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ABSTRACT

A technical review has been conducted of Sandia National Laboratories (SNL) report "A Strategy to Seal
Exploratory Boreholes in Unsaturated Tuff," SAND93-1184. The SNL report outlines an approach
whereby the U.S. Department of Energy (DOE) will seal boreholes to satisfy seal performance
requirements in 10 CFR Part 60. This technical review concentrates on: (i) conceptual comprehensiveness
of the sealing issues, (ii) technical comprehensiveness of sealing issues, and (iii) technical soundness of
proposed approaches and methods. Major concerns raised in this review include:
* Lack of a field testing plan aimed at assessing long-term seal performance
* Lack of acknowledgments and consideration of previous Nuclear Regulatory Commission
(NRC) guidance and NRC-sponsored research relevant to sealing
* Lack of integration of analyses supporting the development of borehole seal strategy and
other relevant aspects of the DOE high-level waste program, such as Total-System
Performance Assessment and Site Characterization Activities
* Lack of justification for selection of specific seal performance measure/goal for restricting
vertical flow through boreholes
* Superficial treatment of potentially important issues to the development of the seal strategy
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1 INTRODUCTION
The Sandia National Laboratories (SNL) report "A Strategy to Seal Exploratory Boreholes in Unsaturated
Tuff" (Fernandez et al., 1994), herein also referred to as SAND93-1184, outlines an approach whereby
the U.S. Department of Energy (DOE) will seal boreholes to satisfy seal performance requirements in
10 CFR Part 60. A technical review of the proposed strategy has been conducted by the Center for
Nuclear Waste Regulatory Analyses (CNWRA) and is reported here. The purpose of this technical review
is to assist the Nuclear Regulatory Commission (NRC) in ascertaining whether the proposed strategy has
a high probability of satisfying the pertinent regulatory requirements associated with sealing of boreholes.
It is clear that the DOE will be required to demonstrate the effectiveness of their proposed sealing
strategy and comply with the requirements in 10 CFR Part 60.
The proposed sealing strategy outlined in the SNL report is focused on three questions:
* Where to seal, relative to the potential repository and geologic setting
* How to seal, relative to the selection of seal materials, geometry, and placement methods
* When to seal, during the stages of potential repository operation
Answers for these questions are developed in the SNL report. This review concentrates on the following:
* Conceptual comprehensiveness of sealing issues
* Technical comprehensiveness of sealing issues
* Technical soundness of proposed approaches and methods
This report has three major components: (i) background, (ii) specific concerns, and (iii) general concerns.
The background is discussed in Section 2, and contains a review of the requirements in 10 CFR Part 60
associated with seals, a summary of NRC concerns about the DOE sealing program as identified in the
Site Characterization Plan (SCP), a summary of the NRC Technical Position on Sealing, and a summary
of the Key Technical Uncertainties (KTUs) associated with sealing in the NRC License Application
Review Plan (LARP). The most important issues identified during the review of the SNL report are
presented in Section 3 in a format consistent with previous NRC expression of concerns provided to the
DOE (e.g., Nuclear Regulatory Commission, 1989). The general comments are contained in Appendix
A, and provide a thorough listing of review comments ranging from the less critical (e.g., missing a
reference in the report) to the most serious.
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2 BACKGROUND
The NRC Office of Nuclear Material Safety and Safeguards (NMSS) has requested that the CNWRA
provide a technical review of the seal strategy report (Fernandez et al., 1994): SAND93-1184. This
background section is organized to familiarize the reader with the issues associated with the sealing of
boreholes, and contains:
* A review of the requirements in 10 CFR Part 60 pertaining to seals
* A summary of NRC concerns about the DOE sealing program presented in the SCP (U.S.
Department of Energy, 1988)
* A summary of the NRC Technical Position on Sealing (Gupta and Buckley, 1989)
* A summary of the KTUs associated with sealing in the NRC LARP (Nuclear Regulatory
Commission, 1994)
* A description of how concerns are identified and categorized in this review

2.1

REGULATORY REQUIREMENTS

The sealing of boreholes is explicitly cited as a concern in the NRC regulation 10 CFR Part 60.
Primarily, the regulation discusses the importance of sealing in three areas:
* Design criteria for the geologic repository operations area contained in 10 CFR 60.134
* Requirements for the DOE performance confirmation program (i.e., 10 CFR 60.142)
For completeness, these sections of the regulation are included as Appendix B of this report. Clearly, the
importance of sealing is evident by the number of explicit citations in the NRC regulation.

2.2

SITE CHARACTERIZATION PLAN OPEN ITEMS

In 1988, the DOE submitted its SCP for the Yucca Mountain Nevada site (U.S. Department of
Energy, 1988). Shortly thereafter, the NRC staff reviewed the SCP and produced a Site Characterization
Analysis (SCA) which identified concerns with the DOE proposed SCP (Nuclear Regulatory Commission,
1989). In the SCA, the proposed seal program was identified as an area of major concern in that
necessary data required to support a license application (LA) may not be available because the SCP relied
primarily on an untested engineered drainage system. The SCA highlighted that the SCP did discuss
proposed laboratory testing of seal materials, however, the large-scale in situ testing of seal concepts were
not planned during site characterization. It was recommended that the DOE start potentially important
large-scale in situ tests as early as practicable during site characterization and incorporate such tests in
the design of the Experimental Shaft Facility [currently, Exploratory Studies Facility (ESF)].
In addition to overall concerns, specific concerns were identified regarding sealing issues. The
specific concerns were organized into three categories that gauge the severity of the concerns: objections,
comments, and questions. The categories are described in Section 2.5.
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In total, the SCA generated 2 objections, 133 comments, and 63 questions. For sealing issues,
there were no objections, 3 comments, and 6 questions. Of these, two comments and two questions
remain unresolved (open items). The SCA open items associated with sealing are summarized in
Appendix C (reproduced from Nuclear Regulatory Commission, 1989).

2.3

NUCLEAR REGULATORY COMNMSSION'S TECHNICAL POSION

The NRC has issued a staff Technical Position (1P) on post-closure seals, barriers, and drainage
system in an unsaturated medium (Gupta and Buckley, 1989). In the TP, the principal design goals for
seals in an unsaturated medium are identified as the prevention of significant amounts of surface or
ground water from reaching emplaced waste, and the prevention of significant amounts of gaseous
radionuclides from escaping to the accessible environment. The TP addresses four sealing topics:
(i) design considerations, (ii) site characterization considerations, (iii) performance confirmation
considerations, and (iv) performance analysis considerations. Examples of suggested design considerations
are that the seal materials be geochemically compatible with the host rock and its environment, that
exploratory boreholes within the controlled area be sealed, and that seal designs should consider partial
and/or complete seal failure during the post-closure period. Examples of suggested site characterization
considerations include locating boreholes to limit the potential for infiltration of surface water, limiting
the number of boreholes to the extent practical, and planning boreholes so as not to compromise the
isolation capability of the site. Examples of suggested performance confirmation considerations include
a program for testing seals and flexibility during testing to improve the effectiveness of seals. Examples
of suggested performance analysis considerations include application of methodologies to predict
long-term performance in light of large uncertainties and explicit consideration of degraded seal
performance on post-closure performance.

2.4

KEY TECHNICAL UNCERTAINTIES

The NRC has identified two KTUs associated with seals in the LARP (Nuclear Regulatory
Commission, 1994):
* Predicting the long-term performance of seals for shafts, ramps, and boreholes
* Predicting the long-term performance of seals for the underground test boreholes
These KTUs suggest that the NRC expects the LA to consider the post-closure performance of seals (and
backfill material) in the design of shafts, ramps, and boreholes. In particular, the impact of
repository-generated thermal loads and repeated seismic loads on the long-term performance is to be
evaluated. In the KTUs, two technical issues are explicitly cited: whether the seals will remain effective
over long time periods and whether technology exists to install effective seals such that the intended
performance of seals can be achieved.
The KTUs emphasize that experience with long-term performance of seals is currently lacking.
Although available observations of the performance of some seal materials (for example, low-permeability
cements) seem to indicate that these components may be durable, it is uncertain what impact the following
will have on seal performance when subjected to:
* Repeated seismic loads
2-2

* Thermal-mechanical effects accentuated by the thermal load
* Thermal-hydrological-chemical effects accentuated by the thermal load
The uncertainties highlighted in the LARP are those considered most important by the NRC staff.

2.5

ORGANIZATION OF CONCERNS

General comments are presented in Appendix A of this report and have been organized to follow
the outline of SAND93-1184. The most important concerns have been identified and listed in Section 3.0
of this report. The most important concerns have been organized into three categories based on the
scheme developed by the NRC in the SCA (Nuclear Regulatory Commission, 1989), and further
developed in the Division of High-Level Waste Management Topical Report Review Plan: Objections,
Comments, and Questions.

2.5.1

Objections
An "objection" is a concern with the DOE program as presented in a study plan related to

either:
(i)

Potentially adverse effects on repository performance

(ii)

Potentially significant and irreversible/unmitigable effects on characterization that would
physically preclude obtaining information necessary for licensing

(iii)

Potentially significant disruption to characterization schedules or sequencing of studies
that would substantially reduce the ability of the DOE to obtain information necessary for
licensing

(iv)

Inadequacies in the Quality Assurance (QA) program which must be resolved before
work begins

Objections are reserved primarily for concerns with activities, tests, and analysis which, if started, could
cause significant and irreparable adverse effects on the site, the site characterization program, or the
eventual utility of the data for licensing (programmatic fatal flaws). Due to the irreparable nature of
objections, the NRC would recommend that the DOE not start work until the objections are satisfactorily
resolved.

2.5.2

Comments

A comment is a concern with the DOE program as presented in a study plan that would result
in a significant adverse effect on licensing if not resolved, but would not cause irreparable damage if site
characterization started before resolution. The DOE program could be modified in the future, with some
risk to not having the necessary information for licensing; the adverse effects would be primarily related
to the program schedule. Therefore, for these concerns, the DOE would start work at its own risk before
resolving such concerns with the NRC. The NRC would recommend timely resolution of comments. If
resolution is not achieved in a timely manner, comments could be elevated to the higher category of
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objections described above (i.e., potential significant disruption of schedules that would reduce the ability
to obtain information necessary for licensing).

2.5.3

Questions

A question is a major concern with the presentation of the DOE program in a study plan, such
as missing information that should be in the study plan, level of detail, contradictions, and ambiguities
that preclude understanding a part of the DOE program, thereby preventing the staff from being able to
comment. The NRC would recommend a timely response by the DOE to such questions. If a question
is related to a potential objection, satisfactory resolution should be accomplished before work begins. If
the question is not related to an objection, then the DOE could choose to proceed with work at its own
risk, and resolve the question in future reports.

24

3 SPECIFIC CONCERNS
In this chapter the major areas of concern identified during the review of the SAND93-1184 report are
summarized. This discussion represents the consensus of all reviewers and is supported by the specific
comments and questions included in Appendix A. Following the NRC classification of open items in need
of resolution in the DOE high-level nuclear waste (HLW) program, the findings of the review are
categorized as Objections, Comments, or Questions. Below, each comment is presented in the format
requested by the NRC.

3.1

OBJECTIONS

No concerns of an irreparable nature that would warrant a recommendation that the DOE not
start or continue work in the development of the exploratory borehole sealing strategy were found during
the review of SAND93-1184.

3.2

COMMENTS
One major area of concern was found that warrant being classified as a "Comment:"
* No discussion on the planning of field tests to be conducted to confirm long-term seal
properties and performance

This major concern was classified as a Comment because of its potential deleterious impact on
the DOE's ability to develop a defensible, acceptable, and practically implementable borehole seal
strategy. Failure by the DOE to resolve this concern could jeopardize the seal strategy.

3.2.1

Lack of Discussion on Plans for Field Tests to Characterize Long-Term Seal
Performance and Confirmation of Long-Term Seal Properties

Statement of Concern:
SAND93-1184 does not present a testing plan for large-scale in situ tests designed to confirm long-term
seal performance. The current seal strategy focuses primarily on the short-term performance of
as-emplaced seals, with little or no discussion on how the seals' long-term performance issues will be
addressed.
Basis:
The seal strategy does not address how seal performance will be confirmed, especially through field tests.
The importance of confirming seal performance was emphasized by the NRC to the DOE in the SCA
where "it is recommended that the DOE start potentially important large-scale in situ tests as early as
practicable during site characterization and incorporate such tests in the design of the ESF" (pg. 24,
Nuclear Regulatory Commission, 1989). Conformance testing is also emphasized in the 10 CFR 60.142
(see Appendix B of this report) where it is recommended that "testing shall be initiated as early as is
practicable." There is a general lack of data to support long-term predictions of performance, and it
appears that field tests will be necessary. SAND93-1184 does not discuss plans for needed large-scale
field tests.
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A primary concern of seal performance is the long-term behavior of seals subjected to thermal,
geochemical, and seismic loads (e.g., Nuclear Regulatory Commission, 1994). The SNL seal strategy
overly emphasizes the performance of recently emplaced, operative seals, but seems to ignore the longterm conditions that can affect seal performance.
Recommendation:
The exploratory borehole seal strategy should be revised to address how tests, particularly large-scale
field tests, will be designed and used to confirm long-term seal performance. In addition, the seal strategy
should pay more attention to the long-term post-closure performance of the seals that are subjected to
thermal, seismic and geochemical loads and changes.
3.3

QUESTIONS
Four major areas of concern were found that warrant being classified as 'Questions.' These are:
(i)

No citing or references of relevant previous NRC work

(ii)

Lack of integration with Total-System Performance Assessment (TSPA) and other
technical analyses and studies being conducted for the proposed Yucca Mountain
HLW repository

(iii)

No information (e.g., data, analysis, or references) to support the choice of
borehole seal performance measure/goal

(iv)

Superficial treatment of potentially important issues and lack of logical
traceability of supporting information

These major concerns were classified as Questions because the presentation of the information
in the report prevented the reviewers from fully understanding and evaluating the report. The Questions
typically address missing information, contradictions, and ambiguities. Failure by the DOE to resolve
these concerns could jeopardize the seal strategy.

3.3.1

No Citing of Previous Nuclear Regulatory Commission Work

Statement of Concern:
The SAND93-1184 report has overlooked relevant NRC guidance and research on the subject of sealing
boreholes. Although the NRC guidance is not legally binding, it is thought to be useful in providing input
into the DOE's program.
Basis:
The NRC TP on sealing of boreholes, shafts, and ramps (Gupta and Buckley, 1989) provides guidance
on how to develop a seal strategy that would have a high likelihood of compliance with the pertinent
requirements of 10 CFR Part 60. There is no discussion in SAND93-1184 regarding this TP or how the
information provided therein has been applied in the development of the borehole seal strategy. While
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it is recognized that the DOE need not adhere to NRC guidance, it is important for the DOE, when its
approach deviates from NRC guidance, to discuss the rationale and justification for the deviation. This
is important in order to provide assurances that favorable aspects of seal performance have not been
overestimated or that unfavorable ones have not been underestimated. No contradictions have been
identified, however, the TP clearly emphasizes the long-term effectiveness of seals and the importance
of confirmatory testing under anticipated repository conditions.
Several of the open items (e.g., Comments and Questions) related to the borehole sealing were identified
during the SCA (Nuclear Regulatory Commission, 1989). Some of these items had been resolved and
closed prior to the publication of SAND93-1184; however, several others remain open (e.g., SCA
Comment Nos. 73 and 74, and SCA Question Nos. 25 and 28). It was found that SAND93-1184 did not
address these open issues adequately (i.e., the issue was not addressed in the report or the discussion was
deemed to be incomplete). Consequently, these SCA open items remain unresolved and retain their
"open" status.
The NRC has sponsored, over the last decade or so, confirmatory research that is directly relevant to the
development of a borehole sealing strategy in unsaturated rocks. Some examples of recently published
reports summarizing this research are Akgun and Daemen (1991), Ran and Daemen (1991), Greer and
Daemen (1991), Ouyang and Daemen (1992), Sharpe and Daemen (1991), and Fuenkajorn and Daemen
(1991), among others. SAND93-1184 makes no reference to this research and corresponding results
discussed in these reports.
Recommendation:

The DOE should become familiar with previous NRC guidance, recommendations, and confirmatory
research relevant to the development of a borehole seal strategy. These should be analyzed for possible
application to the development of the strategy. If the DOE chooses to develop a strategy that deviates
from NRC guidance or recommendations, or is not consistent with the suggestions from NRC-funded
research, appropriate justification for the deviation should be provided.
References:
Akgun, H., and J.J.K. Daemen. 1991. Bond Strength of Cementitious Borehole Plugs in Welded Tuff
NUREG/CR-4295. Washington, DC: Nuclear Regulatory Commission.
Fuenkajorn, K., and J.J.K. Daemen. 1991. Mechanical Characterizationof Densely Welded Apache Leap
TuffJ NUREG/CR-5688. Washington, DC: Nuclear Regulatory Commission.
Greer, W.B., and J.J.K. Daemen. 1991. Analyses and Field Tests of the Hydraulic Performance of
Cement Grout Borehole Seals. NUREG/CR-5684. Washington, DC: Nuclear Regulatory
Commission.
Gupta, D.C., and J.T. Buckley. 1989. Technical Position on PostclosureSeals, Barriers, and Drainage
System in an Unsaturated Medium. NUREG-1373. Washington, DC: Nuclear Regulatory
Commission.
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Nuclear Regulatory Commission. 1989. NRC Staff Site CharacterizationAnalysis of the Departmentof
Energy'sSite CharacterizationPlan,Yucca Mountain Site, Nevada. NUREG-1347. Washington,
DC: Nuclear Regulatory Commission.
Ouyang, S., and J.J.K. Daemen. 1992. Sealing Performance of Bentonite and Bentonite/CrushedRock
Borehole Plugs. NUREG/CR-5685. Washington, DC: Nuclear Regulatory Commission.
Ran, C., and J.J.K. Daemen. 1991. Effectiveness of Fracture Sealing with Bentonite Grouting.
NUREG/CR-5686. Washington, DC: Nuclear Regulatory Commission.
Sharpe, C.J., and J.J.K. Daemen. 1991. Laboratory Testing of Cement Grouting of Fracturesin Welded
Tuff NUREG/CR-5683. Washington, DC: Nuclear Regulatory Commission.

3.3.2

Lack of Integration with Total-System Performance Assessment
and Other Technical Analyses/Studies

Statement of Concern:
There is lack of integration and coordination between the development of the exploratory borehole seal
strategy and other technical aspects of the DOE's HLW repository program, such as the TSPA, other
technical analyses, and the site characterization program. No evidence was found in SAND93-1184, that
the long-term conditions (e.g., scenarios, and site properties) that could affect repository performance
and hence compliance with the requirements of 10 CFR Part 60 being addressed in the TSPA have been
considered in the development of the seal strategy. There is no evidence either of how new data from site
characterization that could impact the long-term performance of borehole seals will be incorporated and
how the seal strategy will be revised, if necessary. This lack of integration and coordination with the
overall program (i) could result in inconsistencies that would make it difficult to provide a coherent LA
and, perhaps more importantly, (ii) could result in a seal strategy of little practical relevance to the
sealing of boreholes at the Yucca Mountain site.
Basis:

It is stated in SAND93-1184 that the proposed exploratory borehole seal strategy: (i) "is consistent with
iterative performance assessment," and (ii) can "be modified if the assumptions made about the rock
properties change as a result of site characterization." It is not clear from the report how this will be
accomplished.
Previous TSPAs for the proposed Yucca Mountain repository have considered a variety of scenarios that
could adversely impact the long-term repository performance (e.g., climate change) as well as conducted
detailed analyses of thermal effects, gaseous flow and transport, and unsaturated and saturated zone flow
modeling. No evidence could be found that the results from those analyses nor the data and modeling
assumptions used had been incorporated or considered in the technical analyses supporting the seal
strategy. The performance of boreholes located within the controlled area (i.e., the area inside the
boundary of the accessible environment) should be considered in TSPAs because of the possibility that
some of these boreholes can become preferential pathways for the release of radionuclides to the
accessible environment. Thus, technical analyses conducted to support the development of the seal
strategy should consider those issues important to TSPA. For example, SAND93-1184 considers the
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flooding of existing and proposed surface boreholes using the Probable Maximum Flood (PMF) concept
(see Section 4.1.2.1 of SAND93-1184). It is not clear that the PMF analysis considered the impact of
possible climate changes (and the corresponding changes in infiltration rates) in the analysis of surface
borehole flooding.
The authors of SAND93-1184 point out that many necessary assumptions were invoked due to the paucity
of data; in several instances, only qualitative assessments of seal performance were possible due to the
lack of data. The report, however, does not address how new data/information collected to augment
existing ones or to close gaps where data are nonexistent will be incorporated and how the strategy will
be revised accordingly. It is possible that new data/information could warrant the reversal of present
positions in the strategy. Such reversals could, in turn, impact the nature and scope of current seal testing
projects as part of the site characterization program.
Recommendation:

The exploratory borehole seal strategy should explicitly address the interaction and coordination with the
TSPA, other technical analyses, and site characterization program activities. Such interaction and
coordination may prove necessary to ensure consistency between the strategic decisions in the sealing
program and the estimates of overall system and subsystem performance. An approach should be
developed and implemented that will permit the systematic consideration of new data/information
generated from the TSPA analyses and the site characterization program in the seal strategy.

3.3.3

Justification of Performance Measure/Goal

Statement of Concern:
The performance measure/goal for vertical groundwater flow and air flow through borehole seals was not
appropriately justified and supported. The basis for deciding that restricting the air flow and the
groundwater flow through a borehole seal to 1 percent of the total possible flow is not provided in
SAND93-1184, nor references where this justification can be found are adequately identified.
Basis:
Except for a possible reference to Fernandez et al. (1987) on pg. 2-1, there is no supporting information
provided in SAND93-1184 justifying the relative flow performance measure and the 1 percent
performance goal for vertical flow through borehole seals. The text on pg. 2-1 is not sufficiently clear
as to whether the justification for this performance measure/goal is indeed provided by Fernandez et al.
(1987). Given that SAND93-1184 explicitly states that this performance measure/goal will allow the
development of a borehole seal strategy that satisfies the requirements of 10 CFR Part 60, it is important
that adequate justification for the measure/goal be provided; this information is lacking in SAND93-1184.
While this performance measure/goal may look reasonable, upon further analysis it was found that it has
some serious drawbacks. Because the performance measure is based on a relative-flow analysis (i.e., not
more than 1 percent of the total vertical air flow or groundwater flow is allowed to pass through the
seals), the amount of flow allowed through the seal increases as the total air flow or groundwater flow
increases. This means that for high total possible flow, the actual flow through the borehole seal could
be significant, and this could lead to significant discharges of radionuclides to the accessible environment.
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The manner in which the performance measure is calculated can also lead to erroneous results. The
calculation of the flow through the borehole seals depends on the total cross-sectional area of the
boreholes relative to the area contained within the extended boundary of the repository. This calculational
approach is adequate only if the total groundwater or air flow is uniformly distributed over the entire area
within the extended boundary. However, because of the heterogeneity of the site, it is not only possible,
but likely, that flow (groundwater or air) will occur preferentially through selected paths. In this case,
boreholes that intersect the high-flow paths may not meet the performance goal. The adopted approach
to estimate the performance measure, however, would not detect this violation.
Recommendation:
The DOE should provide justification for selecting the 1 percent vertical flow performance measure/goal
and should discuss how uncertainties impacting the calculation of this specific measure are to be taken
into account.
Reference:
Fernandez, J.A., P.C. Kelsall, J.B. Case, and D. Meyer. 1987. Technical BasisforPerformance Goals,
Design Requirements, and Material Recommendations for the NNWSI Repository Sealing
Program. SAND84-1895. Albuquerque, NM: Sandia National Laboratories.

3.3.4

Superficial Treatment of Important Issues and Lack of Logical Traceability
of Information

Statement of Concern:
There are a number of issues of potentially significant impact to the development of a borehole seal
strategy that are addressed in a superficial manner, and therefore, their effect on the strategy cannot be
logically traced. Some of the salient issues that were found to be addressed superficially include, but are
not limited to:
* Inadequate description of borehole backfill
* Inadequate discussion of the treatment of model and parameter uncertainties, the equivalent
hydraulic conductivity for fractured rocks, and the statistical properties of hydrologic
parameters
* Inadequate discussion of the impact of assumptions and limitations of approaches developed
for conditions different that those existing or expected at Yucca Mountain
* No discussion on ranking of different seal degradation mechanisms in order of relative
importance
* No discussion on the feasibility of using available borehole sealing technologies at the Yucca
Mountain site
Basis:

In each of the aforementioned areas, as well as in others discussed in the list of General Concerns in
Appendix A, it was found that the discussion in SAND93-1184 was superficial. That is, the topic was
simply mentioned with no in-depth treatment nor adequate references provided. For example, the report
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states that the hydraulic conductivity of the rock is the most significant parameter insofar as estimating
seal performance is concerned; however, the report fails to discuss how the equivalent hydraulic
conductivity tensor was estimated for the fractured tuffs at Yucca Mountain (see Concern A.4. 11 in
Appendix A). Similar concerns are presented in Appendix A for the areas listed above and others.
Recommendation:
The DOE should include detailed discussions, or provide adequate references where the detailed
discussions appeared, for those areas that it has deemed important to the development of the seal strategy.
Failure to do so could seriously undermine the defensibility and acceptability of the strategy.
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4 SUMMARY
SAND93-1184 contains substantial amounts of information; unfortunately, the manner in which the
information is presented makes it difficult to follow and to discern the relevancy of the information to
the development of a practically feasible exploratory borehole seal strategy. In some instances, one finds
detailed information and discussions that are difficult to trace to the development of the seal strategy,
while in others, crucial supporting information seems to be lacking.
The report contains numerous statements about important assumptions made without providing the
necessary arguments, data, or information supporting the validity of the assumptions. Data on
phenomena, processes, and values of parameters are used without adequately referencing the source of
the data. It was also found in various instances that SAND93-1184 provides conclusions drawn from
previous studies, but it is not clear whether these conclusions were drawn by the investigators that
conducted those studies or by the authors of SAND93-1184.
The report lacks a discussion of previous NRC dialogue on sealing issues. Although the SNL report
properly emphasizes the explicit references to sealing in 10 CFR Part 60, it neglects to mention the NRC
Technical Position on Seals (Gupta and Buckley, 1989), and NRC SCA Concerns on Sealing (Nuclear
Regulatory Commission, 1989). These earlier documents should have been explicitly discussed in this
sealing strategy report.
The order in which the different subjects/topics are covered in the report makes it difficult to map the
logic used by the authors to arrive at the seal strategy. For example, the authors present their strategy
in Chapter 2. Chapters 3, 4, 5, 6, and the accompanying appendices, are supposed to provide the
information and analyses supporting the strategy. Chapter 7 lists conclusions about the strategy and the
manner in which the supporting information and analyses corroborate the strategy. The difficulty with
this approach is that one gets the impression that the manner in which the supporting information and
analyses are handled has been biased by the fact that the strategy has already been preset. It would have
been preferable to: (i) identify the issues deemed important to the seal strategy, (ii) examine available
information corresponding to these issues, (iii) perform the necessary technical analyses, (iv) present and
discuss the results from the analyses (and the corresponding caveats and limitations), and (v) present the
seal strategy as supported by the available information and technical analyses performed. Weak points,
due to paucity of data and assumptions, are then identified providing important input into the site
characterization program. Such an approach would have provided a logical road map leading eventually
to the seal strategy.
One particular concern is the apparent lack of interaction and coordination between the development of
the strategy and other aspects of the Yucca Mountain Project, such as the TSPA analyses and site
characterization activities. It does not seem that seal performance was evaluated over conditions and
scenarios that may affect the performance of the repository system over the temporal and spatial scales
stipulated in 10 CFR Part 60 and other regulations included in the latter by reference. For example, it
does not seem that the analysis of flooding of boreholes in alluvial areas is consistent with climate
changes expected in the vicinity of Yucca Mountain over the length of the regulatory period (e.g.,
10,000 yr). Likewise, the treatment of deep boreholes did not seem to take into consideration the rise of
the water table typically associated with expected future wetter and cooler climates at Yucca Mountain.
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The report leaves the reader with the impression that it was produced hastily and did not receive a
thorough editorial review prior to publication. On more than one occasion, it was found that text was
missing (e.g., end of pg. 3-57 and end of pg. 5-4), while in another case the last few lines of text at the
bottom of a page were repeated at the top of the next page containing text (end of pg. 5-7 and beginning
of pg. 5-12). Misspellings were too frequent and, at least in one instance, the word "saturated" was used
when it should have been 'unsaturated" (see first line, third paragraph, pg. 2-30). In other cases, the
information in referenced tables is not representative of the accompanying text (see Concern No. A.6.2
in Appendix A), or axes of figures are not properly labeled (see Editorial Concerns at the end of
Appendix A). This lack of production and technical editorial quality reflects negatively on the strategy
and could jeopardize its acceptance, for it may leave the reader with the impression that the strategy was
not developed in a careful and thorough manner.
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APPENDIX A
GENERAL CONCERNS

A GENERAL CONCERNS
A.1

REVIEW OF SECTION 1.0: INTRODUCTION

A.1.1

General Concern

Statement of Concern:
The Sandia National Laboratories (SNL) staff may have overlooked relevant Nuclear Regulatory
Commission (NRC) guidance on the subject of sealing boreholes.
Basis:
The NRC technical position (TP) on sealing of boreholes, shafts, and ramps (Gupta and Buckley, 1989)
is not discussed in the report.
Recommendation:
The SNL staff should familiarize themselves with earlier NRC guidance on this subject (Gupta and
Buckley, 1989). If the SNL staff choose a strategy different from that recommended in the NRC TP, then
they should discuss their reasoning and address NRC concerns that the alternative strategy not
underestimate the unfavorable aspects, or overestimate favorable aspect of seal performance.
Reference:
Gupta, D.C., and J.T. Buckley. 1989. Technical Positionon PostclosureSeals, Barriers,and Drainage
System in an Unsaturated Medium. NUREG-1373. Washington, DC: Nuclear Regulatory
Commission.

A.1.2 General Concern
Statement of Concern:
SAND93-1184 does not address Site Characterization Analysis (SCA) Open Item Question No. 25, Open
Item Question No. 28, Open item Comment No. 73, nor Open Item Comment No. 74 (see Appendix C
for the SCA Questions and Comments).
Basis:
The SNL staff do not address the air flow properties and characteristics of faults in quantitative terms as
recommended in SCA Open Item Question No. 25. In SAND93-1184, these authors discuss in a
qualitative manner the potential effect of fault properties on the hydraulic performance of seals.
Specifically, they state that higher conductivity faults make borehole sealing less important because the
air flow will occur primarily through the faults. Borehole sealing performance becomes more important
for lower conductivity faults because a higher percentage of the total possible air flow occurs through the
borehole. This qualitative assessment is consistent with the relative percentage performance goals for
backfill hydraulic conductivity used in SAND93-1184.
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The SCA Open Item Comment Nos. 73 and 74 deals primarily with the sealing of shafts and ramps,
while the SNL report deals with the sealing of exploratory boreholes. One common point is that the SCA
comment recommends that U.S. Department of Energy's (DOE's) sealing program assume "seals will
be needed until and unless it can be demonstrated otherwise." It appears that the SNL strategy proposed
that boreholes should be sealed and warns "the project proceeds at risk in abandoning boreholes" (pg.
7-10). The SNL strategy appears consistent with the NRC recommendation to presuppose sealing will be
needed.
No evidence could be found in SAND93-1184 that SCA Open Item Question No. 28 was addressed in
the exploratory borehole seal strategy.
Recommendation:
SCA Open Item Question Nos. 25 and 28, and Open Item Comment No.72 should remain open.

A.1.3 General Concern
Statement of Concern:
Pg. 1-4: "Table 1-1: Issues and Uncertainties in Sealing Exploratory Boreholes Addressed in This
Report. " Stiffness of surrounding rock mass has not been considered as part of Borehole Sealing Strategy.
Basis:
Laboratory results obtained from the research funded by NRC indicate that mechanical and hydraulic
performance of cementitious seals may also depend on the stiffness of the surrounding rock mass (e.g.,
Crouthamel, 1991; Crouthamel et al., 1993; Fuenkajorn and Daemen, 1987, 1991; Akgun and Daemen,
1991).

Recommendation:
Borehole Sealing Strategy should include property, issue or uncertainty of the rock mass stiffness, that
is, "what is the rock mass stiffness at seal locations?"
References:
Akgun, H., and J.J.K. Daemen. 1991. Bond Strength of Cementitious Borehole Plugs in Welded Tuff
NUREG/CR-4295. Washington, DC: Nuclear Regulatory Commission.
Crouthamel, C.R. 1991. In-Situ Flow Testing of Borehole Plug. MS Thesis. Tucson, AZ: University of
Arizona.
Crouthamel, C.R., K. Fuenkajorn, and J.J.K. Daemen. 1993. In-situ flow testing of cement borehole
plugs in welded tuff. International Journal of Rock Mechanics, Mineral Science, and
Geomechanical Abstracts 30: 1,503-1506.
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Fuenkajorn, K., and J.J.K. Daemen. 1987. Mechanical interaction between rock and multi-component
shaft or borehole plugs. Proceedingsof the 28th U.S. Rock Mechanics Symposium. Tucson, AZ:
University of Arizona: 165-172.
Fuenkajorn, K., and J.J.K. Daemen. 1991. Cement borehole plug performance in welded tuff.
Proceedings of the 32nd U.S. Rock Mechanics Symposium. Norman, OK: University of
Oklahoma 723-732.

A.1.4 General Concern
Statement of Concern:
The SNL strategy does not adequately address the long-term performance of seals, yet focuses on the
short-term performance of as-emplaced seals. The strategy does not describe a testing plan (especially for
large-scale in situ tests) which will confirm to the extent practical, long-term seal performance.
Basis:

A primary concern of seal performance is the long-term behavior of seals subjected to thermal,
geochemical, and seismic loads (e.g., Nuclear Regulatory Commission, 1994). The SNL strategy overly
emphasizes the performance of recently emplaced, operative seals.
The seal strategy does not address how seal performance will be confirmed, especially though field tests.
The importance of confirming seal performance was emphasized by the NRC to the DOE in the SCA
where "it is recommended that the DOE start potentially important large scale in situ tests as early as
practicable during site characterization and incorporate such tests in the design of the ESF" (pg. 2-4,
Nuclear Regulatory Commission, 1989). Conformance testing is also emphasized in 10 CFR 60.142 (see
Appendix B of this report) where it is recommended that "testing shall be initiated as early as is
practicable." There is a general lack of data to support long-term predictions of performance, and it
appears that field tests will be necessary.
Recommendation:
More attention should be directed at the long-term, post-closure performance of seals subjected to
thermal, geochemical, and seismic loads.
The sealing strategy should be revised to demonstrate how tests, especially large-scale field tests, will
confirm seal performance.
References:
Nuclear Regulatory Commission. 1989. NRC Staff Site CharacterizationAnalysis of the Department of
Energy'sSite CharacterizationPlan, Yucca MountainSite, Nevada. NUREG-1347. Washington,
DC: Nuclear Regulatory Commission.
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Nuclear Regulatory Commission. 1994. Draft License Application Review 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. NUREG-1323 Revision 0. Washington, DC:
Nuclear Regulatory Commission.

A.2

REVIEW OF SECTION 2.0: EXPLORATORY BOREHOLE SEAL
STRATEGY

A.2.1

General Concern

Statement of Concern:
The basis for deciding that restricting both groundwater flow and airflow through boreholes to 1 percent
of the total potential flow should be discussed in more detail. Sufficient supporting evidence that this is
an acceptable performance goal is lacking.
Basis:
Restricting the groundwater flow and airflow through the boreholes to 1 percent of the total potential flow
seems a reasonable performance goal. SAND93-1184; however, does not discuss the basis for this
performance goal. This performance goal depends on: (i) the particular conceptual models used to
estimate the total groundwater flow and total airflow, and (ii) the values of the parameters (particularly,
the hydraulic conductivity). Furthermore, upon more in-depth examination, the performance goal seems
counterintuitive because it relaxes the hydraulic properties of a seal when total flow is high and restricts
these properties for low total flow. Thus, it is possible that for high total groundwater flow or airflow,
the absolute flow (and hence, releases of radionuclides to the accessible environment) through boreholes
will be considerable even though the 1 percent performance goal is satisfied.
The borehole seal performance measure is dependent on the total cross-sectional area of the boreholes
relative to the total area of the "extended" repository boundary. The selected performance measure is
adequate only if the total potential groundwater or air flow is uniformly distributed across the entire area
encompassed by the extended repository boundary. In reality, it is very likely that the groundwater or
air flow occurs preferentially along selected paths with a high potential (i.e., high discharge and hydraulic
head). Based on the chosen performance measure, seals in boreholes intersecting these high flow paths
may fail to meet the established 1 percent performance goal.
Recommendation:
SAND93-1184 should include a thorough discussion of the basis supporting the 1 percent flow
performance goal for determining the hydraulic properties of borehole seals. If this performance goal was
established in previous reports or documents, these sources should be identified and adequately referenced
in the report. The performance objectives should be redefined or augmented with additional objectives.
For example, borehole seals should be designed to have an effective permeability that is equal to, or less
than, the matrix permeability of the surrounding nodes.

A-4

A.2.2 General Concern
Statement of Concern:
The spatial classification of boreholes described in SAND93-1184 (Section 2.3) uses the "extended
boundary" of the proposed repository as one of the miters to classify boreholes based on the potential for
airflow. The definition of the extended boundary is model-dependent. The classification scheme should
address the possible uncertainties in the airflow model that can impact the location of the extended
boundary.
Basis:
The spatial borehole classification described in Section 2.3 of SAND93-1184 seems like a sound, easy-tofollow approach. The only possible drawback of the approach is that the location of the "extended
boundary" of the repository may be variable. The extent of dispersive effects depends on specific
conceptual and computational models and parameter values used in the analyses. Uncertainty in the
models and in the numerical values of parameters could have a significant impact on the location of the
"extended boundary" and, therefore, on the results of the borehole classification scheme.
Recommendation:
Model and parameter uncertainty should be addressed and evaluated to assess the potential impact on the
spatial borehole classification results.

A.2.3

General Concern

Statement of Concern:
The specific feature(s) used to characterize borehole-wall conditions need to be classified better. The
presently proposed classification criteria are only qualitative. The qualitative criteria may not be
sufficiently adequate and may need to be augmented with a physically meaningful property that can be
quantitatively measured.
Basis:
In SAND93-1184, four general classes are proposed to group boreholes based on wall conditions. The
footnote to Table 2-3 states that it is not necessary for a borehole to exhibit all features listed for each
one of the classes or categories. It is not clear which of the features associated with each category
dominates the classification of each borehole based on wall conditions.
The presently proposed criteria are qualitative and based exclusively on visual observation and the
physical appearance of selected boreholes. Results from the classification are dependent on the subjective
judgments of the observers. As such, the criteria only classify the physical appearance of the borehole
wall and this appearance is used to provide a measure of mechanical and hydraulic performance. A wall
that appears to be smooth, fracture-free, and perfectly circular does not guarantee an acceptable
performance of cementitious borehole seals.
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Recommendation:
The dominant feature(s) determining the borehole classification based on wall conditions should be clearly
identified.
The criteria should be defined in more quantitative terms. For example, roughness can be quantitatively
defined from profile of caliper logs in terms of amplitude or frequency; rock quality designation (RQD)
may be used to define the intensity of the intersecting fractures; hole shape can be defined as the
difference between the minimum and maximum hole diameters; amount of lithophysae is defined as
percentage by area or volume; etc.
This classification alone may not be sufficient to determine seal locations. Determination of the seal
locations should be supported by in situ measurements to assess directly the stability and behavior of the
rock mass around the proposed seal locations. Such tests may include Goodman Jack testing, ASTM
D4971, ASTM D4506 or ASTM D4395 (American Society for Testing and Materials, 1993 a,b,c). These
direct assessments should be addressed and included as part of sealing strategy for determining suitable
seal locations.
References:
American Society for Testing and Materials. 1993a. Test method for determining the in situ modulus of
deformation of rock mass using a radial jacking test. D4506-90. Annual Book of ASTM
Standards04.08. Philadelphia, PA: American Society for Testing and Materials.
American Society for Testing and Materials. 1993b. D4971-89. Test method for determining the in situ
modulus of deformation of rock mass using diametrically loaded 76-mm (3-in) diameter
specimen. Annual Book of ASTM Standards 04.08. Philadelphia, PA: American Society for
Testing and Materials.
American Society for Testing and Materials. 1993c. D4395-84. Test method for determining the in situ
modulus of deformation of rock mass using the flexible plate loading method. Annual Book of
AS7M Standards. 04.08. Philadelphia, PA: American Society for Testing and Materials.

A.2.4 General Concern
Statement of Concern:
What test or analyses are proposed to develop a porous backfill to be placed below cementitious seals that
satisfies the following requirements: (i) the contrast in matrix potential between the backfill and the seal
is equal or greater than the contrast in matrix potential between welded and nonwelded units, and
(ii) constitute a capillary barrier to restrict flow into the borehole?
Basis:

In SAND94-1183, it is stated that (pg. 2-18):
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"A current borehole sealing strategy places a porous backfill below denser
cementitious seals in which the contrast in matrix potential is at least equivalent or
greater than the contrast potential between the welded and nonwelded host rocks.
Further the porous backfill would be engineered to provide a capillary barrier with
the host formation to restrict potential flow into the borehole. While no specific
analyses are presented, it is likely that a porous backfill with specified porosity,
grain-size distribution, and hydrologic properties can be selected to satisfy these dual
objectives."
SAND93-1184 does not provide information that supports the assertion that a porous backfill can be
developed to satisfy these requirements.
Recommendation:
The information or data supporting the assertion that a porous backfill material can be developed should
be provided, or specific analyses or tests that could be conducted to determine the validity of the assertion
should be discussed. This may be resolved by citing accepted industry practices.

A.2.5 General Concern
Statement of Concern:
SAND93-1184 mentions that there are a number of limitations and assumptions associated with the
approach of Hoek and Brown (1980) insofar as calculating the rock mass strength is concerned at the
Yucca Mountain site. However, SAND93-1184 does not discuss what the impact of these limitations and
assumptions may be on determining borehole stability. Therefore, the validity of the assumptions and the
impact of the limitations associated with the Hoek and Brown approach on the development of the seal
strategy need to be examined and assessed.
Basis:
Borehole stability is an important indicator for where to place seals, and rock mass strength plays a major
role in determining borehole stability. In SAND93-1184, the method developed by Hoek and Brown
(1980) is used to estimate the rock mass strength. The report states that there are a number of
assumptions and limitations associated with this method, the applicability of which to estimate borehole
stability at Yucca Mountain cannot be ascertained. The mathematical expression used by Hoek and Brown
was derived from laboratory and in situ test data that may not correspond to the range of conditions at
Yucca Mountain. The method seems to work best when the major principal stress is at least twice as large
as the confining stress. This condition may not be met at all units within the unsaturated zone at Yucca
Mountain (e.g., the lower-strength nonwelded Calico Hills tuft). The method assumes the rock mass
strength to exhibit isotropic behavior; for some units at Yucca Mountain, the rock mass strength may be
anisotropic.
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Recommendation:
The validity of the Hoek and Brown method for estimating rock mass strength should be examined under
conditions representative of the conditions expected at the different unsaturated zone units at Yucca
Mountain.
Reference:
Hoek, E., and E.T. Brown. 1980. UndergroundExcavations in Rock. London, UK: Institute of Mining
and Metallurgy.

A.2.6 General Concern
Statement of Concern:
A detailed evaluation is needed of the different scenarios that could affect the fugacity of carbon dioxide
and resulting chemical degradation of seal grout materials. Different scenarios affect the fugacity of CO2
in distinctly different ways, and different associated chemical degradation of grout materials can take
place.
Basis:
In Section 2.5.3 of SAND93-1184 it is discussed that the flgacity of CO2 is an important factor in the
chemical degradation of seals under both unsaturated and saturated conditions. However, different
chemical reactions generating different products that could affect the degradation of grouts occur
depending on the degree of saturation. Under unsaturated conditions, CO 2 reacts with portlandite,
Ca(OH) 2 to produce calcium carbonate and water. The calcium carbonate decreases the grout porosity,
but the production of water could eventually enhance degradation through leaching. The extent of the
reaction can be controlled by reducing the presence of portlandite via the addition of additives such as
silica fume and silica flour. Under saturated conditions CO2 reacts with water producing bicarbonate and
hydrogen ions. The latter causes a drop in pH and, consequently, an accelerated rate of grout chemical
degradation. SAND93-1184 states that this chemical reaction can be controlled by eliminating CO2
sources in the waste. If this approach is implemented it will affect the physical and chemical state of the
constituents of the waste to be disposed of in the proposed repository. Such a situation could have
significant consequences that transcend beyond the development of a borehole seal strategy.
Because of the different alternative approaches that have been discussed in SAND93-1184 to mitigate the
effect of CO2 depending on whether unsaturated or saturated conditions are prevailing and the potential
implication of those alternatives on other aspects of the repository program, a detailed assessment of the
most likely conditions (saturated or unsaturated) is needed.
Recommendation:
A detailed examination of unsaturated and saturated flow modeling analyses conducted by other groups
in the Yucca Mountain Project should be undertaken to gain a better understanding of the possible
saturated conditions at proposed borehole seal locations. This should provide a better feel for the
strategies that should be implemented to enhance grout longevity under different degrees of saturation.
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A.2.7 General Concern
Statement of Concern:
The basis for the conclusion extracted from the results of the study by Hinkebein and Gardner (1991):
"The development of C-S-H gel was preferred to development of a more thermodynamically stable (i.e.,
less reactive) cementitious material" needs to be explained in detail.
Basis:
The conclusion extracted from the study by Hinkebein and Gardner (1991) presented on page 2-23 of
SAND93-1184: "The development of C-S-H gel was preferred to development of a more
thermodynamically stable (i.e., less reactive) cementitious material" is counterintuitive. It would seem
that the more thermodynamically stable (and hence less reactive) the cementitious material, the higher
the likelihood that the integrity of the seal material could be maintained, which in turn increases seal
performance.
Recommendation:
A more detailed explanation of the basis for the conclusion should be provided.
Reference:
Hinkebein, T.E., and M.A. Gardner. 1991. Estimating Geochemical Behavior of Concretes to be Placed
at Yucca Mountain. SAND90-2150. Albuquerque, NM: Sandia National Laboratories.

A.2.8 General Concern
Statement of Concern:
The proposed borehole sealing strategy may have overlooked the significance of the backfill. Engineering
description, role, performance requirement, and design concept of backfill materials (clay-based materials)
are not adequately described. The strategy is proposed as if cementitious borehole seals alone can be
selected and designed (i.e., in terms of when, where, and how) to meet the performance objective for the
geologic potential repository after closure.
The proposed strategy also implies that suitable specifications of backfill materials can be selected and
integrated with the design of borehole cementitious seals.
Basis:
Backfill and other clay-based (earthen-based) materials are part of the engineering barrier and should be
considered as part of the sealing system (i.e., multi-component seals). It is clear that their primary
functions include maintenance of the stability of the surrounding rock mass, minimization of the
movement of water and air flow in the boreholes, and sorption of the radionuclides. Therefore, meeting
the performance objective of the exploratory borehole seals should be evaluated for the entire sealing
system (i.e., integrating the component performance for all engineering barriers).
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The proposed approach of designing and analyzing the performance of individual engineering barriers
(cement, backfill or grouts) may not be adequate. For example, additional cementitious seal(s) may be
required between the upper and lower seal locations if it is proved that excessive settlement of the selected
backfill may occur over the isolation period.
Experimental observations and results from NRC research have revealed the difficulties in material
selection, design and emplacement method for bentonite-crushed tuff mixture (Ouyang and Daemen,
1990; 1992). Hydraulic performance, yield strength, and potential failure (piping and erosion) for a
variety of bentonite-crushed tuff backfill compositions have also been identified (Ouyang and Daemen,
1991a,b).
Recommendation:
Provide description and range of tentative specifications of the backfill, the performance requirements and
objectives, the concerns with regard to when, where, and how to seal, the effects of the static, dynamic,
and thermal loadings (e.g., consolidation, settlement, liquefaction, shrinkage, disintegration, chemical
alteration); and the potential impact of the selected backfill on the cementitious seal and surrounding rock
mass. The proposed strategy should also address the concerns of backfill performance disclosed by the
NRC research.
References:
Ouyang, S., and J.J.K. Daemen. 1990. Performance of bentonite/crushed tuff backfill for nuclear waste
repository. Proceedingsof Waste Management '90 Symposium. R.G. Post, ed. Tucson, AZ:
University of Arizona 2: 605-611.
Ouyang, S., and J.J.K. Daemen. 1991a. Design of bentonite/crushed rock seals. Geotechnical and
Geological EngineeringJournal 9: 63-72.
Ouyang, S., and J.J.K. Daemen. 1991b. Yield stress and flow of bentonite in mixture sealants.
Geotechnical Engineering Congress 2: 1,244-1,255.
Ouyang, S., and J.J.K. Daemen. 1992. Sealing Performance of Bentonite and Bentonite/CrushedRock
Borehole Plugs. NUREG/CR-5685. Washington, DC: Nuclear Regulatory Commission.

A.2.9

General Concern

Statement of Concern:
The strategy of application of grout-bulb around the primary seals is not clearly described. Under what
conditions or criteria should the grout-bulb be applied? The proposed strategy does not discuss the
potential impact of the grout-bulb on the mechanical performance of the primary seals.
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Basis:
Normally, the primary function of the grout is to improve the stability and reduce the permeability of the
surrounding rock mass. This may alter the stress state and mechanical response of the rock mass around
the borehole.
Recommendation:
Provide criteria to indicate whether or not and where the grout-bulb is to be applied. Describe the
potential impact of the grout-bulb on the primary seals and on the stress state around the sealed boreholes.
Address the results from NRC experimental research on the application of pressurized grout to decrease
the permeability of fractured tuff around in situ boreholes (Crouthamel and Daemen, 1991), and on the
performance of grouting of fractures in welded tuff (Sharpe and Daemen, 1991; Ran and Daemen, 1991)
References:
Crouthamel, C.R., and J.J.K. Daemen. 1991. Pressurized grout applications in fractured tuff for
containments of radioactive waste. Journal of Geotechnical and Geological Engineering 9:
53-62.
Ran, C., and J.J.K. Daemen. 1991. Effectiveness of Fracture Sealing with Bentonite Grouting.
NUREG/CR-5686. Washington, DC: Nuclear Regulatory Commission.
Sharpe, C.J., and J.J.K. Daemen. 1991. LaboratoryTesting of Cement Grouting ofFracturesin Welded
Tuff NUREG/CR-5683. Washington, DC: Nuclear Regulatory Commission.
A.2.10 General Concern
Statement of Concern:
Pg. 2-34, Table 2-8, Topic on Seal Materials Selection: "Avoid placing cementitious and clay seals
together, if possible."
Basis:
Discussions on this issue have not been provided in the preceding text of Chapter 2. The proposed
requirement would be very difficult to satisfy because the primary component of backfill materials is clay.
Recommendation:
Provide discussion on this issue. Provide alternative schemes in terms of seal materials selection or
seal/backfill design configurations.
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A.3

REVIEW OF SECTION 3.0: DESCRIPTION OF THE EXPLORATORY
BOREHOLE SYSTEM

A.3.1

General Concern

Statement of Concern:
The special considerations necessary to place seals in borehole sections that fall under categories C3 and
C4 should be discussed.
Basis:
The borehole seal strategy presented in Chapter 2 of SAND93-1194 suggests that, preferentially, seals
should be placed in those borehole sections exhibiting good wall conditions (i.e., those sections with
categories Cl and C2). In Section 3.4 of SAND93-1184, it is suggested that some seals may be placed
in borehole sections with wall conditions falling under categories C3 and C4. It is stated that placing seals
in such sections may require special considerations due to the high degree of fracturing, wall
irregularities, and borehole enlargement. The special considerations are not discussed.
Recommendation:
Specific problems that could be encountered when placing seals in borehole sections of category C3 or
C4 should be identified. Specific measures (or considerations) that could be implemented to mitigate the
impact of those problems should be discussed.

A.3.2 General Concern
Statement of Concern:
Section 3.3.1 In Situ Stresses, pg. 3-21, Paragraph 6: "The calculated stresses compare well with in situ
stress measurements and interpretations of regional tectonics made at this site." This statement alone may
not be adequate.
Basis:
The stresses calculated from this numerical modeling will be used as loading conditions for various
analyses and other studies conducted to supported the proposed strategy. It is clear that the current in situ
stress state at the proposed repository site is one of the most important parameters, particularly when they
are used as part of seal design parameters, and when they are extrapolated to the conditions under thermal
and dynamic loadings.
Recommendation:
Provide quantitative comparison between the measurement and prediction of the in situ stresses. This
should include the magnitude and orientation of the principal stresses, validity of the calculation, accuracy
and representativeness of the measurements, and assumptions.
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General Concern

Statement of Concern:
Tables 3-3 through 3-5 and Figures 3-14 through 3-19: Orientations of the maximum and minimum
horizontal stresses predicted for the potential seal locations under the current (ambient) condition and
under thermal loading conditions are not given.
The proposed numerical analysis also implies that there will be no change of the horizontal stress
orientation in the rock mass after subjecting to the thermal load.
Basis:
In situ stress orientations and their subsequent changes due to thermal loading are part of the concerns
and uncertainties in sealing boreholes, particularly when the maximum horizontal stress is up to twice that
of the minimum stress, as predicted here. Changes of the maximum/minimum stress orientations will
change the deformation characteristics of the cementitious seals and their surrounding rock mass. Such
information is important.
It seems very unlikely that the horizontal stress orientations before and after thermal loading will remain
the same. This is because boreholes are located at different distance and depth, relative to the heat source
(waste emplacement drift) and, therefore, the thermal impact on different boreholes should be different.
Recommendation:
Provide the predicted orientation of the horizontal stresses for each borehole and each seal location.
Provide assumptions and justification used in the analysis if the predicted stress orientations prior to and
after thermal loading are the same.

A.3.4 General Concern
Statement of Concern:
Implications of Mohr failure envelope (Figures 3-20 through 3-23) and the predicted horizontal stresses
are not consistent with the actual observation (video logs). Representativeness of the failure envelope
and/or of the predicted horizontal stresses is in question.
For boreholes surrounded by an unstable rock mass, the assumption of linear elasticity may not be valid.
Basis:
For example, the predicted magnitudes of the current horizontal stresses (Table 3-5) indicate that
boreholes in Calico Hills unit are failing. The maximum/minimum horizontal stresses induce large
tangential compressive stresses (based on elastic analysis) at the borehole wall exceeding the "high"
strength envelope, while the actual observation (Figure 3-33) indicates a good borehole wall condition.

A-13

Recommendation:
Provide explanation and/or address the reliability and accuracy of the modeling and analysis. Other stress
model/solutions that can incorporate the failure zone around the borehole should be used to analyze the
stress state for the primary seals surrounded by an unstable rock mass.

A.3.5 General Concern
Statement of Concern:
The specific horizontal stresses used to generate the contours in Figures 3-10 and 3-11 are not provided.
Basis:
The preceding text does not indicate the type of horizontal stresses used to create the contours for the two
figures (i.e., maximum, minimum or mean horizontal stresses)
Recommendation:
Provide information on the type of horizontal stresses used in the plots.

A.3.6 General Concern
Statement of Concern:
In Appendix C, the geologic description and petrographic features of the rock formations are not
adequately described.
Basis:
Petrographic features of the tuff, particularly the degree of homogeneity, alteration, and inclusions, are
directly related to the performance of borehole seals. One of the unique properties of welded tuff is the
high intrinsic variability of the rock matrix. NRC research has identified a correlation between the
petrographic features and the mechanical properties of the welded tuff (Fuenkajorn and Daemen, 1991).
Recommendation:
The issue of petrographic variations affecting the rock mass properties and behavior, seal design and
strategy should be recognized and discussed where applicable.
Reference:
Fuenkajorn, K., and J.J.K. Daemen. 1991. Mechanical CharacterizationofDensely Welded Apache Leap
Tuff. NUREG/CR-5688. Washington, DC: Nuclear Regulatory Commission.
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A.4

REVIEW OF SECTION 4.0: DETAILED PERFORMANCE EVALUATION
OF SEALS

A.4.1

General Concern

Statement of Concern:
A new classification scheme has been introduced to categorize the boreholes near alluvial areas. It is not
clear how this new classification maps into the spatial classification of boreholes discussed in Section 2.3
of SAND93-1184 used to rank boreholes in order of relative significance.
Basis:
The seal strategy established a classification to rank boreholes, in order of relative significance, based
on the location of the boreholes (see Section 2.3 of SAND93-1184). In Section 4.1.2.2 of SAND93-1184,
an additional classification is proposed to rank the boreholes located in alluvial areas for planning and
scoping purposes. It is not clear how, or whether, this additional classification will be used in the seal
strategy.
Recommendation:
Some discussion describing how and/or whether the two classification schemes are related should be
provided.

A.4.2

General Concern

Statement of Concern:
The statistical properties of the hydrogeologic parameters have been largely ignored.
Basis:
This variability frequently cannot be reduced by more measurements, but can only be better quantified.
For example, permeability frequently displays a statistical distribution of the lognormal type. In the SNL
TSPA-93 report (Schenker et al., 1994; Wilson et.al., 1994), statistical representations of porosity and
hydraulic conductivity have been developed for many of the units at Yucca Mountain. However, in the
SNL sealing strategy report, this has been largely ignored.
Recommendation:
Accommodate the inherent variability of hydrologic parameters in analyses.
References:
Schenker, A.R., D.C. Guerin, and T.H. Robey. 1994. Stratigraphy and Hydrogeologic Properties
Developmentforthe Total-System PerformanceAssessment 1993. SAND94-0244. Albuquerque,
NM: Sandia National Laboratories.
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Wilson, M.L., J.H. Gauthier, R.W. Barnard, G.E. Barr, H.A. Dockery, E. Dunn, R.R. Eaton, D.C.
Guerin, N. Lu, M.J. Martinez, R. Nilson, C.A. Rautman, T.H. Robey, B. Ross, E.E. Ryder,
A.R. Schenker, S.A. Shannon, L.H. Skinner, W.G. Halsey, J.D. Gansemer, L.C. Lewis,
A.D. Lamont, I.R. Triay, A. Meijer, D.E. Morris. 1994. Total-System PerformanceAssessment
for Yucca Mountain - SNL Second Iteration (7SPA-1993). SAND93-2675. Albuquerque, NM:
Sandia National Laboratories.

A.4.3

General Concern

Statement of Concern:
The report investigates three scenarios related to: (i) potential inundation of surface boreholes, (ii)
potential saturation of the alluvium, and (iii) a perched water scenario. Present and future climatic
conditions (i.e., rainfall and evapotranspiration) likely to prevail at Yucca Mountain have largely been
ignored.
Basis:
Future climatic conditions have a marked influence on infiltration which has been identified as a dominant
factor in recent total-system performance assessments (DeWispelare et al., 1993; Gureghian et al., 1994;
Wilson et al., 1994; Wescott et al., 1994). The report does not include climate change as part of the
scenarios being analyzed.
Recommendation:
Analyses should include the possibility of increased infiltration due to climatic change, and its effect on
the performance in the presence of a sealed borehole.
References:
DeWispelare, A.R , M.P. Miklas, L.T. Herren, R.T. Clemen, A.B. Gureghian, and J.R. Park. 1994.
The use of expert elicitation in the performance assessment of the proposed high-level nuclear
waste repository. Proceedings of the Fifth Annual International Conference on High Level
Radioactive Waste Management. LaGrange Park, IL: American Nuclear Society 3:
1,614-1,621.
Gureghian, A.B., A.R. DeWispelare, and B. Sagar. 1994. Sensitivity and probabilistic analyses of the
impact of climatic conditions on the infiltration rate in a variably saturated multilayered geologic
medium. Proceedingsof the Fifth Annual InternationalConference on High Level Radioactive
Waste Management. LaGrange Park, IL: American Nuclear Society 3: 1,622-1,633.
Wescott, R.G. M.P. Lee, N.A. Eisenberg, and T.J. McCartin, eds. 1994. Phase 2 Demonstrationof the
NRC's Capability to Conduct a Performance Assessment for a High-Level Waste Repository.
NUREG-1464. Washington, DC: Nuclear Regulatory Commission.
Wilson, M.L., J.H. Gauthier, R.W. Barnard, G.E. Barr, H.A. Dockery, E. Dunn, R.R. Eaton,
D.C. Guerin, N. Lu, M.J. Martinez, R. Nilson, C.A. Rautman, T.H. Robey, B. Ross,
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E.E. Ryder, A.R. Schenker, S.A. Shannon, L.H. Skinner, W.G. Halsey, J.D. Gansemer,
L.C. Lewis, A.D. Lamont, I.R. Triay, A. Meijer, D.E. Morris. 1994. Total-System
PerformanceAssessment for Yucca Mountain - SNL Second Iteration (7SPA-1993). SAND932675. Albuquerque, NM: Sandia National Laboratories.

A.4.4

General Concern

Statement of Concern:
The analyses associated with the potential inundation of surface boreholes has been greatly simplified.
Basis:
The surface runoff problem is narrowly focused on the strict use of Manning's equation to estimate the
flow rate and flood depth, and will tend to disregard the influence of subsurface inflow or outflow at any
point in the watershed. The problem at stake is a complex one where deterministic solutions based either
on the kinematic-wave theory and presented by Lighthill and Whithan (1955), Wooding (1965) or
numerical solutions based on the continuity and momentum equations referred as De Saint-Venant
equations and presented by Chow (1973), Freeze (1972) and Brutsaert (1971) may adequately address the
potential inundation of surface boreholes suggested by SNL.
Recommendation:
More realistic models should be employed to analyze the scenario of inundating a surface borehole.
References:
Brutsaert, W. 1971. De Saint-Venant equations experimentally verified. Journal of the Hydraulics
Division, Proceedingsof the ASCE 97(HY9):1,387-1,401.
Chow, V.T. 1973. Hydrodynamic modeling of two-dimensional watershed model. Journal of the
Hydraulics Division 99(HY1 1): 2,023-2,040.
Freeze, R.A. 1972. Role of subsurface flow in generating surface runoff 1. Base flow contributions to
channel flow. Water Resources Research 8(3): 609-623.
Lighthill, M.J., and G.B. Whithan. 1955. On kinematic waves, 1. flood movement in long rivers.
Proceedings. London, England: Royal Society: 229: 281-316.
Wooding, R.A. 1965. A hydraulic model for the catchment stream problem, problem II, numerical
solutions. Journal of Hydrology 3: 268-282.

A.4.5 General Concern
Statement of Concern:
Figures F-2a and F-2b appear incorrect.
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Basis:
SNL uses the Green and Ampt (1911) solution to calculate the depth of penetration of the saturation front
resulting from two assumed flood depths corresponding to 10 cm and 100 cm. The saturation front travel
time's results corresponding to low and high initial saturations, respectively, would contradict Green and
Ampt's solution, which implies that parameter t is positively correlated with the change in moisture
content. Hence, the higher initial saturation case should yield shorter travel times.
Recommendation:
Explain the difference or correct the figures.
Reference:
Green, W.H., and G.A. Ampt. 1911. Studies in soil physics I. The flow of air and water through soils.
Journalof AgriculturalScience 4: 1-24.

A.4.6 General Concern
Statement of Concern:
The analysis presented in section 4.1.3 (perched water scenario) is irrelevant to its proposed objective.
Basis:
Glover's solution, or similar ones, is designed primarily for determining an approximate value of the
saturated hydraulic conductivity of a homogeneous, isotropic geologic formation located in the unsaturated
zone of an unconfined aquifer, by means of an idealized representation of a borehole in which water is
injected at a constant rate under steady-state conditions. A more appropriate approach would have
consisted of estimating the flow likely to penetrate the potential repository by a direct application of an
extension of the Green and Ampt theory (1911) for stratified porous materials presented by Childs and
Bybordi (1969a,b).
Recommendation:
Adopt a more appropriate modeling approach for the perched water scenario.
References:
Childs, E.C., and M. Bybordi. 1969a. The Physical Basis of Soil Water Phenomena. London, UK: John
Wiley & Sons Ltd.
Childs, E.C., and M. Bybordi. 1969b. The vertical movement of water in stratified porous material. 1.
Infiltration. Water Resources Research 5(2): 446-459.
Green, W.H., and G.A. Ampt. 1911. Studies in soil physics I. The flow of air and water through soils.
Journalof Agricultural Science 4: 1-24.
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A.4.7 General Concern
Statement of Concern:
SNL's conclusions pertaining to the "need to place high quality seals in the Paintbrush nonwelded tuff
unit to reduce the potential for flow to occur across this zone above the potential repository" or in the
Topopah Spring Unit to the west of the repository, is based almost exclusively on results reported by Lu
et al. (1991). The conclusion of Lu et al. may be overstated for the conclusions drawn in the seal strategy
report.
Basis:
The paper by Lu et al. (1991) has been reported in detail to address the issue of barometric and
convective airflow. The objective of the analyses was to show the effect of the permeability contrasts
between welded and nonwelded tuff formations on the gas particle path lines. The analyses are based on
a near preclosure temperature regime for the calculations of the pathlines performed under steady-state
conditions. The model presented by Lu et al. (1991) is strictly concerned with a geologic medium
consisting of a system of homogeneous layers; furthermore the range of temperatures at the potential
repository level adopted in their analysis does not seem to exceed 330 0K (i.e., a temperature below the
projected one for the first 1,000 yr after closure). Both the homogeneous representation and low
temperature values tend to yield nonconservative results. The potential impact on the pathlines resulting
from the nonhomogeneous nature of the geologic system resulting from existing fracture networks or
faults, and particularly from the existing and projected set of exploratory boreholes, was not considered
by Lu.
Recommendation:
The conclusion to seal in the Paintbrush tuff unit should be based on a variety of considerations and not
primarily on the conclusions of Lu et al.
Reference:
Lu, N., S. Amter, and B. Ross. 1991. Effect of a low-permeability layer on calculated gas flow at Yucca
Mountain. Proceedings of the Second Annual International Conference on High-Level
Radioactive Waste Management. LaGrange Park, IL: American Nuclear Society: 853-860.

A.4.8 General Concern
Statement of Concern:
The flow rate is the predominant performance measure used to evaluate seal performance in the case of
air flow. Other performance measures, such as travel time, are equally useful, however, and were not
considered.
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Basis:
Flow rate is strongly affected by the conductivity of the disturbed zone and, to a lesser degree, by the
extent of the disturbed zone. Relying exclusively on the flow rate as the performance measure for
evaluating the performance of seals could be misleading. A supplementary performance measure, that is,
travel time should be considered, since travel times may be considerably influenced by the porosity of
the disturbed zone. This arises because the velocity through the system is calculated by dividing the Darcy
velocity (which is proportional to the hydraulic conductivity) by the porosity. Travel times are seen to
increase by approximately the same factors as the increases in porosity. Actual travel times will be
influenced greatly by whether the flow path may be modeled as an equivalent porous medium or whether
it is determined by isolated but continuous fractures.
Recommendation:
Consider other performance measures such as travel time.

A.4.9 General Concern
Statement of Concern:
The equation reported on pg. 4-30 identical to Eq. (H-i) of Appendix H is not properly labeled.
Basis:
The summation symbol seems to indicate that i varies from 1 to n, when symbol i is defined as the
airflow gradient. This leads one to conclude that all boreholes have identical cross-sectional areas as well
as equivalent vertical backfill conductivities but are subjected to n different airflow gradients. If the latter
assumption is not true, then SNL has failed to justify its assumption regarding the adoption of a unique
value of a uniform airflow gradient i prevailing across the boreholes as well as the rock mass above the
repository horizon zone.
Recommendation:
These equations should be properly labeled or, alternatively, the reported concern should be addressed.

A.4.10 General Concern
Statement of Concern:
SNL relies upon a two-dimensional analytical solution of the advective-dispersive form of the transport
equation in order to determine the extended boundary from the repository's horizon edges likely to be
contaminated.
Basis:
The adopted finite line source model does not adequately simulate the geometry of the source at the
repository level, which is more realistically approximated by a two-dimensional array of waste packages
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emplaced at specific distances from each other. Furthermore the velocity vector which is constrained to
a direction normal to the source may yield wrong estimates particularly in the case of an anisotropic
geologic medium.
Recommendation:
In this instance, the use of a three-dimensional analytical solution designed to handle adequately a
multi-patch source term and a directionally unconstrained velocity vector as presented by Gureghian
(1987, 1988) is recommended.
References:
Gureghian, A.B. 1987. Analytical Solutions for Multidimensional Transport of a Four-Member
Radionuclide Decay Chain in Ground Water. BMI/OCRD-25. Columbus, OH: Battelle
Memorial Institute: 162.
Gureghian, A.B. 1988. MASCOT User's Guide-Version2.O. Analytical Solutionsfor Multidimensional
Transport of a Four-Member Radionuclide Decay Chain in Ground Water. BMI/OCRD-30.
Columbus, OH: Battelle Office of Crystalline Repository Development.

A.4.11 General Concern
Statement of Concern:
There is a strong need to discuss the characterization of the equivalent hydraulic conductivity tensor for
a fractured geologic medium as reported in Appendix E.
Basis:
The approach adopted by SNL for characterizing the equivalent hydraulic conductivity tensor of a
fractured geologic medium is limited to one which includes a set of parallel fractures and a rock mass
which is strictly isotropic and homogeneous. Such an idealized conceptual model of a fractured rock
system totally disregards the various fracture properties (i.e., density, length, width, orientation,
roughness, connectivity with their respective probabilities) which to a large extent account for its
anisotropic and nonhomogeneous characteristics. In this context discussions pertaining to a justification
of their current approach are not adequately reported. The role of the superposition theory that has
apparently been used by SNL to estimate an average hydraulic conductivity tensor for a combination of
fracture sets with different orientations, as reported in Tables E-1 and E-2 of Appendix E, has not been
clearly defined.
Recommendation:
SNL should review their model for conceptualizing a multiple set of parallel fractures of arbitrary
orientations (see Shapiro and Bear, 1985).
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Reference:
Shapiro, A.M., and J. Bear. 1985. Evaluating the hydraulic conductivity of fractured rock from
information on fracture geometry. Communication at 17th International Congress of
Hydrogeology of Rocks of Low Permeability. Tucson, AZ: International Association of
Hydrogeologists: XVII, Part 2: 463-472.

A.5

REVIEW OF SECTION 5.0: DESIGN EVALUATION OF BOREHOLE
SEALS

A.5.1

General Concern

Statement of Concern:
More details on the analyses performed to estimate the combination of seal matrix conductivity values
and smooth-wall aperture values that satisfy the 1 percent performance goal set to limit airflow and
groundwater flow through boreholes need to be provided. It is not clear how the values of seal matrix
conductivity and of smooth-wall aperture were estimated.
Basis:

The equations used in SAND93-1184 to determine the values of seal matrix conductivity and of smoothwall aperture that satisfy the established air and groundwater design requirements show that these values
depend on different parameters (e.g., rock hydraulic conductivity, borehole radius, and density and
viscosity of the fluid). The discussion of the results in Sections 5.1.1 and 5.1.2 of SAND93-1184 does
not address how these important results on seal performance were arrived at. For example, there is no
discussion regarding the effect of borehole radius, and the variation of density and viscosity of air as a
function of temperature on the estimate of the hydraulic conductivity of the seal matrix and the smoothwall aperture. These effects need to be carefully addressed for they could have a significant impact on
the results of the analysis.
Recommendation:
Details of the analyses underlying the results presented in Sections 5.1.1 and 5.1.2 of SAND93-1184
should be provided. These details should address the sensitivity of the results on the other parameters in
the attendant equations.

A.5.2

General Concern

Statement of Concern:
A number of potential degradation mechanisms that could affect the performance and properties of seals
have been identified. For each degradation mechanism one or more mitigation actions have been
proposed. The degradation mechanisms should be ranked based on relative likelihood of occurrence and
on potential consequence. This ranking should be considered in developing a strategy for identifying key
seal placement locations and methods and optimum seal materials.
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Basis:
Section 5.2.1 and Table 5-1 of SAND93-1184 describe the potential degradation mechanisms that could
adversely impact seal placement and seal performance. Seven mechanisms were identified and they
include physical mechanisms that could affect hydrologic performance (e.g., channeling around the seal);
mechanical degradation and deformation of seals due to different combinations of static, seismic, and
thermal loads; modification of borehole fill properties; and chemical degradation. Associated with each
degradation mechanism is one or more mitigating action that could be implemented in the design and/or
placement of the seals to diminish possible adverse effects caused by the mechanism. In SAND93-1184,
it is recommended that all of the proposed mitigating actions be incorporated into the overall strategy.
This recommendation, which in principle is a good one, may not be practically implementable. Because
each of the potential degradation mechanisms has different initiating processes and events, not all of them
should have identical likelihood of occurrence. Also, a deleterious effect is likely to be associated with
each possible degradation mechanism; otherwise, there would be no reason for concern. Therefore, it
should be possible to examine the likelihood and expected consequence of each possible degradation
mechanism, and rank-order the mechanisms on that basis. This rank ordering should help focus the
overall seal strategy on those areas and aspects of seal design and placement that are really significant.
Recommendation:
It is recommended that a systematic approach (such as those used in scenario development and selection)
be applied: (i) to the identification of the potentially significant degradation mechanisms and their
corresponding initiating events and processes, and (ii) to the evaluation and ranking of the initiating
events and processes and of the degradation mechanisms. The identification of initiating events and
processes should be consistent with the identification of initiating events and processes for TSPA and
other technical analyses.

A.5.3

General Concern

Statement of Concern:
The specific technical approach used in the corrosion allowance and stress calculations should be clearly
presented and discussed.
Basis:

It is not clear from the discussion in Section 5.2.2 of SAND93-1184 what is the approach used in the
calculation for corrosion allowance and the evaluation of the various loading combinations.
Recommendation:
The specific steps and assumptions in the technical approach for corrosion allowance and stress
calculations should be clearly and concisely delineated in SAND93-1184.
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A.5.4 General Concern
Statement of Concern:

In Appendix I, Table 1-3: Summary of Environmental Conditions-first row "Minimum Horizontal
Stress."
Basis:
This table suggests that the analysis assumes anisotropic stress field in horizontal direction. What are the
corresponding "Maximum Horizontal Stresses" used here? Perhaps the isotropic stress field is assumed
and minimum horizontal stress values are used. If so, why is the anisotropic stress state predicted in
Chapter 2 not applied here and what are the reasons for taking the minimum value as a representative
isotropic stress? Using the maximum stresses would be more conservative in terms of tangential stress
concentration at the hole boundary under thermal loading.
Recommendation:
Clearly describe the in situ stress conditions used in this analysis. Provide justifications for using these
stress values.

A.5.5

General Concern

Statement of Concern:
In Appendix J, shear stresses along plug length plotted in Figures J-2 through J-4 are not traceable.
Basis:
The shear stresses are plotted using the two equations on pg. J-4. Seal radius variable, a, used in the
calculation has never been defined.
Recommendation:
Define the numerical value(s) of variable "a."

A.5.6 General Concern
Statement of Concern:
In Appendix J, assumptions used in the backfill loading analysis may not be adequate to determine
suitable (minimum) plug length (Figure J-1, pg. J-2).
Basis:
This simplified approach calculates shear stress at a plug-rock interface for various plug lengths by
assuming that the surrounding rock does not deform (rigid body), only vertical loads are considered, and
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that the shear stresses are uniformly distributed. It is true that omitting the radial stress on the borehole
wall caused by lateral deformation of the plug poses a conservative estimate. However, it is not
conservative when the radial stresses exerting on the borehole wall due to lateral deformation of the
backfill are neglected. Depending upon the elastic properties and geometry (L/D ratio) of the plug and
backfill, the interaction stress at the interface between cement plug and rock could be decreased by the
radial stress induced by lateral deformation of the adjacent backfill (e.g., Fuenkajorn and Daemen, 1987).
Determination of the suitable (minimum) plug length should consider not only the vertical loading of the
backfill, but also mechanical (geotechnical) behavior and hydraulic performance of the entire sealing
system and rock mass.
Recommendation:
Numerical analysis should be performed to determine the distribution of the shear stresses along the plug.
The analysis should also take into consideration the lateral pressure and deformation of the plug, backfill
and surrounding rock mass. Such analysis should provide a more realistic result in terms of shear stress
distribution at the plug-rock interface, potential separation at the interface near the adjacent backfill, and
development of a tension zone at the bottom end of the plug (depending on the plug length-to-diameter
ratio-Akgun and Daemen, 1991).
The proposed minimum plug length should satisfy the minimum requirements on hydraulic performance
of the sealing system. It should also be supported by laboratory testing, pilot scale (in situ) testing, or
numerical modeling (e.g., Greer and Daemen, 1991).
References:
Akgun, H., and J.J.K. Daemen. 1991. Bond Strength of Cementitious Borehole Plugs in Welded Tuff
NUREG/CR-4295. Washington, DC: Nuclear Regulatory Commission.
Fuenkajorn, K., and J.J.K. Daemen. 1987. Mechanical interaction between rock and multi-component
shaft or borehole plugs. Proceedingsof the 28th U.S. Rock Mechanics Symposium. Tucson, AZ:
University of Arizona: 165-172.
Greer, W.B., and J.J.K. Daemen. 1991. Analyses and Field Tests of the Hydraulic Performance of
Cement Grout Borehole Seals. NUREG/CR-5684. Washington, DC: Nuclear Regulatory
Commission.

A.5.7

General Concern

Statement of Concern:
The relationship between the equation on page 5-4 and the effective conductivity of seal in Figures 5-2
and 5-3 is not traceable.
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Basis:

The method of applying this equation to produce the plots in Figures 5-2 and 5-3 has not been clearly
described. What is the seal length used in the calculation to meet the "1 percent performance requirement
for water and air flow?"
Recommendation:

Provide information on how the equation is applied, and how it is related to the amount of flow defined
in the adopted position of performance requirement.

A.5.8 General Concern
Statement of Concern:
Pg. 5-4: Information under section 5.1.3 (Conclusions for Air and Water Flow Design Requirements).
Basis:
Information described in this section is not complete.
Recommendation:
Complete the information in this section.

A.5.9 General Concern
Statement of Concern:
Table 5-1: Sealing Strategy to Mitigate Seal Degradation, Row #1: "Placement" for "Sealing Strategy
to Mitigate Failure" for "Channeling around seal."
Basis:
One possible emplacement parameter used to prevent channeling around cementitious seal is "controlling
the amount of standing water in the borehole." This finding is from the NRC experimental research
conducted by Greer and Daemen (1991) and Crouthamel (1991).
Recommendation:
Address the experimental results from NRC-funded research on this issue.
References:
Crouthamel, C.R. 1991. In-Situ Flow Testing of Borehole Plug. M.S. Thesis. Tucson, AZ: University
of Arizona.
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Greer, W.B., and J.J.K. Daemen. 1991. Analyses and Field Tests of the Hydraulic Performance of
Cement Grout Borehole Seals. NUREG/CR-5684. Washington, DC: Nuclear Regulatory
Commission.

A.5.10 General Concern
Statement of Concern:
Pg. 5-11, Figure 5-4. The interface normal stress during thermal loading period is significantly higher
than those during hydration period.
Basis:
The figure implies that the proposed strategy plans to obtain the thermally-induced interface stress higher
than the vertical stress (stage 5). What are the advantages of such design? Source of data and type of
cement used in this plot are not indicated. What are the implications of comparing the interface stress
with lithostatic stress? Is this interface normal stress applicable to all three seal locations?
For stage 4, it is not necessary true that emplacement of backfill increases the interface stress around the
cement plug. The interface stress around the seal also depends on the lateral loading on the borehole wall
by the adjacent backfill.
Recommendation:
Identify the source of data used in the figure. The figure would be much more meaningful if the interface
stresses are compared with the maximum and minimum horizontal stresses predicted at each seal locations
(Chapter 2)

A.5.11 General Concern
Statement of Concern:
Pg. 5-13, Figure 5-5: "States of Stress Around Open and Sealed Boreholes." the states of stress are not
clearly presented.
Basis:
The implications of this figure are not clear. What are the objectives of presenting these stress diagrams.
Recommendation:
More explanations are needed. It would also be very helpful if the diagram includes relative differences
of stress magnitudes for different stages of seal/backfill development. For borehole stability and stress
analysis, tangential and radial stresses are more important than vertical stress.
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A.5.12 General Concern
Statement of Concern:
Pg. 5-7, Section 5.2: Consideration When Emplacing Seals.

Two issues are analyzed here, (i) stage in plug development, and (ii) casing corrosion.

Basis:
It is true that life time of casing is of important for borehole stability and long-term effect on the seal
performance. However, the issue of "when to seal" should be relied primarily on the optimization of the
effectiveness of the seals to meet the performance objective. Casing life and its corrosion allowance are
only supporting factors and they should not be considered as a primary criterion.
Recommendation:
A clear statement may be incorporated to address the primary criterion for "when to seal."

A.5.13 General Concern
Statement of Concern:
Pg. 5-23, Section 5.3.3.2 Stress Analysis at Various Seal Locations.
The analysis calculates thermal stresses around boreholes by assuming isotopic stress state in the
horizontal direction (i.e., far field stresses of 2.4, 7.3 and 8.7 MPa for seal locations 1, 2 and 3,
respectively).
Basis:
Assumption of isotropic stress state may not be conservative to evaluate the stability of rock mass around
an open borehole (i.e., calculation may underestimate the maximum tangential stress at the hole
boundary).
Recommendation:
Provide explanation why the anisotropic stress state in the horizontal direction as predicted in Chapter
3 is not used here. Or re-analyze the problem using more realistic stress conditions.

A.5.14 General Concern
Statement of Concern:
Pg. 5-28, Paragraph 3; "It is further concluded that an adequate separation of 15 m should be maintained
between the underground excavation and any exploratory borehole...."
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Basis:
The proposed strategy has not indicated the quantitative criterion used in deriving the minimum distance
of 15 m.
Recommendation:
Describe the criterion used to define this minimum distance.

A.5.15 General Concern
Statement of Concern:
Pg. 5-29, Section 5.4.3 Evaluation of cement hydration of Type II cement.
Basis:
The proposed evaluation has not addressed the experimental data of Type II cement expansion obtained
from the NRC-funded research (Akgun and Daemen, 1991).
Recommendation:
Compare the results from the proposed modeling with the actual experimental data obtained from the
NRC-funded research.
Reference:
Akgun, H., and J.J.K. Daemen. 1991. Bond Strength of Cementitious Borehole Plugs in Welded Tuff:
NUREG/CR-4295. Washington, DC: Nuclear Regulatory Commission.

A.5.16 General Concern
Statement of Concern:
Pg. 5-33, Structural Analysis of Backfill Loading.
Basis:
The proposed seal strategy numerically assesses the impact of backfill loading under static and dynamic
loading on the shear stress distribution along plug length. The direct impact of such loading on the flow
or hydraulic performance has not been analyzed.
Recommendation:
Experimental results from NRC-funded research on the effect of dynamic loading on the flow through
borehole cement plugs (Adisoma and Daemen, 1988) should be addressed and compared with the
proposed analysis where applicable.
A-29

Reference:
Adisoma, G.S., and J.J.K. Daemen, 1988. ExperimentalAssessment of the Influence ofDynamic Loading
on the Permeability of Wet and of Dried Cement Borehole Seals. NUREG/CR-5129.
Washington, DC: Nuclear Regulatory Commission.

A.5.17 General Concern
Statement of Concern:
In section 5.4.5, the proposed structural analysis of postclosure thermal loading does not provide
sufficient information on boundary loading conditions and model geometry and configurations
Basis:
The present information is not adequate for evaluating the validity and correctness of the modeling
results.
Recommendation:
Provide information on the boundary conditions and model geometry and configurations used in analyzing
the stresses in the seal and rock during postclosure thermal loading.

A.5.18 General Concern
Statement of Concern:
Applicability of the existing technology used in the oil and gas industry to the site-specific requirements
at the proposed repository site has not been discussed in the proposed strategy.
Basis:
Insufficient effort is given to assess the applicability of the existing technology and knowledge to the sitespecific requirements at the proposed repository site. For example, the emplacement methods used in the
oil and gas industry are usually designed for plug lengths up to several hundred feet where the potential
variation of the cement column is not a critical issue. Some emplacement methods may not be suitable
for the plug lengths proposed for the exploratory borehole.
Recommendation:
Provide discussions on the applicability of the existing knowledge and sealing technology to the sitespecific requirements at the proposed repository site. These should include the methods of casing
removal, borehole wall reconditioning, cement emplacement methods, and related instrumentation.
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A.5.19 General Concern
Statement of Concern:
In Appendix I, it is unclear how the ultimate volumetric expansion is used to analyze the stresses induced
in the seals and rock under ambient and elevated temperatures.
Basis:
If the ultimate volumetric expansion of cement is assumed to occur for all plug models, the analysis may
overestimate the magnitudes of radial expansive stress at the interface, and hence introduce an error to
the calculation of radial, tangential, and shear stresses in the plug and rock. The ultimate volumetric
expansion of the cement may or may not be reached, depending on the confinement and stiffness of the
plug boundary.
Recommendation:
Clearly describe how the volumetric expansion is incorporated into this analysis. It is advisable that
different volumetric expansions be used for different seal locations (i.e., different surrounding
confinement and stiffness) to predict the stress state of the seal and rock (e.g., Akgun and Daemen,
1991).
Reference:
Akgun, H., and J.J.K. Daemen. 1991. Bond Strength of Cementitious Borehole Plugs in Welded Tuff
NUREG/CR-4295. Washington, DC: Nuclear Regulatory Commission.

A.5.20 General Concern
Statement of Concern:
In Appendix I, Tables I-4 through 1-8. Negative radial stress in rock is unrealistic.
Basis:
The interface stress (or radial stress) in rock at the interface should not be less than 0 because the splitting
bond strength between the rock and cement is usually low. For the numerical modeling, the negative
radial stress at the borehole boundary can occur only if a welded surface is assumed at the interface.
Recommendation:
Provide explanation for this observation. If a welded interface is assumed in the modeling, discuss the
effect of this assumption on the results.
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A.5.21 General Concern
Statement of Concern:
In Appendix I, Table I-1: Summary of Seal Properties-last row "Ultimate Volumetric Expansion."
Basis:
Method and boundary conditions used for determining the volumetric expansion of cement during
hydration may significantly affect the results. Experimental results obtained from NRC research conducted
by Fuenkajorn and Daemen (1986) and Akgun and Daemen (1991) indicate that volumetric expansion of
cement is governed by the mechanical interaction with the surrounding boundary, and vice versa. For
example, borehole cement plug in a very stiff rock will yield a higher interface stress and a smaller
volumetric expansion than those in soft rocks.
Recommendation:
Describe the method used in measuring volumetric expansion in this analysis.
References:
Akgun, H., and J.J.K. Daemen. 1991. Bond Strength of Cementitious Borehole Plugs in Welded Tuff
NUREG/CR-4295. Washington, DC: Nuclear Regulatory Commission.
Fuenkajorn, K., and J.J.K. Daemen. 1986. Rock-cement interface effect borehole plug permeability.
Proceedingsfrom Waste Management '86 Symposium Tucson, AZ: 251-256.
A.5.22 General Concern
Statement of Concern:
Direction of shear stress in Tables 14 through 1-9.
Basis:
Direction of shear stress is not defined in these tables. Would this imply that the analysis assumes
isotropic stress state in the horizontal, and the shear is vertical shear stress?
Recommendation:
Clearly describe the in situ stress conditions used in this analysis. Provide justifications for using these
stress values.
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A.6

REVIEW OF SECT[ON 6.0: FEASIBILITY OF EMPLACING BOREHOLE
SEALS

A.6.1

General Concern

Statement of Concern:
There is a need to discuss the feasibility of using available borehole sealing technologies at the Yucca
Mountain Site.
Basis:
Chapter 6 of SAND93-1184 describes a suite of available technologies for the emplacement of seals.
Many of these technologies have been developed for, and mainly applied by, the oil and gas industry.
Chapter 6 does not discuss whether these technologies can be used in sealing boreholes in unsaturated
rocks. The fact that these technologies are currently available does not guarantee their applicability to the
sealing of boreholes at Yucca Mountain.
Recommendation:
An analysis to evaluate the applicability of the available seal emplacement technologies to Yucca
Mountain should be performed.

A.6.2

General Concern

Statement of Concern:
In Appendix K, Table K-2: Summary of Seal Materials, this information is not discussed in the text.
Basis:
Many issues summarized in this table have not been discussed in the preceding text. Advantages and
disadvantages for different types of seals are important in material selection for the borehole seals.
Recommendation:
The advantages and disadvantages of different types of seals should be discussed in detail in the text.
Implications and applicability of these issues to the site-specific performance requirements and
environment at the proposed repository site should be addressed.
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A.7

REVIEW OF SECTION 7.0: BOREHOLE SEALING STRATEGY
CONCLUSIONS AND RECOMMENDATIONS

A.7.1

General Concern

Statement of Concern:
There is a need for closer interaction and coordination between the DOE Exploratory Borehole Seal
Strategy and the iterative Total System Performance Assessment (TSPA) analyses and site characterization
activities. There is a need to consider, in the development of the seal strategy, disruptive scenarios and
site properties that are similar, if not identical, to those used in the TSPAs. There is also a need to ensure
that the data used in the analyses supporting the seal strategy are consistent with TSPA and other technical
analyses conducted to forecast the performance of the proposed high-level nuclear waste (HLW)
repository at Yucca Mountain. The report should discuss the approach that will be used to revise the
report as new data become available from the site characterization program.
Basis:
It is stated in SAND93-1184 that the proposed exploratory borehole seal strategy: (i) "is consistent with
iterative performance assessment," and (ii) can "be modified if the assumptions made about the rock
properties change as a result of site characterization." It is not clear from the report how this will be
accomplished.
Previous TSPAs for the proposed Yucca Mountain repository have considered a variety of scenarios that
could adversely impact the long-term repository performance (e.g., basaltic volcanism, climate change,
and human intrusion) as well as conducted detailed analyses of thermal effects, gaseous flow and
transport, and unsaturated and saturated zone flow modeling. No evidence could be found that the results
from those analyses nor the data and modeling assumptions used had been incorporated or considered in
the technical analyses supporting the seal strategy.
The performance of boreholes located within the "controlled area" (i.e., the area inside the boundary of
the accessible environment) should be considered in TSPAs because of the possibility that some of these
boreholes can become preferential pathways for the release of radionuclides to the accessible environment.
Thus, technical analyses conducted to support the development of the seal strategy should consider those
issues important to TSPA. For example, SAND93-1184 considers the flooding of existing and proposed
surface boreholes using the "Probable Maximum Flood" (PMF) concept (see Section 4.1.2.1 of SAND931184). The PMF is the flood that could occur under the most severe combination of critical
meteorological and hydrological conditions that are possible in the region. It is not clear that the PMF
analysis considered the impact of possible climate changes (and the corresponding changes in infiltration
rates) in the analysis of surface borehole flooding. Also associated with climate changes to wetter and
cooler conditions, is the potential rise of the water table which could impact the performance goals of
deeper boreholes. It is not clear that these effects were considered in SAND93-1184.
Other areas where there is a need for better integration between the seal strategy and the TSPA analyses
include the consideration of hydrologic parameters values (such as the rock hydraulic conductivity and
the properties and characteristics of faults and fractures); groundwater and gaseous flow and transport
conceptual models; and the results of thermohydrological, thermomechanical, and geochemical analyses.
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Because TSPAs examine the impact of both anticipated and unanticipated events and processes on all
aspects/components of the repository system, these analyses may generate information directly relevant
to seal performance and seal placement considerations that should be examined as part of the seal
strategy.
The authors of SAND93-1184 point out that many necessary assumptions were invoked due to the paucity
of data; in several instances, only qualitative assessments of seal performance were possible due to the
lack of data. The report, however, does not address how new data/information collected to augment
existing ones or to close gaps will be incorporated and how the strategy will be revised accordingly. It
is possible that new data/information could warrant the reversal of present positions in the strategy. Such
reversals could, in turn, impact the nature and scope of current seal testing projects as part of the site
characterization program.
Recommendation:
The exploratory borehole seal strategy should explicitly address the interaction and coordination with the
Yucca Mountain Project TSPA analyses and site characterization program activities. Such interaction and
coordination may prove necessary to ensure consistency between the strategic decisions in the sealing
program and the estimates of overall system and subsystem performance. An approach should be
developed and implemented that will permit the systematic consideration of new data/information
generated from the TSPA analyses and the site characterization program in the seal strategy.

A.7.2

General Concern

Statement of Concern:
A large number of parameters, issues, and considerations have been addressed in the current exploratory
borehole seal strategy. Some of these may represent competitive effects and it may not be practically
possible to design a borehole seal that optimizes all of these aspects. There is a need to systematically
analyze the important parameters, issues, and considerations in conjunction, and determine whether or
not it is possible to design borehole seals that are optional.
Basis:
In SAND93-1184 a large number of parameters, issues, and considerations impacting borehole seal
performance, where to seal, when to seal, and how to seal are addressed. These include hydrologic
conditions, thermal and mechanical stresses and loading, geochemical effects, corrosion effects, structural
analyses, materials development, and seal emplacement and borehole conditioning technologies, among
others. Each of these parameters, issues, and considerations are examined independently. It is possible
that, when some of these parameters, issues, and considerations are examined in conjunction with others,
it will be discovered that both sets cannot be optimized simultaneously. For example, developing a seal
material with the optimum geochemical and hydrologic properties may not be practically feasible.
However, such assessment is not possible from SAND93-1184 because geochemical considerations were
examined independently of, and in isolation from, hydrologic considerations. The same is true for other
sets of parameters, issues, or considerations. Therefore, developing a seal strategy that optimizes each
of the parameters, issues, and considerations addressed in SAND93-1184 may not be practically feasible.
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Recommendation:
A methodology should be developed and implemented that examines the important parameters, issues,
and/or considerations affecting the seal strategy as a total system. The implementation of this strategy
should be used to identify potentially competing sets of parameters, issues, and/or considerations, and
should serve as the basis for optimizing the seal strategy.

A.7.3 General Concern
Statement of Concern:
Pg. 7-10, Section 7.5.3 Borehole Sealing Plan, the intended objective of this section is unclear.
Basis:
The section briefly describes various scenarios which may occur during sealing operation. The issue of
the sealing plan has not been fully discussed in the preceding chapters.
Recommendation:
The borehole sealing plan should be drawn in a more systematic fashion. It should include various key
information such as a tentative schedule of operation, sealing priority for exploratory boreholes, a quality
control and quality assurance program, in situ testing program, etc. Such activities should be listed in
chronological order. Alternatives should also be given in terms of "when, where, and how to seal,' if
unexpected geologic conditions are encountered.

A.7.4

General Concern

Statement of Concern:
Section 6.2.2: Selection of the Area to Place the Seal: The proposed strategy suggests placing the seal
in the hard formation to obtain a good hydraulic and mechanical bond at the interface. However, a direct
assessment of the mechanical condition of the borehole has not been identified in this strategy.
Basis:
Physical appearance of the borehole wall alone may not be adequate to ensure that the surrounding rock
mass is suitable for seal emplacement.
Recommendation:
It is recommended that direct assessment of the mechanical condition (stiffness and strength) of the
surrounding rock be incorporated as part of the selection process.
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A.7.5

General Concern

Statement of Concern:
In Section 7.4, the sealing strategy analyzes a single abandoned borehole. The motivation for the analysis
is vague, hence the analysis appears irrelevant.
Basis:
The analysis appears motivated by the question of whether the project proceeds at risk in abandoning
boreholes. The abandonment of boreholes does not appear to be proposed as a viable option in the seal
strategy. A much more plausible assumption is that boreholes located above or penetrating through the
proposed repository layout will be sealed. This is consistent with the NRC recommendation in SCA
Comment No. 72, where "DOE should plan its sealing program on the basis that seals will be needed
until and unless it can be demonstrated otherwise." The purpose of the analysis may have been to
demonstrate that the DOE could safely abandon a borehole such as USW UZ-6, but this is unclear.
Recommendation:
It is recommended that analyses associated with abandonment of boreholes be focused to address specific
issues. There are pertinent cost/benefit analyses for sealing/abandoning boreholes located progressively
farther from the repository. A small number of boreholes are located within the repository layout, and
these can be expected to be sealed using the best available technology. It appears reasonable that shallow
boreholes located far from the repository layout (e.g., seismic boreholes) do not require extraordinary
sealing technologies, and the DOE may choose to submit analyses which demonstrate that they safely can
be abandoned. There are many pertinent analyses relevant to abandoning boreholes; however, they
should be clearly focused.
A.8

EDITORIAL COMMENTS

Statement of Concern:
There are editorial issues in SAND93-1184 that need to be addressed. Several examples of such issues
are:
* Text missing on pages 3-57 and 5-4
* Text repeated on pages 5-7 and 5-12
* The scale of the stratigraphic logs near the upper portion of the Topopah Spring member in
Figures D-l through D-10 (Appendix D) should be enlarged
* The units for depth and thickness of rock formations (second and third columns) are missing
from Tables D-1 through D-10 (Appendix D)
* The matrix conductivity values calculated for water flow in Figure 5-3 are less than
10-3 cm/s
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* Spelling of "Solitario" in Figures 2-1 and 2-2
Recommendation:
Correct these and other editorial mistakes/errors.
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APPENDIX B
REGULATIONS PERTINENT TO SEALING OF BOREHOLES

B REGULATIONS PERTINENT TO SEALING OF BOREHOLES
The most pertinent sections of the Nuclear Regulatory Commission (NRC) regulations are described here
to establish the regulatory context of sealing. One of the most pertinent sections of the regulations that
address the sealing of boreholes is in the design criteria for the geologic repository operations area of 10
CFR Part 60:
* 60.134 Design of seals for shafts and boreholes
(a) General design criterion. Seals for shafts and boreholes shall be designed so that,
following permanent closure, they do not become pathways that compromise the
geologic repository's ability to meet the performance objectives or the period
following permanent closure.
(b) Selection of materialsand placement methods. Materials and placement methods
for seals shall be selected to reduce, to the extent practicable: (1) the potential for
creating a preferential pathway for groundwater to contact the waste packages, or (2)
for radionuclide migration through existing pathways.
Seals are also implicitly discussed in the site characterization plan requirements of 10 CFR Part 60:
* 60.15 Site characterization
(c) The program of site characterization shall be conducted in accordance with the
following: (1) investigations to obtain the required information shall be conducted in
such a manner as to limit adverse effects on the long-term performance of the
geologic repository to the extent practical. (2) the number of exploratory boreholes
and shafts shall be limited to the extent practical consistent with obtaining the
information needed for site characterization, (3) to the extent practical, exploratory
boreholes and shafts in the geologic repository operations area shall be located where
shafts are planned for underground facility construction and operation or where large
unexcavated pillars are planned. (4) subsurface exploratory drilling, excavation, and
in situ testing before and during construction shall be planned and coordinated with
geologic repository operations area design and construction.
In addition, seals are explicitly mentioned in the site characterization requirements for U.S. Department
of Energy (DOE) performance confirmation program:
* 60.142 Design testing
(a) During the early or developmental stages of construction, a program for in situ
testing of such features as borehole and shaft seals, backfill, and the thermal
interaction effect of the waste packages, backfill, rock, and groundwater shall be
conducted.
(b) The testing shall be initiated as early as is practicable.
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(c) A backfill test section shall be constructed to test the effectiveness of backfill
placement and compacting procedures against design requirements before permanent
backfill placement is begun.
(d) Test sections shall be established to test the effectiveness of borehole and shaft
seals before full-scale operation proceeds to seal boreholes and shafts.
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SITE CHARACTERIZATION ANALYSIS OPEN ITEMS

C SITE CHARACTERIZATION ANALYSIS OPEN ITEMS
Specific Nuclear Regulatory Commission (NRC) staff concerns were identified in the Site Characterization
Analysis (SCA) of U.S. Department of Energy (DOE) Site Characterization Plan (SCP). Four concerns
associated with sealing issues were identified and remain open items. These four open items are
reproduced in this appendix.

C.1

SITE CHARACTERIZAIION ANALYSIS COMMENT NO. 73

Comment:
Conservative design approach has not been used to determine required backfill hydraulic conductivity.
Basis:
* Consultation Draft Site Characterization Plan (CDSCP) Comment No. 70 expressed concern
about the narrow basis for determining backfill requirements. According to the SCP
response, the recommended analysis is given in Fernandez et al. (1987). As stated in the
original CDSCP comment, the design chart Figure F-10 is developed for a single rock mass
permeability (Fernandez et al., 1987, pages F-12 through F-14). The sensitivity analysis
claimed in the SCP response cannot be located in Fernandez et al. (1987).
* The CDSCP concern about other inflow and outflow scenarios, and, specifically preferential
channel flow, remains unaddressed.
* The determination of the required backfill hydraulic conductivity (10-2 cm/s) appears to be
driven by comparisons of relative flow, that is, allowable shaft inflow as a fraction of total
flow (Fernandez et al., 1987, pg. 3-22, top paragraph). The basic reference design chart
(Fernandez et al., 1987, Figure F-10) is developed for the case where the hydraulic
conductivity of the rock mass is taken as 10-2 cm/s. It is not clear that a broad range of
possible hydraulic conductivities of the rock mass has been considered in determining the
required backfill hydraulic conductivity.
* On pg. 8.3.3.2-34, it is stated that "The rock mass hydraulic conductivity for one analysis
(Fernandez et al., 1987) was varied from 10-2 to 10-5 cm/s." It is not clear that the results
of this variation were considered in selecting the required backfill hydraulic conductivity.
Recommendation:
It is recommended that the sensitivity analysis in which the broad range of possible hydraulic
conductivities of the rock mass (e.g., 10-2 to 10-5 cm/s) was considered, be specifically referenced. In
situ tests should be planned and initiated to obtain the needed data as soon as practical. Alternative inflow
and outflow scenarios (e.g., preferential channel flow) should be presented in SCP updates.
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Reference:
Fernandez, J., P.C. Kelsall, J.B. Case, and D. Meyer. 1987. Technical Basisfor Performance Goals,
Design Requirements, and Material Recommendations for the NNWSI Repository Sealing
Program. SAND84-1895. Albuquerque, NM: Sandia National Laboratories.

C.2

SITE CHARACTERIZATION ANALYSIS COMMENT NO. 74

Comment:

This section describes a four-step process to determine the need for in situ testing of seal components.
However, no indication is given as to whether and when testing "to initiate in situ testing to evaluate the
behavior of selected sealing components under realistic in situ conditions as well as under unlikely
conditions' (pg. 8.3.3.2-41) will be initiated.
Basis:
In response to CDSCP comment 64, the SCP has not included details of in situ testing of the proposed
seal design concepts.
Section 8.3.3.2.5, Schedule for Seal Characteristics (Issue 1.12), does not discuss when steps 3 and 4 of
the four-step process mentioned above will be completed, or when a decision can be expected relative
to the need for in situ testing.
Table 8.3.5.16-2 (pg. 8.3.5.1-8) indicates that in situ testing of seal components will commence by
approximately January 1993. It is not clear that all information for steps 3 and 4 discussed in Section
8.3.3.2.2.3 will be available by that time.
No in situ sealing concepts testing is presently included in ESF in situ test plans, and no provisions are
made in the ESF layout for such testing.
The Safety Analysis Report to be submitted by the DOE for License Application is required to include
an evaluation of the performance of the proposed geologic repository after permanent closure (10 CFR
60.21(c)(1)(ii)(C)). Figure 8.3.3.1-1 of the SCP shows that the DOE plans to complete the performance
analysis without results of any in situ tests on sealing concepts.
Recommendation:
The SCP updates should indicate when a decision will be reached concerning the need for in situ sealing
concepts testing and when such tests might be carried out.
A plan should be in place for in situ sealing concepts testing prior to license application in case site
characterization data indicate a need for reliance on seals.
The in situ tests for seal components should commence as early as practical during the site
characterization program, such that preliminary information would be available at License Application
submittal and to ensure that long-term data are available by time of closure.
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C.3

SITE CHARACTERIZATION ANALYSIS QUESTION NO. 25

The SCP and supporting documents (e.g., Fernandez et al., 1987) emphasize characterization and design
"to ensure that water will not compromise the containment and isolation of radionuclides from the
accessible environment" (pg. 8.3.3.1-1). How are air flow characteristics of the site, particularly faults,
to be evaluated?
Basis:
In developing performance goals for the sealing subsystem, Fernandez et al. (1987) assume uniform air
conductivities (pg. 3-22) for the overlying tuff rock. However, some zones, particularly faults, may have
conductivities which differ significantly from assumed uniform conductivities.
The SCP recognizes that the "potential for flow through discrete fractures or faults are important
hydrologic aspects that require further evaluation" (pg. 8.3.1-4).
In discussing seal subsystem concepts and performance goals for gaseous species, Fernandez et al. (1987)
address goals for shafts, ramps, drifts and exploratory boreholes, but do not discuss faults explicitly.
Recommendation:
The SCP updates should discuss the need for plans to characterize the site air flow conductivities and flow
patterns, particularly as they relate to the gaseous outflow through faults.
Fernandez, J., P.C. Kelsall, J.B. Case, and D. Meyer. 1987. Technical Basisfor Performance Goals,
Design Requirements, and Material Recommendations for the NNWSI Repository Sealing
Program. SAND84-1895. Albuquerque, NM: Sandia National Laboratories.

C.4

SITE CHARACTERIZATION ANALYSIS QUESTION NO. 28

Ouestion
If it is decided that ES-1 will penetrate the Calico Hills unit, what will be the impacts on the current
sealing program and issue resolution strategy for Issue 4.4?
Basis
Penetration into the Calico Hills unit by ES-1 is currently under evaluation by the DOE. The SCP states
that the decision on the penetration will be made at a later date (Section 8.4.2.1.6.1, pg. 8.4.2-35).
Current design or performance goals for sealing and System Element 1.2.1.1 (access construction) of
Issue 4.4 are that no shaft should penetrate into the Calico Hills unit. If a decision is made at a later date
that such penetration is necessary, the potential impact of such penetration on the sealing program and
resolution of Issue 4.4 would have to be considered.
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Recommendation:
If a decision is made to penetrate the Calico Hills unit, an analysis of the impact on the sealing program
should be presented in SCP updates. Corresponding changes for the sealing program and Issue
Strategy 4.4 should be included.
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