Vegas, NV: U.S. Department of Energy:
Yucca Mountain Site Characterization Project.

A-7



* 0

OPEN ITEM STANDARD REPORT

OITSID: OSCOOOOOO1347C095 REPORT DATE: 17 Mar 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: Underlying logic for, and implementation of,
scenario development and screening is deficient for generating a ccdf and deficient for guiding site
characterization.

RESPONSIBLE BRANCH/SECTION: PAHB/Performance Assessment and Health Physics Section

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, Cffice of Nuclear Material Safety
and Safeguards, August, 1989.

DOE ACTIVITY CODE/WBS NO.: 8.3.5.13/1.2.5.4.1

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: The underlying methodological logic that is used to develop and screen scenarios and their
implementation in the SCP appears to be deficient for the generation of a CCDF representative of

total system performance; therefore, this approach is unsuitable for guiding the site characterization
program, even if allowances are made for the current lack of knowledge about the site and the
expediences required to develop the site characterization program.

RATIONALE/BASIS: Comment 94 on the CDSCP was addressed by providing more detail in
additional text. However, as discussed in the points below, the new text does not resolve the
comment. Although Question 46 on the CDSCP was answered in part, the text does not address
important issues of mathematical robustness and does not provide confidence that site characterization
will obtain data needed to analyze all the scenarios that need to be treated in the CCDF.

With regard to the recommendation in CDSCP Comment 94: (i) the scenario selection and screening
procedures articulated in the SCP do not contain explicit criteria or the justification for them; (ii) the
scenario selection and screening procedures are not systematic, nor do they provide assurance of
completeness; and (iii) the inappropriate formal use of expert judgment is discussed in Comment 3.
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The five scenario classes listed in Table 8.3.5.13-3 are used to develop the performance allocation for
total system performance (Table 8.3.5.13-8) that guides the site characterization program for
resolution of Issue 1.1. Table 8.3.5.13-2 correlates the 5 scenario classes with 49 other scenario
classes of unspecified origin (in column 2 of the Table), some of the 99 Ross scenario sequences, and
some of the scenarios considered in the Decision Aiding Methodology. Neither the tables nor the
accompanying text provide a suitable relationship among the various sets of scenarios and scenario
classes to show: (i) how these scenario classes relate to the discussions of constructing the CCDF and
(ii) how the particular set chosen is adequate for the purposes of site characterization.

The "scenario classes" listed in Table 8.3.5.13-3 are used as the basis for performance allocation;
however, because one scenario may fit into more than one of these groupings, they are not mutually
exclusive and, therefore, not appropriate for development of a CCDF. Also, it is not clear that these
groupings include all significant scenarios (another requirement of the CCDF). For example, the SCP
adds 15 scenarios to the set of scenarios developed by Ross (1987). Clearly, then, the Ross analysis
was deemed incomplete; however, no analysis is provided to assure that the current set of scenarios is
complete.

As defined in the SCP, the "nominal scenario class" is so improbable as to be of marginal
significance. It does not seem appropriate to plan site characterization based on a set of "scenarios"
which are unlikely to even occur.

As a practical matter it does not appear that the DOE will be able to generate the joint distribution
function F(V), or that the site characterization program will provide any input to define this
distribution function given that the five "scenario classes" (A-E) that form the basis of performance
allocation are defined in a manner inconsistent with the mathematical definitions of this text. Equation
8.3.5.13-6 defines the conditional CCDF for a "scenario." Equation 8.3.5.134 defines the basis of
calculating the CCDF as the expectation integral given by Equation 8.3.5.13-3. The expectation
integral is defined in terms of the joint distribution function F(V), which is defined as the distribution
over the entire set of state variables and their range for all eventualities. It does not appear that the
use of the expectation integral as implied in Equation 8.3.5.13-6 has a precise mathematical meaning,
since the expectation integral has not been explicitly defined for a "scenario."

The approach to defining scenarios used in the Ross report is to begin with a comprehensive list of
events and processes that could contribute to release of radioactivity from a repository and screen
these entities and their combinations for significance for Yucca Mountain. An alternative approach is
to look at the Yucca Mountain repository, to determine which subsystems are critical to waste
isolation, and to define conditions or events that will compromise these subsystems; this is the central
focus of most PRA. At the bottom of p. 8.3.5.13-25 and in Table 8.3.5.13-2, the idea is articulated
that some combination of these two approaches is being used to define scenarios for the purpose of
guiding the site characterization effort. (Table 8.3.5.13-2 attempts to relate the Ross scenarios to
scenarios defined on the basis of major barrier affected.) It is not clear how consistency,
completeness, and mutual exclusivity of scenarios is achieved where a combination of approaches is
used since this is conventionally assured by consistent use of one approach or another.

The nominal scenario class, E, is cited Table 8.3.5.13-3 as: "Undisturbed and nominal performance
of all barriers" and "Undisturbed performance of all natural barriers." However, on p. 8.3.5.13-8 the
text indicates that Ross scenarios related to flooding, geochemical change, undetected features, faulty
waste emplacement, increase in recharge due to climate control, differential elastic response to
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heating, nonelastic response to heating, temperature-driven fluid migration, local mechanical
fracturing, corrosion, chemical reaction of waste package with rock, geochemical alteration, and
microbial activity are all included in the nominal scenario class. The text broadly states that
aggregating such diverse scenarios into the "nominal' scenario class is justified because site
characterization will investigate a large range of conditions, features, and parameters sufficient to
include these scenarios.

The various processes and events that form the bases of scenarios and sequences by which they can
cause failure of barriers to the release of radionuclides used in the Ross report are based on a list of
57 events and processes published by the International Atomic Energy Agency (IAEA) (International
Atomic Energy Agency, 1983). Although this listing is useful for some purposes, the NRC staff does
not believe that this is an appropriate basis for developing scenarios pursuant to demonstrating
compliance with 40 CFR 191. Unlike the European approaches to regulating a repository, the US
approach is deeply rooted in the systems approach, wherein the term scenario has a very specific and
constrained meaning. In particular, scenarios should not represent the response of the repository
system to anticipated or unanticipated external events of environments; rather, scenarios should be
limited to descriptions of the external constraints, in time, on the system.

Page 8.3.5.13-44. Five "undetected features" are included in the set of "agents" used to estimate how
many independent scenario classes must be considered. The NRC staff does not advise treating
undetected features as scenarios. Instead, undetected features should be treated as uncertainties in the
conceptual model or as alternative conceptual models to be resolved during site characterization.

RECOMMENDATIONS: The approach to scenario analysis and how it is being employed to guide
the site characterization program should be clarified or redone. In particular, as stated in the first
recommendation from CDSCP Comment 94, the methodology for scenario development and screening
should (i) be systematic and (ii) provide assurance of completeness.

In particular, the following aspects require correction:

Performance allocation and consideration of alternative conceptual models should be performed in the
context of a reasonable number of real, mutually exclusive, important scenarios or scenario classes-
not the objects listed in Table 8.3.5.13-3.

Consideration of sets of scenarios, sets of scenario classes, and sets of other objects derived in various
references and other sources should be used considering their derivation and logical consistency.

UNCERTAINTY RESOLUTION METHOD TYPE: Other

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: None

HISTORY:
July 31, 1989-The NRC staff identifies comment as result of review of the DOE Site
Characterization Plan for Yucca Mountain and documents concern via letter from R. Bernero to S.
Rousso (DOE) dated July 31, 1989, and Site Characterization Analysis (NRC NUREG-1347)
published August 1989.
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December 14, 1990-DOE response to all SCA OIs via Yucca Mountain Project Report YMP/90-107.

July 31, 1991-Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on
staff's evaluation of the DOE response of December 1990, the 01 remains open.

CROSS REFERENCE

CITATION: §60.112

LARP (REVIEW PLAN) NUMBER: 6.1; 6.2; 6.3
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Ross, B. 1987. A First Survey of Disruption Scenarios for a High- Level Waste Repository at Yucca
Mountain, Nevada. SAND85-7717. Albuquerque, NM: Sandia National Laboratories.
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Research and Development Area, Nevada. Washington, DC: U.S. Department of Energy:
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OPEN ITEM STANDARD REPORT

OITSID: OSC0000001347C098 REPORT DATE: 17 Mar 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: Weighting alternative conceptual models
according to judgement that they are "correct" does not provide a conservative estimate of
performance.

RESPONSIBLE BRANCH/SECTION: PAHB/Performance Assessment and Health Physics Section

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, C)ffice of Nuclear Material Safety
and Safeguards, August 1989.

DOE ACTIVITY CODE/WBS NO.: 8.3.5.13/1.2.5.4.1

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: Weighting alternative conceptual models according to the judgment that they are likely to be
correct and using such "probabilities" to weight consequences in the construction of the CCDF is not
a conservative estimate of repository performance, nor is it an advisable approach for demonstrating
compliance.

RATIONALE/BASIS: Comment 91 on the CDSCP has been responded to by adding explanatory
text, but the stated approach does not completely resolve the NRC staff's concern.

Important objectives of site characterization are (i) to provide the basis for the analysis of a set of
sufficiently complete, mutually exclusive scenarios (or scenario classes) and (ii) to provide the basis
for choosing between significant alternative conceptual models. If site characterization fails to
establish a sufficient information base to distinguish between significant alternative conceptual models,
expert judgment can be used only to a limited extent. A site characterization plan that presumes
recourse to a strategy of relying on expert judgment to substitute for missing analyses or data may
result in an incomplete LA. (See also Comment 7.)
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10 CFR 60.122(a) requires, in part:

"In order to show that a potentially adverse condition does not so compromise the performance of the
geologic repository the following must be demonstrated:

(i) The potentially adverse human activity or natural condition has been adequately investigated,
including the extent to which the condition may be present and still be undetected taking into
account the degree of resolution achieved by the investigations; and

(ii) The effect of the potentially adverse human activity or natural condition on the site has been
adequately evaluated using analyses that are sensitive to the potentially adverse human
activity or natural condition and assumptions that are not likely to underestimate its
effect;..."

The analytical approach stated in the SCP has the potential to underestimate the effects of potentially
adverse conditions and, because alternative concepts are averaged, may not be sensitive to such
conditions. Further, this approach does not indicate that criteria will be set to determine if various
potentially present conditions have been adequately investigated. Neither does the approach indicate
how "the extent to which the condition may be present and still be undetected" will be incorporated
into the weighting factors for various alternative conceptual models.

In discussions of the strategy to show compliance with the EPA standard, alternative conceptual
models of site behavior are still considered to be in the same category as "scenarios" as used in the
context of the EPA high-level waste (HLW) standard. Such a rendering misconstrues the intent of the
EPA standard and the NRC interpretation of it, in which only uncertainties related to future states of
nature (scenarios) and variation in model parameters are incorporated in the CCDF. The approach is
suspect because the subjective probability that a particular conceptual model is correct is a different
type or meaning of probability from the occurrence probability of future events and from the possible
system realizations based on spatial variability of geologic parameters. Although the approach may be
mathematically satisfactory from a purely theoretical perspective, from a decision theoretic viewpoint
it is undesirable, because it mixes uncertainties rather than segregating them so decision-makers can
more readily evaluate their import.

Page 8.3.5.13-7. Item 7 in the list of "highly aggregated state variables for the Yucca Mountain
system" is "The effective weights assigned by professional judgment to alternative conceptual models
of some site phenomenon or the response of the system to a known site phenomenon." Unlike the
occurrence or nonoccurrence of some future event or the realization of certain parameter values, the
correctness of a conceptual model is not a "state variable."

Page 8.3.5.13-13 and Figure 8.3.5.13-2. Alternative conceptual models of recharge are treated in the
same fashion as event occurrences. Site characterization should be conducted to distinguish between
important alternative conceptual models or to calculate the CCDF in a conservative fashion given
insufficient evidence from site characterization to eliminate alternative conceptual models.

As stated in Comment 93, the method proposed in Section 8.3.5.12 for constructing CCDF's for
groundwater travel time by weighting alternative conceptual models will not provide complete
assessments of groundwater travel time.
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RECOMMENDATIONS: The SCP should recognize that the approach of incorporating alternative
conceptual model likelihoods into the computation of the CCDF of cumulative releases of
radionuclides may not provide information about repository performance in an acceptable format
because uncertainties are not delineated distinctly.

Plan to incorporate consideration of unresolved alternative conceptual models into the CCDF in a
conservative fashion by choosing the alternative that gives the poorest performance (greatest releases
of radionuclides) or by some combination of the two alternatives that ensures no underestimates of
releases and develop the site characterization program accordingly.

UNCERTAINTY RESOLUTION METHOD TYPE: Other

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: None

HISTORY:
July 31, 1989 - The NRC staff identifies comment as result of review of DOE Site Characterization
Plan for Yucca Mountain and documents concern via letter from R. Bernero to S. Rousso (DOE)
dated July 31, 1989, and Site Characterization Analysis (NRC NUREG-1347) published August 1989.

December 14, 1990 - DOE response to all SCA OIs via Yucca Mountain Project Report
YMP/90-107.

July 31, 1991 - Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on
staff evaluation of the DOE response of December 1990, the 01 remains open.

CROSS REFERENCE

CITATION: §60.112

LARP (REVIEW PLAN) NUMBER: 6.1; 6.2; 6.3

REFERENCES:

Bernero, R. 1991. Evaluation of DOE Responses to SCA Open Items. Letter to J. Bartlett, U.S.
Department of Energy, July 31, 1991, with enclosure. Washington, DC: Nuclear Regulatory
Commission.

Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization Analysis of the
Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission.

U.S. Department of Energy. 1988. Site Characterization Plan, Yucca Mountain Site, Nevada
Research and Development Area, Nevada. Washington, DC: U.S. Department of Energy:
Office of Civilian Radioactive Waste Management.
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U.S. Department of Energy. 1990. Responses to Nuclear Regulatory Commission (NRC) Site
Characterization Analysis. YMP/90-107. Las Vegas, NV: U.S. Department of Energy,
Yucca Mountain Site Characterization Project.
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OPEN ITEM STANDARD REPORT

OITSID: OSCOOOOOO1347C099 REPORT DATE: 17 Mar 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: Premature limiting of the total system
performance consequence analysis may distort performance allocation.

RESPONSIBLE BRANCHI/SECTION: PAHB/Performance Assessment and Health Physics Section

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, Office of Nuclear Material Safety
and Safeguards, August 1989.

DOE ACTIVITY CODE/WBS NO.: 8.3.5.13/1.2.5.4.1

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: For some scenario classes in which a particular release mode is thought to dominate or, at
least, dominate for a particular time period, the consequences that are calculated may not be
adequately represented unless all the release modes are quantified, especially the residual part of the
inventory continuing to participate in the nominal or undisturbed mode(s) of release. Premature and
inappropriate limiting of the consequence analysis in this way may distort the performance allocation
process so that insufficient priority is placed on some data or important data acquisition activities may
be omitted from site characterization.

RATIONALE/BASIS: Page 8.3.5.13-25 (first paragraph) states "...for some scenario classes, such
as drilling scenarios, the direct-pathways mode may be considered to dominate." Although the direct
pathway mode may dominate at the time of excavation of some waste during drilling, the remainder
of the waste not excavated by drilling will continue to release radionuclides to the accessible
environment in a manner that prevailed prior to drilling, as modified by the effects on liquid and gas
pathways by the drilling. Although the excavated waste may provide a substantial "spike" of releases
at the time of excavation, the waste released in a less disturbed fashion may still be considerable and
make a substantial contribution to the CCDF.
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Page 8.3.5.13-53. "Some of the scenario classes result in direct discharge of radionuclides to the
surface. Others result in indirect releases; that is, they produce movement of radionuclides through
the barriers of the repository system to the accessible environment. The table labels the scenario
classes according to these modes of release." In fact, virtually all scenarios produce releases by
several modes. If the intention is to classify scenarios by the "featured" mode of release, that may be
appropriate for certain applications. Recognize, however, that the "featured" mode of release may not
be the same as the dominant mode of release because without a calculation to support the assertion, it
is not clear that a particular featured mode of release, such as direct exposure to a small fraction of
the emplaced waste, may be smaller than the ongoing mode(s) of release from the unaffected waste.
Therefore, use of a single mode of release to calculate consequences for a given scenario is acceptable
only when calculations show that the releases by modes that have been omitted do not contribute to
the CCDF in a substantial fashion, either individually or aggregated over the entire range of
scenarios.

RECOMMENDATIONS: Plan to include all appropriate modes of release in calculating the
consequences of every scenario class; these modes should not be eliminated unless an analysis is
provided that shows that leaving them out of the analysis has no significant effect on the CCDF.

In calculating consequences of a scenario, it is acceptable to partition the waste inventory according to
the mode of release, but the release from all modes should be calculated. It is not acceptable to
partition the waste and not account for the ultimate fate of part of the waste.

The confidence and goals in the performance allocation process should be determined by considering
all modes of release from each scenario with appropriate consideration of the magnitudes of release
from different modes.

UNCERTAINTY RESOLUTION METHOD TYPE: Other

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: None

HISTORY:
July 31, 1989 - The NRC staff identifies comment as result of review of DOE Site Characterization
Plan for Yucca Mountain and documents concern via letter from R. Bernero to S. Rousso (DOE)
dated July 31, 1989, and Site Characterization Analysis (NRC NUREG-1347) published August 1989.

December 14, 1990 - DOE response to all SCA OIs via Yucca Mountain Project Report
YMP/90-107.

July 31, 1991 - Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on
staff evaluation of the DOE response of December 1990, the 01 remains open.

CROSS REFERENCE

CITATION: §60.112

LARP (REVIEW PLAN) NUMBER: 6.1; 6.2; 6.3
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Bernero, R. 1991. Evaluation of DOE Responses to SCA Open Items. Letter to J. Bartlett, U.S.
Department of Energy, July 31, 1991, with enclosure. Washington, DC: Nuclear Regulatory
Commission.

Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization Analysis of the
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NUREG-1347. Washington, DC: Nuclear Regulatory Commission.
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Yucca Mountain Site Characterization Project.
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OPEN ITEM STANDARD REPORT

OITSID: OSC0000001347C101 REPORT DATE: 17 Mar 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: The equation (8.3.5.13-21) used to estimate the
partial performance measure for the jth scenario class involving water pathway releases may be in
error.

RESPONSIBLE BRANCH/SECTION: PAHB/Performance Assessment and Health Physics Section

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, Office of Nuclear Material Safety
and Safeguards, August 1989.

DOE ACTIVITY CODE/WBS NO.: 8.3.5.13/1.2.5.4.1

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: Equation 8.3.5.13-21, which is used to estimate "the partial performance measure for the jth
scenario class involving releases along the water pathway" (sic; see Comments 95 and 99 for an
explanation of why it is inappropriate to define scenario classes in terms of release mode) appears to
have been derived on the basis of inconsistent assumptions and may be in error.

RATIONALE/BASIS: Equation 8.3.5.13-22 defines the term r subscript i, which enters into
Equation 8.3.5.13-21, as the fractional mass release rate of radionuclide i from a waste package. This
term depends upon the "effective solubility limit" for radionuclide i.

The cited reference (Sinnock et al., 1986) confirms that the effective solubility limit is defined as the
lesser of the solubility of the matrix or the solubility of the ith radionuclide. The use of the solubility
limits in this way presumes that the amount of radionuclide i released from the waste package depends
on solubility of the matrix and the fractional amount of radionuclide i contained in the waste matrix.

The cumulative release of radionuclides to the environment (Equation 8.3.5.13-21) is based on the

time-varying concentration of each radionuclide at the boundary of the engineered barrier system. In

A-19



0 0

calculating this concentration (Equation 31 in Sinnock et al., 1986), it is assumed that the amount of
radionuclide i released from the waste package depends upon the amount of mass of radionuclide i
remaining in the waste package. This assumption appears to be at variance with the use of solubility
limit and the associated condition that the amount released depends on the fractional amount of
radionuclide i contained in the waste matrix.

In other words, Equation 25 of Sinnock et al., 1986 relates mass release rate of radionuclide i to the
amount of mass of radionuclide i remaining at any time. The assumption of solubility limited release
from the waste package appears to imply that the release rate should depend only on the fractional
content on nuclide i in the waste matrix, not the absolute amount present.

Equation 8.3.5.13-21, which estimates the partial performance measure for the water pathway,
contains a term related to the mass release fraction, which may underestimate the partial performance
measure.

RECOMMENDATIONS: The development of the performance measure for liquid pathway release
should be reconsidered to assure that the method of estimating the performance measure is derived
using consistent, compatible assumptions.

If a reconsideration of the development of this performance measure causes a reevaluation of the
performance allocation, any necessary changes to the site characterization program should be made.

UNCERTAINTY RESOLUTION METHOD TYPE: Other

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: None

HISTORY:
July 31, 1989 - The NRC staff identifies comment as result of review of DOE Site Characterization
Plan for Yucca Mountain and documents concern via letter from R. Bernero to S. Rousso (DOE)
dated July 31, 1989, and Site Characterization Analysis (NRC NUREG-1347) published August 1989.

December 14, 1990 - DOE response to all SCA Ols via Yucca Mountain Project Report
YMP/90-107.

July 31, 1991 - Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on
staff evaluation of the DOE response of December 1990, the OI remains open.

CROSS REFERENCE

CITATION: §60.21(c)(1)(i); §60.112

LARP (REVIEW PLAN) NUMBER: 3.1.2; 6.1; 6.2; 6.3
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OPEN ITEM STANDARD REPORT

OITSID: OSC0000001347C102 REPORT DATE: 17 Apr 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: Performance assessment flow models are
inconsistent with current understanding of site hydrology.

RESPONSIBLE BRANCH/SECTION: PAHB/Performance Assessment and Health Physics Section

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, Office of Nuclear Material Safety
and Safeguards, August 1989.

DOE ACTIVITY CODE/WBS NO.: 8.3.5.13/1.2.5.4.1

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: The model for Ross sequences Number 10 (p. 8.3.5.13-29), 14 and 15 (p. 8.3.5.13-30)
seems to be at variance with the hydrologic model of flow at Yucca Mountain, because (as in this
case) the basis for developing scenarios to guide the site characterization program appears to be
inconsistent. Thus, site characterization may fail to provide the information needed for licensing.

RATIONALE/BASIS: In discussing conceptual models for the site, p. 8.3.5.8-7 states, "The most
probable water flow path from the repository to the accessible environment is currently thought to be
vertically downward through the unsaturated Topopah Spring, Calico Hills, and Crater Flat units to
the water table, and then horizontal below the water table."

In discussing Ross sequence number 10, the text states, "Occasional major floods provide sufficient
infiltration to overcome the capillary barrier that usually diverts flow laterally...."

In discussing Ross sequence number 14, the text states, "...The fault thus forms a 'trap' for laterally
moving moisture in the Tiva Canyon welded unit.....
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In discussing Ross sequence number 15, the text states, "Fracturing along a newly mobilized fault
creates a permeable pathway through the flow barrier north of the repository block. The magnitude of

the resulting change in the flow system is sufficient to raise the water table under the repository...."
This statement assumes a significant horizontal groundwater gradient and induced lateral flow.

RECOMMENDATIONS: Events in scenarios can certainly change the prevailing conceptual model

of the site; however, the effect of events should not be predicated on differing conceptual models,
except in an exhaustive and systematic fashion.

The discussion of Ross sequences should be consistent with the current conceptual model of site
hydrology or, if nonvertical flow is anticipated near the ground surface, the description of Ross
sequence number 10 should be clarified; any added text in 8.3.5.8 and the hydrology chapter should
be cross-referenced.

UNCERTAINTY RESOLUTION METHOD TYPE: Other

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: None

HISTORY:
July 31, 1989 - The NRC staff identifies comment as result of review of DOE Site Characterization
Plan for Yucca Mountain and documents concern via letter from R. Bernero to S. Rousso (DOE)
dated July 31, 1989, and Site Characterization Analysis (NRC NUREG-1347) published August 1989.

December 14, 1990 - DOE response to all SCA OIs via Yucca Mountain Project Report
YMP/90-107.

July 31, 1991 - Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on
staff evaluation of the DOE response of December 1990, the 01 remains open.

CROSS REFERENCE

CITATION: §60.112

LARP (REVIEW PLAN) NUMBER: 6.1; 6.2

REFERENCES:

Bernero, R. 1991. Evaluation of DOE Responses to SCA Open Items. Letter to J. Bartlett, U.S.
Department of Energy, July 31, 1991, with enclosure. Washington, DC: Nuclear Regulatory
Commission.

Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization Analysis of the
Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission.
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U.S. Department of Energy. 1988. Site Characterization Plan, Yucca Mountain Site, Nevada
Research and Development Area, Nevada. Washington, DC: U.S. Department of Energy:
Office of Civilian Radioactive Waste Management.

U.S. Department of Energy. 1990. Responses to Nuclear Regulatory Commission (NRC) Site
Characterization Analysis. YMP/90-107. Las Vegas, NV: U.S. Department of Energy:
Yucca Mountain Site Characterization Project.
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OPEN ITEM STANDARD REPORT

OITSID: OSC0000001347C103 REPORT DATE: 21 Mar 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: The Ross sequence numbers 59 through 62 and
64 through 69 do not characterize scenarios.

RESPONSIBLE BRANCHISECTION: 8.3.5.13/1.2.5.4.3

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, Office of Nuclear Material Safety
and Safeguards, August 1989.

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: Ross sequence numbers 59 to 62 and 64 to 69 appear to characterize either anticipated
conditions or alternative conceptual models, rather than scenarios.

RATIONALE/BASIS: Ross sequences 59 to 62 characterize the effect of heat from the emplaced
waste on the hydrologic environment (the movement and chemistry of the water) near the repository.

Ross sequences 64 to 69 characterize different types of corrosion or different manifestations of

corrosion.

RECOMMENDATIONS: Such effects should be included in the model of repository behavior or
proposed as alternative conceptual models and investigated during site characterization.

These numbers should not be classed as scenarios or sequences.

UNCERTAINTY RESOLUTION METHOD TYPE: Other

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: None
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HISTORY:
July 31, 1989 - The NRC staff identifies comment as result of review of the DOE Site
Characterization Plan for Yucca Mountain and documents concern via letter from R. Bernero to S.
Rousso (DOE) dated July 31, 1989, and Site Characterization Analysis (NRC NUREG-1347)
published August 1989.

December 14, 1990 - DOE response to all SCA OIs via Yucca Mountain Project Report
YMP/90-107.

July 31, 1991 - Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on
staff evaluation of the DOE response of December 1990, the OI remains open.

CROSS REFERENCE

CITATION: §60.112

LARP (REVIEW PLAN) NUMBER: 6.1, 6.2, 6.3

REFERENCES:

Bernero, R. 1991. Evaluation of DOE Responses to SCA Open Items. Letter to J. Bartlett, U.S.
Department of Energy, July 31, 1991, with enclosure. Washington, DC: Nuclear Regulatory
Commission.

Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization Analysis of the
Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission.

U.S. Department of Energy. 1988. Site Characterization Plan, Yucca Mountain Site, Nevada
Research and Development Area, Nevada. Washington, DC: U.S. Department of Energy:
Office of Civilian Radioactive Waste Management.

U.S. Department of Energy. 1990. Responses to Nuclear Regulatory Commission (NRC) Site
Characterization Analysis. YMP/90-107. Las Vegas, NV: UJ.S. Department of Energy:
Yucca Mountain Site Characterization Project.
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OPEN ITEM STANDARD REPORT

OITSID: OSC0000001347C105 REPORT DATE: 17 Mar 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: Site characterization should provide data,
analyses, or justification to substantiate elimination of scenarios.

RESPONSIBLE BRANCHISECTION: PAHB/Performance Assessment and Health Physics Section

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, Office of Nuclear Material Safety
and Safeguards, August 1989.

DOE ACTIVITY CODE/WBS NO.: 8.3.5.13/1.2.5.4.1

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: Although the DOE may incorporate material by reference in the licensing application and

although scenarios already eliminated may not need to be treated in calculating the CCDF in the LA,
sufficient data and analyses, or justification should be accumulated during site characterization to
substantiate the decision to eliminate these scenarios.

RATIONALE/BASIS: Page 8.3.5.1346, 2nd paragraph states: "In general, the scenarios eliminated
by Ross (1987) and those scenarios screened out as part of the DOE decision-aiding methodology
(1986) are assumed to be inapplicable at Yucca Mountain."

The study by Ross was conducted to assist the Yucca Mountain Project; the decision-aiding
methodology report was performed to assist the DOE in selecting sites to recommend for nomination
by the President, under the NWPA.

10 CFR 60.21(c)(1)(ii)(C) requires that the Safety Analysis Report (SAR) contain an evaluation of
postclosure performance of the repository; this requirement mandates a justification of the anticipated
and unanticipated processes and events (scenarios) used as the basis for estimating performance.
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10 CFR 60.23 allows incorporation of material by reference in the LA. Such incorporation by
reference does not mean the conclusions of the references are exempt from challenge, review, and
litigation during the licensing hearing.

Elimination of certain scenarios, as in the cited references, may be appropriate for the purposes of
site characterization; however, the justification for such eliminations must be included in the
documentation for the SAR.

The current NRC staff interpretation of 10 CFR 60 is that resolution of issues key to licensing and the
technical basis supporting the resolution cannot be concluded prior to licensing, except by rulemaking,
and then only when supported by a factual basis.

RECOMMENDATIONS: The DOE should reexamine and reevaluate the scenario screening process
in the SCP and the proposed investigations in the SCP to assure that sufficient data will be obtained
during the site characterization program to support the scenario screening presented in a complete,
high-quality LA.

UNCERTAINTY RESOLUTION METHOD TYPE: Other

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: None

HISTORY:
July 31, 1989 - The NRC staff identifies comment as result of review of the DOE SCP for Yucca
Mountain and documents concern via letter from R. Bernero to S. Rousso (DOE) dated July 31,
1989, and Site Characterization Analysis (NRC NUREG-1347) published August 1989.

December 14, 1990 - DOE response to all SCA OIs via Yucca Mountain Project Report
YMP/90-107.

July 31, 1991 - Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on
staff evaluation of the DOE response of December 1990, the 01 remains open.

CROSS REFERENCE

CITATION: §60.21(c)(1)(i); §60.112

LARP (REVIEW PLAN) NUMBER: 3.1.1; 3.1.2; 3.1.3; 3.1.4; 6.1; 6.2; 6.3

REFERENCES:

Bernero, R. 1991. Evaluation of DOE Responses to SCA Open Items. Letter to J. Bartlett, U.S.
Department of Energy, July 31, 1991, with enclosure. Washington, DC: Nuclear Regulatory
Commission.

Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization Analysis of the
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OPEN ITEM STANDARD REPORT

OITSID: OSC0000001347C 109 REPORT DATE: 17 Mar 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: Alternative models based upon the nature of
coupling times for transfer of mass between matrix and fracture flow are not provided in hypothesis
testing tables.

RESPONSIBLE BRANCH/SECTION: PAHB/Performance Assessment and Health Physics Section

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, Office of Nuclear Material Safety
and Safeguards, August 1989.

DOE ACTIVITY CODE/WBS NO.: 8.3.5.13/1.2.5.4.1

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: Coupling times for the transfer of mass (radionuclides) between matrix and fracture flow is
repeatedly cited as a key factor in determining the appropriate model for radionuclide transport at
Yucca Mountain, yet alternative models depending on the nature of the coupling do not appear to be
treated in the hypothesis testing tables.

RATIONALE/BASIS: Page 8.3.5.13-62 cites three "possible cases of transport of dissolved
radionuclides through Yucca Mountain rocks," depending on the nature and speed of coupling
between the flow in fractures and the flow in the rock matrix.

Page 8.3.5.13-71 states that if the coupling between the matrix and fracture flow is strong in the
unsaturated zone, then Equation 8.3.5.13-25 may be used to estimate the effective transport velocity
for a given radionuclide.

Page 8.3.5.13-75 states how important the "coupling times" are in determining the nature of
radionuclide transport in the saturated zone.
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The issue of coupling times and mechanisms does not appear to be treated in the hypothesis testing
tables of either hydrology or geochemistry, but is treated in the performance allocation Table
8.3.5.13-17 (p. 8.3.5.13-1 10), where the need to determine the matrix-fracture interface permeability
and constrictivity is cited. Given the importance of this issue (as evidenced by repeated discussion of
the point in the SCP), it seems inappropriate to treat these substantially different cases by parameter
determination (in the Performance Allocation Table), rather than by alternative conceptual models in
the hypothesis testing tables. Although this example is just one, it points to the possibility that in
producing the SCP, no clear distinction was made between alternative conceptual models and
verifying that a performance parameter goal was met. No general guideline or rule seems to have
been stated, further contributing to the lack of demonstration that the SCP is complete and logically
consistent.

Discussions on pp. 8.3.5.13-64 to -65 indicate that there are at least three different conceptual models
for the coupling coefficients (Wilson-Dudley, Rasmussen-Neretnieks, Sudicky-Frind), while the
entries (especially the parameter goals) in Table 8.3.5.13-17 (p. 8.3.5.13-1 10) assume that the
Wilson-Dudley model is correct and will be used to interpret the test data. This assumption appears to
be another example of designing the test program to support current representations, rather than
allowing for alternative concepts.

The tests proposed in SCP section 8.3.1.3.6 to determine the coupling constants are to be performed
on cores in the laboratory. It is not clear how such tests will be able to determine coupling constants
on the spatial and temporal scales indicated by Equations 8.3.5.13-12, -25, and -26.

RECOMMENDATIONS: The testing program to determine the correct models for radionuclide
transport in the saturated and unsaturated zone should be redesigned to assure that data to distinguish
alternative models for matrix/fracture coupling will be obtained.

UNCERTAINTY RESOLUTION METHOD TYPE: Other

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: None

HISTORY:
July 31, 1989 - The NRC staff identifies comment as result of review of the DOE Site
Characterization Plan for Yucca Mountain and documents concern via letter from R. Bernero to S.
Rousso (DOE) dated July 31, 1989, and Site Characterization Analysis (NRC NUREG-1347)
published August 1989.

December 14, 1990 - DOE response to all SCA OIs via Yucca Mountain Project Report
YMP/90-107.

July 31, 1991 - Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on
staff evaluation of the DOE response of December 1990, the OI remains open.

CROSS REFERENCE

CITATION: §60.21(c)(1)(i); §60.112

LARP (REVIEW PLAN) NUMBER: 3.1.2; 6.1; 6.2; 6.3
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OPEN ITEM STANDARD REPORT

OITSID: OSC0000001347C115 REPORT DATE: 17 Mar 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: The statement that CCDF scenario classes can
only be expanded if entities are independent is incorrect.

RESPONSIBLE BRANCH/SECTION: PAHB/Performance Assessment and Health Physics Section

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, Office of Nuclear Material Safety
and Safeguards, August, 1989.

DOE ACTIVITY CODE/WBS NO.: 8.3.5.13/1.2.5.4.1

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: There is an incorrect statement that the CCDF can be expanded in terms of scenario classes
as in Figure 8.3.5.13-2 only if the entities comprising the scenario classes are statistically
independent.

RATIONALE/BASIS: Page 8.3.5.13-13 (last paragraph). The DOE states that "the formalism for
expanding the CCDF in mutually exclusive scenario classes is nevertheless capable of being
generalized to any number of such objects, provided that they are statistically independent entities...."
In fact, the formalism can also be applied to dependent entities, with the probability of S subj
computed by products of conditional probabilities.

RECOMMENDATIONS: State that the expansion of Figure 8.3.5.13-2 can be extended to any
number of dependent events, with the probabilities being replaced by conditional probabilities.
Discuss the problems involved in estimating or modeling the conditional probabilities.

UNCERTAINTY RESOLUTION METHOD TYPE: Other

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: None
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HISTORY:
July 31, 1989 - The NRC staff identifies comment as result of review of the DOE Site
Characterization Plan for Yucca Mountain and documents concern via letter from R. Bernero to S.
Rousso (DOE) dated July 31, 1989, and Site Characterization Analysis (NRC NUREG-1347)
published August 1989.

December 14, 1990 - DOE response to all SCA OIs via Yucca Mountain Project Report
YMP/90-107.

July 31, 1991 - Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on
staff evaluation of the DOE response of December 1990, the 01 remains open.
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OPEN ITEM STANDARD REPORT

OITSID: OSC0000001347C116 REPORT DATE: 21 Mar 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: Incorrect assumption that absence of significant
sources of groundwater sources at site precludes consideration of environmental pathways for
individual dose calculations.

RESPONSIBLE BRANCHISECTION: PAHB/Performance Assessment and Health Physics Section

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, Office of Nuclear Material Safety
and Safeguards, August 1989.

DOE ACTIVITY CODE/WBS NO.: 8.3.5.14/1.2.5.4.1

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: The strategy for Issue 1.2, Chapter 8.3.5.14, incorrectly assumes that if there is no
significant source of groundwater at the Yucca Mountain site, then all environmental pathways for
individual exposure related to radionuclides borne by groundwater are precluded.

RATIONALE/BASIS: The logic diagram for resolution of Issue 1.2 (Figure 8.3.5.14-1) indicates
that if there is no "significant source of groundwater" (as defined in the EPA standards) at the Yucca
Mountain site, then positive resolution of the Issue depends only on gaseous release of 14C. If there is
a significant source of groundwater, only consumption of drinking water is considered as an
environmental pathway.

The EPA standard requires limiting individual dose at 1,000 yr after closure. Although guidance is
provided by the EPA for daily consumption of groundwater, individual dose is not limited to this
pathway. Other pathways could include: (i) use of groundwater for irrigation, (ii) rapid transport by
groundwater to the surface followed by air dispersion of dusts and evaporites, (iii) contamination
without irrigation of soil used to grow crops.
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The proposed resolution strategy does not include DOE spelling out its proposed 10 CFR 60.121
controls and evaluations of their efficiencies as part of the evaluation of which pathways to include.

RECOMMENDATIONS: Change the resolution strategy for this issue.

There are two points: (i) if there is no "significant source of drinking water," pathways other than
drinking water need to be included in the demonstration of compliance, and (ii) if there is not a
"significant source of drinking water," exposure of one or more individuals may still be plausible via
drinking water and other liquid pathways.

Change performance allocation to conform to a modified issue resolution strategy.

UNCERTAINTY RESOLUTION METHOD TYPE: Other

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: None

HISTORY:
July 31, 1989 - The NRC staff identifies comment as result of review of the DOE Site
Characterization Plan for Yucca Mountain and documents concern via letter from R. Bernero to S.
Rousso (DOE) dated July 31, 1989, and Site Characterization Analysis (NRC NUREG-1347)
published August 1989.

December 14, 1990 - DOE response to all SCA OIs via Yucca Mountain Project Report
YMP/90-107.

July 31, 1991 - Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on
staff evaluation of the DOE response of December 1990, the 01 remains open.

CROSS REFERENCE

CITATION: §60.112

LARP (REVIEW PLAN) NUMBER: 6.3
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OPEN ITEM STANDARD REPORT

OITSID: OSC0000001347C117 REPORT DATE: 17 Mar 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: Current approach for 14C exposure will not
provide the information needed to calculate residence time.

RESPONSIBLE BRANCH/SECTION: PAHB/Performance Assessment and Health Physics Section

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, 'Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, Office of Nuclear Material Safety
and Safeguards, August 1989.

DOE ACTIVITY CODE/WBS NO.: 8.3.5.14/1.2.5.4.1

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: The discussion of individual exposure through the gaseous pathway indicates that "residence
time" of 14C in the overburden is required, but the discussion of planned activities and information
needs does not indicate that the advective and diffusive flow rates of radionuclides transport will be
obtained; without these fundamental quantities, information on retardation will be of no use and
calculation of residence time will be impossible.

RATIONALE/BASIS: The discussion on p. 8.3.5.14-11 does not indicate that the diffusive and
advective transport of gaseous radionuclides will be obtained specifically to resolve Issue 1.2, nor is it
indicated how this information will be imported from activities to resolve other issues.

RECOMMENDATIONS: Amend the performance allocation table for this Issue and, if necessary,
modify the site characterization program.

UNCERTAINTY RESOLUTION METHOD TYPE: Other

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: None
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HISTORY:
July 31, 1989 - The NRC staff identifies comment as result of review of the DOE Site
Characterization Plan for Yucca Mountain and documents concern via letter from R. Bernero to S.
Rousso (DOE) dated July 31, 1989, and Site Characterization Analysis (NRC NUREG-1347)
published August 1989.

December 14, 1990 - DOE response to all SCA OIs via Yucca Mountain Project Report
YMP/90-107.

July 31, 1991 - Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on

staff evaluation of the DOE response of December 1990, the OI remains open.
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Research and Development Area, Nevada. Washington, DC: U.S. Department of Energy:
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Characterization Analysis. YMP/90-107. Las Vegas, NV: U.S. Department of Energy:
Yucca Mountain Site Characterization Project.
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OPEN ITEM STANDARD REPORT

OITSID: OSC0000001347C120 REPORT DATE: 17 Mar 1995

STATUS: Unresolved

DATE RESOLVED:

TOPIC OF THE OPEN ITEM/UNCERTAINTY: Lack of comprehensive, integrated, and
prioritized plan for model and code validation.

RESPONSIBLE BRANCH/SECTION: PAHB/Performance Assessment and Health Physics Section

ACTION AGENCY: DOE

IDENTIFICATION DATE: 01 Aug 1989

SOURCE TYPE: SCA

SOURCE DOCUMENT: Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization
Analysis of the Department of Energy's Site Characterization Plan, Yucca Mountain Site, Nevada.
NUREG-1347. Washington, DC: Nuclear Regulatory Commission, Office of Nuclear Material Safety
and Safeguards, August 1989.

DOE ACTIVITY CODE/WBS NO.: 8.3.5.20/1.2.5.4.6

UNCERTAINTY TYPE: Technical

SPECIFIC TECHNICAL TYPE: Concerns with the DOE Program-Comment

TEXT: The SCP correctly notes the importance of model and code validation for evaluating
repository acceptability, but lacks an adequate description of the plans for completing such validation.
Many potential validation studies require long lead times for planning and execution, and some may
be impossible to carry out after the site has been disturbed by characterization and development
activities.

RATIONALE/BASIS: The SCP correctly notes the importance of model and code validation for
evaluating repository acceptability.

Page 8.3.5.20-10 of the SCP concerns states, "In terms of setting priorities for validation activities,
for example, it was suggested that the priority given to the validation of a model be determined by the
role the model has in evaluating safe operation. This is equivalent to the priority the model has in
demonstrating compliance with the EPA system performance requirement and the NRC subsystem
performance requirements. Thus, the importance of a given validation effort is linked to the
importance of the given application to the overall demonstration of regulatory compliance, and
resources will be allocated accordingly."
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Many potential validation studies require long lead times for planning and execution, and some may
be impossible to carry out if not planned for before the site is disturbed by characterization and
development activities. Failure to properly plan for model and code validation could cause a potential
or significant disruption to characterization schedules or sequencing of studies that would substantially
reduce the ability of the DOE to obtain information necessary for licensing.

Only short-term tests are planned to be conducted as the basis for waste package predictive models,
even in view of the large uncertainties acknowledged in the SCP (p. 7-238). See Comment 82.

Question 23 articulates a concern regarding the criteria for the need to validate aspects of the general
models for design analyses.

The SCP (p. 8.3.5.20-11) correctly points out the interrelationship of the validation activities and the
alternative conceptual models listed in the hypothesis testing tables in Section 8.3.1.1.

Comment 6 points out that not all significant alternative conceptual models appear to be considered in
the SCP. Until a complete set of alternative models has been identified, it is impossible to be assured
that all necessary model validation studies have been included in the site characterization plans.

Insufficient explicit ties between Section 8.3.5.20 and the hypothesis testing tables are presented to
assure a complete, integrated validation program.

Comment 23 points out that the testing program does not consider the effects of transient episodic
flow on geochemical reactions and therefore will not be able to affirm the preferred model.

Comment 18 points out that not all features, events, or processes that may be essential for a valid
mathematical representation of the hydrologic system for use in PA have been addressed by site
characterization activities.

Comment 56 raises general concerns about the validation program as documented in the SCP.

Comment 82 discusses the lack of information demonstrating that adequate validation of waste
package performance models will be achieved at the time of LA and later milestones.
The SCP (p. 8.3.5.20-10) correctly points out that the validation program is closely related to the

NRC requirements for performance confirmation.

Insufficient information on the performance confirmation program is presented in Section 8.3.5.16 to
allow NRC staff to assess specifics of the program. (See Comment 119.)

The performance confirmation program is not addressed in Section 8.3.5.16 with enough specificity
to determine which performance confirmation studies need to be baselined during site
characterization.

In Table 8.3.5.16-2 (Testing activities initiated during site characterization planned to be continued as

performance confirmation), only one study (the percolation test-row 2) has validation listed as its
purpose.
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RECOMMENDATIONS: At an early time an SCP update should provide a comprehensive,
integrated plan for model and code validation. Validation plans should focus on validation of models
used to demonstrate compliance with the four quantitative performance standards, to ensure
coordination of validation and site characterization activities. After the DOE has identified a full range
of alternative conceptual models, DOE should ensure that adequate plans have been developed for
validating the models and the codes associated with them.

UNCERTAINTY RESOLUTION METHOD TYPE: Other

RATIONALE FOR UNCERTAINTY RESOLUTION METHOD SELECTION: None

HISTORY:
July 31, 1989 - The NRC staff identifies comment as result of review of the DOE Site
Characterization Plan for Yucca Mountain and documents concern via letter from R. Bernero to S.
Rousso (DOE) dated July 31, 1989, and Site Characterization Analysis (NRC NUREG-1347)
published August 1989.

December 14, 1990 - DOE response to all SCA OIs via Yucca Mountain Project Report
YMP/90-107.

July 31, 1991 - Letter from R. Bernero (NRC) to J. Bartlett (DOE) notifies the DOE that, based on
staff evaluation of the DOE response of December 1990, the OI remains open.
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APPENDIX B

THE CNWRA AUDIT REVIEW OF THE
INTERA TSPA-1993 REPORT

Appendix B contains the audit review of the INTERA TSPA-1993 report that was conducted by the
Center for Nuclear Waste Regulatory Analyses. It is included in this report for completeness.
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ABSTRACT

An audit review was conducted of An Evaluation of the Potential Yucca Mountain Repository, BOOOOOOOO-
01717-2200-00099-Rev. 01 in accordance with requirements specified by the Nuclear Regulatory
Commission. The aforementioned report is one of two Total-System Performance Assessments conducted
in 1993 by the U.S. Department of Energy for the proposed high-level radioactive waste repository at
Yucca Mountain, NV; the other Total-System Performance Assessments was carried out by Sandia National
Laboratories, and its review is documented elsewhere. Both of these TSPAs constitute the second iteration
of the U.S. Department of Energy TSPA program for Yucca Mountain. The review described in this report
focused on the following areas: (i) comparison to previous Total-System Performance Assessments,
(ii) issues identified in the review of previous Total-System Performance Assessments that remain
unresolved, (iii) identification of new issues in the current Total-System Performance Assessments, and
(iv) suggestions for in-depth analyses. The review also includes an assessment of the extent to which the
stated objectives of the subject Total-System Performance Assessments were achieved.

..
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1 INTRODUCTION

An audit review was conducted of the report entitled An Evaluation of the Potential Yucca Mountain
Repository, B00000000-01717-2200-00099-Rev. 01 by Andrews et al. (1]994). This review was conducted
in accordance with requirements specified by the Nuclear Regulatory Commission (NRC) (see McCartin,
1994).

Andrews et al. (1994) describe a Total-System Performance Assessment (TSPA) conducted by the U.S.
Department of Energy (DOE) for the proposed high-level radioactive waste (HLW) repository at Yucca
Mountain. This TSPA was one of two conducted by the DOE in 1993 for Yucca Mountain; the other was
conducted by the Sandia National Laboratories (SNL) (Wilson et al., 1994). The TSPAs carried out in
1993 constitute the second iteration of TSPAs performed for the DOE. As previously mentioned, the
review discussed in this report only pertains to the Andrews et al. report; the review of the SNL 1993
TSPA is discussed elsewhere (see Gureghian et al., 1994). For simplicity, the TSPA discussed by
Andrews et al. is hereinafter referred to as "TSPA-93."

In accordance with directions from the NRC to the Center for Nuclear Waste Regulatory Analyses, the
review of TSPA-93 focused on the following areas:

* Comparison of TSPA-93 to TSPA-91 (Barnard et al., 1992)

* Identification of issues highlighted in the review of TSPA-91 that remain unresolved

* Identification of new issues in TSPA-93

* Suggestions for in-depth analyses

1.1 SCOPE OF TSPA-93

The stated objectives of TSPA-93 (Andrews et al., 1994) are to:

* Enhance realism/representativeness of the analyses

* Incorporate new information or designs into the analyses

* Test the impact/importance of certain assumptions on the behavior of the system

* Evaluate alternative measures of performance or safety

The following analyses are discussed by Andrews et al. (1994) and, therefore, are assumed to constitute
the scope of TSPA-93:

* Container failure

* Waste mobilization

* Radionuclide transport and release from the engineered-barrier system (EBS)
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* Unsaturated- and saturated-zone aqueous flow and transport

* Unsaturated-zone gaseous flow and transport

1.2 STRUCTURE OF THIS REPORT

Chapter 2 of this report contains review comments generated from a comparison of TSPA-93
to TSPA-9 1. Issues that were identified in the review of TSPA-91 that still remain open after TSPA-93
are discussed in Chapter 3. Chapter 4 presents new issues identified as a result of the TSPA-93 review.
Chapter 5 covers areas where in-depth analyses seem warranted. General observations, including the
reviewers opinions as to how well the analyses met the stated objectives, are provided in Chapter 6.
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2 COMPARISON TO TSPA-91

Comments resulting from a comparison to TSPA-91 (Barnard et al., 1992) are offered on five areas:
(i) scenarios, (ii) consequence models, (iii) data, (iv) comparison limitations, and (v) open issues.

2.1 SCENARIO COMPARISONS

TSPA-93 adopted a broader definition of scenario than that conventionally used in performance
assessment (e.g., combination of features, events, and processes that can affect the performance of the
repository). Scenarios were considered to also include design alternatives. Unlike TSPA-91, TSPA-93
did not include disruptive scenarios (e.g., human intrusion, volcanic intrusion, or tectonism) since these
effects were determined to be minor in the TSPA-91 analysis. The results of TSPA-91 were predicated
on the models and data available at the time that TSPA analysis was performed. There is no mention in
TSPA-93 about modeling advances or new data that could have been included in this iteration to re-
examine the results of TSPA-91 regarding disruptive scenarios. Therefore, the elucidation of various
disruptive scenarios still remains an open issue.

TSPA-93 considered a variety of waste emplacement, thermal loading, and waste package design
scenarios for the purpose of determining the effect of design alternatives on the performance measures
used. Sensitivity of the results to three thermal loads (28.50, 57, and 114 kW/acre), and multibarrier
waste package containers (with inner and outer materials of various thicknesses) were examined.
Thermohydrologic analyses were conducted to evaluate potential edge effects due to the presence of
unheated portions of the repository. This represents an advance over TSPA-91, and as a result, potential
impacts from design changes could be examined. TSPA-93 expanded the radionuclide inventory used in
TSPA-91 and included both spent fuel (SF) and defense HLW; TSPA-91[ did not include defense HLW.
TSPA-93 also uses higher burn-up rates for SF than TSPA-91.

As in the TSPA-91, the cumulative release of radionuclides to the accessible environment was
the main performance measure. This performance measure was applied at 10,000 years after closure of
the repository, consistent with previous HLW disposal standards promulgated by the Environmental
Protection Agency. In addition, the same performance measure was estimated at 100,000 years following
closure of the repository. TSPA-93 also added an estimate of the peak individual dose over a 1,000,000-
yr time period. An "expected value" calculation was also used in some of the comparisons and sensitivity
analyses; this calculation was performed using the expected value of each of the uncertain parameters.
While not a critical issue, it should not be construed that the "expected value" calculation produces an
estimate of the 'expected value" of the performance measure. It can be readily shown, for example, with
the contaminant transport equation that, if the velocity consists of an expected value and a perturbation,
the expected value of the concentration of the contaminant will depend on both the expected value of the
velocity and the expected value of the product of the perturbations of the velocity and of the
concentration.

2.2 MODEL COMPARISONS

The major modeling difference between TSPA-93 and TSPA-91 was the incorporation of the
dependency of various processes and parameters in the thermohydrologic regime. Thermohydrologic
analyses were used to determine temperature, aqueous flux, gaseous flux, and liquid saturation in the
vicinity of the repository. This allowed incorporation of the effect of water saturation and temperature
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as the initiators for aqueous corrosion of the waste packages. Two corrosion models were used in TSPA-
93 (Stahl model and Lamont model) to estimate the degradation time of the packages and permit
examination of the effect of different waste package thicknesses on the time to failure. The waste
alteration and dissolution rates were also a function of temperature. In TSPA-91, the thermally induced
delay for aqueous corrosion was assumed to be somewhere between 300 and 1,300 years. In TSPA-93,
the delay of the initiation of aqueous corrosion was estimated by both temperature and saturation criteria.
The time to failure in TSPA-91 was assumed to be between 500 and 10,000 years following the thermally
induced delay, whereas, in TSPA-93, time of failure was predicted using the corrosion model. While
assigned distributions on parameters were used in TSPA-91, thermally dependent parameters were used
in TSPA-93.

In TSPA-93, it was assumed that transport through the unsaturated zone was matrix-dominated,
whereas in TSPA-91 both a composite-porosity model and a weeps (fracture-dominated) model were used.
TSPA-93 accommodates the dependence of transport parameters and properties on temperature. The effect
of climate changes was approximated in TSPA-93 by the product of the distribution of infiltration flux
and the distribution of a flux multiplier that was expected to capture the impact of glacial conditions.
TSPA-93 considered gas travel with a fully transient particle-tracking routine, which uses the
two-dimensional (2D) transient gas phase velocity field generated with the code TGIF. TSPA-93 also
considered thermally-perturbed gas transport parameters. In TSPA-93, a simple model for the biosphere
was used, whereas TSPA-91 did not consider biosphere transport.

In TSPA-91, the TOSPAC computer code was used for the total-system simulation, whereas
TSPA-93 relied on the Repository Integration Program (RIP). RIP only allows for very simple
expressions; thus, a key aspect of the TSPA-93 modeling approach was the process of abstracting
information from a variety of sources into simple expressions. The general probabilistic modeling
approach consisted of three basic steps:

(i) Abstraction of primary functional relationships from either detailed process models or
uncertain parameters

(ii) Definition of dependence of relevant radionuclides exposure, EBS release, and geosphere
transport properties on the thermohydrologic regime

(iii) Incorporation of very simple relationships into the RIP

2.3 DATA COMPARISONS

TSPA-93 included thermally and geochemically dependent radionuclide solubilities and waste
alteration rates. TSPA-93 solubilities were also pH dependent. TSPA-93 also expanded the number of
radionuclides considered in the aqueous releases from 9 to 39. Bum-up rates for spent fuel in TSPA-93
were higher than in TSPA-91. The average burnup rate used in TSPA-93 was 36,437 MWd/MTHM.
Radionuclide solubility and distribution coefficients were obtained from expert judgment elicitations
similar to those obtained for TSPA-91; however, as opposed to TSPA-91, in which single-value
solubilities and distribution coefficients were used, TSPA-93 used distribution functions that supposedly
accounted for temperature and pH dependencies. In TSPA-93 glass dissolution rates were included for
HLW which were not considered in TSPA-91. There is confusion, however, at several times in the
report, because it is mentioned that solubilities and retardation factors were obtained from laboratory
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experiments conducted at the Los Alamos National Laboratory. No evidence of this data was found while
Appendices G and H provide the results from the expert elicitations. Corrosion rates were estimated from
expert judgments. Finally, data and parameter values used in TSPA-93 came from a variety of sources,
such as TSPA-91, expert judgments, and recent studies. However, there is confusion on what data came
from which source; in some instances it is stated that, to be consistent with other TSPAs, the same value
of a given parameter is used, but almost immediately after such a statement is made, it is stated that a
different value was used for another parameter without any reason being given. For example, the
dispersivities used in TSPA-93 are different from those used in TSPA-91 and from those used in SNL's
TSPA-93, but no rationale is provided for the values selected. It is very difficult to determine the ranges
and distribution functions used for many key parameters. In some cases,, the ranges of parameter values
are manipulated, but neither the justification for nor the approach used in the manipulation are clearly
explained.

It is unclear how the Darcy fluxes were determined. The differences between the Darcy (or
percolation) flux, the infiltration flux, and the unsaturated zone flux might have been clearer. This is one
of the key uncertain parameters, the range of values which was manipulated as stated above (see p. 3-3
of Andrews et al., 1994). The unsaturated zone percolation flux in TSPA-93 was half the value used in
TSPA-91, and this effectively doubled the travel times leading to lower releases to the accessible
environment. No justification is provided for the decreases in the Darcy flux.

2.4 COMPARISON LIMITATIONS

One of the drawbacks with the Andrews et al. (1994) report is that there are no direct
comparisons of results from TSPA-93 to those from TSPA-91. Therefore, it is very difficult to determine
whether or not the differences in models and data between the two TSPAs have had any significant impact
on the results. In the Conclusions chapter, a short statement is provided saying that the estimates of
performance measures in TSPA-93 were "better" than those in TSPA-91; however, "better" in that
statement referred to TSPA-93 resulting in lower estimates of radionuclide releases than TSPA-91. This
comparison difficulty is exacerbated because, as will be explained below, there were many implicit
assumptions and judgments in the model abstraction process and in the ranges and distribution of values
of uncertain parameters used in the calculations. Thus, determining the validity of the aforementioned
statement is not possible because of the many implicit assumptions and judgments that permeated the
calculations.

The use of the RIP as the performance assessment model introduces potential limitations that
make it difficult to compare TSPA-93 to TSPA-91. The RIP is significantly different from the TOSPAC
code used in TSPA-91. The RIP requires a complex model abstraction process to render the equations
and other mathematical expressions amenable to the RIP. It was very difficult to figure out how the model
abstraction process was implemented. For example, it is not possible, from the discussion in Section 3.2.2
of the Andrews et al. report to discern how the model and results from the Ross 14C model in Appendix
I were translated for incorporation into the RIP. Given the significance of 14

( to releases to the accessible
environment over 10,000 years, the discussion in Section 3.2.2 is very lean. Many assumptions were
apparently made in the abstraction process that are not explicitly discussed, some of these assumptions
may have been due to limitations of the RIP or from expert judgments.
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2.5 OPEN ISSUES ADDRESSED IN TSPA-93

The only open issue addressed in TSPA-93 was the impact of the thermohydrologic regime on
releases from the EBS and from the accessible environment. However, because (i) no direct comparisons
between TSPA-93 and TSPA-91 were provided and (ii) many implicit assumptions and judgments
permeated the analysis, it could not be ascertained whether significant progress was made to close the
issue. On the contrary, the inclusion of the effects of the thermohydrologic regime seems to have
introduced a new set of issues that will need to be addressed in future TSPAs.
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3 ISSUES IDENTIFIED IN REVIEW OF TSPA-91

A number of issues were identified in the review of TSPA-91 that were are also issues in TSPA-93.
These issues are summarized here.

3.1 UNCERTAIN PARAMETER DISTRIBUTIONS

Many assumptions and judgments were involved in the development of uncertain parameter
distributions in TSPA-93. As a result, it was not possible to ascertain (I) the source of the data used to
generate the ranges and distributions or (ii) the actual form of the distributions used. This is particularly
critical for the uncertain corrosion rates for the two different corrosion models used.

3.2 GROUNDWATER FLOW AND TRANSPORT

Reliance on one-dimensional (ID) flow and transport models was raised as an issue in the
review of TSPA-91, because the level of confidence that could be placed on predictions with such models
was questionable. TSPA-93 was based on ID models with few or no discussions on new information that
would support a higher level of confidence in these models. The abstraction and manipulations of
equations and mathematical expressions needed to apply the RIP code may have forced additional
simplifications to the flow and transport models that could not be discerned. Therefore, the
appropriateness of ID models, in the absence of supporting results from 2D and three-dimensional (3D)
models, makes the ID models questionable.

3.3 RESULTS FROM DETERMINISTIC CALCULATIONS

The use of an "expected value" calculation based on the expected value of uncertain input
parameters was again extensively used in TSPA-93. In many instances, it was the basis for comparisons
among the different alternative designs considered for the EBS in the analyses. First, as stated earlier,
it is questionable that such an approach would yield the expected value of the performance measure(s)
of interest. Reliance on results from the "expected value" calculations need to be considered with
caution. Estimating the expected value of the performance measure(s) from the results of a complete
uncertainty analysis is known to be more reliable than from deterministic, average, or expected value
calculations. This is particularly true in preliminary TSPAs, the objectives of which are to attempt and
capture the most salient uncertainties so that insights for data collection and further research can be
developed.

3.4 MODEL ABSTRACTION

The model abstraction process remains a key open issue in TSPA; however, the use of the RIP
may have elevated this issue in TSPA-93. As has been discussed earlier. a considerable-and apparently
complex-model abstraction process was employed in TSPA-93. Because of the significant impact that
the model abstraction process can have on the results of the TSPA, the NRC may want to select specific
examples of the abstraction process for detailed testing. Unfortunately, the report documenting TSPA-93
(Andrews et al., 1994) does not provide sufficient detail to allow a reviewer to follow and evaluate the
model abstraction process used.
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3.5 EXPERT JUDGMENT ELICITATION

Expert judgment elicitation was used for radionuclide solubilities, retardation parameters, and
corrosion rates. It seems that the corrosion rates were obtained from experts at the Lawrence Livermore
National Laboratory using a fairly informal approach with no apparent documentation that would allow
a reviewer to examine the judgments. Given that one of the key modeling advances in TSPA-93 was the
consideration of different corrosion models and dependencies on the thermohydrologic regime, the use
of, at least, a semi-formal elicitation for corrosion rates seems warranted.

The elicitation of judgments on solubility and retardation parameters, although better
documented than that for corrosion rates, still lacks a level of formality necessary to provide sufficient
confidence and credibility on the judgments. The approach to obtain these judgments was apparently the
same as that used in TSPA-91.

3.6 CONSIDERATION OF COLLOID TRANSPORT

TSPA-93 did not consider the generation and migration of colloids; therefore, this still remains
an open issue.

3.7 GAS FLOW AND TRANSPORT

The importance of gas flow and transport, particularly for releases to the accessible environment
over 10,000 years, may warrant comparison of NRC and DOE models and results from these. The lack
of details in the model abstraction process used to render the Ross 14C model amenable for the RIP may
prevent meaningful comparisons, and hence, the generation of key insights for data collection and other
analyses and studies needed to elucidate the uncertainties associated with gas flow and transport. The
release of 14 C was considered to be independent of the alteration rate of the waste form. Therefore, the
impact of high temperatures on the gaseous release rate still remains an open issue.

3.8 DISRUPTIVE SCENARIOS AND CONDITIONAL COMPLEMENTARY
CUMULATIVE DISTRIBUTION FUNCTION

Except for climate change, TSPA-93 did not consider future disruptive events and processes.
Therefore, the issues identified in the review of TSPA-91 related to (i) scenario development and
screening, (ii) the modeling of specific disruptive scenarios (e.g., basaltic igneous activity), and (iii) the
combination of conditional complementary cumulative distribution functions (CCDFs) from a set of
scenarios still remain open. None of these issues were addressed in TSPA-93.

3.9 SENSITIVITY ANALYSIS

As in TSPA-91, only ad hoc sensitivity analyses were performed in TSPA-93 based on scatter
plots and comparisons of results for different design considerations. Consequently, only partial results
with respect to the relative importance of different parameters, alternative designs, and processes on the
estimation of the performance measures considered were provided. The results of these sensitivity
analyses may not be sufficient to develop a sound basis for additional data collection and analyses needed
to reduce uncertainty. The sensitivity analyses conducted apparently did not account for the full range of
uncertainty in the processes and parameters. This reduces the utility of the results of the sensitivity
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analyses conducted and the conclusions reached with respect to providing insight for data collection and
future research.
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4 NEW ISSUES

A number of new issues were identified in the review of TSPA-93 that require further analysis; these are
summarized in this section. The primary sources of uncertainty in TSPA-93 are (i) panel- and drift-scale
thermohydrologic analyses, (ii) initiation and rates of aqueous corrosion, (iii) ambient unsaturated zone
percolation flux, (iv) gaseous and liquid flow, (v) biosphere transport, and (vi) functional dependency
versus uncertainty in parameter distributions. Other sources of uncertainty that are related to the primary
ones include (i) climate change, (ii) gaseous and liquid flow along un-backfilled repository tunnels and
drifts, and (iii) screening process for selection of radionuclides to consider in the analyses

4.1 LIMITATIONS OF THERMOHYDROLOGIC ANALYSES

Thermohydrologic analyses in TSPA-93 were conducted at the panel scale to capture the edge
effects caused by unheated portions (from defense HLW) of the repository. The model does not consider
the very near-field environment or radial flow of heat or water. Therefore, the features that should be
needed in drift-scale or repository-scale analyses to overcome the limitations of panel-scale
thermohydrologic analyses are unknown.

4.2 INITIATION AND RATES OF AQUEOUS CORROSION

There is uncertainty in: (i) the initiation of corrosion, (ii) the rates of corrosion, and (iii) the
conceptual models for corrosion. The progress made in TSPA-93 regarding aqueous corrosion
notwithstanding, there still are significant uncertainties with corrosion phenomena and parameters. For
example, in TSPA-93 it was shown that the specific initiator of corrosion (saturation or temperature)
could have a significant impact on when corrosion starts and, hence, time to failure of the waste
packages. However, it seems from the discussions in the TSPA-93 report that the selection of one or
another initiator was done arbitrarily. Therefore, further studies are warranted on this issue. There seems
to be an inconsistency in evaluating pitting corrosion at 100 IC when it is noted that aqueous corrosion
is considered inactive above 96 IC. There should be some temperature at which aqueous corrosion is at
a maximum that is below the point where the high temperatures dryout the rock.

Both the Stahl and Lamont corrosion models use pitting corrosion rates for the inner container
failure. However, it is not known if the area of waste that becomes available for release is consistent with
the pin-hole-sized failures expected in pitting corrosion. The entire surface of the fuel matrix was assumed
to be wet in TSPA-93 (as opposed to half in TSPA-9 1). It seems that the available area might be limited
by the size of the penetrations. However, this assumption may be deemed conservative.

TSPA-93 did not seem to provide insights as to which of the two conceptual models for
corrosion (Stahl or Lamont) may be preferable, or what analyses or investigations may be needed to
further elucidate the differences between the models and their impact on the estimates of performance
measure(s). It is not clear if the two models capture the full range of conceptual models, hence
conceptual model uncertainty remains an important issue.
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4.3 PERCOLATION FLUX

The percolation flux still remains the most important parameter insofar as unsaturated flow and
transport is concerned. Many assumptions and implicit judgments were imbedded in the estimation of a
range and distribution for the percolation flux, which makes the defensibility of the calculations difficult.
No data or theoretical insight regarding percolation flux was provided.

4.4 GASEOUS AND AQUEOUS FLOW

The ID gaseous and aqueous liquid phase flow models used in the analysis need to be supported
by data or by the application of 2D and 3D models. The matrix-dominated transport model cannot be
supported by the available data; therefore, results generated with it are questionable.

Climatic changes over 100,000 and 1,000,000 years were included in the total releases to the
accessible environment calculations and in the peak dose calculations, respectively. The depth of the water
table was assumed to remain constant during that time. Considering the impact of a change of water table
level would be more appropriate with the estimates of infiltration rate variation over that time.

The models ignore both gaseous and liquid flow through the un-backfilled repository tunnels.
Even with backfill, the estimated porosity (0.1 to 0.3) would be considerably greater than the surrounding
rock, providing a potential flow path for the fluids.

4.5 BIOSPHERE TRANSPORT MODEL

A very simple biosphere transport model was used that basically multiplies the radionuclide
releases to the accessible environment by a dose conversion factor. There are many uncertainties
associated with the movement of contaminants in the biosphere that were not taken into account with the
simple model used in TSPA-93. Therefore, the dose predictions may be questionable, and conclusions
drawn from those calculations have to be considered with caution. There is no discussion in the TSPA-93
report as to how an improved biosphere transport model will be considered in the future. Dose conversion
factors were taken fromthe PNL version of the TSPA-91 (Eslinger et al., 1993) or by the Waste Isolation
Systems Panel (National Academy of Sciences, 1983).

4.6 FUNCTIONAL DEPENDENCY VERSUS UNCERTAINTY
IN PARAMETER DISTRIBUTIONS

In the Conclusions chapter, the statement was made that incorporation of functional
dependencies between parameters and processes may "not be dissimilar to broad uncertainty in
parameters." This is a very strong conclusion and is highly speculative. While, for some parameters, such
a statement may be applicable, the apparent generalization seems unwarranted and premature. For
processes and phenomena characterized by nonlinear relationships, it is difficult to envision how their
interdependencies can be captured, in a justifiable manner, by the distribution of uncertain parameter
values.
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5 IN-DEPTH ANALYSES

Several aspects of TSPA-93 were found to be in need of further analysis and investigations. These are:
(i) assumptions about the properties of the backfill, (ii) several effects associated with waste package
failure, (iii) thermohydrologic analysis in the near-field, (iv) validity of matrix-dominated transport, (v)
the estimation of percolation flux and the effects of climate change, (vi) biosphere transport modeling,
and (vii) sensitivity analysis. Each of these areas is discussed below.

Backfill assumptions have a great influence on the temperatures of the waste package and the delay of
aqueous corrosion. A sensitivity analysis of the backfill parameters on the waste package temperatures
with a drift-scale thermohydrologic analysis is needed.

The effects of cathodic protection of the inner barrier, the effect on cladding to delay alteration, and a
better representation of the effective surface area for diffusive releases should be examined.
Thermohydrologic analyses at the panel, drift, and waste-package scales are needed to better estimate the
localized thermal response. The effect of "dryout' has not been explored and should be examined in the
future. Detailed studies are also needed to: (i) distinguish between the Stahl and Lamont corrosion
models, (ii) determine when corrosion should be temperature- or saturation-initiated, and (iii) obtain
reliable corrosion-rate data. MPC design evaluation will include all the aforementioned studies.

The percolation flux estimate needs refinement through improved modeling of the extended dry condition
and data gathered following the excavation of the Exploratory Studies Facility. A very simple climate
model that assumes 100,000-year cycles ("dry" to "wet" to "dry" climates) was used in TSPA-93, which
seems somewhat contradictory with recent studies such as DeWispelare et al. (1993). Supporting data that
substantiate the model used in TSPA-93 needed to be developed or the model needs to be revised. In
particular, the approach of just multiplying the percolation flux by a flux multiplier distribution without
accounting for possible changes in the location of the water table does not seem appropriate, unless it is
shown that the change in water table fluctuations will be negligible.

The validity of the matrix-dominated transport model needs to be explored in more depth. Also, the
validity of ID flow and transport models need to be supported using a combination of analyses with 2D
and 3D models and site data. Transport through fractures should be included unless analyses demonstrate
that it is not important.

Studies, as well as important site specific parameters, are needed to identify possible pathways and
associated models for biosphere transport and dose estimation. The assumption that gaseous releases of
14C will not be considered in individual dose calculations seems justified due to the relative short half-life
of 14 C compared to the time frame of the calculations (1,000,000 yr). However, because the performance
measure is peak dose, discarding 14C could mean that some potentially high early doses may not be
considered. The release of 14 C can be significant if the performance measure is the population dose.
Therefore, the effect of releases of 14C on peak dose deserves further study before a definitive decision
is made on its inclusion as a dose-based performance measure.

The use of scatter plots to visually represent the sensitivity of a performance measure to a given
parameter is useful insofar as illustrating the possible dependence of the former on the latter. However,
scatter plots are not sufficient to develop necessary insights for data collection, needed analyses, and for
effects to examine in future TSPAs. More detailed and complete sensitivity analyses are required to
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determine priorities for investigations and data collection. These sensitivity analyses were lacking in
TSPA-93.
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6 GENERAL OBSERVATIONS AND COMMENTS

There are a number of issues that are worth discussing regarding TSPA-93 as documented in Andrews
et al. (1994). In the Introduction to this review report, it was mentioned that some general observations
regarding how well, in the reviewers' opinion, the objectives of TSPA-93 were satisfied will be provided.
Those observations are also summarized in this section.

6.1 GENERAL ISSUES/CONCERNS

In general, the reader gets a fairly good idea of the analyses in TSPA-93 and the results
obtained from the Andrews et al. report. The impact of some key issues, like the effect of thermal loading
and different design alternatives, on predicting the release of radionuclides from the EBS and into the
accessible environment can be discerned from the results and the manner in which these are presented.

The biggest difficulty with the TSPA-93 report is the lack of discussions regarding the
supporting information and/or rationale about numerous assumptions and decisions made in the modeling.
To illustrate the nature of this concern, consider the following specific comments.

* Section 2.1.1, p. 2-3. The discussion on screening of radionuclides for inclusion in the
analyses is not explained clearly. First, no really good reason is provided as to the need for
screening radionuclides. Second, there is no discussion as to how daughters were considered
in the screening; the criteria apparently used in the screening were based on the parent
radionuclides. However, a potentially important daughter radionuclide can possibly be
excluded from the analysis if the screening only considered the characteristics of the parent.

* Section 2.1.2.2, pp. 2-5 - 2-6. In discussing the Stahl Failure Distribution Description, the
following statement is made: "These equations can be used to determine the penetration
depth given constant temperature. For variable temperatures ..., the equations have been
manipulated to determine the penetration depth for a particular time period at a particular
itime-varying temperature distribution." The equations these statements refer to explicitly
account for temperature dependency as an adjustable parameter; thus, it is not obvious why
they need to be manipulated to account for temperature distribution. Furthermore, the
procedure used to manipulate the equations is not explained.

* Not all possible design alternatives based on the design parameters were considered in the
analysis, but no explanation is provided why specific alternatives were not considered. For
the sake of "completeness" decisions to exclude some alternative designs should have been
discussed.

* The construction of the CCDFs for releases from the EBS and into the accessible
environment were based on 100 simulations. Given the number of uncertain parameters, this
seems a very low number of simulations, but the basis for selecting the number of
simulations is not discussed.

* Section 2.2.4, p. 2-23. The discussion on sensitivity analysis for releases from the EBS
begins with the following statement: 'While the uncertainty of the waste package parameters
is recognized, the parameters as input into RIP did not generally contain large uncertainty
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ranges." No explanation is provided. The uncertainty analyses and sensitivity analyses are
suspect because the full range of uncertainty was not accounted for.

While the emphasis of this TSPA was not on the subsystem requirements of 10 CFR 60.113,
it would have been helpful to include some results comparing predicted release rates to the
EBS release rate requirement in §60.113. More importantly, the reader cannot get any
insights as to how the CCDFs for EBS release were used in the analysis of releases to the
accessible environment. For example, were two separate sets of simulations conducted for
the CCDF of EBS releases and for the ccdf of releases to the accessible environment, or was
a single set of simulations used for constructing both CCDFs?

These are a few examples of assumptions, decisions, assertions, etc. made in the TSPA-93 report that
make the analysis questionable, because no explanations, justifications., rationale, etc. were provided as
supporting evidence.

Another issue of concern is that, after reading the report, one cannot obtain a good idea as to
how the results of TSPA-93 will be used in providing guidance for data collection, further analyses, and
future TSPAs. There is basically no discussion at all on how this TSPA will impact the direction of the
DOE program. There is a lack of discussion of how this TSPA will be used, in conjunction with SNL's
TSPA-93 to provide such guidance. There are apparently marked differences between the two versions
of the DOE TSPA-93 with regard to model assumptions and parameter values. It would have been
interesting and useful to have seen a discussion on how those differences will be reconciled to provide
meaningful guidance to the research and development aspects of the DOE's Yucca Mountain program.
Perhaps a task to evaluate the two TSPA-93 findings would be worth considering.

6.2 SATISFACTION OF TSPA-93 OBJECTIVES

The results of the analyses in TSPA-93 notwithstanding, it would have been useful for the report
to have included a discussion on whether or not the stated objectives of the analysis were satisfied at the
conclusion of the study. Therefore, the reviewers believed that it would be useful as a wrap-up to this
review report to provide their views on whether or not those objectives were met. The reviewers'
observations are summarized.

6.2.1 Enhance Realism/Representativeness of the Analyses

Insofar as the EBS is concerned, TSPA-93 did include a more realistic representation of the
system into the analysis than that in to TSPA-9 1. There were also some enhancements to the gas transport
model, primarily through the inclusion of temperature-dependent parameters. However, at the same time,
there was a step backwards in the modeling of other components of the repository system, namely the
geosphere. The use of a matrix-dominated transport model should not be construed as an enhancement
over previous TSPAs.

Because TSPA-93 did not include the modeling of disruptive scenarios, no improvement was
made in regards to models for such events and processes as volcanism, tectonics, and human intrusion.
Climate change effects were incorporated through parameter distributions that do not constitute a
modeling improvement. Therefore, it can be said that this objective was partially met, but this partial
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success is tempered by the step backwards in modeling the geosphere flow and transport and by the lack
of consideration of disruptive scenarios.

6.2.2 Incorporation of New Information or Designs into the Analyses

Again, insofar as the EBS and gaseous transport are concerned, it is fair to say that TSPA-93
did indeed incorporate some new information and designs into the analysis. However, a similar statement
is not possible for geosphere aqueous transport. The lack of information provided in the report makes
it difficult to draw a conclusion to that effect. A more detailed source term study was performed by the
inclusion of a large number of radionuclides to TSPA-93.

6.2.3 Test Impact/Importance of Certain Assumptions on Behavior of the System

In TSPA-93, the impact or effect of assumptions imbedded in the selection of specific models
dealing with the thermohydrologic regime within the repository and different corrosion models was tested.
It is the reviewers' collective opinion that the effect of the tested assumptions was clearly discernable
from the results obtained and the manner in which these were presented in the TSPA-93 report. However,
it is also our opinion that many other assumptions were imbedded in the analyses performed, the impact
of which in the prediction of the selected performance measures was not tested. Therefore, this objective
was partially met.

6.2.4 Evaluate Alternative Measures of Performance or Safety

Several performance measures were used in TSPA-93. One was cumulative releases to the
accessible environment over 10,000 years, which was the main total system performance measure in the
original Environmental Protection Agency HLW standard. The others were cumulative releases to the
accessible environment over 100,000 years and dose to the maximally exposed individual over 1,000,000
years. These last two performance measures were apparently selected in anticipation of performance
measures that the Environmental Protection Agency may consider for Yucca Mountain based on
recommendations from the National Academy of Science.

In TSPA-93, the sensitivity of these performance measures to different thermal loadings, waste
package and EBS alternative designs, and to specific radionuclides was examined. This examination,
however, did not include an evaluation of the selected performance measures. In the reviewers' opinion,
such an examination should have looked at the difficulties of estimating the performance measures, the
soundness of the performance measures, etc. This type of examination did not take place in TSPA-93.
Therefore, no insights were truly gained from TSPA-93 about the applicability, soundness, and meaning
of new performance measures. Thus, it is the reviewers' opinion that this objective was not met in
TSPA-93.
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APPENDIX C

THE CNWRA AUDIT REVIEW OF THE
SANDIA NATIONAL LABORATORIES TSPA-1993 REPORT

Appendix C contains the audit review of the Sandia National Laboratories TSPA-1993 report that was
conducted by the Center for Nuclear Waste Regulatory Analyses. It is included in this report for
completeness.
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ABSTRACT

The Center for Nuclear Waste Regulatory Analyses conducted an audit review of 'Total-System
Performance Assessment for Yucca Mountain-SNL Second Iteration (TSPA-1993), Volumes 1 and 2,"
SAND93-2675, in accordance with requirements specified by the Nuclear Regulatory Commission.
SAND93-2675 document's total-system performance assessments conducted by the U.S. Department of
Energy for the proposed high-level nuclear waste repository at Yucca Mountain. These two total-system
performance assessments constitute the Department of Energy's second iteration of total-system
performance assessments for Yucca Mountain. The first iteration was completed in 1991.

The review of the Sandia National Laboratories TSPA-93 report is divided into two parts. These parts
include (i) an overall review, comparing the current total-system performance assessment to previously
reviewed assessments and (ii) a detailed multidisciplinary review of the suite of technical analyses that
constitute the total-system performance assessment.

The audit review conducted identified a number of improvements in TSPA-93 when compared to TSPA-
91, as well as some potential deficiencies. In general, TSPA-93 was found to be considerably more
realistic in the representation of the proposed repository at Yucca Mountain; some specific examples are:

* More explicit and better documented representation of spent fuel in the source term
* More representative three-dimensional model of unsaturated zone
* Incorporation of more actual site data in hydrologic parameters
* Coupling of gas flow and heat transfer models
* Analysis of alternative waste-emplacement schemes

Some of the potential significant deficiencies identified are:

* Scenario classes did not consider (i) independently combined initiating events, or
(ii) subsequent events that may result in higher consequences

* Underestimation of individual dose because not all potentially significant biosphere pathways
were considered

* The fuel oxidation rate equation was obtained from expert elicitation without using data
available from Pacific Northwest Laboratory

* The "wet" period in the climate change cycle was modeled as a "rare" event in potentially
few simulations at high infiltration rates

* The use of an informal expert elicitation for geochemical parameters did not provide
adequate documentation of rationale supporting specific values of parameters

* The weeps model ignores the possible formation of a perched water zone

ii
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1 INTRODUCTION

An audit or screening review was conducted of the report "Total-System Performance Assessment for
Yucca Mountain-SNL Second Iteration (TSPA-1993), Volumes 1 and 2," SAND93-2675, by Wilson
et al. The review was conducted in accordance with requirements specified by the Nuclear Regulatory
Commission staff Better from T. McCartin to R.G. Baca, June 1994). C4onsistent with direction provided
to the Center for Nuclear Waste Regulatory Analyses (CNWRA) staff, the scope of the technical review
of this document was divided into two parts: (i) an overall review, which focused on a comparison of this
total-system performance assessment (TSPA) to previously published and reviewed TSPAs, and (ii) a
detailed multidisciplinary review of the suite of technical analyses performed in this TSPA.

The purpose of the first part of the review is to gain insight on the status of the U.S. Department of
Energy's (DOE) TSPA program, whereas the second part of the review is aimed at identifying: (i) issues
that DOE may not be addressing in a scientifically justified manner, (ii) issues for which the DOE
approach is not readily understandable, and (iii) issues deemed to be complex or of potential significance
that should be evaluated in Iterative Performance Assessment (IPA) Phase 3.

The TSPA-93 report, which was prepared by the Sandia National Laboratories (SNL), is designed to
provide a preliminary TSPA of the proposed high-level nuclear waste (HLW) repository at Yucca
Mountain (YM), Nevada. The primary purpose of TSPA-93 was to provide feedback to the DOE Yucca
Mountain Project (YMP) participants on the significance of design and site characterization information
to regulatory compliance. Other stated purposes of TSPA-93 were to: (i) progress toward performance
assessments (PAs) that are scientifically justified and acceptable for a license application, including
refinement of models of features, events, and processes that could influence repository performance, (ii)
consider an individual dose performance measure, (iii) calculate conditional estimates of compliance with
performance measures for scientific review, and (iv) involve multiple YMP organizations in the conduct
of a TSPA.

TSPA-93 consists of three major technical parts: (i) development of data required for the technical
analyses, (ii) detailed modeling and abstraction into models suited for TSPA calculations, and
(iii) probabilistic modeling and results (TSPA calculations). Three basic scenarios were investigated:
nominal case, human intrusion, and magmatic activity.

In Chapter 3 of this report, technical comments are provided. These comments are organized into four
categories: (i) General Comments, (ii) Major Problems, (iii) Areas of Possible Controversy, and (iv)
Areas to be Examined in Greater Detail.

In the Appendix, the overview comments are provided in three major areas: (i) Summary comparisons
to previous TSPAs (comparisons of scenarios, consequence models, data and parameter distributions, and
limitations of TSPA framework), (ii) summary of issues in which problems identified in the review of
previous TSPAs still exist, and (iii) suggestions for in-depth analyses.
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2 EXECTIVE OVERVIEW

TSPA-93 is divided into six parts:

(i) Introduction. The introduction describes the scenarios considered in the TSPA, which
include nominal undisturbed conditions (aqueous and gaseous transport of contaminants)
and low-probability events (human and volcanic intrusions). This part consists of three
chapters: Introduction (Chapter 1); Site Description and Regulatory Context (Chapter 2);
and Method (Chapter 3).

(ii) Data Development. TSPA-93 incorporates new lithologic site data, hydrological
parameters for the different strata, and laboratory data on solubility and sorption
parameters into the models. A phenomenological source term, climate change
extrapolations, and repository designs with different containers (larger, "in-drift'
containers), and thermal loadings are added to the models.The data development section
includes Repository Areas and Layouts (Chapter 4); Radionuclide Inventory (Chapter 5);
Geostatistically Based Stratigraphic Model (Chapter 6); Hydrological Parameter
Development (Chapter 7); Infiltration and Percolation Rates (Chapter 8); and
Geochemistry: Solubility and Sorption Parameters (Chapter 9).

(iii) Detailed Modeling and Abstraction. TSPA-93 expands the detailed process modeling,
including two-dimensional (2D) and three-dimensional (3D) modeling of thermal effects,
groundwater flow in the saturated aquifers, and coupled gas and heat flow in the
unsaturated zone. The section consists of Thermal Effects (Chapter 10); Saturated-Zone
Models (Chapter 11); and Gaseous Flow and Transport (Chapter 12).

(iv) Probabilistic Modeling and Results. The probabilistic modeling of the undisturbed
repository and undisturbed repository cases are described in Source-Term Model (Chapter
13); Nominal-Case Releases: Composite-Porosity Model (Chapter 14); Nominal-Case
Releases: Weeps Model (Chapter 15); Human Intrusion (Chapter 16); and Magmatic
Activity (Chapter 17).

(v) Summary and Conclusions. Results of the calculations and recommendations for
additional refinements to the analyses are presented in Discussion and Conclusions
(Chapter 18); Recommendations (Chapter 19); and Future TSPA Work (Chapter 20).

(vi) Ancillary Calculations. The theory behind barometric pumping of gases and moisture
(not incorporated into the TSPA) is presented in Barometric Pumping of Contaminated
Gases Through Unsaturated Fractured Rock (Chapter 21), and Barometric Pumping of
Moisture Through Unsaturated Fractured Rock (Chapter 22). Supporting calculations are
described in Appropriateness of One-Dimensional Calculations (Chapter 23), and Effect
of Fractures on Repository Dryout (Chapter 24). References are listed in Chapter 25.

The major technical topics in the report, and the results obtained are briefly discussed. Some of the salient
findings of the review are discussed in more detail in the Appendix of this document.

2
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2.1 DATA DEVELOPMENT

2.1.1 Repository Areas and Layout

Depending on which waste emplacement scheme is adopted (vertical borehole or in-drift
emplacement), various emplacement drift backfill approaches could be used, but these features are not
included in the analyses. Shafts emplaced in the repository for ventilation and for the movement of
materials and humans, as well as a large number of boreholes that will extend near or to the repository
horizon as a result of site characterization activities, do not seem to have been accounted for as possible
pathways for the rapid transport of fluids or escape of gaseous radionuclides.

The model assumptions regarding the repository layout, particularly the layout of the Topopah
Spring main drifts, is quite different from the conceptual design of the Exploratory Studies Facility (ESF)
and the repository. The drifts are aligned parallel to the Ghost Dance Fault instead of intersecting it. It
would have been more appropriate to base the model assumptions in the TSPA-93 analysis on the most
current repository layout configuration.

2.1.2 Radionuclide Inventory

Except for the inclusion of HLW in the inventory, essentially the same source of radionuclides
as in previous TSPAs is used. Differences in the inventory primarily arise from changes in assumptions
of the average characteristics of spent fuel (SF) and HLW. The inventory is directly related to the
delivery schedule, which led to some changes in the calculation of the waste age. Average burnup rates
for SF are higher than in the previous TSPAs. Comparison to previous T'SPAs shows that significant
changes were incorporated in the inventory of radionuclides, which are minor contributors to dose. The
HLW is not considered as a separate source; rather, it is included in the calculation of the average SF
waste contents. This inclusion in the calculation required manipulation of the HLW units to make them
compatible with the SF waste units.

Earlier NRC concerns (see Gureghian and Baca, 1993) about the need for explicit submodels
for the source term that address the cladding, fuel-assembly hardware, and vitrified glass waste were not
addressed in this TSPA. Even though higher burmup rates were used in this TSPA, these rates could be
still higher to make them consistent with trends in the nuclear power industry. This need for submodels
is particularly important to the examination of the effect of the inventory on the waste package.

Uncertainty was introduced by the approach used to quantify the HLW inventory. These
uncertainties arise from the conversion of the HLW units to SF units and from the manner in which
pre-emplacement decay of HLW was accounted for. There is some concern with the approach used to
select specific radionuclides for aqueous release scenarios. The approach used may not be adequate
because of the reasonable likelihood that potentially important radionuclides may have been screened out
(e.g., 135Cs). It seems that little was gained from the inclusion of the HLW inventory in the source term
because for most radionuclides the SF still dominated the releases. Because of the lack of an explicit
source model for HLW, its effect on performance did not get resolved in 'SPA-93.

3
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2.1.3 Geostatistically Based Stratigraphic Model

Compared to previous TSPAs, this current iteration includes the first attempt to develop a fully
3D method that incorporates as much site data as possible for the construction of the stratigraphic model.
The method seems to represent adequately the distinctions between welded, nonwelded, and
zeolite-bearing layers. No new information on the Ghost Dance Fault is included in this model; however,
the hydrologic properties of fractures were derived from site measurements as opposed to the surrogate
properties as in previous TSPAs.

The geostatistical approach introduced new issues that should be addressed in the future. The
approach may distort some real variations in the geologic data, so the application of this approach should
include data from additional boreholes. The geostatistical approach seems to suggest that the current
conceptual model of the site is not accurate, and therefore, carefully planned site characterization
identified from the present weaknesses in the data should be undertaken. The current geostatistically based
model does not include information in the northwest-trending Sundance Fault, as well as potential perched
water zones.

The application of the geostatistical approach did not seem to include the real complexity of
faulting patterns in the repository block. No explanation was provided for changing the anisotropy ratio
from > 1 to < 1 in order to bring out more realistic features of the site. Soft data addressing the
heterogeneity of the site in directions normal to wells could have been used to provide a more realistic
representation of the geologic strata. The basis for choosing indicator kriging and a sequential simulation
algorithm as opposed to other existing and supposedly more robust methods (e.g., matrix decomposition
method, Yang, 1990) should be explained.

2.1.4 Hydrologic Parameter Development

TSPA-93, as compared to previous TSPAs, expanded the region of the hydrologic system
included in the analysis. For example, TSPA-91 modeled YM from the repository to the water table.
While PNL-93 (Eslinger et al., 1993) decomposed the unsaturated and saturated zones into four and three
layers, respectively, TSPA-93 used ten layers to describe the region from the ground surface to below
the water table. The methodology for assigning the properties was essentially the same as in previous
TSPAs (e.g., uncertainty in hydraulic properties is represented with beta distributions in both TSPA-93
and TSPA-91). The most significant change in hydraulic properties was that assigned to fractures; in
TSPA-91, the fracture hydraulic conductivity came from measurements in coarse-grained sand, whereas
in TSPA-93 this property was based on capillary theory applied to parallel smooth-walled fractures.

The increase in the region examined and the number of layers used notwithstanding, there are
a number of areas of concern with the development of hydrologic properties. First, the use of a
theoretical approach as opposed to an experimental one to estimate the fracture hydraulic conductivity
makes the values suspect, although it is acknowledged that these do not exist, that is, a universally
acceptable experimental method to measure fracture hydraulic conductivity. Because of the significant
impact that fractures can have on the prediction of liquid and gas flow rates, such an approach puts in
jeopardy the credibility of the calculations and the results thereof. Second, the effect of major hydrologic
features, such as the Ghost Dance Fault, were not included in the model, and these features could have
considerable impact on the hydrogeologic performance at YM. Third, the interpretation of data taken near

4
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layer interfaces and the determination of which layer the data belongs to could be an area of considerable
uncertainty, particularly as more detailed hydrologic models are constructed.

2.1.5 Infiltration and Percolation Rates

TSPA-93 accounts for changes in climate by alternating dry and wet regimes within a given
simulation, in effect, incorporating the effects of climate change into the base-case scenario. In TSPA-91,
the same climate regime was assumed to be in effect for the entire time frame of the simulation. PNL-93
also assumes that the same climate state prevails for the entire simulation. In TSPA-93, the climatic cycle
was assumed to be 100,000 yr long, with the first part of the cycle (first 50,000 yr) being the dry period
and the last half (last 50,000 yr) the wet period. The change from dry to wet periods and back is assumed
to occur instantaneously, with each period using a steady-state flow field that repeats itself for each
climate cycle.

The application of the weeps model in TSPA-93 moves the infiltration flux directly to the
repository, as does most of the simulations with the composite-porosity model. On occasions, the
composite-porosity model reduces the flux by a specified factor to account for capillary barriers when
the infiltration flux is larger than the Topopah Spring matrix permeability. TSPA-91 used a single
infiltration rate distribution (exponential with mean of 1 mm/yr) over the entire 10,000-yr simulation. In
PNL-93, the infiltration rate is constant across the top of the repository horizon and serves as a boundary
condition for the 2D steady-state model. TSPA-93 uses two exponential distributions for the infiltration
rate: one for the dry period with a mean of 0.5 mm/yr and another for the wet period with a mean of 10
mm/yr. PNL-93 considers a uniform distribution of five infiltration rates ranging from 0 to 0.5 mm/yr.

Several issues arose from the review of this aspect of TSPA-93. First, at least seven of NRC
identified Key Technical Uncertainties (KTUs) are related to the uncertainty in the infiltration rate. While
TSPA-93 acknowledged the fact that a lack of data exists on the infiltration rates expected at YM, little
was done to address the issue. Second, the instantaneous switch from one climate regime to the next and
the use of an instantaneously adjusted steady-state flow regime raises questions about the correctness of
the flow fields. Third, the delay of approximately 50,000 yr for the onset of the wet period is of concern
because (i) the infiltration rate for the dry period is assumed to be half of that used in TSPA-91, and
(ii) the significant effect that infiltration rate is known to have on repository performance. Fourth, even
though perched water zones have been intersected by several boreholes at YM, perched water is not
addressed in the infiltration rates, particularly the nature of spatially varying infiltration rates.

Several areas that need to be addressed in future TSPAs have also been identified. Among these
areas are: (i) the transient nature of the composite-porosity model, and (ii) the effect of short-term
variations in the input infiltration for the weeps model. It is reasonable to assume that flow at YM is
dominated by transient effects, particularly near the ground surface, due to the low matrix permeabilities.

2.1.6 Geochemistry: Solubility and Sorption Parameters

In TSPA-93, a panel of five experts was used to elicit probability distributions of solubility
limits for radionuclide release for all but six high-solubility elements IC, Cs, Se, Tc, I, and Cl); these
elements were assigned a constant high solubility of 1 mol/L. The approach used in TSPA-91 was similar,
although it is not clear if a single expert or a panel of experts was used in the elicitation. In PNL-93,
discrete values of the solubility limits are used. The elicitation process used in TSPA-93 is more
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thoroughly described than in TSPA-91; however, there are still unknowns regarding how the experts were
selected and the methods used to obtain the distributions.

The solubility limits elicitation seems to have relied on more extensive sources of data than in
previous TSPAs. Apparently, a combination of experimental data, calculations, and work outside the
United States (e.g., Sweden) were used for some radionuclides. For others, however, no data were
available, and the estimation of the solubility limits was based on analogies with other radionuclides.
Broader ranges of solubility-limits values were assigned in TSPA-93 for the high-solubility elements than
in TSPA-91. TSPA-93 also relied on rank correlations of probability distribution to account for
radionuclides that exhibit similar chemical behaviors; the rank correlations were provided by the experts.
However, because the elicitation was conducted using an informal process, the rationale employed to
arrive at the rank correlations could not be figured out.

A panel of three experts was used in TSPA-93 to provide Kd values, as compared to TSPA-91
in which a single expert was used and PNL-93 in which no experts were used because the TSPA-91
values were relied on. In TSPA-93, Kd values for four rock types were obtained; the first three rock types
were identical to those used in TSPA-91, and the fourth one (iron oxide) was included to account for the
effects of canister materials and naturally occurring iron hydroxide in retarding the transport of
radionuclides. However, the Kd values for the fourth rock type were not used in the calculations.
TSPA-93 did not include sorption in carbonates as in TSPA-91, and no explanation is provided for the
omission.

The Kd values came primarily from batch sorption experiments conducted at the Los Alamos
National Laboratory using tuff samples and J-13 well water. In TSPA-93, rank correlation between the
distribution of Kd values was employed as a means to address chemical similarities between various
elements.

Several uncertainties are associated with the estimation of sorption parameters. First, there is
the uncertainty associated with identifying the effects of groundwater chemistry and saturation on
sorption. The second uncertainty is that associated with the validity of small-scale batch sorption
experiments to represent the retardation process in a manner suitable for transport calculations. Third,
there is no indication that the elicited Kd values accounted for the entire range of pH and solution
chemistry that may be relevant to repository performance. Fourth, no distinction is made between near-
field and far-field retardation. Temperature effects are discussed, but the impact of repository materials
on water and mineral chemistry and on sorption is not appropriately addressed.

Similarly, there are several areas of concern with the elicitation of probability distributions for
solubility limits. Among these concerns are the difficulty of establishing if the experts used
thermodynamic principles to arrive at the values of the solubility limits and the incorporation of
temperature dependence in the estimated values.

2.2 DETAILED MODELING AND ABSTRACTION

2.2.1 Thermal Effects

The modeling of transient thermal effects in TSPA-93 should be considered a significant
improvement over the nonthermal models used in TSPA-91. The incorporation of thermal effects is
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especially important in the consideration of in-drift waste emplacement and alternative repository thermal
loadings.

Several issues that deserve more detailed analyses were identified. The apparently anomalous
increase in waste-package temperature following backfilling could have a strong effect on the
thermohydrologic environment and on waste package lifetime; the increase in temperatures of up to 450
to 550 'C could not be explained. The assumption that all displaced water is immediately shed outside
the boiling isotherm also warrants further careful examination. Other issues that should be considered in
future TSPAs include: (i) improved analysis of gaseous and radiative heat transfer between the waste
packages and the unbackfilled drift walls, (ii) evaluation of radiative transfer in the loose backfill at high
temperatures, (iii) experimental measurements of loose and compacted backfill thermal conductivity, and
(iv) improved thermal analysis of internal waste-package environment. As the temperatures around the
waste package increase, the importance of radiative heat transfer increases (the effective radiative
conductivity is approximately proportional to the absolute temperature cubed). Currently, radiative
transfer in the loose backfill is not being modelled, hence extremely high temperatures (in excess of
500 'C) are being predicted after backfilling. It is anticipated that by neglecting radiative transfer, the
waste package temperature is significantly over-predicted. The unbackfilled drifts are modeled using a
relatively large effective thermal conductivity, and this conductivity tends to spread out the heat flux on
the rock wall so that a flux more uniform than expected is achieved. Also, the impact of circumferential
and axial variations of the rock wall deformation due to the effect of thermal-mechanical properties on
the stability of the emplacement drift needs to be ascertained. Finally, differences in estimates of the
thermal protection of the waste packages offered by the hot rock between the V-TOUGH code and the
SNL analytical model need to elucidated.

2.2.2 Saturated Zone Models

In contrast to TSPA-91, which relied on a 2D model deemed inadequate to represent and explain
the large hydraulic gradient north and northwest of YM, TSPA-93 utilized two 3D models, referred to
as the nondiversionary model and the diversionary model. The nondiversionary model assumes that all
water flowing in the tuffaceous units northwest of the area of the large gradient remains in those units
as fluid moves to the southeast. However, the diversionary model assumes that a portion of the water
abruptly flows downward into the area of the large gradient and then moves to the southeast within the
carbonate aquifer underlying the tuffaceous aquifer. To calibrate both of these models to measured
hydraulic heads, the Solitario Canyon and Drill Hole Wash Faults had to be assumed to be low-
conductivity zones.

3D transport models were used to calculate distributions of radionuclide travel times from
release points located in the saturated zone below the repository to the accessible environment 5 km
downstream. For each of the five uppermost hydrostratigraphic units in the saturated zone, velocity
distributions were calculated from the 3D model. These distributions were then fed into the one-
dimensional (ID) advection/dispersion equation to estimate mean velocity and longitudinal dispersivity
for a hypothetical ID flow tube that connected the source to the accessible environment. The diversionary
and nondiversionary models were incorporated via the velocity distributions; for example, these models
were used to estimate the lower and upper limits, respectively, of the distribution for each
hydrostratigraphic unit. The estimated longitudinal dispersivity was used as the lower limit of a uniform
distribution, with the upper limit being given as one tenth of the length of each flow tube. To account
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for the effect of 3D mixing needed for dose estimates, the area of each flow tube was allowed to increase
with distance from the source.

The saturated-zone modeling approach represents a significant change over the models used in
TSPA-91. The former is more focused on YM and incorporates the latest conceptual models that have
been proposed. The use of the diversionary model is a credible attempt to address uncertainties associated
with the large hydraulic gradient north of YM. However, the use of this model has introduced a new
feature, event, or process that needs to be examined further, that is, the nature of the large hydraulic
gradient. Concerns associated with the use of the ID transport model still exist. Of particular interest are
the high upper limits for longitudinal dispersivity and the effect of enlarging the cross-sectional area of
the flow tubes as a means of accounting for transverse dispersivity and mixing.

There are several areas of concern with the modeling approach used in TSPA-93. The use of
calculated heads in a comparison with measured waste surface elevations as the means to calibrate the 3D
models may not be correct. The use of a constant head boundary condition along the entire perimeter of
the model suggests that there is little understanding of the forces driving the overall saturated flow
regime. The 200-mi thickness of the model domain is incompatible with the geometry of the diversionary
model. Finally, the approximation made in reducing 3D, multimodal velocity distribution to ID unimodal
distribution, and the use of a longitudinal dispersive coefficient of 500 m in the ID transport tubes instead
of the estimated value of 170 in, may make the ID model results nonconservative.

2.2.3 Gaseous Flow and Transport

The existing models for gaseous flow and transport do not adequately account for the thermal
response in the near field. They need to be revised to be consistent with the parameters and conditions
in the near field and should be expanded to include the effects of repository-scale phenomena such as
nonuniform thermal power densities, container cladding, and waste emplacement alternatives, as well as
sorption in tuff and iron oxides and barometric pumping effects.

2.3 PROBABILISTIC MODELING AND RESULTS

2.3.1 Source-Term Model and Nominal-Case Releases (Composite-Porosity Model)

The source-term model used in TSPA-93 appears to be highly flexible and can readily be
adapted to the incorporation of alternative models into its modules. As such, it represents an improvement
in many respects as compared to source-term models used in TSPA-91. Some of the improvements
include: (i) thermal dependencies, (ii) container and cladding failure, (iii) dependence on geochemical
properties and episodic near-field hydrology, and (iv) detailed time histories of parameters. However, the
Yucca Mountain Integrating Model is not devoid of deficiencies; for example, (i) it does not account for
diffusive releases, and (ii) it does not incorporate spatial variability of parameters directly (this
incorporation is done via multiple simulations with different parameter sets).

TSPA-93 has included time-dependent effects of geochemistry and temperature-dependent
solubility rates, but they are not factored in the calculations. Container breaches in TSPA-91 were
accounted for by inputting delay and duration of breach times subsequent to the wetting time from either
expert judgments or prior analyses. On the other hand, TSPA-93 includes a model for one- or two-walled
containers and several different corrosion processes. The pitting corrosion model in TSPA-93 provides

8

C-13



0 d

a stochastic distribution of breach times for a set environment. TSPA-93 accounts for cladding breach
time, whereas earlier TSPAs ignored the fuel cladding as a barrier. The solubility-limited radionuclide
release in TSPA-93 may be less conservative than the diffusion-limited release in TSPA-91. Finally,
TSPA-93 does not include the release and migration of radioactive coll]oids.

One of the most serious deficiencies in TSPA-93 may have been simulating the release of
radionuclides from vitrified HLW as if it were equivalent to some number of SF assemblies/containers.
This approach is not justifiable because the release mechanisms from vitrified HLW and SF are
fundamentally different. Other deficiencies include: (i) lack of follow-up on recommendations in both
TSPA-91 and PNL-93 for inclusion of a longer list of radionuclides in aqueous release scenarios, and
(ii) lower burnup than suggested by trends in the nuclear power industry.

The approach used to model the source term in TSPA-93 also introduced some new issues.
First, in order for the fuel cladding to be considered as a barrier, it will be necessary to develop a
methodology for evaluating the condition and integrity of millions of individual SF rods currently in
storage. The waste container corrosion model differentiates only between dry and wet containers, and
does not account for the amount of water necessary to wet a container. Not all parameters that can affect
container corrosion (e.g., pH, Eh, and chloride, carbonate, and fluoride concentrations) are used in the
models; the reasons that they were not used need to be explored in more detail. Far-field data are used
in near-field modeling where conditions are considerably different; the validity of this assumption needs
to be ascertained.

2.3.2 Nominal-Case Releases: Weeps Model

As in TSPA-91, the weep size in TSPA-93 is characterized fully by the aperture and width of
the weep; however, in TSPA-91 all weeps are assumed to be of the same size, while TSPA-93 uses weeps
of different sizes. In TSPA-91 the weeps flow was held constant for 10,000 yr, whereas in TSPA-93 the
flow is changed in the course of a simulation to account for hydrothermal and climate change effects.

Several recommendations made in TSPA-91 regarding future work with the weeps model were
either not considered or considered only to a limited extent. In TSPA-91 connectivity and absorption
factors were included, and a formal sensitivity analysis was suggested. In TSPA-93 these two parameters
were not included, and no sensitivity analysis was apparently carried out. Both TSPA-91 and reviews by
CNWRA of that TSPA recommended that future work should investigate the importance of correlation
of the connectivity factor, but TSPA-93 did not consider this factor. Finally, TSPA-91 suggested that the
weeps model should account for a more realistic representation of the source-term on the container
environment, but the same basic assumptions as in the earlier study are invoked in TSPA-93.

Several key issues were identified that should be addressed in. the future. These issues include:
(i) the container target size [i.e., site characterization plan design of vertical emplacement versus
horizontal emplacement], and (ii) recognition that container emplacement could reduce moisture contact
with the containers. The validity of assumptions regarding the effect of climate change in the weeps
models insofar as the susceptibility of container corrosion is concerned needs to be investigated further.
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2.3.3 Human Intrusion

Both TSPA-91 and PNL-93 assumed human intrusion scenarios consisting of four cases, whereas
TSPA-93 considers only one case, that of radionuclides being carried to the ground surface by
entrainment in drilling fluids. The basic approach to determine hits and near misses is the same, that is,
a comparison of drillholes to the area of waste packages and contaminated rock. Differences between the

current and previous TSPAs include: (i) releases at both 10,000 and 1,000,000 yr, and (ii) four different
waste package type and four different emplacement configurations, which resulted in different container
sizes, spacings, and numbers.

2.3.4 Magmatic Activity

This TSPA-93 is the firt time that indirect effects of volcanism are incorporated into the YM
TSPAs. Consequently, the models are still at an early stage and need to be developed further. Several
areas of improvement for future TSPAs are: (i) capturing the longevity and extent of effects of cooling
and degassing, and (ii) incorporating igneous features and impact of magmatisms on the hydrologic
setting. The model also seems inadequate in several aspects: (i) the thermal effects in terms of areal and
temporal scales seem to be underestimated, (ii) area affected by magmatic volatiles also seems to be
underestimated, and (iii) the temporal scale over which magmatic volatiles are released is likely to be
longer than assumed in the model.

2.4 ANCILLARY CALCULATIONS

2.4.1 Barometric Pumping Through Unsaturated Fractured Rock

This subject marked a new area of analysis; therefore, much more work is required to develop
confidence in those analyses that were performed. Comparisons to previous TSPAs are not appropriate;
however, comparisons to studies outside the aegis of TSPAs suggest that there are large differences in
the magnitude of the flux of respired water vapor between TSPA-93 and these other studies.

2.4.2 Appropriateness of One-Dimensional Calculations

The analyses to test the abstraction process are a step in the right direction. However, the results
from these analyses suggest that the work described is still in the developmental stage. This area needs
to be further investigated and reviewed to determine if it is possible to condense 2D results into ID
computational tools, such as the TOSPAC code.

2.5 RESULTS

2.5.1 Composite-Porosity Model

The analyses of the composite-porosity model in TSPA-93 resulted in significantly lower
aqueous releases than for TSPA-91 due primarily to the lower effective percolation flux used in the
TSPA-93. In TSPA-91, a constant percolation flux of 1 mm/yr was used. In TSPA-93, even though
climate change was considered, the effective percolation flux was 0.5 mm/yr during the dry climate
conditions that were assumed to prevail during the first 50,000 yr following closure of the repository.
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Other differences between TSPA-93 and TSPA-91 may have also contributed to the differences in
estimated releases, but these are considered minor relative to the differences in the percolation flux.

As in TSPA-91, 14C dominated releases to the accessible environment over 10,000 yr.
However, larger 14C releases in TSPA-93 were estimated due to faster transport times. Dose estimates
were a function of dilution in the saturated zone. The impact of waste emplacement/thermal loading was
not significant for either aqueous releases or gaseous releases.

2.5.2 Weeps Model

The weeps model leads to aqueous releases to the accessible environment over 10,000 yr that
are significantly lower than the limits stipulated in the previous version of the Environmental Protection
Agency standard for HLW. The estimates, however, were sensitive to waste emplacement dominated by
the likelihood of discrete weeps impinging a waste package. The impact of thermal loading was also
significant because higher thermal loads lead to the formation of more weeps. Thermal loading was not
as significant as waste emplacement, however.

Gaseous releases were not as high as with the composite model because the new source term
resulted in a smaller number of waste packages releasing 14 C. Over the temperature range of 70 to
400 'C, the weeps model predicts relatively high releases due to rapid corrosion rates. The weeps model
results are sensitive to various parameters, depending on the specific performance measure of interest.
For aqueous releases, the important parameters are the number and size of the weeps and the retardation
of actinides in the saturated zone. For gaseous releases, the number of failed waste packages, as well as
the bulk permeability of the rock, are significant. Dose estimates are most sensitive to dilution in the
saturated zone, container lifetime, and number of weeps.

2.5.3 Composite-Porosity Model versus Weeps Model

The composite-porosity model resulted in lower aqueous releases ID the accessible environment
over 10,000 yr than the weeps model, but the opposite is true for gaseous releases and for dose estimates.
The reason for the higher dose estimates is the larger number of failed containers providing a higher
source term for the composite-porosity model. However, while the dose may be higher for the composite-
porosity model, the peak dose occurs earlier in the weeps model because travel time through the
unsaturated zone in the weeps model is assumed to be zero.

2.5.4 Human Intrusion

Releases due to human intrusion did not exceed the limits in previous EPA standards. The
estimated releases are comparable to those in TSPA-91, but with a larger contribution from different
components due to a more complex source term. Many assumptions, such as the amount of waste that
could be released from a breached waste package, led to a variety of results. The validity of these
assumptions needs to be established. Estimated releases over 1,000,00C yr were similar to those over
10,000 yr.
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2.5.5 Magmatic Activity

The releases to the accessible environment over 10,000 yr due to magmatic activity were
considered not significant. However, this result should be tempered by the fact that the impact of
magmatic activity considered in TSPA-93 was an indirect one as opposed to TSPA-91, in which direct
magma-waste contact was investigated. In TSPA-93, it was assumed that the dike does not make direct
contact with the waste packages; rather, these packages are subjected to a thermal excursion and an attack
by volatiles that increase waste package corrosion by orders of magnitude. A second reason for the lower
releases in TSPA-93 was the assumption that only a limited region of the proposed repository will be
exposed to a dike intrusion.

2.5.6 Effects of Fractures in Repository Dryout

Although the reported analyses designed to investigate the effects of fractures on repository
dryout are of an auxiliary nature, the use of a partially verified mathematical model (i.e., TOUGH2) casts
doubt upon their validity. Furthermore, the absence of an uncertainty analysis, coupled with a single
parameter-based sensitivity analysis precludes the possibility of estimating the probability of occurrence
of the dryout zone, and identifying the important parameters of the system with their respective
probabilities.
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3 AUDIT REVIEW COMMENTS ON TS1'A-93 REPORT

3.1 REVIEW OF CHAPTER 4: REPOSITORY AREAS AND LAYOUTS

3.1.1 General Comments

No comments of a general nature were provided on this chapter by the reviewers.

3.1.2 Major Problems

The repository layout, specifically the layout of the Topopah Spring main drifts (e.g., waste
main, tuff main, and service main) as shown in Figure 4-5 on page 4-11, TSPA-93) is quite different
from the current conceptual design of the Exploratory Studies Facility (ESF) and repository. In the new
conceptual design (U.S. Department of Energy, 1993), the main Topopah Spring drifts are realigned
parallel with the Ghost Dance Fault, whereas the older conceptual design shown in Figure 4-5 has them
crossing the Ghost Dance Fault. This new drift alignment would likely alter the waste emplacement
configuration, which could impact predictions of the temperature/thermal loads. In this new so-called
enhanced ESF layout, the slopes of both the north and south ramps, as well as Topopah Spring main
drifts, have been modified.

3.2 REVIEW OF CHAPTER 5: RADIONUCLIDE INVENTORY

3.2.1 Major Problems

As in the CNWRA review of TSPA-91, there is still cause for concern that the modelers have
not considered the effects of high fuel burnups on radionuclide inventory, distribution within the waste,
and physical characteristics (Manaktala, 1993). While the authors have increased assumed burnup values
since TSPA-91, trends in the nuclear power industry are toward even higher burnups, as high as 60,000
MWd/MTU (Bailey and Johnson, 1990). It would seem prudent to calculate the effects on inventory of
different levels of burnup so that bounding conditions could be determined. A related question worth
addressing is whether the ORIGEN2 program for calculating nuclide contents would be valid at such high
burnups.

The selection of nuclides for consideration in aqueous release scenarios is a controversial topic
related to the larger issue of the use of retardation factors. The authors have eliminated radionuclides
from consideration in aqueous models on the basis of their dose contribution and sorption coefficient, or
Kd. In the context of the use of Kds in transport models in the TSPA, this criterion is reasonable.
However, as has been discussed previously in the CNWRA review of TSPA-91, the Kd approach may
not provide a realistic view of transport. Thus, for example, the elimination of 135Cs from consideration
could be troubling in light of its high solubility and the potential for transport along zeolite-free, calcite-
rich fractures. In addition, it should be recognized that there are several methods for ranking the
importance of radionuclides to repository performance (Kerrisk, 1985).
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3.2.2 Areas of Possible Controversy

The discussion of vitrified HLW radionuclide inventories is confusing. Part of the confusion
arises from the necessity for converting HLW inventories into the same units as SF; this conversion, in
turn, is due to the lack of a separate source model for HLW. The discussion in the first paragraph of
Section 5.2.2 raises some doubt about whether the calculation of age effects on HLW inventories is valid.
For example, the age correction for 231Pa has an uncertainty factor of four, depending on the burnup of
the fuel from which the HLW was derived. This uncertainty factor is significant since HLW is the major
contributor of 23t Pa to the combined inventory (Tables 5-14 and 5-15). The age correction scheme needs
to be clarified or, better yet, realistic calculations of decay and ingrowth should be performed based on
actual HLW inventories. It was not clear from the report why the calculations are not possible.

3.2.3 Areas to be Examined in Greater Detail

As stated above and in the TSPA-93 report, future efforts should include a separate source
model for vitrified HLW. Although TSPA-93 did add HLW nuclides to its source inventory, little new
information was gained, particularly since, for most nuclides, the SF is dominant. True consideration of
contributions from HLW depends on explicit treatment of the HLW forms and radionuclide inventories.
For example, it is likely that rates of dissolution of vitrified waste and SF will be quite different.

3.3 REVIEW OF CHAPTER 6: GEOSTATISTICALLY BASED
STRATIGRAPHIC MODEL

3.3.1 Major Problems

Field evidence suggests that the patterns of faulting in the repository block are more complex
than are currently represented in the geostatistically based stratigraphic model. It is important to represent
the locations and hydrologic parameters of these structures as realistically as possible in the model.

The reviewer is surprised by the fact that an anisotropy ratio > 1 had to be changed to < 1 to
bring out more realistic features in the readjusted realization of the field shown in Fig. 6-6(b). This action
seems to indicate a change in the direction of anisotropy. The suggestion of Deutsch and Journel (1992)
regarding empirical adjustment seems not to imply such a change in the direction of anisotropy.
Justification for such change in anisotropic ratio is needed.

3.3.2 Areas of Possible Controversy

It is not clear if Scott and Bonk's (1984) data represent ID heterogeneity (i.e., bedding planes)
or 2D heterogeneity. When Scott and Bonk's data are converted to 3D, this conversion automatically
assumes isotropicity in the directions not shown in the images of the cross-sections. From this paragraph,
it seems that a grayscale image was digitized to delineate the layer boundaries rather than to pick up

conductivity distributions. It is not clear how the conductivity distribution was created in the third
dimension without any information on the hydraulic conductivity distribution. The authors have also not

clearly stated if all realizations gave similar discontinuity as shown in Figure 6- (a).
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3.3.3 Areas to be Examined in Greater Detail

Because of the lack of adequate density in the number of wells, it is a common practice to use
the distribution of properties from all wells in the form of soft data, which is used to reconstruct
heterogeneity in the direction perpendicular to the wells. Consideration should be given to the use of such
field data in addition to, or in lieu of, using the information from Scott and Bonk (1984).

The basis for choosing indicator and sequential simulation algorithms as opposed to other
existing methods that may be more robust or accurate should be rationalized (Yang, 1990). More
discussions on the effect of search radius should be incorporated, particularly to determine if an increase
in the search radius would have resolved the discontinuity issue raised in Figure 6-6(a). In general, the
accuracy of sequential simulation seems to improve when the number of cutoffs are larger. Effort should
therefore be spent in subclassifying the conductivities of major layers of interest to establish multilevel
connectivity in the anisotropic structures.

The potential problem stated under #1 of Section B can possibly be resolved through an expert
panel to decide how to handle the faults that are either not represented or are inadequately represented
in the geostatistically based stratigraphic model at this time.

The authors of TSPA-93 have tentatively suggested that complex interlayering of rock units may
be seen at levels deeper than previously recognized. The authors have also correctly pointed out that the
sequential simulation creates more complex interlayered rock units than have commonly been observed
at YM. This difference may have resulted from choice of the assigned correlation length. For example,
if field-observed (perhaps from outcrop) correlation lengths are assigned, then the ability of the sequential
simulation algorithm to reproduce the proper correlation length may be questioned. Therefore, this
method should be tested-by conducting a simpler test not necessarily using YM data-to ensure that the
method reproduces the imposed correlation length.

When the real data have an extremely large correlation structure, giving rise to a bedding plane,
a correlation length larger than the system size tends to create such features better. The improper
reproduction of imposed anisotropy ratio may be an artifact of the method used to generate the field.
Therefore, both small and large anisotropy ratios should be used to test the method.

The authors have also pointed out that the discontinuity of the nonwelded rock types appearing
in the upper portion of Figure 6-6a is due to the lack of adequate constraining data. However, it may not
be just the lack of constraining data (conditioning data) that allows discontinuities in the above structure,
but also their relative locations that play a key role. Theoretically, a cluster of a large number of
conditioning points may create similar discontinuities. The spatial distribution of data sampling is perhaps
more important than the volume of data. The question may be posed as to what is the minimum data
requirement (e.g., 10 or 20 percent of the total nodes representing the stratigraphic data), given that the
level of uncertainty deemed acceptable has hypothetically been determined.

The above comments on statistical concerns pertain to the particular method that SNL has used
in TSPA-93. However, no systematic studies have been done to determine validity of this method as
opposed to other available geostatistical methods (e.g., Deutsch and Journel, 1992). As uncertainty in
hydrologic properties will play a very important role in the uncertainty analyses, the effect of using
different methods should also be taken into account. Therefore, independent analysis of various
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geostatistical methods and the associated uncertainties in predicting a desired heterogeneity field should
be performed in NRC's IPA Phase 3.

Already planned effort in NRC's IPA Phase 3 is the development of a FAULTING module to
investigate possible consequence of potential displacement along faults in the repository block that reflect
the northeast- and northwest-trending orientations of fault systems as indicated by field data. Currently
on-going for IPA Phase 3 is the development of a 3D hydrostratigraphic and geological framework model
also.

3.4 REVIEW OF CHAPTER 7: HYDROGEOLOGIC PARAMETER
DEVELOPMENT

3.4.1 Major Problems

There is some confusion resulting from Eq (7.3). Text associated with this equation indicates
that the scaled coefficient of variation (SCV) is less than the coefficient of variation (CV) because the
correlation length (X) is greater than the mean thickness (t). However, if X is greater than t then the SCV
would be greater than the CV, not less. This apparent discrepancy may simply be a typographical error.
Additionally, discussion of correlation lengths is limited to a comment with regard to Table 7-2 in which
it was noted that the correlation length for unit 4 (Topopah Spring vitrophere) exceeds its mean thickness.
It is not clear how the correlation lengths were calculated and how the correlation length for the
vitrophere exceeds its mean thickness. Determination of the relationship of the SCV to the CV and a
discussion of how correlation lengths are assigned to the individual units would clarify this issue.

3.4.2 Areas of Possible Controversy

All parameter distributions are cast in terms of a beta distribution. The supporting argument is
that the range of distributions typically selected (i.e., normal, log normal, exponential, etc.) to provide
an accurate representation of hydraulic properties can be equally well represented using a beta
distribution. There is a concern, however, that parameter characterization information can be lost during
this generalization.

3.4.3 Areas to be Examined in Greater Detail

It is stated at the top of page 7-10 that there is difficulty in assigning data to its correct unit
when the data are taken near interfaces. There is insufficient discussion describing how this uncertainty
is resolved. This uncertainty could be significant, especially if more sophisticated (i.e., many, relative
thin layers) are contained in the performance assessment models. The methodology of parameter/unit
assignment should be clarified. This methodology could be a new potential issue, particularly when more
sophisticated models are used.

Fracture parameters in TSPA-91 were taken from hydraulic measurements determined for sand.
TSPA-93 fracture properties were determined for parallel plate approximations. As indicated in
Table 7-29, the two TSPA-93 values are greater than those for TSPA-91 by a factor of 550 to 790.
Hydraulic characterization of fractures is admittedly an area of large uncertainty; however, each of these
two TSPAs appears to place complete reliance on a singular methodology when assigning hydraulic
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properties to fractures. A methodology incorporating empirical (or theoretical) determinations coupled
with actual measured values would provide a more equitable methodology (Reitsma and Kueper, 1994).

Section 19.1 (Data Needs) identifies the need for continued completeness and improvement of
the PA data base. In particular, the authors cite the need for improvement in scaling data and identifying
correlations in the data sets. Future TSPA efforts in the technical area of data acquisition and refinement
are identified in Section 20.4. Included in these efforts is the assignment of hydraulic properties to the
Ghost Dance Fault for inclusion in new scenarios. The use of cross-correlations as a means to extract
more information from the PA data base is also to be assessed.

3.5 REVIEW OF CHAPTER8: INFILTRATION AND PERCOLATIONRATES

3.5.1 Major Problems

In the approaches proposed by DOE to handle infiltration, data are lacking to validate the
assumptions. Presumably, this lack of data will be remedied in future 71PSA attempts.

3.5.2 Areas of Possible Controversy

The temporal nature of infiltration should be examined. For example, perched water has been
found in several boreholes; the role of perched water has not been addressed. As recognized by the DOE,
the two models proposed for flow in the unsaturated zone are extreme conceptualizations and best suited
to investigate the extreme cases of matrix flow and fracture flow in an independent fashion. With
nonlinear systems, such as flow in fractured unsaturated media, it is quite possible that the extreme
behavior may not occur with the extreme conceptualizations. The role of the zone between the proposed
repository and the ground surface has been tacitly neglected; this zone provides some buffering capability
that could possibly cut down on the episodic nature of the weeps model, thereby bridging the behavior
of the two models and increasing radionuclide releases.

3.6 REVIEW OF CHAPTER 9: GEOCHEMISTRY: SOLUBILITY AND
SORPTION PARAMETERS

A major problem with the geochemistry section is that the Kd approach is still used to model
radionuclide retardation. Because of its mathematical simplicity, the transport codes used in the TSPA
all employ Kd values to calculate the retardation coefficient. Previous reviews (e.g., Reardon, 1981;
Gureghian and Baca, 1993), however, have pointed out the deficiencies in this approach to modeling
reactive transport. The TSPA attempts to take into account some of the uncertainty in this method by
proposing a conservative range in Kd values, but it is not clear from the discussion that these ranges are
based on a mechanistic understanding of the sorption processes. The current TSPA has attempted to
address some of the comments from the previous TSPA such as temperature effects, and there is a plan
in place to address colloid transport issues (Triay et al., 1994). There is a need, however, to address
other issues such as precipitation and dissolution, organics, and man-made materials more explicitly.
Alternative methods to a Kd approach are outlined as potential future work in Chapter 20, and study of
the influence of man-made materials is recommended in Chapter 19 of the current TSPA.

The exclusive reliance on expert elicitation to develop PDFs and ranges for solubility limits and
sorption coefficients is of concern. Given the scarcity of data available for many, if not most, of the

17

C-22



t

radionuclides considered, this approach seems to be reasonable for building a level of experience in
performance assessment. However, if expert elicitation is to be used in the final TSPA in place of
geochemical models using consistent thermodynamic data, a more careful documentation of the methods,
techniques, and data sources used in the elicitation is necessary.

For Chapter 9, J-13 and UE-25p#1 are reported to encompass the likely range in water
compositions. This range in compositions is still uncertain, given the limited amount of data from
unsaturated tuffs. It is also suggested that pH values at YM range from 6.5 to 9.4. It appears that most
of the solubilities are based on experimental data from the YMP, and are determined from experiments
involving 1-13 water. These experiments do not address the ranges in the composition. In addition, other
data (e.g., Andersson, 1988) are not clearly related to the range in water chemistry given. Given the
sparsity of available data for many of the radioelements considered here, it is reasonable to use the data
that are available. However, the possible effects of differing water chemistries should be more explicitly
discussed.

It is not clear how the range in sorption coefficients reflects the range in groundwater
compositions and pH proposed for YM. For example, desorption of actinides such as uranium,
plutonium, and neptunium may occur in the upper end of the pH range reported at YM due to the
presence of carbonate. Also, most of the data sources cited for sorption are based on experiments
performed with 1-13 water, indicating that only one end of the range in groundwater compositions
reported in Section 9.2.1 has been considered. It is not clear how effects like these are taken into account
in developing the sorption coefficient ranges.

Assuming that the near field is poorly understood at present, the discussion does not clearly
demonstrate that far-field conditions are necessarily conservative using a Kd approach to retardation. The
effects of temperature on sorption are discussed, but the possible effects of the repository materials (waste
containers, cements, organics, etc.) on water and mineral chemistry and the resultant effects on sorption
are not clearly addressed in the text. These factors may have been considered by the experts in making
their decisions. However, without a more detailed discussion of the elicitation process, this fact is not
clear. Study of the influence of man-made materials is made as a recommendation in Chapter 19 of the
current TSPA.

Carbonate sorption was considered in the earlier TSPA (Barnard et al., 1992), but it is not
considered here. No explanation is given for the omission.

3.6.1 Areas to be Examined in Greater Detail

A detailed development is provided for temperature effects on solubility. As was properly noted
in the current TSPA, the solubilities used apparently do not take into account temperature effects due to
a lack of thermodynamic data and a lack of information on the conditions in the near-field. The
thermodynamic development is rigorous, but it is not clear from the information provided that the current
DOE experiments are designed to provide the missing information for all the radioelements considered.
DOE should continue the current experiments, and perhaps extend these to other radioelements deemed
critical for performance.

The analogy between uranium and selenium for sorption coefficients has not been well
documented. The anionic species selenite (SeO3

2-) does not appear to be a good analog for the positively
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charged uranyl (UO2
2+). Additional justification should be provided for the rank correlation of 0.9

assigned to these two radioelements.

3.7 REVIEW OF CHAPTER 10: THERMAL EFFECTS

3.7.1 Areas of Possible Controversy

The assumption that all the displaced water is immediately shed outside the boiling isotherm
(page 10-34) warrants further consideration. In subsequent sections of the TSPA, it is noted that displaced
water could establish a self-supporting intrusion into the boiling surface. It is hypothesized that a waste
package could experience fluxes of water, although conduction-only calculations would predict it to be
protected because it is within the boiling isotherm. It is suggested that future TSPAs evaluate the potential
for focused liquid flow (from either condensate formation or infiltration) that penetrate or suppress the
boiling isotherm and leads to liquid contacting the waste packages.

In Appendix C of the TSPA, the unbackfilled drifts were modeled using a drift-equivalent-
material with a relatively large effective thermal conductivity. This approach will smear the heat flux on
the rock wall so that it is more uniform than might be expected. The circumferential and axial variation
of the rock wall heat flux should be quantified in order to quantify the effect of the thermal-mechanical
processes on the stability of the emplacement drift.

3.7.2 Areas to be Examined in Greater Detail

In Chapter 10, the TSPA attempts to quantify the thermal protection offered by a zone of hot
rock near the waste packages. The thermal protection is quantified by the fraction of dry waste package,
fd, that is calculated using two different methods (see Figures 10-10 and 10-1 1). The difference between
the methods is significant in that the V-TOUGH model predicts more thermal protection than the analytic
SNL model. It is suggested that future TSPAs continue to improve the quantification of the thermal
protection offered by a zone of hot (above boiling) rock.

In Chapter 10, neither V-TOUGH or SNL analytic models consider the cooling or the
desiccating effects of long-term ventilation of the mined geological disposal system. It is conceivable that
ventilation will remove significant amounts of heat and groundwater during the operations time period
(up to 50 or 100 yr). It is suggested that future TSPAs consider the effects of ventilation on removing
decay-heat and groundwater. It is possible that the removal of heat will decrease the fraction of dry
packages (Figures 10-10 and 10-11), while the removal of groundwater will decrease the condensate
refluxing onto cooler packages. The net result of these adverse or favorable conditions is uncertain.

3.8 REVIEW OF CHAPTER 11: SATURATED-ZONE MODELS

3.8.1 General Comments

Although the geologic model presented here incorporates more detailed hydrostratigraphy than
in the TSPA-91 model, it is still much cruder than what will be needed in a final, more detailed TSPA.
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3.8.2 Major Problems

If multimodality of the velocity distribution has a significant effect on repository performance,
integration of the 3D transport results into a single flow tube, which results in a velocity distribution that
is unimodal, may yield misleading, and perhaps nonconservative results.

It is not understood why the upper limit on the longitudinal dispersivity is set to 500 m when
the abstracted 1D transport model dispersivities do not exceed 170 m. Because the larger upper limit on
longitudinal dispersivity will increase the mixing of the dissolved radionuclides, this assumption may
increase the likelihood of obtaining nonconservative estimates of the cumulative drinking-water dose.
Also, by allowing the vertical transverse dispersivity, which is used to define the cross-sectional area of
the iD transport tube, to have an upper limit of 500 m, the likelihood of obtaining nonconservative
estimates of the cumulative drinking-water dose may be increased.

3.8.3 Areas of Possible Controversy

However, truncation of the model at a depth of 200 m appear to be incompatible with the
geometry of the diversionary model, which postulates that fluid in the tuffaceous aquifer is diverted
abruptly downward into the Paleozoic carbonate aquifer believed to be located at least 500 m below the
water table. The approach employed here appears to be reasonable and attempts to incorporate the salient
features of the local hydrogeologic flow regime.

The 3D model is calibrated using measured water surface elevations in boreholes from the YM
area that probably represent composite hydraulic heads. It is incorrect to compare only the computed head
at the water table to these measured head values when calibrating the flow model.

Use of constant head boundary conditions along the entire perimeter of the model suggests that
there is little understanding of the forces that drive the overall saturated flow regime. It is assumed here
that the prescribed boundary heads are vertically constant. Justification for this assumption should be
clearly stated. It is inconsistent to treat the Solitario Canyon Fault as a low-permeability feature in order
to calibrate the model, and then argue that upwelling of water at borehole H-5 is justified by its proximity
to a splay of the Solitario Canyon Fault. This assertion appears to indicate that the splay is highly
permeable. Transport calculations appear to be performed in a straightforward manner.

It is unclear what is meant by the assertion that the values of dispersivity used in the transport
calculations were chosen to ensure convergence. The effects of dispersion are frequently increased when
solving the transport equation to prevent oscillations that arise when the problem is dominated by
advection. However, convergence is usually ensured by controlling the Courant number.

In Figure 11-8 it appears that one of the three contaminant source locations used for the
transport calculations lies outside the repository perimeter. All the major problems cited for Section 11.2
on the nondiversionary model also apply here. The 200-m thickness of the model domain is incompatible
with the geometry of the diversionary conceptual model. Since considerable effort has been made to
construct a 3D flow model, there seems to be no strong reason for not explicitly incorporating the
Paleozoic carbonate. The authors chose to simply add a drain, instead.
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All the major problems cited for Section 11.3 on transport calculations for the diversionary
model also apply here. Several assumptions appear to be made during the process of abstracting the 3D
flow and transport results that may result in the ID transport predictions leading to nonconservative
results.

The approach in which the distribution of effective velocities is obtained by solving the 3D
transport equation, is somewhat convoluted. It would make more sense to use a straightforward particle-
tracking procedure, which may incorporate dispersive effects by using a random walk technique, to
determine the distribution of velocities. When the results are presented as a complementary cumulative
distribution function (CCDF), it is difficult to determine if the velocity distributions are indeed
multimodal, as is asserted in the text. This multimodal condition would be readily seen if the results were
displayed as a simple PDF.

3.9 CHAPTER 12: GASEOUS FLOW AND TRANSPORT

3.9.1 Areas of Possible Controversy

There is an inconsistency in the parameters used for the thermal analysis, and aqueous and
gaseous release calculations for the 114-kW/acre scenario. The calculations should be recomputed for the
same conditions.

3.9.2 Areas to be Examined in Greater Detail

Existing models inadequately model the thermal response in the near field. They need to be
expanded to predict repository-scale phenomena including the effects of nonuniform power densities,
container cladding, and emplacement details. The models should also explore sorption with the tuff and
iron oxides. Barometric pumping effects may be added into the simulations.

3.10 REVIEW OF CHAPTER 13: SOURCE-TERM MODEL

The TSPA-93 waste container corrosion model differentiates only between wet containers and
dry containers; the model does not consider the amount of water involved in wetting the container.

The input parameters for container corrosion model are pH and Eh, and chloride, carbonate,
and fluoride concentrations of the ground water. In the TSPA-93, Eh and chloride concentration are not
used. The chloride concentration is a critical parameter that controls pitting of stainless steels; therefore
it should be used as a variable. In addition, other species such as sulfate and sulfide concentrations should
be included as variables since they affect the degradation of copper-based alloys.

It is noted that the data in Table 13-2 are for far-field conditions, and are being applied to near
field, in which the conditions may be considerably different. The use of the data in Table 13-2 for near-
field conditions may be quite inappropriate. The ranges provided are not considered broad, for example,
pH ranges from 6.5 to 7.5. For a particular scenario, it is reasonable to judge the trend, for example,
leaching of glass wasteform will increase the pH of the groundwater in the near field (say from 7 to 10),
whereas radiolysis of water will lead to lowering of pH (say from 7 to 3). These levels of pH would
require broadening of the range of pH shown in Table 13-2.
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A pitting enhancement factor of 1 is used for the TOSPAC and WEEPSTA analyses in
TSPA-93, and a value of 4 is used for the container-lifetime studies. References that provide the basis
for these numbers are not provided.

The median pit growth rate is stated to represent the median estimate of LLNL experts. Further,
it is stated that it is considered equally likely that the true median rate of growth could be greater or less
than this rate. References that provide the basis by which the stated numbers were selected by LLNL
experts are not provided. It is stated that, in the experts' judgment, there is only about a 5-percent chance
that the true growth-rate distribution will have a mean higher than that of the High growth-rate
distribution and about a 5-percent chance that it will be lower than the mean of the Low growth-rate
distribution. No references for the basis on which these numbers were arrived at by the experts are
provided.

The failure of defective containers is assumed to follow an exponential distribution with
defective failures beginning immediately after emplacement. No basis or justification for reasonableness
of this assumption is provided. No references to support this assumption are provided.

TSPA-93 calculates the exposed area of the fuel by assuming that a fuel rod with failed cladding
undergoes a transition that results in complete oxidation to U308 . The amount by which the UO2 matrix
expands due to oxidation is an input parameter. The module computes the change in circumference of
the fuel rod and multiplies this value by the length of a fuel rod to compute the exposed area. This
approach is likely to underestimate, as the fuel pellets do not retain their shape as a monolith after
oxidation.

Table 13-8 shows parameters for TSPA-93 fuel-oxidation model. The length of the fuel rod is
stated as 3.71 m, which appears to be considered as the length of the fuel column. This assumption is
incorrect in that it does not account for the plenum region on top of the fuel pellet stack, which is
typically 15 to 20 cm in a 3.7-m long fuel rod. The plenum region is for the fission gases released and
thermal expansion of the fuel pellet stack during fuel operation in the reactor. Therefore, the fuel column
length should be considered as 15 to 20cm less than the number shown in the table.

It is stated that estimates of oxidation rates are based on expert judgment (R.B. Stout, LLNL)
of the time required to oxidize a fuel rod at various temperatures. It is further stated that although these
estimates do not follow an Arrhenius relation perfectly, the general trend is roughly consistent with the
Arrhenius model. No references are provided on which the expert judgment is based. However,
examination of the data shows that the data do not fit the Arrhenius relationship over the temperature
range indicated. In fact, the shape of the curve suggests a possible change in the mechanism of oxidation
around approximately 250 'C.

Figure 13-5 does not show the time to fully oxidize U0 2 to U308 . In reality, all the fuel pellets
in the fuel rod will not be accessible to intruding air at the same time. It is not clear if the results shown
in Figure 13-5 are based on actual SF (inside the fuel rod) oxidation data or oxidation of fuel when fully
exposed to air on all free surfaces and in unlimited supply of air. Also, is it not clear if plot incorporates
the influence of moisture in the air.

Parameter values are given in Tables 13-9 and 13-10, and are stated to have been obtained from
Gray et al. (1992), and by expert elicitation (R.B. Stout, LLNL). The parameters/data points should be
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identified as to which are from Gray and which are from expert elicitation. References on which
R. Stout's judgments are based should be provided.

The aqueous-release model defines releases from the container to be a function of the amount
of a radionuclide that has been mobilized from the fuel matrix and the amount that is soluble in the
volume of water passing over fuel rods with failed cladding. The concentration of the radionuclides in
water is assumed to be limited by the solubility limit of a particular radionuclide. Although this
assumption is reasonable for high solubility radionuclides, actinides (which have very low solubility) are
released predominantly in colloidal form (Bates et al., 1992). The approach used in TSPA-93 completely
ignores the radionuclide inventory in colloidal form. Such inventory of radionuclides is a source-term,
and could be highly mobile (transportable).

3.11 REVIEW OF CHAPTER 14: NOMINAL-CASERlELEASES: COMPOSITE-
POROSITY MODEL

All waste, including vitrified HLW, is treated as SF in the source calculation. This approach
does not appear to be reasonable. Substantial differences between SF and glass wasteform make it
inappropriate to treat vitrified wasteform as SF.

It is stated that experts at LLNL, when asked about cladding failure, estimated that somewhere
between 17.5 and 34 percent of the fuel rods would fail due to creep rupture or hydride reorientation (see
Table 13-7). The experts at LLNL were not identified and reference to the expert elicitation report is
needed. The basis for the numbers shown should be provided, as well as relevant references. Reference
for the data shown in Table 13-7 should be identified.

It is stated that mild steel is not expected to have strong pitting, though it could have a pitting
factor as high as 4. The basis for this statement should be provided. The estimated change in the failure
life of the waste package, using a piting factor of 4, has not been compared to the results obtained with
a pitting factor of 1. It is not clear if the pitting factor is expected to remain constant (or less than 4) over
10,000 yr. The answers to these questions should be thoroughly discussed.

The TSPA-93 does not have a steam-corrosion model. This limitation of the model appears to
be serious, realizing that SF could be exposed for many decades to hundreds of years in a steam-rich
environment in a repository.

The TSPA-93 source model does not include a model for releases from vitrified wasteform. The
source-term model treats all the waste as SF in the release calculations. This approach is inadequate,
realizing that SF and glass wasteform degradation mechanisms are quite different. TSPA-93 arbitrarily
increases the number of SF containers by a factor of 70/63, leading to 35,580 vertical containers or 8,489
in-drift containers. It is stated that this assumption is as good as any, short of modeling both SF and glass
waste in the release calculations. This arbitrary number is not a reasonable or justifiable assumption.

The defective fraction for single-walled vertical containers is chosen to be twice as large as the
defective fraction for double-walled in-drift containers in TSPA-93. No justification is provided for the
assumption. The basis for this assumption should be provided.
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TSPA-93 calculates exposed SF surface area increase on the basis of fuel-rod dimensions of
0.546 mm radius and 3.71 m length, and volumetric expansion of 33 percent (see Table 13-8). Based on
these assumptions, the increase in free surface of SF is calculated to be 13.3 percent. These calculations
are based on the assumption that fuel pellets remain monolith upon oxidation to higher state. This
assumption does not account for the substantial increase in the surface area as a result of generation of
small size fuel particles.

3.12 REVIEW OF CHAPTER 15: NOMINAL-CASE RELEASES: WEEPS
MODEL

3.12.1 Major Problems

TSPA-93 assumes that as the dryout zone changes in size, changes occur in the flow patterns.
These changes are accounted for by keeping track of the weeps previously flowing at any point during
the simulation cycle. This process provides some memory in the process, and is a very valid and
significant feature of the current weeps model. However, the same is not done for the climate change.
Even though TSPA-93 states that the timing of the first climate change is of no great significance as far
as container susceptibility to corrosion, it is imperative that weep memory be incorporated for the climate
change as well. It is greatly nonconservative to assume that a flow pattern that exists under the present
dry climatic conditions will cease to exist after the climate changes and becomes wetter.

On a similar issue, TSPA-93 assumes that a grace period of approximately 10,000 yr over
which the climate does not change will always exist, and all subsequent simulations are based on this
premise. However, this assumption is far from being conservative since it is conceivable that a wetter
climate can impose drastically different flow conditions upon which various disruptive scenarios could
synergistically have deleterious effects.

The issue of connectivity between fractures should be re-examined in greater detail. The rational
behind its elimination from the current TSPA is very weak. Formal sensitivity testing needs to be
conducted in order to provide substantive evidence to support such assertions. Connectivity is considered
to be one of the most important factors affecting flow in fractured rock. Not only should it not be
eliminated from future TSPAs (without strong evidence that indeed it is wise to do so), but it should be
studied extensively in the context of fracture statistics, such as orientation, aperture distributions,
correlations between fracture length and aperture, etc.

The current weeps model ignores the very important issue of extensive perched water zone
formation. Even though by construction the weeps model is supposed to represent an analog of focused
saturated flow within an unsaturated environment, it fails to account for any realism in the patchy nature
of perched zones. Instead of having a multitude of potential weeps-originating areas, the current model
starts all weep flow from the ground surface. This premise is not realistic, and it is counter to the basic
premise that led to the development of the weeps model. Furthermore, in an attempt to correct another
unrealistic artifact, namely that of a high weep-population density developing around the fringes of the
repository, characteristic of the current weeps model, TSPA-93 proposes to make the weep-population
density more uniform. This shortcoming is severe and should be re-evaluated. The assumption of a more
uniform weeps-population density may be justified within a certain, and definitely finite in size, perched
water zone, but not in general.
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3.12.2 Areas of Possible Controversy

The conservativism in the assumption that the entire TSPA sequence of modeling starts with a
dry period needs to be clarified.

3.12.3 Areas to be Examined in Greater Detail

The synergistic effect that a number of different parameters may have on the number of weeps
needs to be examined in greater detail. The assumptions that: (i) water is diverted around the dryout zone,
and (ii) the dryout zone is re-wetted rapidly need to be verified. The phenomenological corrosion models,
used in TSPA-93, need to be improved in several areas, namely: (i) tie transition from nonaqueous to
aqueous processes, (ii) modeling steam corrosion, (iii) the interaction of water with a hot waste package,
and (iv) the inclusion of galvanic effects.

The issue of aqueous corrosion continuing even when a weep does not contact a container needs
to be examined in greater detail. The potentially harmful synergistic effects of combining the weeps and
composite-porosity models need to be evaluated.

3.13 REVIEW OF CHAPTER 16: HUMAN INTRUSION

3.13.1 Major Problems

No major problems are noted with the technical approach in TSPA-93.

3.13.2 Areas to be Examined in Greater Detail

Although it may not be an issue of overall importance, it would be good if a better means to
define the likelihood and type of future human intrusion at YM were produced. The three boreholes per
square kilometer per 10,000 yr, suggested in EPA guidance and also in T'SPA-93, were not defined in
the mineral-rich region of southern Nevada and should be tailored to the local environment. Similarly,
the random location of boreholes should be conditioned with a locational pattern of drilling that would
result from an intense exploratory array designed to evaluate a particularly interesting zone or zones on
YM. The IPA, Phase 2, recently completed by the Nuclear Regulatory Commission (NRC) used seven
different zones on YM to constrain emplacement for canister geometry and such a zonal pattern that
focuses drilling into a tighter configuration might be considered for future modelling efforts.

3.14 REVIEW OF CHAPTER 17: MAGMATIC ACTIVITY

3.14.1 Major Problems

The TSPA-93 model for indirect effects of volcanism is inadequate in several areas. These
errors include:

Thermal effects of volcanism are underestimated, both in terms of the areas affected and the
time scales of these effects
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* Similarly, the area affected by magmatic volatiles may be greater than is assumed in the
model

* Time over which magma volatiles are released and alteration occurs is likely longer than is
assumed in the scenario

TSPA-93 uses standard 2D heat conduction equations to model the thermal effects of dike
injection in the repository. Two major problems occur with this approach. First, it is assumed that the
thermal conductivity of tuff is appropriate. In reality, this tuff will likely be fractured during dike
injection at repository levels, which will in turn reduce the thermal conductivity and increase the
likelihood of convective transport of gases. This premise is illustrated in Figure 17-1, but is not actually
taken into account in the model. Furthermore, the thermal conductivity of repository fill is much lower
than that of tuff. This lower conductivity means that high temperatures (> 600 'C) would persist within
the repository for longer periods of time than is indicated in the TSPA-93 report. However, a more
fundamental problem is in the assumption that heat and mass transfer in dikes and cooling cinder cones
is well described by conductive cooling. Essentially, the entire analysis is based on the assumption that
the duration of indirect effects is short, on the order of months, and the effects are quite localized, on
the order of several meters.

Observation at cooling cinder cones clearly indicates that this is not the case. Recent field work,
as part of an NRC-sponsored project on analog volcanism, at Parfcutin, Mexico; Cerro Negro, Nicaragua;
and the Tolbachik cinder cones, Russia demonstrates that the high temperatures and anomalous flow
persist for decades following the cessation of magmatic activity. For example, vent temperatures at
Cone I of the Tolbachik cinder cones are as high as 611 'C, 19 yr after the end of an eruptive period.
Ground temperature 1 m below the surface is in excess of 300 'C over a large area on the cone.
Furthermore, dikes that did not reach the surface at Tolbachik are still cooling. For example,
temperatures in excess of 400 'C were measured at the surface 19 yr after intrusion. Alteration zones are
quite prominent in these areas and extend 40 to 60 m from the dike. Anomalous flux of meteoric water
vapor, Cl and F compounds, and trace metals also continue for years after the end of eruptive activity.
Similar observations have been made at Paricutin and Cerro Negro (McClelland et al., 1989; Connor and
Hill, 1993). These simple observations indicate that the model proposed in TSPA-93 does not capture the
physical reality of dike and cinder cone cooling. Therefore, the model may severely underestimate the
consequences of this type of magmatism on repository performance.

3.14.2 Areas of Possible Controversy

It is unclear how the CCDFs are calculated for the indirect effects of volcanism scenario. For
example, Figure 17-11 seems to indicate that fewer than 7 intrusive events in 100 would result in
significant releases, given that at least one volcanic event occurs in the repository (without direct
intersection of the waste package) in the 100,000-yr confinement interval. Furthermore, given the
estimated four volcanic events per million years, the 1-million year CCDF suggests that approximately
four intrusive events can occur within the repository and still not exceed the release standard. This result
is certainly surprising because of the thermal and chemical changes which accompany dike intrusion, and
suggests that the scenario models developed in this chapter are not conservative. Additional evidence
should be gathered to support this type of conclusion. Elsewhere in the report, it is stated that because
of the low probability of magmatic events, it is assumed that the probability of dike intrusion is one event
per million years. This value is exceptionally low and not likely conservative. Again, it is notable that
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the extensive literature on magmatic degassing and the impact of magmatism on ground water flow is not
referred to in Chapter 17 (e.g., Carrigan et al., 1992; Greenland, 1987; Bruce and Huppert, 1990, and
references cited therein).

There are some typographical errors in Eq. (17.3) and in Table 17-2. For example, in
Table 17-2, the units of specific heat are given as those for thermal diffusivity.

3.14.3 Areas to be Examined in Greater Detail

Areas that should be examined in greater detail in this chapter include:

* Areas affected by the longevity of magmatic degassing and hydrothermal activity in the
unsaturated zone related to intrusion

* Role of structural control on degassing

* Impact of volcanism on flow in the saturated zone

3.15 REVIEW OF CHAPTER 22: BAROMETRIC PUJMPING THROUGH
UNSATURATED FRACTURED ROCK

3.15.1 Major Problems

Barometric pumping of water vapor could conceivably respire significant moisture from the
mountain. However, before barometric-pumping effects are incorporated into the water balance and
abstracted into the TSPA, the relative significance of the process has to be established. Additional
information such as relative gas permeability, gas- and liquid-phase connectivity, and depth of fractures
are required to adequately assess this process.

3.15.2 Areas of Possible Controversy

The assignment of arbitrary property values into the model are sufficient for the preliminary
analyses. However, these values are inadequate if the relative importance of barometric pumping is
evaluated.

3.15.3 Areas to be Examined in Greater Detail

Assignment of realistic and representative property values and boundary conditions is necessary
to complete an assessment of barometric-pumping of water vapor.
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3.16 REVIEW OF CHAPTER 23: APPROPRIATENESS OF
ONE-DIMENSIONAL CALCULATIONS

3.16.1 Major Problems

The information presented in Section 23.1.3 pertains to a fully random system. The real systems
are hardly representable by such a fully random system. Therefore, isotropic and anisotropic geometric
correlations should be explored. Moreover, Kirkpatrick's power law exponent is applicable only for fully
random media and may not hold for the correlated systems.

The appropriateness of ID representation for a 2D system seems to be valid when the
heterogeneity within each geologic unit in the direction transverse to the global flow direction is small
and homogeneous assumption is adequate. The effect of large contrast in heterogeneity has not been
adequately tested.

The analysis has been done for a steady-state flow system. How the system would behave in
the transient flow mode must be addressed.

3.16.2 Areas of Possible Controversy

Repeated references have been made to "the unit gradient approach" at the beginning of the
chapter but was not defined until toward the end. This failure to define the term earlier in the chapter
makes the text difficult to read.

"The randomly generated saturated...soil data are available" (page 23-14, first full paragraph):
This statement is not clear and should be rewritten. In addition, units should be associated with the
saturated hydraulic conductivities.

The term, X., is not defined. It seems as if Eqs. (23.6) and (23.7) are identical except for
their form of representation. If there is any obvious difference, then it should be highlighted.

"Unit gradient boundary conditions were specified at the left, right, and bottom boundaries"
found on page 23-9, first full paragraph: It seems that these were the boundary conditions applied to the
field represented in Figure 23-7. It is not clear at which locations no-flow boundary conditions were
applied in Figure 23-8.

The statement "In most cases, the effect of small scale...through the use of effective hydraulic
conductivity" has been rationalized in the next statement "bThis occurs, in part, because of highly
nonlinear nature of unsaturated flows." Elaboration is needed to validate the second statement.

The comparison between Crane's result for saturated flow and the bounds for unsaturated flow
is not clear. Clarity is necessary in explaining why Crane's bounds are too stringent for unsaturated flow.

The idealization assumed in Figure 23-1 seems to be applicable for isotropically correlated
systems, and only to limited cases of geometrically anisotropic systems. It is not clear if such idealization
is applicable to geometrically anisotropic rocks with overlapping low-conductivity regions as shown in
Chapter 6, Figure 6-6a.
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It would be instructive to show the boundary conditions explicitly in Figure 23-ic even if the
periodic nature of the medium gives rise to no-flow lateral boundaries.

Fracture has not been mentioned in the paragraph describing Figure 23-2 (page 23-3) even
though the figure shows fracture and matrix curves separately. It is not obvious why the curves for cases
A and B either wholly or partly lie above the curve representing parallel arrangement. A clear description
of this figure is necessary.

It is not very clear how the flow in Case B is independent of the obstruction size. More
explanation is needed. A complete review is possible only upon the availability of the reference Eaton
and Dykhuizen (1988).

Regarding the statement, "As the obstruction increases...saturation increases...." It is not clear
if the saturation increases in the matrix or the fracture. This statement, "The numerical model account
for.. .limits of constant conductivity" is not very clear. Simplification is necessary. Fracture overlapping
(does not necessarily imply intersecting fracture) should also be considered in addition to the periodic
system presented in Figure 234a.

3.16.3 Areas to be Examined in Greater Detail

It is not clear if all realizations of 50 percent low-conductivity volume fraction give similar
results. The results are expected to show more fluctuations because the volume fraction of 50 percent is
very close to the percolation threshold. If a trend was observed at this volume fraction, bias in the result
may have resulted from the system size. Therefore, system size should be mentioned in the text because
of the possibility that finite size effect on the effective hydraulic conductivity can be too large if the
system used is as small as the one shown in Figure 23-5.

Different conceptual models are expected to be sensitive to different parameters. Therefore, the
conceptual model based on unit gradient boundary condition must be tested adequately for parameter
sensitivity.

3.17 REVIEW OF CHAPTER 24: EFFECTS OF FRACTURES IN
REPOSITORY DRYOUT

3.17.1 General Comments

An axisymmetric mathematical model TOUGH2 (Pruess, 1991), originally designed to
investigate a two-phase flow system in porous media, was used in this analysis after being modified to
include a new option dealing with a variably saturated fractured geologic: medium. The verification of this
model in the abstraction of fractures was performed using the results of a 2D vertical model V-TOUGH
(Nitao, 1989). Results indicate that temperature profiles could be adequately estimated; however, similar
conclusions could not be drawn for the saturation profiles, where agreement was restricted to the first
600 yr of a 10,000-yr long simulation result.

The anticipated computational cost inherent to a Monte Carlo-based uncertainty analysis has
presumably induced the investigator to abandon the idea of performing such an endeavor. A marginal

29

C-34



0 C

sensitivity analysis was carried out to determine the impact of fracture aperture variations on the dryout
and perched zones.

3.17.2 Major Problems

The TOUGH2 code exhibits numerical deficiencies when trying to estimate saturations. At the
exclusion of matrix and fracture hydrogeologic properties, there is no evidence of references to the data
used in the thermohydrological simulations. The uncertainty analysis has been overlooked. The sensitivity
analysis is restricted to a single parameter.

3.17.3 Areas That Should be Examined in Greater Detail

The composite material option (Klavetter and Peters, 1986) in conjunction with the van
Genuchten model of permeability has been used to simulate the unsaturated material properties of the
fracture and rock matrix. The impact of such a simplification should be addressed after comparing the
current results, with those obtained from single porosity models.

The upper boundary conditions of the waste repository area should be less restrictive and allow
for the inclusion of physical processes such as precipitation and evapotranspiration, induced by the
climatic conditions likely to prevail in the YM within the time span of interest (i.e., 10,000 yr).

Additional properties associated to statistical properties of fractured geologic medium should
be considered, that is, randomness, orientation, aperture, correlation between fracture length and aperture
distribution, and connectivity. Alternative uncertainty methods of analysis (i.e., other than Monte Carlo)
should be explored.
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APPENDIX-OVERVIEW

This appendix presents a summary of comparisons between the U.S. Department of Energy (DOE)
TSPA-93 and other DOE total-system performance assessments (TSPAs). In addition, comments are
provided that draw relationships to key technical uncertainties (KTUs) and site characterization analysis
(SCA) questions.

A.1 REVIEW OF CHAPTER 3: METHOD

A.1.1 Scenario Analysis

As in previous DOE TSPAs, the meaning of scenarios in TSPA-93 is vague. It is understood
that a central communication tool is essential to organize, aggregate, and convey the many features,
events and processes (FEPs) that constitute a TSPA. In Section 3.2, the FEP diagrams are presented as
the tool used to promote communication and synthesis. However, the TSPA-93 is generally devoid of
detailed FEP diagrams. In addition, the detailed FEP diagram for basaltic volcanism developed by Barr

et al. (1993) is cited, yet appears to have been largely overlooked in Chapter 17 of TSPA-93.

A.1.2 Identification of Key Technical Uncertainties

SCA comment 99 appears not to be addressed or resolved in TSPA-93. The SCA comment
questions the DOE approach of quantifying only dominant release modes for some scenario classes.
Typically, the dominant modes would be those that short-circuit a barrier such as volcanic entrainment
of waste and ejection at the ground surface [thus short-circuiting the Geologic Setting (GS) isolation] or
drilling into waste packages and subsequent transport to the ground surface (thus short-circuiting the GS
isolation barrier). The Nuclear Regulatory Commission (NRC) was concerned that other detrimental

effects may not be accounted for because of the focus on dominant release modes. The NRC suggested
that all release modes be quantitatively analyzed before focusing only on dominant modes. The NRC
stated that the resolution of this comment will occur when the DOE provides the NRC with information
on how various release pathways have been accounted for in the TSPA. TSPA-93 does not appear to be
comprehensive in assessing major and minor release modes.

In SCA comment 95, the SCA questions the DOE approach to scenario analysis because it does
not appear to be systematic or to provide assurances of completeness. The NRC recommended that the
DOE re-evaluate the approach to scenarios to develop a reasonable number of plausible, mutually
exclusive scenario classes. This TSPA does not appear to have updated the scenario approach being used
by the DOE.

A.2 REVIEW OF CHAPTER 4: REPOSITORY AREAS AND LAYOUTS

A.2.1 Scenario Analysis

Past TSPAs (i.e., PNL-8444, Section 7.2) identify disruptive scenarios such as human intrusion,
volcanism, and tectonism. However, only the human intrusion and volcanism scenarios appear in the final

analysis to determine the probability of their compliance with the Environmental Protection Agency (EPA)

standards through complementary cumulative distribution function (CCDF) curves. It is unclear why the
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standards through complementary cumulative distribution function (CC]DF) curves. It is unclear why the
various tectonism scenarios were eliminated in both the TSPA-1991 and TSPA-1993 analyses.

The redefinition of the volcanism scenario in TSPA-93 appears more credible than that defined
in TSPA-91 (Section 7.2) in which the magmatic dikes were taken to extend and carry radioactive waste
products to the ground surface. TSPA-93 assumes that the magmatic intrusions extend to within some
distance of the waste canisters; however, it is the additional heat and volatile and corrosive gases that
accelerate the waste package failure and radionuclide release.

The base case scenario in TSPA-93 includes a much more representative saturated zone model
involving multiple layers and separate flow within the tuff and carbonate aquifers than in the earlier
TSPA-91 analysis. Also, the stratigraphic models are much more extensive in the present TSPA-93,
incorporating three-dimensional (3D) geometry.

A.2.2 Consequence Models

In all the different FEPs modeled in the base case scenarios, no account appears to be taken of
mechanically induced disturbances in the flow/transport calculations leading to the CCDF curves. It
appears that only heat transfer effects are considered on the flow calculations. In the case of the higher
thermal loading strategy (i.e., 114 kW/acre), one could expect a significant amount of mechanical
disturbance to the fractured rock mass, possibly extending hundreds of meters from the waste
emplacement horizon. Not computing or estimating the changes in fracture apertures, etc., could lead to
discrepancies between that calculated result and the actual flow behavior. It is likely that all the
emplacement drifts will be excavated by drill and blast methods, which would significantly alter the flow
and transport characteristics of the near-field emplacement area. It is not clear from TSPA-93 that not
incorporating mechanically induced effects on the fractures and matrix is truly conservative.

A.2.3 Identification of New Potential Issues

It could be envisioned that various emplacement drift backfill schemes could be utilized,
depending on whether the vertical borehole or in-drift emplacement scheme is adopted. For instance, in
the vertical borehole scheme, the boreholes could be capped, and backfilling of the emplacement drifts
could be prolonged until permanent closure. However, in the in-drift emplacement scheme, depending
on the type of backfill and equipment chosen, it may be necessary to backfill the emplacement drifts at
the time of placement of the multipurpose container (MPC) canisters. This action might be due to possible
difficulties in re-entering an emplacement drift with backfill equipment once the whole drift is filled with
the heavy MPC canisters. These potential issues need to be addressed when assessing the heat transfer
mechanisms and canister temperatures predicted in the TSPA analysis.

A.2.4 Suggestions for In-Depth Analysis

In the repository layout (Figure 4-6, page 4-12, TSPA-93), in addition to the north and south
ramps, there will likely be several shafts (approximately 6 m diameter) through the repository block for
ventilation purposes as well as for transportation of men and materials. In addition, a large number of
boreholes will extend near or to the repository horizon from site characterization and design and
construction activities. In the present or past TSPAs, no credit appears to have been given to these
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features on possible fast pathway conduits for the influx of liquids or escape of gaseous radionuclides.
Even when backfilled, the permeability through these openings and disturbed rock zone will likely be
higher then the surrounding strata in certain formations. The impact on release rates is unclear and
possibly should be examined in greater detail.

A.3 REVIEW OF CHAPTER 5: RADIONUCLIDE INVENTORY

A.3.1 Scenario Analysis

Scenario analysis is not applicable to this chapter since it is concerned with establishing the
radionuclide inventory that will be input into various scenarios.

A.3.2 Data or Parameter Distributions

Essentially the same basic sources of data on radionuclides were utilized in this TSPA as in
previous TSPAs, except for the addition of high-level nuclear waste (HLW). Differences in inventories
were due to changes in assumptions of average spent fuel (SF) and HLW characteristics. Specifically,
these changes are:

* Inventory is tied to the delivery schedule discussed in Chapter 4, which allows calculation
of SF radionuclide inventory for a waste age of 25 yr.

* The Sandia National Laboratories (SNL) 1991 model (TSPA-91) used an age of 10 yr, while
the Pacific Northwest Laboratory (PNL) performance assessment (PA) model used the year
2040.

* Average burnups assumed for SF are higher [40,000 MWd/MTU for pressurized water
reactors (PWRs) and 30,000 MWd/MTU for boiling water reactors (BWRs)] than in
TSPA-91 (33,000 and 27,500, respectively).

* No explicit information was given in the PNL model.

Noted differences in SF inventories in TSPA-93 as compared to TSPA-91 are: nuclides
significant in aqueous release scenarios (99Tc, 129I, 79 Se) are 15 to 20 percent higher and 24'Am
(important in direct release) is double. All isotopes with large differences (>2 x in TSPA-93; see Table
5-14) are minor contributors to dose. For the ten nuclides considered in PNL, TSPA-93 inventories are
less than 15 percent lower (except 243Am, 30 percent lower). Radionuclides from vitrified HLW are
considered in calculating average waste contents. HLW was considered in PNL, but not in TSPA-91.
Note, however, that HLW is not treated physically as a source distinct from SF. HLW inventories are
calculated based on weighted averages of the various sources of waste. In contrast, PNL used a single
glass waste analysis (SRL-202) to represent HLW.

Both TSPA-91 and TSPA-93 have the same 43-nuclide list considered in the source term for
direct releases, but their lists for aqueous/gaseous release differ. For TSPA-93, 24Am, 135CS, and 126Sn
have been dropped from consideration because of their relatively high retardation factors, and 231 Pa has
been added, resulting in a list of eight nuclides.

A-3

C41



0 9

In terms of total source inventory, differences between the two SNL TSPAs (which are mainly
due to the 15-yr age difference and the higher burnup and addition of HIW in TSPA-93) are minor, that
is, much less than a factor of two, for most radionuclides. Those nuclides showing marked differences
(factors of 3 to 150 times higher in TSPA-93) are minor contributors to dose with the exception of 231 Pa,
which is minor until account is taken for decay of its parents. It is also notable that the 14C inventory is
40 percent lower in TSPA-93 than in TSPA-91.

A.3.3 Limitations on Comparisons

Prediction of SF waste stream is much more explicit than in the 1991 SNL PA model
(TSPA-91) and the 1993 PNL model. The chapter includes tables showing average age and burnup of SF,
inventories for 43 nuclides, and physical descriptions of the fuel assemblies, and gives sources for all data
used. The lack of much of this information in earlier TSPAs limits direct comparison of uses of sources.
The TSPA-91 and PNL reports did not have separate chapters on radionuclide inventory.

A.3.4 Identification of Key Technical Uncertainties

Although no KTU specifically addresses radionuclide inventory, assumptions made in this
chapter have implications for numerous KTUs concerned with:

* Thermal (and possibly radiolytic) effects on the waste forms and packages and the repository
environment, since radionuclide contents will have a large effect

* Performance of waste packages, since HLW packages are not treated separately here

* Radionuclide transport, since this chapter constructs a narrow list of nuclides to consider in
aqueous/gaseous release scenarios

Comparison of consideration of these issues with earlier TSPAs is not straightforward due to their
differing organization (see above in "Limitations on Comparisons"). These issues are not discussed in
Chapter 5, except that justification is briefly made for the choice of eight nuclides used in transport
models.

A.3.5 Existing Unresolved Issues

Both PNL and TSPA-91 recommended that future efforts include a larger list of radionuclides
in aqueous release scenarios. This list has not been included in TSPA-93, and the choice of nuclides to
consider is a potential source of controversy.

Earlier models expressed a need for explicit source submodels for nuclides in the cladding, fuel-
assembly hardware, and vitrified glass waste. TSPA-93 still treats all waste under a single SF source
model [see also Center for Nuclear Waste Regulatory Analyses (CNWRA) review of TSPA-91,
(Gureghian and Baca, 1993a)].

The CNWRA review of TSPA-91 noted that fuel burnups were likely underestimated in
calculations of radionuclide inventory. Burnups are higher in TSPA-93, but consideration is not given to
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even higher values. This lack of consideration of higher values has implications for both inventory and
physical effects on the waste package (Manaktala, 1993) and environment.

A.3.6 Potential New Issues

As pointed out in Chapter 20 of TSPA-93, problems remain in calculating inventories for
radionuclides in decay chains as waste ages. The authors of TSPA-93 suggest including a module in the
Yucca Mountain Integration Model (YMIM) for this purpose.

Considerable uncertainties surround the admittedly difficult task of quantifying inventories in
vitrified HLW. These uncertainties are due to two factors: uncertainty in converting HLW contents to
units compatible with SF contents, and uncertainty in accounting for decay in the HLW before
emplacement.

A.3.7 Suggestions for In-depth Analysis

More information is needed on effects on radionuclide inventory of potentially higher SF
burnups. Source-term models (e.g., YMIM) need to incorporate appropriate accounting of decay chain
ingrowth. Models should include all nuclides of potential regulatory concern in all release scenarios.
More extensive consideration should be made of the relative importance of radionuclides. Source-term
models need to be developed for vitrified HLW rather than simply combining nuclide inventories.

With regard to radionuclide inventory, only two significant references are in the overview
chapters. In Section 1.2, it is promised that (in contrast to TSPA-91) vitrified HLW will be considered
along with SF, and the radionuclide inventory will be reflective of the estimated waste receipt schedule.
These issues are addressed as promised, though there may be some doubt about the waste stream
assumptions in terms of burnup. Section 2.2.4 offers a brief description of the SF and HLW components
of the waste.

A.4 REVIEW OF CHAPTER 6: GEOSTATISTICALLY BASED
STRATIGRAPHIC MODEL

A.4.1 Scenario Analysis

Discussion of a scenario per se is not the objective of Chapter 6 of TSPA-93. Chapter 6 presents
the first attempt to develop a 3D stratigraphy based on geostatistical correlation of hydrostratigraphic and
lithologic units as the means to generate representations of stratigraphy for the repository region. Ten
hydrogeologic units are defined using data from 22 drillholes, and geophysical logs are used as a cross-
check of major lithologic changes shown on lithologic borehole logs. The approach is not fully
incorporated into TSPA-93 simulations, although the groundwork is laid for use of this tool in future
sensitivity studies for investigating effects of geologic uncertainty on total system performance. In
contrast, the SNL TSPA-91 used data from three drillholes to construct a two-dimensional (2D) five-layer
geologic cross-section for representing stratigraphy of the repository region. PNL-8444 (herein after
referred to as PNL-93) also used a 2D five-layer geologic cross-section to represent subsurface
stratigraphy, and spatial variability of physical properties was included only for saturated zone hydrology
and transport considerations (Eslinger, et al., 1993). Therefore, the approach in TSPA-93 illustrates the
first attempt to develop a modeling method that is fully 3D; rigorously incorporates as much site data as
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possible; adequately represents distinctions between welded, nonwelded, and zeolite-bearing layers; and
allows quantification of certain geological aspects of the model.

A.4.2 Consequence Model Formulation

Strictly speaking, consequence models are not a consideration in Chapter 6. However, an
important goal of the proposed approach is the development of a geostatistically based 3D geological
framework and hydrostratigraphic model that can be used to consider consequence of different physical
processes (e.g., fault displacement) acting on the repository or repository block.

A.4.3 Significant Differences in Data or Parameter Distributions

As much geological control as possible was used to define lithology and stratigraphic
relationships for TSPA-93, with degree of welding being the primary indicator for characterizing the tuffs
at Yucca Mountain (YM). (An inverse correlation exists between degree of welding in the rock unit and
its porosity and permeability). As previously stated, data from 22 drillholes and geophysical logs are used
to establish and cross-check lithologic changes in the subsurface. In contrast, TSPA-91 used data from
three drillholes to construct a 2D five-layer cross-section for representing stratigraphy of the repository
region so the TSPA-93 model is somewhat more refined with respect U) these types of data.

In TSPA-91, treatment of the Ghost Dance Fault system in the stratigraphic profile was
considered to be lacking by NRC reviewers (J. Holonich to D. Shelor letter dated October 21, 1993).
For TSPA-93, it appears little new information on the Ghost Dance Fault has been incorporated as yet
(e.g., width of the fault zone and its possible intersection relationships with the newly discovered Sun
Dance Fault system).

In TSPA-9 1, hydrologic properties of fractures were simulated using hydrologic properties for
sand. For TSPA-93, hydrologic parameter distributions included fracture properties derived from site
measurements rather than surrogate properties.

A.4.4 Identification of Key Technical Uncertainties

Chapter 6 includes a discussion regarding potential concerns related to uncertainties in
conceptual models. These concerns are generally associated with the Type 5 KTU on development of
conceptual models of YM [specifically mentioned by the NRC in relation to potentially adverse conditions
for tectonic deformation and volcanism].

A.4.5 Summary of Issues

For TSPA-93, it appears little new information on the Ghost Dance Fault system has been
incorporated (e.g., width of the fault zone and its possible intersection relationships with the newly
discovered Sun Dance Fault). The point about possibly inadequate recent data for the Ghost Dance Fault
was also raised by the NRC during its review of TSPA-91.
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A.4.6 Identification of New Potential Issues

The geostatistical approach may distort real variations in the geologic data, so that additional
boreholes or hole-to-hole geophysics will be necessary before the geostatistical approach can be reliably
used. As the authors have pointed out, application of the geostatistical approach does suggest the current
conceptual model being used for the site is inaccurate (e.g., with respect to the relatively simple model
of layered stratigraphy). This issue can perhaps be addressed by carefully planned site characterization
activities based on suggestions in data weakness as derived from the geostatistical approach. The TSPA-93
geostatistically based stratigraphic model currently includes no information at all on the northwest-
trending Sun Dance Fault system structure, which has recently been reported to exist in the repository
block.

It appears that fracture density variations in different units are factored into TSPA-93, along
with differences that exist in fault zones. Information on potential perched water zones could possibly
have been factored in as well. It is not obvious if consideration of the presence of such zones is
potentially important, or if layers defined in the geostatistically based stratigraphic model may delineate
perched water zones.

It is unclear if fault displacement and seismic shaking effects on rock layers, ground water, or
waste packages will be considered in view of the geostatistically based stratigraphic model. No indication
is given regarding if these factors will be considered or if such natural processes have already been
considered and eliminated from concern.

A.4.7 Suggestions for In-Depth Analysis

For in-depth analysis, it is suggested that the authors consider inclusion of:

* Realistic geometries for the Ghost Dance and Sun Dance Fault systems for assessing their
potential effects on the geostatistically based stratigraphic model

* Existing information on perched water horizons

* Analysis of consequence of fault displacement in the repository block along both northeast-
(i.e., the Ghost Dance Fault trend) and northwest-trending (i.e., the Sun Dance Fault trend)
fault surfaces

A.5 REVIEW OF CHAPTER 7: HYDROGEOLOGIC PARAMETER
DEVELOPMENT

A.5.1 Scenario Comparison

TSPA-91 modeled YM from the repository to the water table in five layers.TSPA-93 expanded
the model to include the region from ground surface to below the water table. Ten layered units were
used in TSPA-93. The PNL-93 report model consisted of a total of seven layers, five in the unsaturated
zone and two in the saturated zone.
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A.5.2 Model Comparison

Although some correlation exists between the five units modeled in TSPA-91 and comparable
units in TSPA-93, the Zeolitic Tuff and the partially welded tuff units of' TSPA-91 do not correspond
directly to the Calico Hills/Prow Pass nonwelded nonzeolitic units from TSPA-93. The partially welded
tuff in TSPA-91 contained both the welded and the nonwelded portions of the Prow Pass unit. The
Welded Tuff, Vitrophere, and the Vitric Tuff of TSPA-91 correlate with the Topopah Spring welded,
Topopah Spring vitrophere and the Calico Hills/Prow Pass vitric units of TSPA-93. The unsaturated
portion of the PNL-93 model consisted of the following units: welded, vitrophere, nonwelded vitric,
nonwelded zeolitic, and partially welded. The saturated portion consisted of a zeolotic tuff, partially
welded tuff, and a carbonate.

A.5.3 Data Comparison

Media properties assigned to the model units differed, although the methodology essentially
remained the same in the two SNL TSPAs. In both SNL TSPAs, values for the hydraulic properties are
taken from beta distributions. There were differences in the assigned means, skewness, and range of
distributions assigned to the property variables. A significant difference was noted in the hydraulic
conductivity values assigned to fractures. TSPA-91 assigned fracture hydraulic conductivity values from
those measured for coarse-grained sand, while TSPA-93 assigned hydraulic fracture properties based on
capillary theory applied to parallel smooth-walled fractures. Hydraulic values assigned hydraulic
parameters in PNL-93 were taken directly from measured values, not from representative beta
distributions as in the SNL TSPAs.

A.5.4 Limitation Comparison

The hydraulic properties of fractures are determined in TSPA-93 using capillary theory applied
to parallel smooth-walled fractures rather than direct measurements. Air permeability measurements were
used to determine equivalent saturated hydraulic conductivity values using viscosity and density of water
at standard conditions. No apparent account was taken for differences due to pressure, temperature, nor
elevation. Complications due to the connectivity of air versus liquid pathways were not addressed. The
method used to assign hydraulic parameters to fractures in PNL-93 was not stated.

A.5.5 Summary of Issues

Bulk hydraulic properties are assigned to the units identified in the model cited in TSPA-93.
Beta distributions are used to represent all property values. The stratigraphy was represented by a
ten-layer model, from ground surface into the saturated zone. The effects of major or significant
hydrogeologic features, such as the Ghost Dance Fault, are not incorporated into the model. The
hydraulic impact of this fault or other significant hydrogeologic features could dominate the performance
of YM, by either providing a conduit for rapid air or water flow or by creating a barrier to flow. These
features could be important, particularly if the hydraulic properties of these features significantly differ
from those properties assigned to the ten-layer model.

The hydrostratagraphic units in PNL-93 are equivalent-continuum models incorporating values
for both fractures and matrix. Values assigned to the fractures and matrix are taken from published values
and not distributions.
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A.5.6 Identification of Potential New Issues

TSPA-93 does not adequately incorporate hydrogeologic features that could result in drastically
different predictions of performance. This inadequate representation is particularly true if fracture
properties are represented by theoretically derived values rather than realistically measured values. These
hydrogeologic features could significantly affect air or water flow through the mountain.

A.5.7 Suggestions for In-Depth Analysis

Any hydrogeologic feature within the mountain should be assessed to determine if it could
significantly affect the performance of the geologic setting. This assessment should include more than just
the ten layers included in the TSPA-93 model. Property assignment at unit boundaries should be clarified.
Currently, valuable, although potentially confusing, information collected at media boundaries is
dismissed a priori without assessing its worthiness.

A.6 REVIEW OF CHAPTER 8: INFILTRATION AND PERCOLATION
RATES

A.6.1 Scenario Analysis

TSPA-93 addresses the issue of climatic change by alternating dry and wet climatic regimes,
all within the same simulation, thus making climatic change part of the base case scenario. TSPA-91
assumes that the same climate is in effect for the duration of the simulation. PNL-93 also assumes the
same climate holds for the simulation, but only considers five values of infiltration.

TSPA-93 assumes that capillary barriers may reduce infiltration, for the composite-porosity
model only, again making this possibility part of the base case. No such possibility exists in TSPA-91.

A.6.2 Consequence Formulation

TSPA-93 considers 100,000-yr climatic cycles, with a dry and wet part for each cycle, with
10 cycles considered. The dry period is the first part of the cycle. Dry and wet conditions are assumed
to switch instantaneously, with each period using steady-state flow fields and each cycle using identical
flow rate magnitudes. The weeps model conducts the infiltration flux directly to the repository, as do
most instances of the composite-porosity model. The composite-porosity model sometimes applies a
reduction factor to account for capillary barriers when infiltration is greater than the Topopah Springs
matrix permeability.

TSPA-91 uses one distribution for infiltration rate, constant over 10,000 yr. Infiltration is

steady-state over this period. PNL-93 applies a uniform infiltration rate across the top of the repository
horizon, which is used as a boundary condition for a 2D steady-state flow simulator.

A.6.3 Significant Differences in Data or Parameter Distributions

TSPA-93 uses two exponentially distributed infiltration rates, with means of 0.5 mm/yr and
10 mm/yr, for current (dry) and pluvial (wet) conditions, respectively. The fraction of a cycle occupied
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by dry conditions is uniformly distributed from 0 to 100,000 yr, with the remaining occupied by wet
conditions; the dry fraction changes each cycle. In the composite-porosity model, half of the cases with
infiltration greater than the Topopah Springs matrix permeability have infiltration restricted to the matrix
permeability. TSPA-91 uses an exponentially distributed infiltration rate with a mean of 1 mm/yr,
accounting for both current and pluvial conditions.

PNL-93 considers five infiltration rates, of 0, 0.01, 0.05, 0.1, and 0.5 mm/yr, each with
identical probability. Higher rates were intended as well, but numerical difficulties did not permit
successful determination of the resultant flow fields.

A.6.4 Difficulties in Comparison

The discussion in TSPA-93 is clear. The internal references to TSPA-91 are also clear and
appropriate.

A.6.5 Key Technical Uncertainties

Several KTUs directly relate to infiltration and percolation. These KTUs include:

* Characterization of parameter uncertainties
* Predicting precipitation
* Data collection/interpretation for groundwater flow models

Several KTUs indirectly relate to percolation at the proposed repository, insofar as percolation
is related to flow from surface to the repository. These KTUs include:

* Conceptual groundwater flow modeling
* Mathematical groundwater flow modeling
* Conceptual groundwater flow in unsaturated fractured rock
* Experimental confirmation of groundwater flow models

A.6.6 A Summary of Issues

The primary issue raised in previous TSPAs is the lack of data on the infiltration rates and
distributions expected at YM. This issue is acknowledged but not resolved in TSPA-93.

A.6.7 Identification of New Issues

The introduction of dry and wet periods, instantaneously adjusting to steady-state, inspires
questions regarding the nature of the switching of the flow fields. In view of the presented evidence
regarding variation of the global temperature, which indicates that switching between relatively wet and
relatively dry climates may occur at time scales on the order of 10,00() yr, and since the weeps model
is assumed to instantly adjust to such climatic variation, the relatively long cycle periods remain to be
justified. In view of the low conductivities in the composite-porosity model, one would expect that slow,
long-term transience would be the usual behavior for this model. Thus, abrupt switching from wet to dry
climates remains to be justified.

A-10

C-48



The timing of the onset of the first wet period is questionable, with an expected delay of

45,000 yr particularly since the expected dry infiltration rate is half of the expected rate in TSPA-91. The

infiltration rate is a critical element to the performance of the repository.

The application of capillary barriers to percolation remains to be justified by data, as noted in

Section 8.9.

A.6.8 Suggestions for Analysis

The transient nature of the composite-porosity model should be assessed. It is reasonable to

assume that flow in the matrix at YM is dominated by transient effects, especially near the surface, due

to the low permeabilities of the matrix properties. The effects of step-wise steady-states are not quantified.

It may be that a deep unsaturated zone is near steady-state, somewhere between the dry and wet climates,

if the climatic-change forcings are fast compared to the response time of the system. Evaluating this

question may feed back into the way that infiltration behavior is modeled. The effects of short-term

variations in the weeps input infiltration should be examined, particularly as the model does not start a

wet period until an average of 45,000 yr from the present, thus taking considerable credit for dry

conditions at early time.

A.7 REVIEW OF CHAPTER 9, APPENDIX B-GEOCHEMISTRY:
SOLUBILITY AND SORPTION PARAMETERS

Appendix B of TSPA-93 consists of graphs of the probability density functions (PDFs) elicited

for solubility limits and sorption coefficients (Kd). There is no text in the appendix, and the explanations

are included in Chapter 9. Therefore, the comments listed below are valid for both Chapter 9 and

Appendix B.

A.7.1 Discussion of Significant Differences in Data or Parameter Distributions

A.7.1.1 Solubility

A panel of five experts was elicited for solubility limits to radioelement release. In contrast,

although SNL TSPA-91 (Barnard et al., 1992) provides PDFs for five solubility limited radioelements,

it is not clear if expert elicitation was used or if the values were selected by a single expert. The PNL-93

(Eslinger et al., 1993) used discrete values for solubility limits without estimating PDFs. In the current

TSPA, the elicitation process is described in more detail than previous efforts, although there are still

some uncertainties, including how the panel was selected and how PDFs were derived.

A suite of 21 radioelements was considered for solubility limits. This number was larger than

the 9 or 10 elements considered in previous TSPAs (Barnard et al., 1992; Eslinger et al., 1993).

Solubility limits were based on more extensive data sources than previous efforts. These

additional data sources include data from recent Los Alamos National Laboratory (LANL) studies

(Nitsche et al., 1993a,b), Swedish Nuclear Power Inspectorate reports (Andersson, 1988), and some
EQ3/6 calculations. For some radioelements, no data were available, and solubilities were estimated based

on analogy (e.g., Ac and Am).
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With the exception of six high-solubility elements (C, Cs, Se, Tc, I, and Cl), which were
assigned constant high solubilities of 1 molIL, the solubilities of all elements; were assigned a PDF in the
current TSPA, with minimum, maximum, and mean values. Barnard et al. (1992) used this approach in
the SNL TSPA-91, but Eslinger et al. (1993) relied on a single value for solubility, calculated using the
geochemical code EQ3/6. It is not clear what thermodynamic data or water compositions were used by
Eslinger et al. (1993) in deriving these values. Barnard et al. (1992) assigned log-uniform distributions
to five elements (U, Pu, Am, Sn, and Np). In the current TSPA, Am, Pu., and Sn have been assigned
uniform distributions, while U and Np have been assigned log beta distributions.

For all five solubility-limited elements considered in Barnard et al. (1992) (U, Pu, Am, Sn, and
Np), a broader range in solubility has been assumed in the current TSPA. Generally, the solubility
maximum has been increased, leading to a more conservative approach. This increase is a move toward
addressing comments from the CNWRA Audit Review of the earlier TSPA [page 3-4, Gureghian and
Baca (1993a)] regarding optimistic solubilities.

Finally, the current TSPA uses rank correlation of the distributions to consider the fact that
different radioelements are believed to be chemically similar. No other TSIPA has addressed this issue.

A.7.1.2 Sorption

A panel of three experts was elicited for Kd values. This panel is larger than was apparently
used in previous DOE TSPAs. Barnard et al. (1992) elicited one expert, while Eslinger et al. (1993)
involved no formal elicitation, apparently relying on the Kd values used in Barnard et al. (1993). The
elicitation process is described in more detail than previous efforts, although there are still some
uncertainties in how the panel was selected and how PDFs were derived.

A suite of 21 radioelements was considered for sorption coefficients. This number was larger
than the 9 or 10 elements considered in previous TSPAs.

The same three rock types used in Barnard et al. (1992) were used here. A fourth rock type of
iron oxide was added to include the effects of canister materials and naturally occurring iron
oxhydroxides. However, the values developed for iron oxide were not used in the current TSPA. In
addition, the current TSPA does not address radionuclide sorption on carbonate as was done in Barnard
et al. (1992).

With the exception of C, Tc, and I, which were assigned constant Kd values of 0 mL/g, all the
radioelements considered here were assigned a PDF with minimum, maximum, and mean values. In
contrast, Barnard et al. (1992) used a minimum Kd approach to assign a constant minimum Kd value to
highly sorbing radioelements like Sn, Pu, and Am, while Eslinger et all. (1993) assigned a single value
for each of five rock types.

The estimated Kd values are largely based on batch sorption experiments from LANL using tuffs
and J-13 well water. While still somewhat sparse, the data sources considered in the current TSPA is
more extensive (and perhaps more relevant) than the data used in the earlier TSPAs (Barnard et al., 1992;
Eslinger et al., 1993).
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The current TSPA uses rank correlation of the distributions to consider the fact that different
radioelements are believed to be chemically similar. Radioelements are grouped according to whether
sorption is by surface complexation or by ion exchange. No other TSPA has addressed this issue.

A.7.2 Limitations in the TSPA Framework that Make Comparisons Difficult

The current TSPA combines both solubility and sorption under the heading of geochemistry.
In this respect, it is better organized than previous TSPAs, where discussion on solubility is included as
part of the radionuclide release or source-term calculations, and not specifically identified as a
geochemistry issue.

The current TSPA does a better job of identifying methods used to derive the solubility and
sorption parameters than earlier DOE TSPAs. In addition to basing the results on a larger volume of data,
the current TSPA does a more thorough job of documenting data sources than previous efforts.

A.7.3 Key Technical Uncertainties and Open Items that May Be Addressed by the
Current TSPA

Several KTUs have been identified in Review Plans 3.2.3.2 and 3.2.3.5 related to radionuclide
sorption (Nuclear Regulatory Commission, 1994 ab). Most of these KTUs are related to uncertainties
in identifying the effects of groundwater chemistry and hydrologic saturation on sorption. Although these
uncertainties are handled in an indirect fashion through the elicitation process, no clear mechanistic
relationship is identified in the current TSPA to justify the ranges selected in the sorption coefficient.

An additional KTU identified in Review Plan 3.2.3.2 and comments 26 through 28 in the SCA
(Nuclear Regulatory Commission, 1989) are concerned with the uncertainty in using parameters derived
from small-scale batch sorption experiments to represent retardation processes in transport calculations.
This issue has been raised previously (e.g., Reardon, 1981; Nuclear Regulatory Commission, 1989), and
is related to the difficulties in representing complex chemical processes using empirical parameters.
Because it is commonly used in currently available transport codes, the current TSPA relies on the Kd
approach. Although uncertainties are handled in an indirect fashion through the elicitation process, no
clear mechanistic relationship is identified to justify the ranges selected in the sorption coefficient. It is
not clear that the PDFs, as presented, take into account the entire range in pH and solution chemistry that
may be relevant to repository performance at YM.

Comment 25 in the SCA (Nuclear Regulatory Commission, 1989) has been indirectly addressed
by adding Fe oxide to the list of rock types considered in the sorption expert elicitation. This addition
does not directly address the comment regarding the effect of waste degradation products in that it is not
evident that the suggested sorption coefficients were based on waste package tests. Comment 30 in the
SCA is concerned with the methodology and procedures for evaluating existing thermodynamic data that
are to be used in solubility modeling. Although the expert panel has probably relied on a knowledge of
thermodynamic relationships to develop the solubility PDFs, it is not explicit in the current TSPA that
thermodynamic principles were used to calculate the resulting values. Most of the solubility estimates
seem to be based on solubility measurements from experiments with J-13 water (e.g., Nitsche, 1993a,b).
The temperature dependence of solubility is developed in some detail, but due to the lack of data, the
rigorous thermodynamic treatment of temperature effects was not used.
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Question 54 in the SCA (Nuclear Regulatory Commission, 1989) is concerned with the effects
of groundwater contamination by container metal ions on radionuclide release. The current TSPA has
introduced the Fe oxide as a new rock type to take into account the effects of container components on
sorption, although it is not used in the TSPA calculations. The panel acknowledges the existence of the
effects of the containers, but has neglected them in the solubility calculation effects of the container on
radionuclide release through two conservative assumptions. Due to uncertainties in predicting local
reducing environments resulting from iron from the containers, the expert panel has assumed an oxidizing
environment as a conservative approach to estimating solubility limits. In addition, the current analysis
assumes far-field environmental conditions, due to uncertainties in the nature of near-field chemistry.

A.7.4 Summary of Previous Issues That Still Exist

With regard to problems identified in the earlier audit reviews of previous TSPAs, the current
effort uses better and more complete sources for solubility data and provides better documentation of data
sources. Through the use of a larger panel and more formal expert elicitation process, some of the
justification is provided for selecting particular PDFs. In spite of the improvements, however, a more
thorough documentation of rationale used by the expert panels in selecting the ranges and PDFs used in
the assessment is needed.

The current TSPA still uses the Kd approach that has been questioned in previous reviews. By
adding Fe oxide as a rock type and by including a PDF for all sorbed species, some of the effects of
chemistry and rock type have been addressed. However, this procedure is still not performed in a strictly
mechanistic way, and it is not clear that the PDFs take into account the entire range in pH and solution
chemistry that may be relevant to repository performance at YM.

A.7.5 Identification of New Potential Issues

The current TSPA identifies uncertainties in the near-field conditions as being an issue that
should be considered. This uncertainty is of concern in determining if the assumptions of far-field
conditions in determining parameters is truly conservative and is especially true if sorption is reduced in
the near field at the same time that solubility of a given radionuclide is increased.

A.7.6 Suggested Future In-Depth Analyses

Since much of the effort was focused on expert elicitation, it seems prudent to establish a more
formal elicitation process. Such procedures exist and can perhaps be adapted from other efforts (e.g.,
DeWispelare et al., 1993). Future effort should focus on investigating mechanistic approaches to sorption
and solubility that allow more rigorous modeling to check predicted ranges (and perhaps PDFs) as a
function of chemistry for both solubility and sorption. Future work in alternative approaches to sorption
modeling is outlined in Chapter 20 of the TSPA. As the TSPA suggests,, it may not be necessary to
perform this research for all the radioelements, since many elements are believed to behave similarly.
This effort will have the value of providing a sound theoretical basis for predicting solubility limits and
sorption for several different radioelements, while providing guidance for and reassurance in ranges and
distributions resulting from the expert elicitation process. Providing some estimate of reaction kinetics
for SF dissolution might provide a more sound theoretical basis for determining the source term for
highly soluble radioelements such as Cs, C, Tc, I, Se, and Cl.
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A.8 REVIEW OF CHAPTER 10: THERMAL EFFECTS

Transient thermal effects were modeled in Chapter 10 of the TSPA and should be considered

a significant advance over the steady thermal models used in TSPA-91. The thermal effects are especially
important as the DOE considers in-drift emplacement and alternative thermal loading options (i.e.,
extended dry, minimal disturbance). A surprising result of the TSPA analyses is the effect of backfilling
the drifts at 70 yr. Backfill has a relatively low effective thermal conductivity so that it leads to a "spike"
in the waste package temperature following backfill. Figures 10-16, 10-17, 10-22, and 10-23 show an
approximately 300 'C increase in waste package and fuel-rod temperatures following backfill. The TSPA
calculations show the temperatures reaching 450 to 550 OC, which clearly will have a strong effect on

the waste package hydrologic environment and on waste package lifetimes. Although no apparent error
has been identified in the TSPA calculations, this result appears anomalous and warrants in-depth
investigation. It is suggested future TSPAs include:

* Improved analysis of gaseous and radiative heat transfer between the waste package and
unbackfilled drift wall

* Evaluation of radiative transfer in the loose backfill at high temperatures (200 to 400 'C)

* Experimental measurements of loose and compacted backfill material conductivity (which
were estimated to be 0.2 W/mC and 0.65 W/mC, respectively)

* Improved thermal analysis of the internal waste-package environment

A.9 REVIEW OF CHAPTER 11: SATURATED-ZONE MODELS

This chapter reports on two 3D models of flow in the saturated tuff and carbonate units that lie
below the proposed repository horizon at YM. The 2D model used in the TSPA-91 exercise was deemed
to be inadequate because it could not adequately represent the latest conceptual models developed to

explain the large hydraulic gradient that exists north and northwest of YM. The two models considered
here are referred to as the nondiversionary model and the diversionary model. For the nondiversionary
model, all water flowing in the tuffaceous units northwest of the area of large hydraulic gradient

continues to move within the tuffaceous units as the fluid is transported to the southeast. For the
diversionary model, a portion of the water in the tuffaceous units northwest of the area of large hydraulic
gradient flows abruptly downward in the area of the large gradient, and continues to flow toward the
southeast within the Paleozoic carbonate aquifer that underlies the tuffaceous aquifer. In order to calibrate
both models accurately to the measured hydraulic heads, the Solitario Canyon and Drill Hole Wash Faults

had to be modeled as low-conductivity zones. In addition, upwelling was incorporated into the model at
borehole H-5, which is located near a splay of the Solitario Canyon Fault, in order to achieve a
reasonable match with the measured head.

Travel times from radionuclide release points located in the saturated zone directly below the

repository to the accessible environment located 5 km downstream were determined by solving the 3D
transport equation. Individual velocity distributions were determined for each of the five uppermost
hydrostratigraphic units within the saturated zone. A one-dimensional (ID) advection-dispersion equation
was fitted to each velocity distribution to estimate the mean velocity and longitudinal dispersivity for a
hypothetical ID flow tube connecting the source location to the accessible environment through one of

A-15

C-53

I



-A

the five hydrostratigraphic units. The mean velocities determined in each hydrostratigraphic unit for the
nondiversionary and the diversionary models were used to define the upper and lower limits of a uniform
velocity distribution. The estimated longitudinal dispersivity for each flow tube was used to define the
lower limit of the uniform distribution of dispersivity. The upper limit of the uniform distribution of
dispersivities was estimated to be one-tenth of the length of each flow tube. In this TSPA, the
performance of the repository is compared to both the current EPA rule limiting cumulative release of
radionuclides and a postulated individual drinking-water dose standard. Because realistic estimates of the
drinking-water dose require that the effects of 3D mixing be included, the area of the flow tube was
allowed to increase with distance from the source.

A.9.1 Comparison With TSPA-91

Several changes have been made to the model of saturated zone flow and transport used in the
present work from that used for TSPA-91. The major change has been to switch from a 2D areal flow
model based on the conceptual flow model of Czarnecki and Waddell 1(1984), to a 3D flow model that
is more narrowly focused on YM and incorporates the latest conceptual models proposed by Fridrich et
al. (1994). Although a particle-tracking algorithm was written for the TSPA-91 to determine the velocity
distribution for the zero dispersion case, no effort was made to explicitly perform 3D particle tracking
for TSPA-93.

Differences in consequence model formulation are noted below:

* In TSPA-91 the predicted performance of the repository was compared only to the
cumulative release standard, while for TSPA-93 results were compared to both the
cumulative release standard and the proposed drinking-water dose standard.

* For TSPA-91 the saturated zone flow and transport model was 2D, while for TSPA-93 a 3D
flow and transport model was constructed.

* For TSPA-91 a single ID saturated zone transport tube was abstracted for the TPA model,
while for TSPA-93 two separate transport tubes were abstracted for transport in the Calico
Hills/Prow Pass units and for the Bullfrog unit.

* For TSPA-91 a single conceptual flow model was used, while for TSPA-93 two separate
conceptual models (the diversionary and nondiversionary models) were used.

Differences in data or parameter distributions are noted below:

* In TSPA-91 the ID transport tube velocities were assumed to be distributed according to the
beta distribution, while in TSPA-93 the velocities in each of the two ID transport tubes were
assumed to be uniformly distributed.

* In TSPA-91 the longitudinal dispersivity was assumed to be distributed log-uniform, while
in TSPA-93 the longitudinal dispersivity was assumed to be uniform.
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A.9.2 Key Technical Uncertainties and Open Items

By developing a fully 3D model that explicitly incorporates specific hydrogeologic features, it
appears that this TSPA has at least partially addressed KTUs on the development of conceptual and
mathematical flow models representative of the YM site groundwater flow system that were identified
in review plans 3.3, 3.2.2.1, and 3.2.2.9. The development of the diversionary flow model in TSPA-93
is a credible attempt to address the KTUs on the nature of the large hydraulic gradient located north of
YM that were identified in review plans 3.2.2.1, 3.2.2.8, and 3.2.2.9. The development of the more
detailed 3D flow models for TSPA-93 may partially address concerns raised in SCA comment 18 on the
consideration of FEPs essential for a valid mathematical representation of the hydrogeologic flow system.

A.9.3 Summary of Unresolved TSPA Issues

Concerns were raised in the review of TSPA-91 that the ID solute transport model used could
not explicitly incorporate the effects of varying fracture aperture. It does not appear that this issue has
been addressed in TSPA-93.

A.9.4 Identification of New Potential TSPA Issues

The development of the diversionary 3D flow model was undertaken for TSPA-93 to address
the nature and possible effect on repository performance of the steep hydraulic gradient located north of
YM. The incorporation of this hydraulic feature constitutes the development of a new FEP.

A.9.5 Suggestions for In-Depth Analysis

The vertical dimension of the 3D flow model should be extended to at least the presumed depth
of the Paleozoic carbonate aquifer so that the diversionary model can be treated more realistically.
Detailed analyses should be conducted to determine the effect, if any, that the relatively large upper limits
used in TSPA-93 for ID longitudinal dispersivity and vertical transverse dispersivity have on the
estimated drinking-water dose.

A.10 REVIEW OF CHAPTER 12: GASEOUS FLOW AND TRANSPORT

A.10.1 Model Comparison

TSPA-93 defines and combines gaseous releases through three parallel east-west cross sections,
TSPA-91 from four east-west cross sections, and PNL-93 considers a single east portion of YM ridge.
TSPA-93 and TSPA-91 both assume an initial 57 kW/acre thermal load, but the waste in TSPA-93 is
older (30 yr compared to 10 yr). TSPA-93 consequently has a smaller effective repository area, heat
output and temperatures are less, and travel times are shorter. PNL-93 has an initial heat source of
76 kW/acre.

TSPA-91 and TSPA-93 model the hydrologic stratigraphy in three layers-nonwelded tuff
sandwiched between two welded tuff strata. The nonwelded tuff is assumed to have one tenth the
permeability of the welded in TSPA-93 and one hundredth of the permeability in TSPA-91. PNL-93 has
five strata, each with empirically defined material properties and tortuosities defined with a semi-empirical
model.

A-17

C-55



* 0

TSPA-91 models steady-state, 2D gaseous flow with TGIF. TSPA-93 uses three computer
models: TGIF2, to determine transient, 2D coupled gas and heat flow; PHREEQE, to define retardation
factors and transport velocities; and TRACK, to compute particle travel time and trajectory. The source

term is simplified to a curve fit equation, while the source term in TSPA-91 was defined with temperature
stepping. TSPA-91 and TSPA-93 consider gas flow by advection only, while the transient 3D code,
MSTS used in PNL-93, adds molecular diffusion. The MSTS model also considers dilute species transport
and vapor pressure lowering. None of the studies explicitly models gas, flow through fractures, but
consider flow through an equivalent porous medium.

A.10.2 Data Comparison

All the performance assessments use retardation/permeability factors, based on CO2 sorption
with water, to scale travel-time distributions. The retardation factor in TSPA-93 and PNL-8444 have been
improved from TSPA-91 to include the influence of temperature. The factor distribution is about three
times higher for TSPA-93 than for TSPA-91.

TSPA-91 and TSPA-93 assume relative humidity of 100 percent, an assumption valid for
temperatures less than the boiling point of 96 'C, but less so for higher temperatures. The TSPA-93
model effectively predicts far-field temperature and gas flow, but is less accurate around the repository.
All the analyses ignore near-field details including the effects of the waste container design or
emplacement. In high-temperature regions, the codes spread heat over several rows of mesh blocks.

A.10.3 Summary of Issues

Gas phase transport is strongly dependent on permeability contrasts between the Paintbrush
Nonwelded and Topopah Springs Welded units. Bulk permeability in the nonwelded layer is a key reason
for differences in the longer travel times in TSPA-91 (which used 10-'3 m2) and TSPA-93 (which more
conservatively used 10-12 m2). The lower permeability made the gas flow around, rather than through,
the layer. Increasing the permeability to 10-12 m2 reduced the predicted travel time by more than an order
of magnitude. The TSPA-93 value seems overly conservative in view of permeabilities in the Paintbrush
nonwelded unit from 2 x 10-14 to 7 x 10-' rn2 reported by Montazer et al. (1986).

A.10.4 Identification of Potential New Issues

The Ghost Dance Fault and the backfilled tunnels have been ignored as potential pathways for
14C release. These paths may prove significant channels for gas flow.

A.10.5 Suggestions for In-Depth Analysis

The spatial distribution of bulk permeability (particularly in the nonwelded region) is essential
for a reasonable estimate of gaseous release. The spatial distribution is currently uncertain. The models
may be improved to include the effects of moisture saturation on gas flow and unsaturated water flow.
Unsaturated water flow is omitted in TSPA-91 and TSPA-93. Liquid is simply assumed to move toward
areas of evaporation. The effect of surface boundary changes over the next 10,000 yr on gas flow may

also merit investigation. The assumption that fractures are sufficiently random may be false.
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A.11 REVIEW OF CHAPTER 13: SOURCE-TERM MODEL AND
CHAPTER 14: NOMINAL-CASE RELEASES: COMPOSITE-POROSITY
MODEL

A.11.1 Modelling Approach for Source-Term

The following items indicate the main features and differences between the TSPA-93 and the
approaches used in earlier TSPA-91 and PNL-93:

* The source-term model described in TSPA-93, namely, YMIM, appears to be highly flexible
and can easily be adapted to use alternate models in its modules. The basic YMIM model
is a standalone application that runs on a Macintosh or Sun computer.

* The YMIM model is a functional improvement in many respects over the source-term
models used in TSPA-91. Improvements include: (i) mechanistic thermal dependencies, (ii)
container and cladding failure mechanisms, (iii) dependence on geochemical properties and
episodic near-field hydrology, and (iv) more detail in time histories of input parameters.

* To limit complexity and running time, less detail is modeled in other topics in TSPA-93 as
compared to TSPA-91. For example, YMIM has no diffusive release, but has advective
release whenever there is groundwater flux and a breached container and cladding. The
threshold for local seepage flow based on global parameters is not modeled, but groundwater
flow time history is an input. Local spatial variability is not modeled in the basic YMIM,
but is handled by multiple calls to YMIM with different parameter sets.

* TSPA-93 has time-dependent input geochemistry and temperature-dependent radionuclide
solubility rates, although these rates were taken as constant for the TSPA-93 inputs.

* Container breach in the TSPA-91 source term was represented by input delay and duration
of breach times subsequent to the wetting time for different containers generated by expert
judgment or prior analysis. TSPA-93 has a model for one- or two-walled containers and
several corrosion processes.

* The pitting corrosion model in TSPA-93 gives a stochastic distribution of breach times for
a given environment history. Earlier TSPAs assumed a linear failure rate for containers and
did not have a specific container failure model.

* TSPA-93 has a cladding model that gives a distribution of cladding breach times; earlier
TSPAs did not give credit to fuel cladding serving as a barrier.

* TSPA-93 models release of solubility-limited radionuclides, limited by water flux, that may
be slower than the TSPA-91 diffusion process. Release of highly soluble radionuclides such
as 135Cs may be fIster than in the TSPA-91 diffusion process with retardation.

* TSPA-93 does not model the release and migration of radionuclide via colloids. This lack
is considered a potential area of concern that is currently being investigated at the NRC and
the CNWRA (Manaktala et al., 1994).
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A.11.2 Limitations on Comparisons

TSPA-91 did not consider releases from vitrified (borosilicate) wasteforms. TSPA-93 addresses
the release of radionuclides from vitrified wasteforms by considering it as some number of equivalent SF
containers/assemblies. This approach is not justifiable since the release mechanism of radionuclides from
SF and vitrified wasteforms are quite different.

A.11.3 Key Technical Uncertainties Addressed

Although no KTU specifically addresses radionuclide release from SF and vitrified wasteforms,
assumptions made in Chapters 13 and 14 have implications for numerous KTUs related to:

* Radiolytic effects of the SF on geochemistry and corrosion of waste package materials,

* Difference in the performance of waste packages containing SF and vitrified wasteforms,

* Formation of colloids from engineered barrier systems components (waste package, etc.) and
human-introduced materials (Meike, 1993; Manaktala et al., 1994).

The above issues are not discussed in Chapter 13 or 14 nor are they explicitly addressed by the
models described in TSPA-93.

A.11.4 Existing Unresolved Issues

Both PNL and TSPA-91 recommended that future efforts include a larger list of radionuclides
in aqueous release scenarios. This larger list has not been included in TSPA-93, and the choice of
nuclides to consider is a potential source of controversy.

Earlier models expressed a need for explicit source submodels for nuclides in the cladding, fuel-
assembly hardware, and vitrified wasteforms. TSPA-93 still treats all waste under a single SF source
model [see also CNWRA review of TSPA-91 and PNL-93, Gureghian and Baca, 1993a,b]

The CNWRA review of TSPA-91 and PNL-93 noted that fuel burnup was likely underestimated
in calculations of radionuclide inventory. Burnups are higher in TSPA-93, but consideration is not given
to even higher values that are reflective of the current trends. This higher rate of burnup has implications
for both inventory and release characteristics of radionuclides from the SF (Manaktala et al., 1994).

A.11.5 Potential New Issues

TSPA-93 intends to credit the fuel cladding for serving as a barrier for release of radionuclides
from SF. However, no methodology has been proposed as to how the condition or integrity of millions
of individual SF rods currently in storage will be evaluated or considered in the models.

TSPA-93 does not address the issue of failed or leaker rods that are currently in storage. There
was a propensity for failed fuel during the late 1960s and early 1970s. BWRs had higher incidences of
failure than PWRs.

A-20

C-58



* 0

Although it is well know that low-solubility species are predominantly released from SF and
vitrified wasteforms in colloidal form, the source-term models described in TSPA-93 are based on
solubility limited assumptions. The use of such assumptions has the potential of grossly underestimating
the release and possibly the migration of actinides in a geologic environment (Kim, 1993).

A.11.6 Suggestions for In-depth Analysis

An independent source-term model needs to be developed for vitrified HLW rather than
addressing releases from vitrified wasteforms as releases from some equivalent packages containing SF.
The approach used in TSPA-93 is questionable as the radionuclide release mechanisms applicable to
vitrified wasteforms are not the same as those applicable to SF. Methodology for evaluating credit that
can be taken for SF cladding of different vintage and different condition, discharged over 2 to 3 decades,
needs to be developed. The role of radionuclides released in colloidal form need to be assessed and
explicitly accounted for in the source-term models.

A.12 REVIEW OF CHAPTER 15: NOMINAL-CASE RELEASES: WEEPS
MODEL

A.12.1 Scenario Analysis

The chapter falls under the nominal scenario classification, and addresses four repository cases,
namely: (i) 57 kW/acre and vertical emplacement, (ii) 57 kW/acre and in-drift emplacement, (iii) 114
kW/acre and vertical emplacement, and (iv) 114 kW/acre and in-drift emplacement. It also addresses
(even though it does not explicitly discuss) two climate cases, namely: (i) wet (ice age) climate with an
average infiltration rate of 10 mm/yr, and (ii) dry (interglacial) climate with an average infiltration rate
of 0.5 mm/yr.

A.12.2 Data or Parameter Distributions

Wilson (1993) and Gauthier et al. (1992) showed that a large number of small weeps are worse
for performance than a small number of larger weeps. Weep size is fully characterized in both TSPA-91
and TSPA-93 by the aperture and width of the weep. As such, the description of the weeps can be
conservatively estimated by using general fracture data.

TSPA-91 assumed that all weeps were of the same size. A major improvement has been
incorporated in TSPA-93 by relaxing this assumption and employing weeps of varied sizes during each
of the repeated realizations.

Aperture distribution in TSPA-91 was assumed to be lognormal with a minimum of 10 pm and
a maximum of 1 mm, giving a mean of 214 mm. In TSPA-93 the aperture distribution was assumed to
be exponential with a mean of the distribution chosen randomly between a minimum and a maximum of
100 and 260 um, respectively, giving a mean of 180 pm.

TSPA-91 assumed that weep flow was held constant for 10,000 yr. TSPA-93 did not make this
assumption; weep flow was altered during the course of the simulations as a consequence of hydrothermal
and climate effects.
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TSPA-91 made use of the connectivity and absorption factors. TSPA-93 did not include the
effects of these factors.

TSPA-91 did not consider juvenile failures, and the source term was provided by O'Connell of
Lawrence Livermore National Laboratory (LLNL). In TSPA-93, juvenile failures were considered and
the YMIM model developed by LLNL was added in the analysis.

TSPA-93 considered two types of container emplacement: a site characterization plan-based
vertical emplacement, and a multipurpose, in-drift container.

A.12.3 Limitations on Comparisons

The YMIM source-term approach, used in the TSPA-93 weeps model, is taking into
consideration hydrothermal effects. These effects were not accounted for in TSPA-91. Therefore, the
results are not directly comparable. Similarly, TSPA-91 did not take into account climatic changes.
Therefore, the TSPA-93 and TSPA-91 results are not directly comparable.

A.12.4 Existing Unresolved Issues

TSPA-91 made several recommendations for future work that pertain to the weeps model.
However, these recommendations were either not followed, or the actions taken fell short of the spirit
of the suggested work. Specifically, issues that did not get resolved in TSE'A-93 include the following:

TSPA-91 called for a formal sensitivity study in order to identify model parameters that are
most important. It is not apparent on what grounds TSPA-93 concluded that the connectivity and
absorption factor effects are insignificant without a formal sensitivity study, as explicitly called for in
TSPA-91.

On the same technical issue, TSPA-91 called for future work to investigate the importance of
correlations among parameters. Furthermore, the audit review of TSPA-91, conducted by CNWRA,
identified the correlation of the connectivity factor with statistical properties of fractures as an important
limitation of the weeps model. Contrary to all recommendations, TSPA-93 did not even account for the
connectivity factor.

On the same technical issue, TSPA-91 called for the refinement of the weeps model by, for
example, quantifying the absorption factor by using detailed submodels rather than sampling from random
distributions. Yet, TSPA-93 did not even account for the absorption factor.

Regarding the source-term issue, TSPA-91 called for the incorporation of more realistic
calculations, dependent upon the container environment (moist versus wet containers). However,
TSPA-93 assumed that when a container is not contacted by a weep it does not corrode, even though
moisture exists in the backfill that could allow aqueous corrosion.

A.12.5 Potential New Issues

The most important potential new issue that this chapter identified is the container target size.
The results of TSPA-93 indicate that, in terms of the weeps model anal yses, a vertical SCP-based design
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would be preferable to the proposed MPC design. Another important issue is the recognition that
container emplacement should minimize moisture contact with the container.

A.12.6 Suggestions for In-Depth Analysis

Based on the unresolved and potential new issues discussion, the following constitutes a list of
suggestions for future in-depth analysis:

* TSPA-93 assumed that the temperature for a given container can be linearly interpolated
between the hot and cold temperature-overtime functions. This interpolation is based on the
distance between the container on the edge of the dryout zone and one on the edge of the
repository. A linear interpolation may be a good first step. but it certainly does not guarantee
that it is a conservative approximation. Some selected cases should be tested with other
interpolation schemes or results from heat transport simulations in order to test the
conservative nature of the linear interpolation approximation. Moreover, another inherent
assumption is made in TSPA-93, namely, that as time progresses the temperature-distance
relationship remains constant. This description is probably not accurate. Analyses need to
be conducted to verify the validity or conservatism in this assumption.

* TSPA-93 discusses the implications of the weeps model not having been formally validated.
This observation is a good one and should be followed by field studies in order to
substantiate the model's realism. The three methods suggested in TSPA-93 for the qualitative
validation of the weeps model are a good solid first step toward achieving this goal.
However, of the three methods, only the second one, namely the investigation of geologic
records for the signature of previous weep flow, is likely to be successful. A substantial
amount of effort needs to be expended toward this approach.

* The weeps model needs to be enhanced by allowing corrosion in a moist environment
whether or not the container is contacted by a weep. This capability is especially important
in the case of gaseous releases.

A.13 REVIEW OF CHAPTER 16: HUMAN INTRUSION

A.13.1 Scenario Analysis

Both TSPA-91 and PNL-93 assume a human intrusion scenario with four cases:

* Exhumed container waste

* Exhumed column of contaminated rock

* Direct waste injection into the tuff aquifer

* Direct waste injection into the Paleozoic (carbonate) aquifer.

TSPA-93 assumes a human intrusion scenario with one case:
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As a result of drilling, radioactive contaminants are carried to the surface by entrainment in
the drilling fluids.

All models use a geometric comparison of area of drillholes to area of waste packages and
contaminated rock to determine hits or near misses, which release contaminants to the drilling fluid.
TSPA-93 purports to be -more sophisticated than previously and the data more realistically describe the
repository inventory."

A.13.2 Consequence Model Formulation

The philosophy of deriving the consequence models is not different between the three TSPAs.
Geometric means to determine the probability of nuclide release are devised and applied. The elegance
by which the waste packages are encountered, emplaced, aged, and evaluated for release is most refined
in the recent TSPA-93.

A.13.3 Any Significant Differences in Data or Parameter Distributions

The following points are applicable to TSPA-93:

* Releases are calculated for both 10,000 and 1,000,000 yr into the future

* Four types of waste-type packages are analyzed for each of four different emplacement
configurations

- Hybrid, BWR-Fuel, PWR-Fuel, and HLW packages are evaluated for borehole
configurations of 57 and 114 kW/acre and for in-drift configurations of 57 and
114 kW/acre.

* Emplacement configuration differences result in four different sized repository areas

* The four thermal loading and emplacement cases that are analyzed in TSPA-91 differ from
TSPA-93 because of different container sizes, spacings, and numbers.

- For each of the waste package types, further descriptive distinction is provided by
defining container capacity, inventory fraction, near-miss fraction, container spacing, and
container lifetime associated with each type package. These differences are then
accounted for within the release calculations.

* Because of the definition of in-drift overpacks containing four HLW canisters and a 0.61-m
diameter drill bit, it is possible to release the contents of fbur canisters in one drillhole in
the TSPA-93.

* In TSPA-93, elements other than 129I and 90Tc that were the near-miss fraction of TSPA-91
have been added to the analyses. These added elements are Cs, Se, C, and Cl.

A-24

C-62



* Waste-container lifetime studies have been incorporated into the TSPA-93 using temperatures
to which containers are exposed, the near-field hydrology, and the corrosion rates of the
container materials to condition failure times.

* No data are presented or analyzed for the tuff or carbonate aquifers since the scenario for
contaminant release to either aquifer is not a part of TSPA-93.

A.13.4 Key Technical Uncertainties Identification

Two questions were posted in NUREG-1347 (Nuclear Regulatory Commission, 1989) pertaining
to natural resources that are tied to future inadvertent human intrusion into a repository. Question 14
refers to historical records of drilling and excavation in the YM area, while question 15 deals with
demonstration by the DOE that "the mineral resource potential of the site is considered low." Both of
these comments relate to an understanding of the likelihood that mineral resources thought to be present
at YM would encourage future human intrusion into a repository. Neither relates directly to the scenarios
in the three TSPAs because the probability of human intrusion has been defined as 1 in each TSPA,
which effectively short-circuits the connection of the likelihood of future human intrusion based on the
presence of naturally occurring materials at YM [see Potentially Adverse Condition-Naturally Occurring
Materials in 10 CFR Part 60.122(c)(17)].

Within the KTU formulation conducted by the NRC and CNWRA, there is an often referred
to KTU that deals with the inability to predict future human activities during the span of 10,000 yr much
less the 1,000,000-yr span included in TSPA-93. Again, this KTU has been defused by assuming current
drilling techniques are used in the future and assuming that the probability of human intrusion is 1.

A.13.5 Summary of Issues

Each of the analyses mentions that the drilling probability is assumed to be 1 for the scenario
and that the number is conservative but might be better defined. In addition, each analysis uses the
EPA-suggested number of three drillholes anticipated per square kilometer for the 10,000-yr life of the
repository. This number may or may not be conservative for the mineral-rich southern Nevada region
in which the proposed repository is located.

A.14 REVIEW OF CHAPTER 17: MAGMATIC ACTIVITY

This is the first TSPA study to attempt to account for the indirect effects of volcanism. It is a
new approach in SNL TSPA research. As the authors point out, no attention has been given to revising
probability and consequence models of direct magmatic disruption developed in previous DOE TSPA
models.

The physical models of indirect effects of volcanism presented in the TSPA-93 report do not
capture the geologic reality of magma cooling and degassing. The report does not refer to the extensive
literature on these topics. The simple physical models developed severely underestimate the longevity and
areas affected by these processes.

This PA model for the indirect effects of volcanism does not use data to test or bound the
model, which is a severe limitation to the current approach. Furthermore, the range of thermal
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conductivities used does not appear to encompass repository backfill or fractured tuff. Rather the
parameter distributions are limited to welded tuff and dikes. There is likely a one order of magnitude
difference between the thermal diffusivity of backfill and the thermal diffusivity of welded tuff.

The formulation of the CCDFs presented in Chapter 17 is not clear. The CCDF is inaccurate
if stated assumptions are followed throughout the report. For example, it seems unlikely that the CCDF
is accurate if the effects have not been included in the source term (Yl\MIM model).

TSPA-93 represents a first attempt to model this magmatic phenomena and does not successfully
address open items or KTUs. KTUs that need to be addressed by this research, however, include: (i)
inability to sample igneous features, and (ii) impact of magmatism on the hydrologic setting of the
candidate repository.

A.14.1 Existing Unresolved Issues

The TSPA-93 approach to volcanism issues addresses new problems in volcanology that have
not been previously discussed. Whereas previous TSPA reports have attempted to model the probability
and impact of direct volcanic disruption, this report deals solely with the indirect effects of volcanism.
These effects include thermal loading and the corrosive effects of volcanic gases. No attempt is made in
the report to further refine:

* Probability models for the occurrence of magmatic events

* Consequence models of direct disruption

A.14.2 Potential New Issues

As discussed previously, TSPA-93 does not appear to conservatively model indirect effects of
volcanism.

A.14.3 Suggestions For In-Depth Analysis

A simple test of the TSPA-93 model can be performed using data collected at recently active
cinder cones. The cooling rates, presented in Figures 17-2 and 17-3 and on which the entire analysis
hinges, can be tested using data collected at cooling cinder cones and cooling dikes to determine if the
simplified physics presented in the TSPA-93 model captures the important details of the process.

A.15 REVIEW OF CHAPTER 22: BAROMETRIC' PUMPING THROUGH
UNSATURATED FRACTURED ROCK

A.15.1 Potential New Issues

As mentioned by the authors of Chapter 22, these analyses are still preliminary in nature. There
are large differences in the magnitude of flux of respired water vapor predicted by analyses in TSPA-93
compared to analyses by Tsang and Pruess (1989, 1990). Confirmatory analyses of the analyses in
TSPA-93 consist of comparisons with a numerical solution for evaporation/condensation effects on
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vapor/liquid flow by Udell and Fitch (1985) and an analytical solution for barometric pumping on
contaminant transport by Nilson et al. (1991) in Chapter 21 of TSPA-93. Additional independent analyses
are required to provide confidence in the Chapter 22 analyses. The respiration attributed to barometric
pumping of water vapor has to be substantiated prior to abstracting the process into the TSPA.

A.15.2 Suggestions for In-Depth Analysis

Suggestions for in-depth analysis are noted below:

* Accurate fracture gas permeabilities would reduce the uncertainty currently contained in the
assumptions of parallel-plate fractures analyses

* Permeabilities of fractures transporting gases must account for water content to be
representative

* Effective depth of connected gas pathways has to be determined to assess the importance of
barometric pumping of water vapor

A.15.3 Identification of Key Technical Uncertainties

Barometric pumping of water vapor has not been identified as a KTU.

A.16 REVIEW OF CHAPTER 23: APPROPRIATENESS OF
ONE-DIMENSIONAL CALCULATIONS

A.16.1 Scenario Analysis

This chapter is part of a nominal flow scenario development (without disruptive events),
focusing on both unsaturated and saturated zone hydrology. This chapter contains information intended
for calculational exercises to be performed to test the process of abstraction. This calculation is a step
forward in the process of abstracting essential information from the vast data set that the repository-
development program gathers. The scenario seems to be the same as earlier DOE TSPAs. However,
results from this chapter have not been included in the executive summary, suggesting that this work is
still in a developmental state, and may be included in future TSPAs based on the findings.

A.16.2 Consequence Models

This chapter is dedicated mostly to the development of understanding of a complex flow system
by simplifying scenarios. It also contains models of important FEP, such as unit gradient approach, which
is a step ahead of earlier TSPAs.

A.16.3 Limitations in the TSPA-93 Report

This chapter seems to be a new topic. It would have been helpful if the author had mentioned
what deficiency in TSPA-91 and PNL-93 prompted the study presented in this chapter. This work is
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ongoing. Therefore, whether a 2D field can be represented by ID approximation is yet to be seen,
perhaps after the concept has been incorporated into ID TOSPAC code.

A.16.4 Suggestions for In-Depth Analysis to Analyze Behavior of TSPA-93 Model

Because of the vast scope of the TSPA studies, not all aspects of the system can be modeled in
sufficient detail for individual processes. Therefore, the TSPA studies must focus on the determination
of proper bounds, and these bounds should act as a tight envelope on all possible variabilities that may
affect the possible outcomes if they were studied as separate processes. This chapter in some cases has
made such an attempt, though the scope needs to be expanded.

A.17 REFERENCES

Andersson, K. 1988. SKI Project-90: CHEhfCJIL DATA. SKI TR 91:21. Stockholm, Sweden: Swedish
Nuclear Power Inspectorate.

Barnard, R.W., M.L. Wilson, H.A. Dockery, J.H. Gauthier, P.G. Kaplan, R.R. Eacton, F.W. Bingham,
and T.H. Robey. 1992. 7SPA 1991: An Initial Total-System Perfi7rmance Assessmentfor Yucca
Mountain. SAND91-2795. Albuquerque, NM: Sandia National Laboratories.

Barr, G.E., E. Dunn, H. Dockery, R. Barnard, G. Valentine, and B. Crow. 1993. Scenarios Constructed
for Basaltic Igneous Activity at Yucca Mountain and Vicinity. SAND91-1653. Albuquerque,
NM: Sandia National Laboratories.

Czarnecki, J.B., and R.K. Waddell. 1984. Finite Element Simulation of Ground-Water Flow in the
Vicinity of Yucca Mountain, Nevada-California. U.S. Geological Survey Water Resources
Investigations Report 84-4349. Denver, CO: U.S. Geological Survey.

DeWispelare, A., L.T. Herren, M. Miklas, and R. Clemen. 1993. Expert Elicitation of Future Climate
in the Yucca Mountain Vicinity-Iterative Performance Assessment Phase 2.5. CNWRA 93-016.
San Antonio, TX: Center for Nuclear Waste Regulatory Analyses.

Eslinger, P.W., L.A. Doremus, D.W. Engel, T.B. Miley, M.T. Murphy, W.E. Nichols, M.D. White,
D.W. Langford, and S.J. Ouderkirk. 1993. Preliminary Total-System Analysis of a Potential
High-Level Nuclear Waste Repository at Yucca Mountain. PNL-93. Richland, WA: Pacific
Northwest Laboratory.

Fridrich, C.J., W.W. Dudley, Jr., and J.S. Stuckless. 1994. Hydrogeologic analysis of the saturated-zone
ground-water system, under Yucca Mountain, Nevada. Journal of Hydrology 154: 133-168.

Gauthier, J.H., M.L. Wilson, R.R. Peters, A.L. Dudley, and L.H. Skinner. 1992. Total System
Performance Assessment Code (TOSPAC) Volume 2: User's Guide. SAND85-0004.
Albuquerque, NM: Sandia National Laboratories.

Gureghian, A.B., and R.G. Baca. 1993a. Audit Review of Department of Energy's Total System
Performance Assessment: Barnard et al., 7SPA 1991: An Initial Total-System Performance
Assessmentfor Yucca Mountain. SAND91-2795. Sandia NationalLaboratories:Albuquerque,

A-28

C-66



NM (1992). Letter Report. San Antonio, TX: Center for Nuclear Waste Regulatory
Analyses.

Gureghian, A.B., and R. G. Baca. 1993b. Audit Review of Preliminary Total-System Analysis of a
Potential High-Level Waste Repository at Yucca Mountain: Eslinger et al., 1993: PNL-8444,
UC-814, Richland, WA: Pacific Northwest Laboratory. A letter Report. San Antonio, TX:
Center for Nuclear Waste Regulatory Analyses.

Kim, J.1. 1993. The chemical behavior of transuranic elements and barrier functions in natural aquifer
systems. Materials Research Society Symposium Proceedings. C.G. Interrante and
R.T. Pabalan, eds. Boston, MA: Materials Research Society 294: 3-21.

Manaktala, H.K. 1993. Characteristics of Spent Nuclear Fuel and aadding Relevant to High-Level Waste
Source Term. CNWRA 93-006. San Antonio, TX: Center for Nuclear Waste Regulatory
Analyses.

Manaktala, H., D. Turner, T. Ahn, V. Colten-Bradley, and E. Bonano. 1994. Potential Implications of
Colloids on the Long-Term Performance of a High-Level Radioactive Waste Repository. San
Antonio, TX: Center for Nuclear Regulatory Analysis. Draft CNWRA Report. In preparation.

Meike, A. 1993. Other introduced materials: Considerations for colloid formation. Sante Fe, NM. Yucca
Mountain Site Characterization Colloid Workshop. Washington, DC: U.S. Department of
Energy.

Montazer, P., E.P. Weeks, F. Thanier, S.N. Yard, and P.B. Hofrichter. 1986. Monitoring the vadose
zone in fractured tuff, Yucca Mountain, Nevada. Proceedings of the National Well Water
Association Conference on Characterization and Monitoring of the Vadose (Unsaturated) Zone.
Worthington, OH: National Well Water Association.

Nilson, R.H., E.W. Peterson, K.H. Lie, N.R. Burkhard, and J.R. Hearst. 1991. Atmospheric pumping:
A mechanism causing vertical transport of contaminated gases through fractured permeable
rock. Journal for Geophysical Research 96(B13): 21.

Nitsche, H., R.C. Gatti, E.M. Standifer, S.C. Lee, M. Muller, T. Prussia, R.S. Deinhammer,
H. Maurer, K.D. Becraft, S. Leung, and S.A. Carpenter. 1993a. Measured Solubilities and
Speciation of Np, Pu, and Am in a 7ypical Groundwater (J-13) from the Yucca Mountain
Region. LA-12562-MS. Los Alamos, NM: Los Alamos National Laboratory.

Nitsche, H., K. Roberts, T. Prussin, D. Keeney, S.A. Carpenter, K. Becraft, and R.C. Gatti. 1993b.
Radionuclide solubility and speciation studies for the Yucca Mountain Site Characterization
Project. Proceedings of the Fourth Annual International High-Level Radioactive Waste
Management Conference. La Grange Park, IL: American Nuclear Society: 1,490-1,495.

Nuclear Regulatory Commission. 1989. NRC Staff Site Characterization Analysis of the Department of
Energy's Site Characterization Plan, Yucca Mountain Site, Nevada. NUREG-1347. Washington,
DC: Nuclear Regulatory Commission.

A-29

C-67



Nuclear Regulatory Commission. 1994a. Draft License Application IReview Plan for the Review of a
License Application for a Geologic Repository for Spent Nuclear Fuel and High-Level
Radioactive Waste, Yucca Mountain Site, Nevada. (In Press). Washington, DC: Nuclear
Regulatory Commission.

Nuclear Regulatory Commission. 1994b. 10 CFR Part 60, Disposal of High-Level Radioactive Wastes
in Geologic Repositories. Washington, DC: Nuclear Regulatory Commission.

Reardon, E.J. 1981. Kd's-Can they be used to describe reversible ion sorption reactions in contaminant
migration? Groundwater 19: 279-286.

Tsang, Y.W., and K. Pruess. 1989. Preliminary Studies of Gas Phases Flows Effects and Moisture
Migration at Yucca Mountain, Nevada. LBL-28819, DE90 016642. Berkeley, CA: Lawrence
Berkeley National Laboratory.

Tsang, Y.W., and K. Pruess. 1990. Further Modeling Studies of Gas Movement and Moisture Migration
at Yucca Mountain, Nevada. LBL-29127. Berkeley, CA: Lawrence Berkeley National
Laboratory.

Udell, K.S., and J.S. Fitch. 1985. Heat and Mass Transfer in Capillary Porous Media Considering
Evaporation, Condensation, and Noncondensable Gas Effects. Denver, CO: 23rd American
Society of Mechanical Engineers National Heat Transfer Conference.

Wilson, M.L. 1993. Sensitivity analyses for total-system performance assessment. Proceedings of the
Fourth Annual International High-Level Radioactive Waste Management Conference. La Grange
Park, IL: American Nuclear Society.

A-30

C-68


