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Dear Mel,

Review of the 1991 WIPP Assessment
(SAND91-0893)

Enclosed, please find two copies of our review of SAND91-0893, Volumes 1-3. [ have
read and commented in detail on all the Volumes, giving particular attention to the Chapters
highlighted in the contract. In addition, I have incorporated numerous comments from
several other Intera staff, notably Peter Robinson (who has re-done some of the CCDFs!).
All of the contributors are listed on the cover of the review document.

I have structured the review document into three parts: an introduction, a general overview
of comments and, the largest part, a section-by-section technical commentary on the three
Volumes. Many suggestions for improvements are made in the enclosed document but I
should like to draw your attention in particular to two areas where further input may be
especially helpful.

One of the weakest points of the documentation is, in fact, that a concise, readable
overview of what you have done is lacking. It may be that you have not had sufficient time
to do this or, perhaps, that the support staff working on the project are ail too close to the
work or too narrow in their outlook. It would be extremely interesting if an independent
party were to ry to explain to you what you had done, based on the information contained
in SANDS1-0893 (and possibly some supporting documentation). The draft 1992
assessment documentation could also be taken as the starting point for this overview but it
would, in any case, need to be updated regularly. Such an overview would let you know

. whether what you had intended to present was in fact properly presented. It would also

help in the process of completing the concise readable overview that is so desperately
needed.

A second area of weakness concerns the scenario development work which reflects a
parochial and out-of-date understanding of work in this field. The scenario development is,
however, one of the foundations of the performance assessment and you have rightly
recognised this by the artention given to itin Volume 1 of SAND91-0893. I feel we should
be in a good position to contribute to further work in this field, based on our experience of
scenario development work at international level and in support of such exercises for clients
in Sweden, Switzerland and the United Kingdom.

Cont/...

fegistared in England Number 355324 Registered office Highlands Farm, Grevs Rosd, Henlay-on-Thames, Oxon, RGY 4P, United Kingdom
Formarly Intera Sciences
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Many other recormnmendations have been put forward in the enclosed document and I await
your views on the work we have done.

Finally, I should emphasise here that we never received Volumes 4 and 5 and have,
therefore, spent the resources available for the review on Volumes 1 - 3. Please let me
know what to do about Volumes 4 and 5.

Also, should you see the need for me to come to Albuquerque in the near future (i.c.,

around the tirne of the Las Vegas meeting), please let me know. Possible discussion topics

include:

» comments on SAND91-0893, Volumes 1 - 3 and possible follow-up,

+ proposed PSACOIN Level 2 exercise and development of draft case specification for
the Task Group meeting in May. I should also propose to meet with Yim Sinclair and
Peter Robinson (and Brian Thompson, if available) for one day in advance of leaving
the UK so that ] could represent their views,

 discussion of draft input to NEA Human Intrusion Working Group report. I might also
be able to have this completed in advance of leaving the UK,

* other work and associated funding for FY93.

I rust that the enclosed documentation meets vour expectations and I should welcome any
feedback.

Best regards.

Yours sincerely,

T

Dr Daniel A Galson
Geosciences Group
Environmental Division

Encl. as stated
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Review of the 1991 WIPP Assessment
(SAND91-0893)

D.A. Galson et al.

Summary

This document presents a review of Volumes 1-3 of the Sandia report,
“Preliminary Comparison with 40 CFR Part 191, Subpart B for the Waste
Isolation Pilot Plant, December 1991 (SAND91-0893). The review has
been based on the published version of the 1991 WIPP performance as-
sessment. and the results are intended to be used in preparing the 1992
and future-year assessments. As requested by Sandia, this review has
considered technical questions pertaining to the performance assessment
methodology and its application and results, as well as issues of organi-
zation, presentation and flow of information between the various sections,
chapters and volumes.

We consider the 1991 assessment documentation a valuable and impres-
sive contribution to the performance assessment literature. The WIPP
Program is in the process of coming to terms with most of the contentious
issues surrounding the deep geological disposal of long-lived wastes. Many
parts of the report are of extremely high quality; we have, however, fo-
cused our comments on those parts of the report where we considered
improvements could be made.

QOur major technical concerns are in the general area of treatment of un-
certainty in the assessment, including in particular treatment of scenario
uncertainty, data and parameter uncertainty, and model uncertainty. We
have also suggested a possible modification to the methodology for gener-
ating CCDF's for human intrusion events, and have noted that the treat-
ment of human intrusion, as a particular class of scenarios, is imbalanced
in places. The document contains a general overview of our concerns, as
well as a detailed section-by-section technical commentary.

With regard to presentation and organization of the report, there is sub-
stantial room for improvement. reflecting the difficulty in both completing
an assessment and clearly and succinctly documenting it within a twelve-
month period. In particular, the report is excessively long, and very much
in need of a good summary of the order of 100 pages (or less). More
attention needs to be paid to the relevance of the information presented



to the final assessment results. and to the potential audience for the re-
port. Excessive use of mathematics is made throughout the report, and
figures are too few in number. are poorly explained or are too complex.
In addition, relatively minor errors are rife, particularly in Volume 3.
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Review of the 1991 WIPP Assessment
(SAND91-0893)

Introduction

This document presents a review of the Sandia report, “Preliminary Com-
parison with 40 CFR Part 191, Subpart B for the Waste Isolation Pilot
Plant, December 1991” (SAND91-0893). The Sandia report consists of
five volumes:

Volume 1: Methodology and Results

Volume 2: Probability and Consequence Modeling
Volume 3: Reference Data

Volume 4: Uncertainty and Sensitivity Analyses
Volume 5: Dose Calculations

At the time of the review. however, only the first three volumes were
available,

The review has been undertaken by Intera Information Technologies for
the WIPP Performance Assessment Division at Sandia National Labora-
tories. The review has been led and coordinated by D.A. Galson. Con-
tributions were also made by P.C Robinson, T.J. McEwen, K.J.Worgan,
M.J. Apted and M.D. Impey.

The WIPP Performance Assessment Division will revise and refine the
“Preliminary Comparison...” documentation on an annual basis, up until
the time that an application for an operating license for the WIPP is
made. The “Final Comparison...” is currently scheduled to be completed
in about five year's time.

This is the first review of the WIPP assessment documentation carried
out by Intera. The review has been based on the published version of the
1991 assessment (Volumes 1-3). 1t is foreseen that further reviews will be
conducted of draft assessment documents on an annual basis, normally
in a September timeframe (although future versions of Volume 3 may be
available sooner). '



Given that the 1991 assessment of compliance with the EPA Standard
has already been published, and the undertaking by Sandia to update the
assessment on an annual basis, the purpose of this review of the 1991 doc-
umentation has been to provide the WIPP Program a set of comments
that can be used in preparing the 1992 and later-year assessments. A fur-
ther objective was to familiarise Intera staff with the WIPP Performance
Assessment Program, in order that future requests by Sandia for reviews
of assessment documents in draft form could be responded to efficiently
and rapidly. It is expected that future reviews will need to be completed in
less than one month. This independent review of the Sandia performance
assessment work should ultimately provide Sandia and Department of En-
ergy management greater confidence that the assessment work is clearly
presented and represents the state-of-the-art in assessrnent technology at
international level.

As requested by Sandia, this review has considered technical questions
pertaining to the performance assessment methodology and its application
and results, as well as issues of organization, presentation and flow of
information between the various sections., chapters and volumes.

All of Volumes 1-3 have been considered, but in varying levels of detail.
In particular, Intera was requested to give closer technical attention to
Chapters 3 and 4 of Volume 1, Chapters 2, 3, 5, 6 and 7 of Volume
2, and the entirety of Volume 3. In addition, it was found essential to
review Chapter 5 (Compliance-Assessment System) of Volume 1 in detail,
because the material contained therein provides an important conceptual
basis for much of the assessment. However, comments have been made
section by section where necessary on most other chapters throughout the
three volumes. Finally, somewhat more focus was placed on the near-field
part of the assessment than on the far-field; this emphasis reflects the
relative importance of the near-field in the WIPP assessment.

This document contains a general overview of concerns in Section 2 and a
detailed technical commentary in Section 3.
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2.1

General Overview Wi

iy,

"

The Waste Isolation Pilot Plant is likely to be the world’s first deep un-
derground disposal system for long-lived radioactive wastes. Site charac-
terization work, initiated about 15 years ago, has already been extensive,
and the performance assessment activities have been underway for several
years. The commitment to produce performance assessments on an annual
basis prior to licensing reflects the importance given to such work by the
WIPP Program. This commitment places heavy demands on the staff of
the Sandia and supporting contractors, not least because each assessment
requires timely input from a multitude of technical disciplines, and the
coherent integration of the work and review of some 100 scientists. In
addition, the WIPP Program has expressed its awareness that not only
should the work be documented, but that it should be documented in a
clear and accessible format, in order to involve as many interested out-
side observers as possible in the process leading up to licensing of the
WIPP. Thus, the task at hand is substantial, and the 1991 assessment
is to be viewed as only one step in the ongoing iterative process of data
collection /interpretation and performance assessment.

In view of the above, we consider the 1991 assessment documentation a
valuable and impressive contribution to the performance assessment liter-
ature. The WIPP Program is in the process of coming to terms with most
of the contentious issues surrounding the deep geological disposal of long-
lived wastes. All of the main issues of concern to such assessments have
been clearly identified, including those issues for which time and resources
have not yet allowed an adequate treatment.

Much of the report is of extremely high quality. We have, however, fo-
cused our comments on those parts of the report where we considered
improvements could be made. That we have identified many such areas is
unsurprising, given the evolving developments in performance assessment
technology and supporting data bases within the WIPP Program, as well
as internationally. Qur general comments are summarized in this Section,
based on the extensive and more detailed comments contained in Section

3.

Report Organization and Presentation

There is substantial room for improvement, reflecting the difficulty in
both completing an assessment and clearly and succinctly documenting it
within a twelve-month period. This timescale presents a challenge which
has not been undertaken within other national programs, but which the

3



WIPP Program has committed itself to meet.

In particular, the report is excessively long, and is in desperate need of a
good summary of the order of 100 pages (or less). Volume 1 could be de-
veloped into a proper summary volume, with much of the detail relegated
to Appendices or to Volume 2, which could present the -etailed techni-
cal basis for the Volume 1 summary. On the other hand, the synopses
presented at the end of each chapter in Volume 1 are excellent; much of
the information for preparing a good summary report has already been
assembled.

Much of the report reads as if it were a “dump” of potentially relevant
information available to the author. More attention should be paid to the
relevance of the presented information to the final assessment results.

In preparing a summary volume, as well as the more detailed supporting
volumes, care should be paid to the intended audience for the report in
general, and for the different volumes in particular. It is stated in the
preface that the main audience includes “interested parties”, but large
parts of the report would be inaccessible to the general reviewer.

Some of the materijal in Volume 1 is poorly organized. For example, a good
overview of the site and disposal system should precede the scenario anal-
vsis. The approach to performance assessment should be placed later in
the volume. Several of the later chapters could be combined. In addition.
the numerous references made early in the volume about the lack of re-
leases for the base case scenario are annoying, as this is not demonstrated
until much later in the volume.

Excessive use of mathematics is made throughout the report, particularly
in Volume 1 {Chapters 3-4) and Volume 2. Much of the mathematics
could be relegated to supporting documentation for the assessment. Its
appearance in this report serves mainly to distract the reader from the
flow of the arguments. and from seeing what has really been done in the
assessment.

There are generally too few figures, most of the figures that do exist are
poorly explained, and many are much too complex, containing too much
detailed information, that obscures the main point to be made. Chapter 4
of Volume 1 (Scenarios for Compliance Assessment) in particular is poorly
illustrated.

In addition to this presentational aspect, many of the figures and tables
have been carelessly compiled, and errors are rife, particularly throughout
Volume 3. '



2.2

2.3

2.3.1

Parts of the report are extremely repetitious, particularly the various dis-
cussions concerning development of CCDFs and concerning the content
and interpretation of the EPA Standard. In particular, a new section
which brings together the analysis and interpretation of the EPA Stan-
dard scattered throughout the report should be developed, and could then
be referred to whenever needed.

Treatment of Uncertainty

With all the mathematics contained in the report, an important aspect to
the treatment of uncertainty has been forgotten: the need to describe and
treat uncertainty in a manner that sheds greater light on the assessment
results. Great play is made of the importance of distinguishing between
two types of uncertainty. stochastic and subjective. On the one hand,
we do not find this distinction meaningful or helpful in the context of the
WIPP assessment: on the other hand. other aspects of treating uncertainty
have received insufficient attention.

For example, the potential impact of spatial variability and heterogeneity
has been largely ignored (a notable exception, however, is the work on
transmissivity fields in the Culebra Dolomite). The work on scenario
development seems biased. and takes little account of developments in
thinking since the late 1970s {outside the U.S.). In addition, the report
correctly notes that the crucial issue of conceptual model uncertainty has
not vet been examined.

Scenario Uncertainty

INITIAL IDENTIFICATION

The completeness of the initial set of events and processes compiled as
input for the scenario development is unclear. Apparently, no formal site-
specific process was followed. Rather, a generic list developed about fifteen
years ago and reported in Cranwell et al. (1990) was used, and this was
supplemented by three additional potentially disruptive events and pro-
cesses known to be of concern to the WIPP. The ad hoc procedure followed
does not provide confidence that the scenario development was based on
a sound initial compilation of potentially disruptive events and processes.
For example, in the area of human intrusion, several additional scenar-
ios of potential concern have been identified in this review (see detailed
comments). Scenario development is an area that would very much ben-
efit by the expert panel approach used in other areas of the performance
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2.4

assessment,

In addition, the most up-to-date generic list for events and processes of
potential importance to disposal system safety is probably that contained
in the report of the NEA/PAAG Working Group on scenario development
(OECD/NEA, 1992). This work is not referenced at all.

SCREENING

The procedure used to screen the events and processes as input to the sce-
nario development lacks rigour, and appears to be biased in many places,
as detailed in Section 3. The intention appears to be to rule out from
consideration a priori as many events and processes as possible, without
serious consideration as to the possible effects or likelihoods of occurrence.
In particular, screening out events and processes on the basis of low con-
sequence, without proper analysis of the potential consequences, should
be avoided. This same point is also made by Cranwell et al. (1990).

On the other hand. the performance assessment work to date suggests
that the site is fundamentally sound. An effort should be made to be
more open-minded and imaginative in the scenario development work.
Again, much needed confidence in the scenario screening could be obtained
through independent geological input outside of the WIPP performance
assessment group.

Although screening is an important aspect of scenario development, an
equally important aspect is to explore the range of the possible. The
contrast with the input provided for human intrusion (admittedly an im-
portant class of scenarios) is notable.

Parameter Uncertainty

Although we have some concerns over the details of the methodology used
to obtain the reference data provided in Volume 3, our general impression
of the data gathering exercise is that it is very systematic and comprehen-
sive.

There seemns to be a confusion between uncertainty and variability. Re-
peated measurements of a variable may give different results for a number
of reasons (spatial variability, experimental error, lack of control of ex-
perimental environment, etc.), and this will lead to an uncertainty as to
the true value of this parameter. However, it is only when the parameter
varies stochastically that the observations can be taken as a direct indi-

6



2.5

cation of uncertainty. In other cases, the varying measurements require
careful consideration bv experts to determine a reasonable characterisation
of uncertainty.

Some of the confusion in terminology may result from the more or less
direct translation of reactor PRA methodology and terminology to waste
disposal system performance assessment. It is not sensible to apply di-
rectly all of the reactor PRA concepts to natural geological systems. For
example, large parts of a reactor can be treated as an engineered system
comprised of components of more or less constant (but imprecisely known)
properties. This same thinking is not easily applied to disposal systems.

In the chapters describing the treatment of individual parameters in Vol-
ume 3, it 15 not always clear whether or not the parameter was sampled
and, in many cases, it is not clear how the parameter entered into the per-
formance assessiment. An additional point of confusion is that often the
performance assessment calculations used different values for parameters
than those appearing in the summary tables and boxes. In this case, we
presume that the summary values were used solely for the purpose of sen-
sitivity analyses (reported in Volume 4). The distinction should be made
clearly.

In addition. the detailed discussions contained for many of the parameters
in some cases shed little light on the basis for the median and range used
in the assessment. More attention needs to be paid to the clarity of these
discussions. and to the link between the discussions and the final summary
information presented in the “boxes™ and tables.

Generation of CCDFs

The approach taken for developing CCDFs is clearly explained (Volume
1, Chapter 3), but has not heen adequately justified. The methodology
seems in part geared toward the analysis of the scenarios arising from the
scenario development work presented in Chapter 4. It is concluded there
that human intrusion is the only credible scenario that may affect the
integrity of the disposal system over the 10,000-year regulatory period.

This area is complex and is full of coniroversies, many of them philosoph-
ical. We are therefore wary of criticising the approach used. Nonetheless,
it is worth raising the issues that cause concern.

In essence. the question is why such distinctly different approaches are
taken to scenario uncertainties and parameter uncertainties. It is claimed
that scenario uncertainties are stochastic in nature, while parameter uncer-
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2.7

tainties are subjective. In our view, almost all uncertainties are essentially
subjective, with the exception being stochastic events (probably including
particular human intrusion events).

It is stated that the CCDF over scenarios arises because ¢ number of dif-
ferent occurences have a real possibility of taking place, whereas fized, but
unknown quantities are needed in the estimation of ¢ CCDF. This seems
to suggest that there are many possible futures, but that there is only one
possible set of parameter values. We would argue that there are many
possible futures and many possible parameter sets, but that there is
only one actual future and only one actual set of parameter values.
Both for futures and parameters the problem is that the actual cannot be
distinguished from the possible. and therefore the same methodology is
appropriate for both.

We agree with the views expressed by Bonano and Wahi (1990, Chapter
4), and in particular. the construction of a single CCDF including both
scenario and parameter uncertainty. It seems that this is the single CCDF
referred to in the EPA Standard.

In addition. in our comments on Chapter 3 of Volume 2, we present an
alternative methodology for generating the CCDF's for human intrusien.
This uses a simulation approach which is easy to describe and implement.
Using our approach. we have been able to reproduce efficiently the results
given in this chapter of the report.

Model Uncertainty

We would stress that conceptual model uncertainty may be the most im-
portant source of uncertainty in the final assessment. The WIPP Program
needs to identify clearly the source of such uncertainties, and develop a
position on how such uncertainties will be treated in the final assessment
documentation.

Human Intrusion

The approach taken in treating human intrusion is imbalanced in places.
For example, an extremely (and overly) complicated mathematical model
is developed to analyse cuttings releases, whereas there is only very limited
discussion of current drilling practices in the Delaware Basin. In addition,
although an interesting exercise in its own right. we do not consider that
the expert panel approach taken to develop models for future societal
development and corresponding probabilities for future human intrusion

3



2.8

will increase the confidence in this part of the assessment. It would be
more conservative 1o assume that intrusion was going to occur, and to
assess the potential consequences of various kinds of intrusion occurring
at different times in the future and assuming present-day drilling practices.

The EPA Standard, as promulgated in 1985, implies that human intrusion
should be folded into a single CCDF to demonstrate compliance with the
containment requirements. The report would nonetheless benefit from
a2 less constrained consideration of the rationale and philosphical basis
behind the treatment of human intrusion. We suggest this because con-
sequence estimates for potential future intrusion scenarios, although po-
tentially useful in siting (and possibly designing) repositories, are unlikely
to provide a useful quantitative basis for the licensing of deep geologi-
cal disposal systems. no matter how much modelling is involved and how
many experts are called to bear. Human intrusion seems to have taken on
undue imiportance within the WIPP Assessment Program because of the
supposed absence of releases by any other means.

Assessment Timeframe

The containment requirements of the EPA Standard are expressed in terms
of a limitation on the probability of exceeding various levels of cumulative
release to the accessible environment over a 10,000-year period. The as-
sessment has therefore largely focused on this intitial 10,000-year period,
and little information is given about the longer-term performance of the
repository system. \What information is presented does suggest that the
longer-term performance has been considered, and that the site is likely to
provide excellent confinement for periods much longer than 10,000 years.

One piece of information presented in Volume 3 does however confuse
this picture. There it is shown that the normalized radionuclide activities
within the repository, after an initial sharp decline, start to rise steeply
with time after about 2000 vears, and are still rising steeply at 10,000
years. This begs the question of when does the total activity level off, and
at just what level? Also. regulatory timeframe notwithstanding, how does
the temporal variation in activity after 10,000 yvears affect longer-term
performance?

Clearer treatment of the post-10,000-year performance of the disposal sys-
tem would be beneficial. Questions concerning this longer-term perfor-
mance may well be raised during licensing.



3.1

3.1.1

Detailed Comments

Volume 1: Methodology and Results

Preface

The preface seems unnecessarily long. Much of the second half is unnec-
essary, or would be better off in the main text (where most of it can in
any case already be found).

Chapter 1. INTRODUCTION
Section 1.1 40 CFR Part 191, The Standard (1985)

The EPA Standard plays a central role in the assessment documentation,
and reference is made throughout the report to the provisions and require-
ments of the Standard. Often these references include a certain amount
of what could be termed regulatory analysis or interpretation. Much of
this information in later sections is extremely repetitive, and it would be
a good idea to draw together all the key elements of concern to assessing
compliance with the Standard in one section or chapter, and simply refer
back to this in later chapters. This section could be entitled, for example,
“Regulatory Analysis” {(and may fit better in Chapter 2). The method
of dispersed presentation adopted makes the Standard appear extremely
complex. whereas most of the provisions are in fact relatively straightfor-
ward.

Section 1.2 Application of Additional Regulations to the WIPP

No comments.

Section 1.3 Organization of the Comparison

No comments per se, but should consider comments on possible reorga-
nization of the documentation provided in comments on sections 1.1 and
1.4 of Volume 1.

10



3.1.2

Section 1.4 Description of the WIPP Project

The geological parts of Chapter 1. sections 1.4.1 to 1.4.3, are not as helpful
as they could be. In addition, much of the information presented in this
section is also contained in Chapter 5 and, in part, in more detail in Volume
3, section 2.1.1, where some very relevant information is presented for the
first time. It would be particularly useful here if there were cross sections
through the WIPP from outside the Delaware Basin in approximately
north-south and east-west directions. Figure 1-5 (page 1-16), showing
the generalized stratigraphy in the WIPP area, is not sufficient for this

purpose, and is too simplified (although note that many other diagrams
are overly complex).

A better appreciation and understanding of the scenarios described in
Chapter 4 would be possible if more were known about the WIPP area
before this chapter were read. This could be achieved either by presenting
better geological information in Chapter 1, and/or by placing Chapter 5
before Chapter 4.

Pages 1-17/18. Tigure 1-6 contains a shaded line, presumably the southern
limit of the C'apitan Reef. but there is no explanation in the text or in the
figure of what this line is and what. if any. significance it is supposed to
have.

Page 1-23. line 1G6. The reference to figure 1-7 is incorrect. The only
relevant figure is figure 1-3. but this figure is partly diagrammatic (i.e.,
no bedding is shown), and it therefore cannot show the existence of an
angular unconformity between the Dewey Lake Beds and the Dockum
Group.

Page 1-29, line 14. C'are should be taken to avoid mixing between SI units
and “English™ (i.c.. U.S.) units. or conversions to SI should be provided
throughout the text. Although conversions are frequently provided, an
inconsistent approach has been taken.

Chapter 2. APPLICATION OF SUBPART B TO THE WIPP

See comments under section 1.1 above.

Page 2-2, line 30. We agree strongly with the emphasis placed on develop-
ment of adequate and clear documentation. as one of the cornerstones to
assessing compliance with the EPA Standard. We trust that our review
will be of use in this respect!

11



Section 2.1 Containment Requirements

Page 2-6 to 2-7. It is difficult to understand parts of the discussion of
release limits without reference to Table 1 in Appendix A, and a detailed
understanding of the EPA Standard. It might be better to reproduce the
necessary parts (or all) of the Standard in one place in the main text (e.g.,
Table 1 can be found later in the main text).

Page 2-7, lines 35-38. This section states that expert judgement will be
used, but this is obvious, because expert judgement pervades every aspect
of long-term performance assessments. More important to know is how
expert judgement will be used (e.g., in some kind of formalised way in
specific instances) in the performance assessment process.

Page 2-8, lines 21-23. This states that completeness in scenario develop-
ment is most appropriately addressed through peer review and probability
assignment. We assume that the term completeness refers to the need to
ensure that all features. events, and processes, and resuitant scenarios, of
potential importance to disposal system safety have been identified. Sce-
nario uncertainty is in fact best addressed through the use of a systematic
approach to the identification of features, events and processes, and in the
development of scenarios. and by a thorough documentation of the sce-
nario development procedure (e.g., see OECD/NEA, 1992). Peer review
will mainly check this process, but it will not ensure completeness per se.
In addition, it is not clear how probability assignment addresses the issue
of completeness.

Page 2-9, Table 2-1. This tahle and the associated text purport to outline
the range of methods to he used in assessing or reducing uncertainty in
the WIPP performance assessment. The table is misleading, however,
because almost all the methods really serve only to assess uncertainty.
Data collection - or making better or fuller use of existing data - and the
use of detailed modelling to improve understanding are arguably the only
ways to reduce fundamental uncertainties in the performance assessment,
regardless of the source of the uncertainty. Note that the fuller use of
existing data means the use of both direct and “indirect” information
{e.g., the use of hydrochemical data to infer groundwater flow patterns).

Page 2-19, lines 8-10. The text here (and elsewhere in the report) states
that models will be validated to the extent possible, and that expert judge-
ment will be relied upon where validation is impossible. While this would
seem correct. the approach and wording of such statements should be care-
fully considered (perhaps with input on the legal side) in view of existing
environmental litigation in the United States. There is a legal precedent
establishing the need for validation. In particular, the issue of model val-
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3.1.3

idation was the basis for the decision in a court case involving the State
of Ohio and the Environmental Protection Agency (23 ERC 2091, Sixth
Circuit, 1986). The U.S. Court of Appeals ruled that the EPA had acted
arbitrarily in using the CRSTER coniputer code as a basis for establishing
limitations on sulphur-dioxide emissions from two electrical utility plants.
Specifically, the court criticised the use of a code that had not been vali-
dated using site-specific information. The court stated that “...no on-site
study had been performed on the CRSTER model...no one had tested the
model or cross-checked its predictions against reality at the locations of
the company’s power plants.”

Page 2-19, lines 29-38. These statements suggest a potential misinter-
pretation of the EPA Standard. It is suggested that should the CCDF
exceed the specified limits. then additional qualitative judgements may
still lead to a “reasonalle expeciation™ of compliance. Extensive human
judgement (almost by definition qualitative) will be used in developing
any CCDF, particularly insofar as human intrusion is concerned. If the
(presumably best available) quantitative and qualitative judgement used
to" derive the CCDF do not lead 1o a reasonable expectation of compli-
ance, additional qualitative judgements are unlikely to prove deciding in
a decision on “reasonable expectation”. In addition, it seems nonsensical
to take the view that if one subjective judgement pushes a CCDF over
the regulatory limit. another may he used to argue for compliance in any
case. Rather. the conditions leading to a potential violation should be
examined in detail. Perhaps some of the assumptions will be seen to have
been overly conservative. Also. the wording on lines 35-38 is difficult to
understand.

Chapter 3. PERFORMANCE ASSESSMENT OVERVIEW
Section 3.1 Conceptual Model tor WIPP Performance Assessment

In this section the approach to generating CCDF curves is described. It
describes what is done in reasonably clear terms (with only the necessary
amount of mathematical formalism). However, it was not really clear
why it is done this way. The methodology seems in part geared toward
the analysis of the scenarios arising from the scenario development work
presented in Chapter 4. It is concluded there that human intrusion is the
only credible scenario that may affect the integrity of the disposal system
over the 10,000-year regulatory period. If this is the case, then say so.
It may also be easier to understand the approach if the details of the
methodology were presented after Chapter 4.
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This area is complex and is full of controversies, many of them philosoph-
ical. We are therefore wary of criticising the approach used. Nonetheless,
1t is worth raising the issues that cause concern.

In essence, the question is why such distinctly different approaches are
taken to scenario uncertainties and parameter uncertainties. It is claimed
that scenario uncertainties are stochastic in nature, while parameter uncer-
tainties are subjective. In our view. almost all uncertainties are essentially
subjective, with the exception being stochastic events (probably including
particular human intrusion events).

In addition, the words “conceptual model” in the title of this section
should be changed (to “approach™?) to avoid confusion with other uses of
the term (i.e., as used in models of radionuclide release and transport in
the performance assessment).

Page 3-2, line 13. Confusing use of the term conceptual model.

Page 3-10. Figure 3-4. There are numerous examples throughout this
Chapter of illustrations of the methodology based on nuclear reactor PRA
work (e.g.. the paper by Breeding et al., from which five or six examples
and figures are taken). It would be preferable if the methodology were
illustrated by reference to results from the WIPP performance assessment.

Page 3-13, line 39. It is stated that the CCDF over scenarios arises because
a number of different occurences have a real possibility of taking place,
whereas fired. but unknown quaniities are needed in the estimation of a
CCDF. This seems to suggest that there are many possible futures, but
that there is only one possible set of parameter values. We would argue
that there are many possible futures and many possible parameter
sets, but that there is only one actual future and only one actual set
of parameter values. Both for futures and parameters the problem is that
the actual cannot be distinguished from the possible, and therefore the
same methodology is appropriate for both.

We agree with the views expressed by Bonano and Wahi (1990, Chapter
4), and in particular. the construction of a single CCDF including both
scenario and parameter uncertainty. It seems that this is the single CCDF
referred to in the EPA regulations.

The discussion in section 3.1.5 is out of place in this report. It is not at all
necessary to understand the concept of a Borel algebra in order to follow
what has been done in the assessment. The section should be deleted.
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Section 3.2 Definition of Scenarios

The definition of the eight scenarios in section 3.2.1 is not as complicated
as the notation might lead a reader to suspect. The scenarios can be
defined without recourse to set theory or logic diagrams.

The discussior. in section 3.2.2 introduces a lot more notation. This is
unhelpful to the reader. This issue is reviewed in detail for Volume 2,
Chapter 2.

Section 3.3 Determination ot Scenario Probabilities

See the comments on Volume 2. Chapter 2.

Section 3.4 Calculation of Scenario Consequences

See the comments on Volume 2. Chapter 3.

Section 3.5 Uncertainty and Sensitivity Analysis

The choice of a Monte Carlo approach here is wholely sensible. The section
1s however much longer and more detailed than need be to understand the
actual methodology chosen. A general treatise on uncertainty and sensi-
tivity techniques is not needed. Aore helpful would be some representative
examples of the techniques actually employed in the WIPP performance
assessment. drawn perhaps from Volumes 3 and 4.

Page 3-63. lines 40-41. It is claimed that Importance Sampling is a partic-
ular type of stratified sampling. This is not how the phrase is used within
the NEA PSAG. Importance Sampling is a scheme which uses different
distributions to generate samples than are used to characterise uncer-
tainty, with a view to focusing sampling on important regions of parameter
space. This method has heen shown to be much more efficient than ran-
dom sampling or Latin Hypercube Sampling in particular waste disposal
assessments (Robinson. Roberts and Sinclair, PSAG meeting, Novemnber
1991). Given the expensive nature of running each sample in the WIPP
methodology, Importance Sampling should be seriously considered.

Page 3-66, line 43. It is stated that a sample of size 60 was generated from
the 45 uncertain variables. No justification for using such a small number
of samples is given. It might be a coincidence, but 60 is 4/3 times 45,
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3.1.4

and the claim has been made that the number of samples needed in Latin
Hypercube Sampling is only 4/3 time the number of variables. This claim
is not sustainable in general, and if it is true for the particular case of the
WIPP assessment models, then this needs to be demonstrated.

To illustrate why 60 samples seemns to be too small a number, consider
the samples generated for one particular variable. With 60 samples, the
expected largest and smallest samples leave one percent of the distribution
at each end unrepresented. Since the EPA regulation involves the 0.1
percentile, this is dangerous.

Chapter 4. SCENARIOS FOR.COMPLIANCE ASSESSMENT
Section 4.1 Definition of Scenarios
Section 4.1.1 Conceptual basis for scenario development

The introduction to this chapter describes scenarios in terms of the nota-
tion developed in Chapter 3. This notation seems unnecesary and merely
overcomplicates what is really a relatively simple concept. A comparison
with the scenario development carried out by SKI, based on the Sandia
approach, will illustrate the difference.

Page 4-4, Figure 4-2. The base case scenario as defined excludes human
intrusion, and therefore may be considered to have a relatively low prob-
ability over 10.000 vears. Its placement in the figure implies a very high
probability (greater than 0.9).

Section 4.1.2 Definition of summary scenarios

The completeness of the initial set of events and processes compiled as
input for the scenario development is unclear. Apparently, no formal site-
specific process was followed. Rather, a generic list developed about fifteen
years ago and reported in Cranwell et al. (1990) was used, and this was
supplemented by three additional potentially disruptive events and pro-
cesses known to be of concern 1o the WIPP. The ad hoc procedure followed
does not provide confidence that the scenario development was based on
a sound initial compilation of potentially disruptive events and processes.
This is an area that would very much benefit by the expert panel approach
used in other areas of the performance assessment.

In addition, the most up-to-date generic list for events and processes of
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potential importance to disposal system safety is probably that contained
in the report of the NEA/PAAG \Working Group on scenario development
(OECD/NEA. 1992). This work is not referenced at all.

For example, in the area of human intrusion, which is especially critical
for the WIPP, several additional scenarios of potential concern could be
added to the list given in the text:

1. The possibility (see below) of unsealed boreholes or shafts (as opposed
to a degraded seal). Experience from the mining industry suggests that
this is not an infrequent occurrence.

2. The possibility that undetected older exploration boreholes exist at the
site, and have been left unsealed. Again, this is conceivable because the
WIPP is located in an area of intensive resource exploration and produc-
tion.

3. The possibility that excavation and mining occur at depth (e.g., for
potash) adjacent to the site (but not within the controlled area, because
the EPA Standard suggests that this can be excluded). Such off-site min-
ing may still affect the integrity of the disposal system, either through the
establishment of a horizontal access that intersects the waste panels or a
contaminated part of MB 139. or via an indirect effect on the geological
confinement capacity of the svstem.

Section 4.1.3 Evaluation of natural events and processes

The procedure used to screen the events and processes as input to the sce-
nario development lacks rigour, and appears to be biased in many places,
as detailed below. The section reads as if the intention is to rule out from
consideration a priori as many events and processes as possible, without
serious consideration as to the possible effects or likelihoods of occurrence.
In particular. screening out events and processes on the basis of low con-
sequence, without proper analysis of the potential consequences, should
be avoided. This same point is also made by Cranwell et al. (1990).

On the other hand. the performance assessment work to date suggests
that the site is fundamentally sound. An effort should be made to be
more open-minded and imaginative in the scenario development work.
Again, much needed confidence in the scenario screening could be obtained
through independent geological input outside of the WIPP performance
assessment group.

Although screening is an important aspect of scenario development, an
equally important aspect is to explore the range of the possible. The
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contrast with the input provided for human intrusion (admittedly an im-
portant class of scenarios) is notable.

Mass wasting

Page 4-18, lines 43-45. Some words are probably missing. The Pecos River
is presumably not more than 90 m lower in elevation than the waste panels
(as stated in the report), but rather 90 m lower in elevation than the land
surface overlying the waste panels.

Diapirism

Page 4-20, lines 25-31. More care is needed with the wording, here as
elsewhere in section 4.1.3. The first part of this text implies that salt
diapirism (over the next 10,000 years) is a low-probability event; the fol-
lowing sentence suggests that salt diapirism is not physically reasonable.
The two sentences make different and conflicting statements (although
both may lead to a similar conclusion).

Seismic activity

Page 4-21. It is stated that there are unlikely to be any changes in the geo-
logic or hydrologic systems due to seismic activity, presumably because no
evidence is available to suggest that any such changes have taken place in
the past. It is not made clear what evidence would be expected if seismic
events had altered. in particular, the hydrologic system at depth. Until
relatively recently, with radioactive waste disposal, geothermal research,
etc. producing interest in deep groundwater evolution and ages, no one
would have collected any data that would be of relevance to substantiating
this statement. It is only in the last ten vears, with ideas on seismic pump-
ing becoming more prevalent. that much consideration has been given to
the effects of seismicity or in situ stress regimes of groundwater flow and
evolution.

Ground motion is not of much relevance here, as any significant seismic
influences would be related to changes that could have occurred at depth
which might have affected groundwater chemistries, or in the extreme,
hydraulic conductivities. The argument needs to be placed more in this
context, rather than in terms of vibration. though of course these processes
are linked.

Finally, at the end of this section, it is stated that future seismic activity
will be of no consequence in the performance assessment. While it seems
unlikely that seismic activity will be important in the performance assess-
ment, this has not heen demonstrated by the arguments provided. In any
case, later summaries contained in this chapter are contradictory because
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they indicate that the effects of seismic activity have been included in the
base case (e.g., page 4-86). If so. how has this been done?

Magmatic activity

Page 4-23. We agree with the comments presented in this section of
Hunter’s (1989) calculation regarding magmatic activity. This is a partic-
ularly good example of a misunderstanding of natural proc.sses resulting
in erroneous probabilites being calculated. It is essential that such prob-
abilites are estimated by experts with suitable geological knowledge.

Deep Dissolution

Page 4-25. This section contains a discussion of a dissolution structure
(Hill A) which is not present on any figure, though there is a Dome A
in figures 1-6 and 3-16. which presumably is the same structure. It is
unhelpful to refer to specific structures that are not also present in figures.
Indeed, there is no need to mention Hill A at all, as it is superfluous to the
general argument. This s an example of unnecessary text being presented,
whereas better and more figures would put over the concepts in a more
cohiesive manner.

Shallow dissolution

It would be useful to have a diagram or a cross section which shows the
relationship of Nash Draw with the surrounding formations, illustrating
the shallow dissolution effects listed in this section.

Page 4-26. lines 28-2¢. Dissolution of the Rustler Formation by vertical in-
filtration from the surface has heen eliminated because of low consequence,
vet the potential consequences have not been analysed in any detail. This
should be done for both present-day and pluvial climatic conditions.

Page 27, lines 14-1G. Dissolution by flow along the Rustler-Salado contact
zone has also been screened out because of low consequences, but here
again the qualitative arguments provided are insufficient to justify the
screening choice.

In addition. evidence is presented in Chapter 5 that dissolution in the
underlving Rustler-Salado contact zone has caused fracturing of the un-
named Lower Member {page 53-14. lines 18-21), and that post-depositional
dissolution of salt in the Rustler Formation may have caused fracturing in
the Culebra {page 5-16, lines 5-6).
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Faulting

Page 4-29. Here is another example of a discussion of geological structures
with no accompanying figure. A figure that combined the location of the
dykes and the faults would provide a much better idea to the reader of
what structures were being discussed.

Section 4.1.5 Evaluation of human-induced events and processes

Injection wells

This section is confusing. The argument is rightly made on page 4-36 that
injection wells may have the same effect as exploratory drilling, and cannot
be eliminated from consideration on the basis of low probability. At the
top of page 4-37 (lines 3-8). it is however suggested that injection wells
can be eliminated because the driller will “soon” detect the incompatibility
of his activities with the area. “Soon” is not defined in Appendix B of
the Standard. but seems to he defined here so as to eliminate injection
wells from consideration. This is an inappropriate place to define terms
appearing in the Standard and. in any case, the same definition has not
been used to eliminate exploratory drilling elsewhere in this section.

Finally, at the end of the section {page 4-37, lines 10-13), another argument
for elimination of injection wells is given. It is suggested that they can be
eliminated because the fluid injection will have no effect on the disposal
systern. but no analysis of the possible effect on the disposal systern of a
well undergoing injection (and passing through the repository) is given.

Withdrawal wells

Page 4-37, lines 26-29. Wording could be clearer. The text jumps from
water wells to exploratory drilling for resources.

Page 4-38, lines 4-18. Drinking wells ave eliminated because of lack of
physical reasonableness, but if they are to be eliminated, this could only
be on the basis of low probability, because potable water evidently does
exist in local areas, and the effect of a more pluvial climate may be to
extend the area in which potable water could be obtained. In addition,
desalination could be undertaken in future.

Damming of streams and rivers

Page 4-41. lines 29-30. Additional damming of the Pecos River is elim-
inated because of low consequence, although this has not been demon-
strated. Additional damming would probably only make sense in more plu-
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vial conditions. Could the consequence under such conditions be demon-
strated by some kind of relatively simple bounding calculation?

Page 4-42, lines 23-26. An extensive discussion of damming of Nash Draw
is provided, and then this event is eliminated on the grounds of physical
unreasonableness. The discussion and conclusion are nonsensical, however,
because damming of Nash Draw would only be likely during more pluvial
conditions (which are not discussed at all). It may nonetheless be possible
to eliminate this event on other grounds (e.g., low probability?).

Section 4.1.5 Evaluation of repository- and waste-induced events and
processes

Caving and subsidence

Pages 4-43 to 4-49. A semi-quantitative treatment is provided for eliminat-
ing this category of events. which makes a change from the more qualita-
tive arguments provided for other categories of events. A parallel with the
regional dissolution of the Salado Formation is drawn, but the significance
is unclear. Salado dissolution is occurring regionally, whereas subsidence
above the repository would be a strictly local feature. Local subsidence
could conceivably lead, for example, to an increase of leakage between the
Culebra and the Magenta. increased dissolution of the Rustler, ete.

In addition. dissolution of the Salado and any associated subsidence will
have occurred over periods orders of magnitude longer than the subsidence
associated with the repository (and associated local fracturing).

Finally, evidence is in fact presented in Chapter 5 that fracturing in the
Culebra has been caused by previous subsidence [associated with post-
depositional dissolution of salt in the Rustler Formation, or with stress
relief from removal of overburden (page 5-16. lines 3-6)}.

Shaft and borehole seal degradation

Page 4-49. Seal degradation has been considered and included in the base
case. However. the situation of a totally unsealed borehole has not been
considered (e.g.. what if ERDA-9 was accidentally left totally unsealed?).
It may have to be assumed that one or more boreholes will be left unsealed,
either now or in the future. This is a potentially important event has not
been considered.

Explosions

Page 4-32. Are explosions in the waste panels expected to occur? The



text indicates that they are. but suggests that the 800 psi generated in an
explosion will not be problematical. and they have therefore been elimi-
nated because of lack of consequence. The potential consequences have
not however been properly evaluated. For example, an explosion of the
force indicated might also induce local fracturing in the rock. What would
the magnitude of this effect be?

A more sensible approach to the presence of explosive gases would be to
attempt to engineer around the problem, so that it could be eliminated
on the grounds of physical unreasonableness or low probability. It would
be wise to avoid a situation where the public were to be told that the
explosions within the waste panels were expected, but that it was thought
that the repository had been designed to withstand the shock of these
explosions!

Section 4.1.6 Summary of screened events and processes

Page 4-54: It is stated that a pluvial climate is certain to occur in the
future, but that damming has been eliminated on grounds of physical
unreasonableness {i.e.. Jack of water supply). However, the consideration
of poor water supply only relates to the current climatic conditions.

Page 4-36 , Table 4-2. Tlere is an error in the table. Shaft and borehole
seal degradation should be placed on one line only, and the “X” in the
“retained for scenario development™ column should be deleted.

Section 4.1.7 Developing summary scenarios

Page 4-39, lines 22-24. Page 4-61. Figure 4-5. E3 {water wells) was retained
for scenario development (e.g.. see table 4-2, page 4-56), but has been
eliminated without reason here. Also, why are only the E1, E2 and E1E2
scenarios described and considered further? The argument for eliminating
all TS scenarios is unclear.

Page 4-62, line 1-3. It is claimed that the EPA Standard provides a basis
for eliminating scenarios having a likelihood of occurrence of less than 1
chance in 10.000 in 10.000 vears. This represents a misinterpretation of
the EPA Standard. The EPA Standard refers to categories of events and
processes (i.e., hefore their combination into scenarios), and not to the
scenarios themselves,

Page 4-62, line 9-11. This statement is unclear and confusing. Is the word
“less” on line 11 supposed to be “greater”?
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Page 4-63.

1. On line 21, figure 4-4 should read 4-6.

2. The base case summary scenario is here being discussed with very little
knowledge of the geology, lithology and structure of the Salado Formation,
nor of the engineered harriers. Most of the important detail is contained
in Chapter 5; for example, there is no indication here of the separation of
MB 139 from the galleries, nor any description of what MB 139 actually
is. All explanation related to the DRZ is also contained in Chapter 5,
so that the reader cannot assess the reasonableness of the proposed base
case scenario in this section. Similar arguments apply to all the remaining
parts of the descriptions of the hase case scenario.

3. The termi1 DRZ is used in the text and in figure 4-6 (page 4-65) without
any explanation of what 11 means.

4. None of the discussion of the development of gas pressures and mi-
gration within and from the waste panels refers to the description of the
various processes involved which are presented in section 5.2.5.

5. On line 42. the wording {~some...some”) suggests that relatively few
waste containers will contain organic material. What fraction of waste
containers will contain organic material?

Page 4-69. lines 39-41. In the 12 suminary scenario, it is assumed that
the borehole plug does not degrade. \What happens if the borehole is left
unplugged (or if the plug degrades quickly)?

Section 4.1.8 Definition of computational scenarios

No comments.

Section 4.2 Determination of Scenario Probabilities

In section 4.1.2, the event probabilities are presented without justifica-
tion. Moreover, it is unlikely 1o be possible to develop credible probability
estimates for human intrusion events. The human intrusion event prob-
abilities seem relatively low. It would be more conservative to assume
that human intrusion (through exploratory drilling) had a probability of
occurrence of close to 1 (which would equally imply that the base case as
defined had a very low probability of occurrence). It is especially impor-
tant to be open-minded on this question early in the assessment process, so
that the full range of possibilities is properly explored (e.g., via sensitivity
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analyses).

In addition, it is unclear why the human intrusion scenarios have such
low probabilities of occurrence over 10,000 years, given the guidance in
Appendix B of the EPA Standard of 30 boreholes per square kilometre
of repository area per 10,000 years (upper limit on frequency of drilling
into the repository). It seems to be implied in the subsequent section that
the guidance in the Standard would lead to an assumption of about 3
boreholes in 10,000 vears.

Also, the period of time to which the probability estimates presented in
this section apply should be explicitly stated (it is not stated anywhere).

Section 4.3 Expert Judgement on Inadvertent Human intrusion

This section gives the impression that the possibility or even the prob-
ability of future human intrusion events can be identified. It tends to
elevate the-wlhole issue of human intrusion to a pseudo-science, when, in
fact, the approach to treating human intrusion assessment must be largely
philosophical, regulatory requirements notwithstanding.

Chapter 5. COMPLIANCE-ASSESSMENT SYSTEM
Section 5.1 The Natural Barrier System

Page 3-9, Figure 5-6. There is no indication of what the shaded line is in
the northern part of the figure.

Page 5-12. line 9. The difference in hydraulic conductivies between well
tests and in situ tests in the Salado Formation is not necessarily due to
disturbance. The difference may merely be due to the normal scale effects
seen in most rocks.

Page 5-13. Figure 5-7. Is this cross section partly diagrammatic? If not
it is incorrect. The change of dip of the Rustler Formation on the eastern
margin of Nash Draw appears unnatural and would seem to be an artefact
related to the position of borehole WIPP-26. The dip of the Culebra
Dolomite changes without there being any equivalent change in dip of the
Magenta Dolomite or the Tamarisk Member, and from the structure of the
area this seems improbable. In addition, the cross sections implies that the
Tamarisk Member suddenly thickens, whereas on page 5-16 it states that
dissolution of evaporites within this Member has reduced the separation
of the Magenta and Culebra Dolomites. and therefore the opposite is true.
e -




(Figure 2.6-2. Volume 3 shows the true distribution of the strata, though

even in this figure the repeated changes in thicknesses of the beds appear
unnatural.)

Page 5-16, lines 9-10. Both figures 5-8 and 5-9 should be referred to here
for clarity.

Page 5-32, line 13. It is stated here that discharge takes place from the
Tamarisk Member. In the description of the Tamarisk Member on page
5-16 it is indicated that in the region of Nash Draw the evaporites have
been dissolved from the Member and even the siltstone within the Member
has a low transmissivity. It would seem with these transmissivity values
that only minimal discharge or recharge (referred to on page 5-33, line
16) would take place. Either the description of the Tamarisk Member on
page 5-16 is misleading, or there would appear to be some inconsisten-
cies between its description and the description of potential recharge and
discharge zones.

Section 5.2 The Engineered Barrier System

Do engineered barriers “minimise the likelihood {i.e., probability) of ra-
dionuclides migrating™ or do they minimise the rate of migration given the
occurrence of water (either by intrusion or microbially generated) within
the waste repository?

Section 5.2.1 The Salado Formation at the repository horizon

At what scale i the stratigraphy of the Salado Formation laterally “consis-
tent”? Are there small. discontinuous stringers of ¢lay and/or anhydrite
that occur within the planned repository horizon? Given the approach
of assigning probability distributions to parameters affecting source-term
(e.g., solubility, rock permeability), what is the estimated probability dis-
tribution for small-scale variation in stratigraphy (perhaps a plot of ob-
served frequency versus size of stringer would be helpful).

Section 5.2.2 Repository and seal design

Waste Characterisation

Do the Waste Acceptance Certification requirements say anything about

dissolution or leach rate of waste? If so, that should be stated in this

section.
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Page 5-45, lines 1-2 (and again in Section 5.2.3). The uncertainty in waste
inventories and characteristics ave cited as potentially large. The reader
is left wondering how large is “large”. if there is any sensible bound to
this estimated uncertainty and. perhaps most importantly, what are the
factors that affect this uncertainty. If these issues on waste uncertainty
have been addressed. they ought to be cited. If they have not been previ-
ously addressed, the text should explain if and when such studies will be
undertaken.

Page 5-45, line 27. There are many types of “steels” having various modes
and degrees of reaction with water or gases; it would be helpful if these
steels for waste hoves and drums were specified with a brief modifier.

Seals

Page 5-46. TFigure 3-19. Page 32. Figure 3-20 and Page 5-54, Figure 5-
21. These 2all indicate that the separation of MB 139 from the base of
the disposal vaults is greater than is actually the case, and in the case of
figures 5-20.and 5-21 greater thau the distance to Anhydrite B. This is not
correct. Figure 5-19 is particularly misleading in terms of scale because a
real vertical scale is implied in the figure illustrating the drift backfill and
plug seals. The vertical dimensions implied by the thickness of the disposal
vault in this figure compared with the vertical separation of the vault with
MB 139 and the thickuess of M13 139 are all incorrect. Either this diagram
should state that it is only diagrammatic. and therefore should contain no
dimensions of auy sort. or better still it should be drawn to a true scale.

Page 5-47. lines 10-13. The terms “long-term” and “short-term” are too
vague: perhaps cross-reference 1o section 3.2.1 in Volume 3 would be ap-
propriate.

Page 5-47. lines 31-32. ~Over time™ is vague. as is reference to “other
interbeds™. presumably meaning Anhydrite Lavers A and B. The text
should be more specific.

Backfill
Page 5-47, lines 36-15.

1. The text discusses backfilling of underground workings but does not
specifically mention using consolidated materials; is it correct to infer that
unconsolidated materials will be used?

2. 1t is claimed that permeability will be initially reduced (prior to con-
solidation} of this backfilling but the text does not quantify the extent to
which permeability is reduced or how effective this reduction is in limiting
water migration into the waste panel.
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3. It is also claimed. without supporting reference, that consolidation
will occur to limit water inflow but it is not said how long this will take.
A plot of permeability (or degree of consolidation) versus time would be
extremely helpful. It would seem that brine would be flowing into the
waste panel during (and in response to} this consolidation.

4. This paragraph introduces the possibility of clay backfills but leaves the
reader wondering if this consideration is an attempt to correct expected
poor or unpredictable behaviour of the salt backfill or whether clay is
being considered for the positive characteristics of the clay itself that may
enhance the near-field performance.

Section 5.2.3 The radionuclide inventory

Page 5-48, ine 34. Again. how large 1s ~large”; the text shouild strive to be
more specific or quantitative or bounding. rather than using qualitative,
relative modifiers such as this. Also. is there any reference that analyses
the factors that affect this “large” uncertainty?

Page 5-49. lines 9 and 11. Please e more specific than “short half-lives”
and “low toxicity” (in contrast. the “low activity” term is properly speci-

fied).

Page 5-49. lines 9-10. It would help if the text defined the edge of the
“repository” from which radionuclides are leaving.

Page 3-49, line 20. While radium-226 activity will be insignificant dur-
ing the first 10.000 vears. to what levels will it increase over 100,000 or
1,000,000 vears? It may represent a safety/risk concern over these longer
time scales and should not be dismissed solely on the limited time frame
of current regulatory guidance.

Section 5.2.4 Radionuclide solubility and the source-term for transport
calculations

Solubility is described as “the most important single contributor to vari-
ability in total cumulative release™. This admission indicates that it would
be prudent to include a comprehensive and systematic treatment of this
subject within this volume. Supporting references should be (and are}
provided in the text. Yet the critical sensitivity of solubility may necessi-
tate that all essential details be explicitly presented in this summary. The
current text is too brief for the importance of the topic and too confus-
ing to be helpful to both technical and non-technical readers. Suggested
e



revisions are outlined helow.

Page 5-49, lines 25-27. It would be helpful to describe the specific source-
term model used in WIPP analyses so that readers could judge for them-
selves the relative sensitivity of release rates on solubilities and other pa-
rameters. A listing of the mathematical formulation for release would be
especially instructive.

An explanation should be provided for the selection of a specific type of
distribution (e.g.. loguniform) and specific range for solubility values, and
the reasoning behind assigning such fixed distributions to all radionuclides.
Although the WIPP Project is moving beyond this approach, a fuller
explanation of how and why such an approach was initially adopted for
such an admittedly crucial parameter would be important to the concerned
reader.

Page 5-49. line 31. There is not an “absence™ of data; rather, a paucity of
data exists on radionuclide solubility in brines. For example, Dr Dhan Ral
and-colleagues at the Pacific Northwest Laboratory have conducted and
published several papers on experimemal measurements and theoretical
models they have developed for the previous salt program for disposal of
high-level waste. Other workers have also studied this topic, notably for

. the German repository program. The assertion that there is an absence

i
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vof data indicates. at best. a surprising unfamiliarity with the scientific

literature: at worst. it shows a predilection toward substituting expert
judgement in place of experimental data. Either case severely undercuts
the credibility of tlie expert panel approach adopted by the WIPP Pro-
gram. Accordingly. it is suggested that the text be corrected and expanded
on this key topic of existing experimental data.

' In particular. no references could be found in section 5.2.4 or in section

J3.3.5 on existing experimental data. The brief mention of existing data
on page 5-50. line 33 is entirely inadequate for a parameter which has the
most important uncertainty in the entire performance assessment.

Page 5-49, line 42. The terminology used here is “expert panel on source
term”, whereas page 5-49. lines 36G-37 and page 5-50, line 37 indicate that
it was an expert panel on solubility. Clearly the latter is a small, albeit
important, subset of the former. It is crucial to understanding of the
approach that the technical subject for the expert panel be clarified and
consistently cited.

Page 5-50. lines 9-10. The emphasis on “complementary areas”, “breadth”
and “balance”™ seems contradictory to the purpose of invoking a single ex-
pert panel on a single issuc (i.e.. solubility of specific radionuclides under
variable Eh and pH conditions). 1t would seem that this was not a single
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expert panel but rather four separate one-member panels in four differ-
ent areas. This separateness of expertise in members of an expert panel
elicited for a single purpose is reinforced in lines 34-33, which refers to
“each panelist’s particular expertise”. Readers, especially those who are
not specialists in organisation and elicitation of expert panels, will almost
certainly be confused by this seeming contradiction.

Page 5-50, lines 12-15. This sentence seems to make a distinction without
a difference. The difference between “considering a solubility limit” and
“to consider explicitly the individual radionuclide concentrations” should
be clarified. Is it suggested that solubility limits will not be reached or
that metastable compounds will form or that colloids will be a major
contributor for all of these radioelements?

Page 5-50, lines 23-23. The text should note if the cormmunications among
panelists were documented and if the panelists communicated with any
other “experts” outside the pancl during this time. If so, further clarifi-
cation for the non-specialist is necded to establish the appropriateness of
this procedure within the accepied precepts of expert panel elicitation.

Page 5-50. line 39. The single citation of pH as an example of an envi-

/ronmental factor considered is inadequate, again given the acknowledged

importance of the solubility valuecs. For example, were pressure solution
effects on solubility arising from salt creep considered as a factor? If not,
why not?

Page 5-51. lines 1 and 14. Phosphates are well established as important

f/ compounds/complexants of actinides. Does the absence of a citation to

J

phosphate imply that such compounds were not considered? The brevity
of this treatmeut of solubility and the expert panel tends to raise more
questions thay it resolves.

Page 3-51, lines 6-7. This admission is astounding and seemingly in con-
tradiction with the rationale for convening the expert panel. The initial
justification for the expert panel was to provide judgement about radionu-
clide concentrations {page 53-30. lines 12-15) because it was (erroneously)
considered that there was an absence of experimental data (page 5-49,
line 34). Now the panel was allowed to cease its efforts on this very topic
because “available data was insufficient™. The reader is left wondering if
perhaps these experts might not be so expert after all and whether the
WIPP Program has forgotten the basis for convening the panel. This is
an unsatisfactory conclusion to this effort.



Section 5.2.5 Performance assessment model for the repository shaft
system

Page 5-51, line 40. Will fractures also develop in Anhydrite A and B layers
and will these fractures also fill with brine? Figure 5-20 (page 5-32) would
seem to suggest this is true.

Page 5-53, line 1. The use of the word “could” indicates that other time
durations are possible. What is the effect on performance assessment if
closure is complete in 10 years or in 1000 vears? Are these possibilities
addressed somewhere?

Page 5-53, line 23. Could the activity of other types of microbes generate
other gases such as carbon dioxide or methane? If such events have been
eliminated. it would be useful to know the basis for their elimination.

Page 5-533, line 34. Rather than merely state that neither pathway resulted
in radionuclides ieaching the Culebra Dolomite within 50,000 years, it
wauld be helpful i some indication were given of the time interval over
which radionuclides did reach this formation and what their subsequent
migration was thought to be.

Page 3-35. lines 37-42. It is noted that SUTRA and STAFF2D have been
used to model undisturbed performance. Brine flow only is considered, and
gas generation is not directly considered in the simulations. The WIPP
Performance Assessment Division has already recognised the weakness
of the approach adopted. and so no detailed review of this material is
provided (see also Volume 2. Chapter 4 comments).

Page 3-56. line 32. How are the rates of these processes determined? Is
there an unstated assumption that the limiting step on corrosion is the
influx rate of brine or are specific corrosion kinetics considered for metals
and. if so. how are available surface areas determined?

Page 5-59, lines 12-21. The relative degree of conservatism for each of
the assumptions should be noted. If metastable compounds form con-
taining radionuclides, is the chemical equilibrium assumption likely to be
conservative?

Page 5-39, line 43. Is it also assumed that future extraction technologies
will be comparable to those of the present?

Page 5-60. The discussion on borehole intrusion into a waste vault is im-
balanced. as it appears to miss oul several aspects of the argument which
are likely to be important. It would seem unlikely that any driller would
ignore the effect of the drill bit intersecting a shielded waste container,
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3.1.6

for example, because this would probably he detectable at the surface in
terms of changes in torque, vibration, rate of penetration and perhaps
mud returns. Damage to the drill bit would be probable. As some aspects
of the borehole intrusion scenario have been considered in great detail,
there is a notable lack of discussion of whether intrusion into the waste
galleries would be detectable by the drillers, and what the consequences
would be of their probable resulting actions.

A discussion of drilling into a SKB-type HLW repository, admittedly using
very different drilling techniques. is presented in Charles and McEwen
(1991), where more realistic assumptions on drilling intrusion have been
applied.

We agree with the comments made by EEG presented in Appendix B,
pages B-30 to B-36 concerning human intrusion by drilling. It is important
that if so much is 1o be made of intrusion as the one method by which
radionuclides can be brought 10 man’s environment within the 10,000-year
period, then totally credible scenarios should be considered.

Section 5.3 CAMCON: Controller for Compliance-Assessment Sys-
tem

This section describes the CAMCON svstem developed to control data
flow and code linkage in the performance assessment calculations. The
CAMCON package is extremely complex. and apparently completely un-
verified. What has been done 10 provide confidence that the executive
system is functioning as intended? Tor example, it might be of interest
to run some of the early NEA/PSACOIN exercises, or to undertake some
other PSA code intercomparison activity. In addition, the information in
table 1 (pages 3-67 to 3-72) suggests that all but one of the 79 submodels
in CAMCON are still unverified. Is this really the case?

Chapter 6. CONTAINMENT REQUIREMENTS

Pages 6-9 to 6-11. Table 6-3. The systematic listing of major assumptions
made in obtaining the assessinent results provided in this chapter is an
important component of the report. These assumptions define many of
the conceptual models used in the assessment. This table leads directly
to the question of conceptual model uncertainty. It is stated elsewhere
that conceptual model uncertainty has not yet been explicitly treated in
the assessment work. This will be an important development for future
year assessment reports. Althougl some of the assumptions listed in this
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3.1.7

3.1.8

3.1.9

3.1.10

table may be adequately considered through bounding calculations or sen-
sitivity analyses. others may relate more directly to the modelling system
selected for the assessment. Examples range from the assumptions that
no radionuclide transport occurs in colloidal form, to the decision to ig-
nore the contribution of RH-waste to subsurface groundwater releases to
the accessible environment, to the decision to model the Culebra dolomite
as a two-dimensional confined aquifer. with a single-porosity Darcy flow
model and a dual-porosity transport model (for retardation effects).

Chapter 7. INDIVIDUAL PROTECTION REQUIREMENTS

No comments.

Chapter 8. ASSURANCE REQUIREMENTS

Page 8-10. lines 33-33. I is indicated that one objective of active insti-
tutional control is to restore the land surface to its original condition.
However, this activity would secm to be incompatible with the current
plan for passive institutional control 1o establish a system of permanent
markers around the site (page 8-11. lines 9-11), particularly considering
the tvpe of large-scale marker systems being recommended by the WIPP
Markers Panel.

Chapter 9. GROUNDWATER PROTECTION REQUIREMENTS

No comments.

Chapter 10. COMPARISON TO THE STANDARD

This chapter is little more than a repetition and summary of material
provided in the preceding four chapters. Excellent synopses already exist
for these chapters. 1t might be preferable to combine the material in these
four chapters into a single chapter. as they are all relatively short.



3.1.11

Chapter 11, STATUS s

The main focus of this chapter is to indicate where additional work needs

to be done to increase confidence in the assessment results. A very long ta-
ble is presented, suggesting that a great deal of work still needs to be done,
yet the assessment results presented in Chapters 6-10 show either certain
compliance or a high degree of confidence. Nearly all of the assessment
work 1s focused on section 191.13 of the Standard (the containment re-
quirements), but even here. with the currently available knowledge, there
appears to be many orders of magnitude to spare. The disposal system
is robust, and human intrusion may well be the only credible scenario of
concern. Because of the apparent contradiction between the assessment
results and the presentation in this chapter, there is a need to prioritise
the information presented in the table on the basis of the sensitivity anal-
yses already completed and reported in Volume 4 (note however that we
have not yet received this important Volume for review).
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3.2

3.2.1

3.2.2

Volume 2: Probability and Consequence Modeling
Chapter 1. INTRODUCTION

No comments.

Chapter 2. DRILLING INTRUSION PROBABILITIES

This chapter addresses the issue of generating the scenarios to be used in
computing a CCDF. This has two components - the philosophy behind the
CCDF construction and the mechanics of generating the scenarios. The
comments below refer mainly 1o the laiter. comments on the construction
having already been made for Volume 1. Section 3.1.

The overall impression of this chapter is that

e the presentation is unnccessarily mathematical;

¢ the full generality that is maintained is unnecessary, and contributes
to the previous point:

e a simulation approach wonld Lave been easier to implement and
explain.

The excessive use of mathematies obscures some of the important ques-
tions that should be asked about the treatment of human intrusion pre-
sented. Most importantly. does the approach lead to greater confidence
in the assessinent results? The reason for developing the many computa-
tional scenarios {rom the small number of summary scenarios is to obtain
a finer resolution of the CCDY. Is 1his needed if the rougher resolution of
the CCDF (e.g.. just based on the small number of summary scenarios)
can be used 1o demonstrate compliance? It seems that sight has been
lost of an important objective in evaluating uncertainty and in present-
ing the results of performance assessiments. The approach taken to treat
uncertainty should be done so because it leads to a clear presentation of
assessment results and associated uncertainties, and not only to ensure
mathematical rigour.

After specific comments on each section and on the following chapter, the
simulation approach is described and illustrated by regenerating some of

the CCDF curves.
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Section 2.1 Introduction

This section restates the EPA regulation, and addresses the issue of con-
structing a single CCDF. Qur comments on Volume 1, Section 3.1 also
apply here, since much of the material is common.

Page 2-4, Equation 2-4. The notation £ is not a familiar one, and is not
explained.

Section 2.2 Mathematical Preliminaries

There should be a section prior to this to remind the reader what is being
calculated and why. The purpose seems to be to give scenarios with single
or multiple intrusions. These will e used in the next chapter to generate

CCDFs.

As for this section itsell. it is unhelpful to the reader. Although almost cer-
tainly mathematically correct and rigorous, it presents ideas which need
only appear in a pure mathematics textbook or journal paper. It is impos-
sible to give a detailed review of the wlhole section; instead some particular
examples of these points are made helow.

¢ Pages 2-7 to 2-8. Tquations 2-6. 2-7 and 2-8 present three ways of
writing mathematically the statement of lines 6 and 7 of page 2-8.
For the general reader this is unhelpful and for the mathematical
reader 1t is mercly repetitive.

e Page 2-3. Various possible [orms of /7(u, v} are given. No indication
is given as to which is actually used in the assessment. Later in
the report it is clear that the simplest and most conventional form
(equation 2-9) is in fact used, and this is a sensible choice. Focus-
ing on this case throughout would reduce the need for much of the
complexity. and enable the reader to see what is actually being done.

o Pages 2-9 to the middle of 2-11. This material again belongs in a
textbook or journal paper. not in an assessment report. Most readers
will simply be intimidated by such a presentation.

Section 2.3 Computational Scenario Probabilities for Single Time
Intervals

Again the generality is unnecessary: the actual case used should be de-
scribed.
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3.2.3

Section 2.4 Computational Scenario Probabilities for Multiple Time
Intervals

Same comment as for section 2.3.

Section 2.5 Computational Scenario Probabilities for Pressurized
Brine Pockets

Same comment as for section 2.3.

Section 2.6 Example Results.

The decision to use just five time intervals is not well justified. It seems to
be based on consideration of combinatorics rather than on the accuracy
of calculated results.

The result of all the effort in this chapter is a series of rather daunting
tables for input to the next chapter. Given the methodology chosen, these
tables are required hut need net be presented in such a stark fashion.

Chapter 3. CONSTRUCTION OF COMPLEMENTARY CUMULA-
TIVE DISTRIBUTION FUNCTIONS

Section 3.1 Introduction

This section repeats much of section 2.1 and Volume 1, section 3.1.

Section 3.2 Construction of a CCDF

Again this is too mathematical.

Section 3.3 Computation of Activity Loading Effects

This section dwells too much on the combinatoric problems caused by the
methodology that has been chiosen. As an example of this, table 3-2 (page
3-10) serves no purpose as far as the reader is concerned.

In a number of places alternative approaches are discussed but it is unclear
which has finally been chosen.
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Section 3.4 Examples of CCDF Construction

No justification is given for the use of anly 60 samples to study parameter
uncertainty,

Page 3-17. Equation 3-37 and the preceeding text is confusing, since it
seems to contradict table 2-5 (page 2-33) where the relationship between
area of brine pockets and area of waste panels was set out.

Page 3-19. Table 3-3 indicates that the consequence changes only slowly
with time. This might be used to justify the use of just five time intervals;
however no such argument is presented.

Pages 3-20 to 3-23. Tables 3-4 and 3-5 are unhelpful: something with more
visual impact would be much betier,

Page 3-28. The issue ol nown-conserved prohahilities points to using a
different approach. An example of such an approach is given in the next
section of this review.

An Alternative Approach using Simulation of Intrusion Events

In this section an alternative simulation methodology is presented for gen-
erating the CCDFs for intrusion. The alternative approach is outlined here
to illustrate the use of a simpler and more straightforward mathematical
and computational approach (than that adopted by Sandia) to the devel-
opment of a ('CDI for human intrusion events. In addition, adoption of
the suggested approach would allow the time-dependent consequences of
human intrusion events to he clearly illustrated. The suggested approach
is easy to describe and implement.

There are an infinite number of possible futures for the repository. In any
one future a number of intrusion events will occur and these will have
consequences. in terms of releases to the accessible environment, which
can be predicted by using the various models available.

The consequences of individual intrusion events or of multiple interacting
events (of the E1L2 type) will he time-dependent. The time-dependency
can be represented as a pieccwise-constant as in the current methodology,
or in any convenient form.

The suggested approach generates sequences of intrusions numerically
from the basic assumption that this is a Poisson process. If other pro-
cesses are Lo he used a simitar methodology could be developed.
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By generating large numbers of possible futures, and calculating the con-
sequence of each. the CCDI" can be directly formed. In the example given
below 10° futures were generated (taking 8 minutes on a Macintosh com-
puter).

To illustrate the ease with which such an approach can be implemented,
the results given in figure 3-4 for cuttings have been reproduced using a
small C-program. For each Inture a sequence of intrusions is generated
and the consequence cumulated. When activity loading is considered, the
activity level of the penetrated waste is determined randomly according
to the given probabilities.

Using this program. and binning the results, the CCDF's are generated.
Those shown in figure 1 can be directly compared to figure 3-4 of the
WIPP assessment Volume 2, and are found to be virtually identical.

In addition to reproducing the results given. the simulator can be used to
look at the possible effect of including time-dependence of the consequence
more precisely. Obviously from the five time values given we cannot gen-
erate a full time historv. and so we have interpolated (and extrapolated
for early and late times)} from these values. The tables in Appendix B in-
dicate that the normalized releases are dominated by one or two nuclides
and so tend to fall off exponentially. Therefore. a linear interpolation and
extrapolation scheme has been used for the Jogarithm of the normalized
release. The results with this scheme are shown in figure 2.

The major effect of this change is to smooth the CCDF somewhat. This
is a direct result of the elimination of the discontinuities in consequence
at 2000-vear intervals,
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3.24

3.2.5

Chapter 4. UNDISTURBED PERFORMANCE OF REPOSITORY/
SHAFT

The 1991 undisturbed performance calculations were made largely on the
basis of results from the SUTRA and STAFF2D one-phase-flow codes. We
have not reviewed this chapter in any detail, because we understood that
a decision has already been made to mode! the undisturbed performance
with the BRAGFLO two-phase-flow code {or the 1992 assessment.

Chapter 5. DISTURBED CONDITIONS OF REPOSITORY/SHAFT

Section 5.1 Conceptual Model

Pages 5-1 to 3-2. The initial introduction serves as a reminder of the
scenarios modelled and it would help the reader to have a diagram to
refer to, either in this chapter or by reference to one in the preceding
chapter. It is clearly stated here that scenario E2 includes the possibility
of more than one borehole drilled to the same panel, whereas later in the
text (section 5.4. page 5-39. lines 3-6). 22 is described as a single intrusion
scenario. The rationale for modelling multiple boreholes as a single one is
explained for the E1T.2 scenario but is not justified for the E2 scenario.

The assumption that multiple wells drilled 1o the panel are hydraulically
isolated is questionable. No explanation is given apart from a vague refer-
ence to Chapter 5 of Volume 1. On reading this chapter, the only reference
to hydrological isolation of wells refers to wells drilled into the Castile for-
mation, where data suggest that the brine pockets in this formation are
isolated. This does not correspond to the E2 scenario, however, in which
the wells terminate in the pancl. For unmodified waste, the panel has a
higher permeahility and porosity (Volume 3. section 3.4.7) than that of
the Castile formation between brine pockets (Volume 1, Chapter 3, sec-
tion 5.1.2). More explanation should he provided on this point, as it is
not clear that if mutiple wells arc modelled as isolated, then conservative
results can be guaranteed. Multiple wells will provide additional escape
routes for the gas. assisting the depressurisation of the panel and allowing
more brine to enter from the far field at an earlier time, than if the wells
are considered in isolation. It should be possible to check the performance
of mutiple wells for a few example cases using a 3-D reservoir model, such
as the TOUGH code used in the verification examples.

Page 5-1, lines 12-1.1. The use of the term “flow™ seems unnecessary. Why
not simply use the correct term. cumulative volume, and avoid any possible
misunderstanding and the constant repetition of the quotes (which seem
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to be forgotteu about in later sections anvway). The reminder that the
volume is accumulated over 10.000 vears can then be given once in the
text, and also in the figures.

Pages 5-2 to 5-3. The subsections describing the approximations to the
various scenarios are unclear. It would be more helpful to deal with each
scenario in turn and explain the assumptions made in the calculations
for each one, rather than mixing them up in this fashion. Subsection
5.1.2, on the approximation to the II1 scenario is particularly confusing,
referring to all three scenarios and also presenting some of the results. The
results are presented as justification for the assumptions made (including
the apparant interchange of scenarios) but, at this stage of the chapter,
they do not enhance the understanding of the modelling procedure.

Page 5-5, Figure 3-2. There seems to be a discrepancy between the results
for the single-phase flow calculations performed using PANEL (figure 5-2,
page 5-5) and those using BRAGFLO (figure 3-9, page 5-33). The PANEL
results indicate that there is a considerable reduction in the cumulative
volume of brine for tlie 1.000-year intrusion vectors, compared with the
two-phase flow results shown in figure 3-1 (page 5-4). Results in later
sections using BRAGFLO alone indicate the reverse situation, with the
single-phase flow calculations giving higher cumulative volumnes for the E2
scenario for the [.000-vear intrusion vectors. As the results are calculated
using different madels there is probably a simple explanation for the dis-
crepancy. but it should be explained (one possibility is that the axes in
figure 3-2 are incorrectly lahelled by a factor of 10). Again, however, it
would be less confusing il resnlts were not introduced at this stage.

Section 5.2 Two-Phase Flow: BRAGFLO

A clear summary of the conceptual basis of the BRAGFLO model is given
here and in Appendix A.

Section 5.2.2 Model description

Page 5-8. line 22. The nomenclature here should read &, rather than k...

Pages 5-11 and 3-12. Figures 3-3 and 5-4. These figures present results
for 1-D benchmark calculations using BRAGFLO, BOAST and TOUGH.
The graphs of repository pressure vs. time and gas saturation vs. time
for TOUGH each contain two lines. one labelled afl brine and the other
labelled gas saturation. but therc is no explanation for this in the text.
In the example, the gas generation rate is fixed at 2 x 10~7 kg/s/m® and
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results in a pressure rise from 0.1 to 12 MPa in a time period of 600 years.

Page 3-13. Figure 5-3. In contrast to the 1-D examples, the 2-D example
has a lower gas generation rate (1.7 x 1071° kg/s/m® for 525 years and
5.7x 107 kg/s/m? for 183 vears). but the pressure rises to 45 MPa in 530
years. The high pressure is attributed to the low value of porosity assigned
to the panel, but the porosity value used in the 1-D example is not given
for comparison. It would be more instructive to compare the 1-D and
2-D results using common parameters, so that the impact of the second
dimension can be judged. The 2-D results for BRAGFLO and BOAST are
very similar up to the time of intrusion, where the simulations stop. The
section should be completed by presenting the TOUGH simulation results,
as in the 1-D case. This will have the additional benefit of comparing
results hevond the time of intrusion.

Pages 5-14 to 3-16. In section 5.2.2.1. Fundamental Equations, K is used
for the absolute permeability. whereas it is defined in the nomenclature

Page 3-13, line 21. There is a chauge in nomenclature from Cy,, to Cgs,
before it is formally introduced on page 3-16. after equations 5-6 and 3-7.

Page 5-13. line 28. This talks alout an o phase of brine and dissolved
gas. instead of a wetting phasc.

however be uselul if computational times for problems using the simple
well model and full spatial representation were included, together with
discussion of whether the results for the full representation could be used
to calibrate the simple model. in the absence of production history data.

Pages 5-18 to 5-21. The description of updating the time step (section

time step constant. Presumably this occurs only if the maximum changes
in the dependent variables Az, at any stage in the calculation are equal
to the fixed input parameters A:°.

Section 5.2.3 Spatial and temporal grids

Pages 5-22 to 5-23. This section discusses the spatial representation of the
region but there is no mention of temporal grids, as suggested in the title.

Page 5-23. line 2. Reference 1o figure 4-1 would be more helpful if it
occurred in the first paragraph. so the reader may refer to it straight
away. e




Section 5.2.5 Results and discussion

Generally the discussion here is easier to understand than that given in
the introductory sections of this chapter (see above comments). However,
there is no discussion of how results are obtained for multiple intrusions
into the panel. The introduction clearly states that multiple intrusions
of this kind are included in the computational scenarios, and distribution
functions for times of multiple intrusions are given in Chapter 5 of Volume
3. It 1s not made clear whether the results presented actually include
multiple intrusion cases for scenario E2. If they do, it should be explained
how such results are derived. as the BRAGFLO model is restricted by the
use of cylindrical geometry to modelling single wells.

It was also noted earlier that the discussion of the comparison between
single-phase and two-phase flow results is restricted to the BRAGFLO
results. There is no explanation of the apparant decrease in cumulative
volume obtained for the L1 and E2 scenarios for the 1,000 year intrusion
vectors. using the single-phase flow model. PANEL (if indeed this decrease
is not simply due to errors in labelling the axes of the figure).

Page 5-30. lines 29-30. The text should read “when gas is not generated”.

Page 5-31, Figure 3-7. The lelt axis indicating E2 flows would appear to
be a factor of ten low. by comparizon with other results presented in this
chapter.

Section 5.3 Repository Discharge (PANEL)

The lengthy mathematical description of the relatively simple flow model
used in PANEL seems out of place here. particularly as the flow model is
not used in the consequence analyvsis (other than for the results shown in
figure 5-2). It would be easier to read il reduced to the level of description
given for the waste mobilization and transport model (section 5.3.2), which
is brief but clear.

Page 5-49. equation 3-12. (. should be (. .
Page 5-49. line 23. The text refers to po instead of Fo.
Page 5-55, line 37. An additional line is included, by mistake.

Page 5-56. lines G-S. It would be helpful to include a description of the
estimation procedure referred to. for calculation of the final discharge rates
to the Culebra Dolomite and the contaminant concentrations.
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3.2.6

Pages 5-37 and 3-33. Figure 3-23 and 3-24. The explanation of “Flow”
included in both figures 5-23 and 3-24 is not necessary, as the graphs
show normalized release rather than cumulative volume. In addition, the
caption for figure 3-24 should read E1E2 Releases..., not E2 Releases...

Section 5.4 Summary of Results for Disturbed Performance

Pages 5-59 to 5-60. This section summarises the mcdelled scenarios once
more, and here the description of the E2 scenario is reduced to a single
intrusion of the waste panel, again with no discussion of how results for the
multiple intrusion cases are inferred. It also states that the E1 scenario
is assumed identical to the L2 scenario. It would be better to remind
the reader why this assumption is made. or simply to say (as in earlier
sections) that E2 results. in general. provide an upper limit on the El1
results.

Page 3-539. Numerous examples ol poor grammar or lax editing, e.g. -
line_g. “was” should he ~were”.

line 14. “the” should be deleted.

line 16. “radionuclide” should be plural.

line 33. "was” should he "were™,

Chapter 6. DISTURBED GROUNDWATER FLOW AND TRANS-
PORT

Chapter 6 introduces the conceptual model for disturbed groundwater flow
and transport within the C'ulebra Dolomite. In general, the chapter gives
a clear description of the details of the implementation of the model, but
it lacks an overview of the links between the three aspects described in
sections 6.3. 6.4 and 6.5.

Section 6.1 Conceptual Model

Here the authors clearly describe the requirement to generate realizations
of transmissivity honouring point estimates at well locations, but do not
make explicit the reasons why a geostatistical approach is an improvement
on the zonal technique discussed. A discussion of the effect, on transport,
of spatial variability on a range of scales would clarify this.
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Section 6.2 Generation of Transmissivity Fields by Geostatistics

The first part of section 6.2.1. on the generation of conditional random
fields, could also benefit from clarification. First, there is no discussion of
the basic underlying assumption of geostatistics, that the measured values
are regarded as realizations of a random field. Second, the description of
the variogram is confusing. Third. the statement that each realization has
the correct spatial structure of the true field overstates the functionality of
the geostatistics approach. There is no reference to the implicit assump-
tion that the measured values and the true field have the same spatial
structure. Furthermore. although meihods such as turning bands give a
specified ensemble spatial structure over a number of realizations, it is not
clear whether all individual realizations have the desired spatial structure,

The desirahility of assessing conceptual model uncertainty is clearly pre-
sented in section G.2.3. A rather fuller description of the four alternative
models would be heneficial.

Section 6.3 Selection of Transmissivity Fields

In this section. the authors discuss the rationale for selecting transmissiv-
ity fields, and the calculation of travel times through the selected fields.
An indication of the grid dependence of the results, and a discussion of
why a 52 x 44 grid was used. would be of interest. The inclusion of all 60
selected transmissivity fields in an overview of the results is unnecessary.

Section 6.4 Fluid Flow Modeling with SECO2D

This section discusses fluid flow modelling with SECO2D. Undue emphasis
has been placed on the general capabilities of the code (sections 6.4.1.2
- 6.4.1.7). to the detriment of the discussion of the results of the 1991
calculations. The section could also benefit from a clearer discussion of the
links between the 1991 calculations with SEC'02D and other aspects of the
calculations discussed in this chapter. The transmissivity fields generated
using the geostatistics discussed in section 6.3 are only mentioned very
briefly. It would also be of interest if a clearer indication of the range of
behaviour due to different transmissivity fields was discussed.
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3.27

Section 6.5 Transport Modeling (STAFF2D)

This section gives a clear, detailed deseription of local flow and transport
modelling. The section introduces a number of assumptions and limita-
tions (section 6.3.2.3). It would be of interest if the authors discussed
further the basis for the assumptions. It would also be beneficial if the
discussion of the results in section 6.3.2.10 included a more complete de-
scription of different scenarios considered (e.g., scenario E2 is introduced
without any discussion). This section. as for section 6.4, could also benefit
from a fuller discussion of the links between the work discussed and the
other aspects ol the 1991 calculatious. The link between regional and local
velocity fields and grids conld be made more explicit.

Chapter 7. CUTTINGS REMOVAL DURING DISTURBANCES

Generally, the work reported in this section is excessively detailed for the
state of knowledge.

Section 7.1 General Considerations

This subsection begins by restricting attention to a hydrocarbon explo-
ration well using currcent rotary drilling techuiques. While this is clearly
a good basts for consideration of the human intrusion scenario, it must be
admitted that our ability to predict Tuture human behaviour is minimal.
Thus, it cannot be said why a boreliole would be drilled, or how it would be
drilled. The introduction of sophisticated modelling cannot disguise these
basic facts. In order to make a lair assessment of the potential risks arising
from such intrusions. it is necessary ta estimate both their frequency and
scale. The frequency is already estimated (as a probability distribution)
directly from expert judgemen. The scale of intrusion should be similarly
estimated.

Section 7.2 Analysis

Given the comments of the previous section, we consider the analysis
presented in sections 7.2.1 and 7.2.2 nnnecessary {and have not reviewed
it in detail).

In section 7.2.3. the Bateman equations for radioactive decay and ingrowth
are stated and solved for the particular case of a 5-member chain. The
explicit expansion of tlie solution as presented is not very helpful, since
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it is not an efficient way of actually calculating inventories against time.
Moreover, it is not necessary Lo solve the equations in terms of numbers
of atoms and then perform messy conversions.

The Bateman equations in terms of activity are simply

d;’\‘.{ 14
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For given initial inventories N(? [arbitrary units of activity], the solution
can be written
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where the coefficients o;; are defined by the recurrence relations
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This is valid for anv length chain aud leads directly to an efficient and
compact numerical algorithm.

Section 7.3 Code Description

No comuments, except that that above solution method should be used for
solving the Bateman ecquations.

Section 7.4 Drilling Parameters

As commented ahove. the scale of intrusions should be directly estimated.

Section 7.5 Results and Discussion

Why not show the full CCDF?

Pages 7-17 to 7-18. Tables 7.1 and 7.2 both have the 7000-year column
incorrectly labelled. :
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3.3

3.3.1

Volume 3: Reference Data

Although we have some concerns over the details of the methodology used
to obtain the reference data. our general impression of the data gathering
exercise 1s that it is very systematic and comprehensive.

On the other hand. in the chapters describing the treatment of individual
parameters, it is not always clear whether or not the parameter was sam-
pled and, in many cases, it is not clear how the parameter entered into the
performance assessment. An additional point of confusion is that often the
performance assessment calculations used different values for parameters
than those appearing in the summary tables and boxes. In this case, we
presume that the summary values were used solely for the purpose of sen-
sitivity analyses (reported in Volume 4). The distinction should be made
clearly.

In addition. the detailed discussions contained for many of the parameters
in some cases shed little light on the basis for the median and range used
in the assessment. More attention necds to be paid to the clarity of these
discussions. and to the link between the discussions and the final summary
information presented i the “hoxes™ and tables.

Chapter 1. INTRODUCTION
Section 1.1 Purpose and Organization of the Report

No comments.

Section 1.2 Conventions

Page 1-2, line 43. Equation 1.2-1 has a missing z after the integral.

Page 1-2, line 55. 1 is noted that 7 is used to denote both the true mean
of a distribution and its sample mean. These two quantities should be
clearly distinguished.

Page 1-3, line 11. It is stated that normal distributions are truncated
at the Ist and 99th percentiles. Given that the regulation is concerned
with the 0.1 percentile of the distribution of consequences, this cannot be
justified on mathematical gronnds. Presumably the justification is that
the norma! distribution is only a convenient way of representing some
types of uncertainty and so its tails should not be included.
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Page 1-3 to I- 1. Section] 2.3 Constimcted Distribution (Empirical). There
seems to be a confusion between ymceertainty and variability. Repeated
measurements of a variable may give different results for a number of rea-
sons (spatial variability, experimental error. lack of control of experimen-
tal environment, etc.), and this will lead to an uncertainty as to the true
value of this parameter. However. it is only when the parameter varies
stochastically that the observations can be taken as a direct indication
of uncertainty. In other cases. the varving measurements require care-
ful consideration by experts to determine a reasonable characterisation of
uncertainty.

Some of the confusion in terminology may result from the more or less
direct translation of reactor PRA methodology and terminology to waste
disposal system performance assessment. 1L is not sensible to apply di-
rectly all of the reactor PRA concepts to natural geological systems. For
example. large parts ol a reactor can be treated as an engineered system
comprised of compouents of more or less constant (but imprecisely known)
properties. This same thinking is not casily applied to disposal systems.

Page 1-12. lines 12-18. The negleet of correlations has a potentially sig-
nificant effect on calendated resulis and should not be dismissed so lightly.
It is often suggestedd that correlations he included by reordering samples
(produced by Latin Hypereube Sampling or straighforward Monte Carlo
sampling) to satisly a specified correlation matrix. This approach is how-
ever much less satisfactory than an approach based on identifying the
reasons for correlations (in terms ol functional relationships) and repa-
rameterising accordingly. In the later parts of this volume, correlations
are given as rank-correlation cocfficients, presumably indicating an inten-
tion to use a recrdering method.

Section 1.2.7 1o some extent addresses the issue raised above about Em-
pirical distributions. We have not vet heen able to review it in detail, but
it is at first sight a useful contribution.

Section 1.3 Background on Selecting Parameter Distribution

The method for sclecting appropriate parameter distributions is well de-
scribed.

Page 1-18. lines 33-38. The procedure in step 3 again raises the issue of
confusing variability and uncertainty,

Page 1-20. line 19. Some words Lave heen mistakenly repeated.



3.3.2

Section 1.4 Performance-Assessment Methodology

The material in this section is very similar to that contained in Volume 1,
Chapter 3 and in Volume 2. C'hapter 3. It is not reviewed in detail here.

Page 1-27, line I1. Theve is a mixsing svmbol between the words “of” and
“Into”, presumably S,

Page 1-27, line 19. The reference to S seems incorrect; this should pre-
sumably be replaced by S.

Page 1-29, lines 4-G. The reference to “variable uncertainty” again seems
to confuse the distinction between variability and uncertainty. Uncertainty
can also arise owing to spatial (and/or temporal) variability of the param-
eter (e.g.. limited spatial characterisation of the disposal system), in which
case the uncertainty is more appropriately referred to as “variability”. In
addition. hecause of the difficulty of using the expression, “variable vari-
ability”, we would argue for the substitution of the word “parameter” for
“variable” throughout the text.

Section 1.5 Background on WIPP

Page 1-36. lines 28-31. The explanation provided for the repository loca-
tion i1s meaningless. It i< perhaps not 1the purpose of this report to explain
why the repository lias heen located wlhere it ias been (both horizontally
and vertically} but. becanse it 1s a logical gquestion to ask, this information
would be extremely uselul for the veader.

Chapter 2. GEOLOGIC BARRIERS
Section 2.1 Areal Extent of Geologic Barriers

No comments.

Section 2.2 Stratigraphy at the WIPP

Page 2-5. line 12. The existence of 43 siliceous and sulphate units within
the Salado Formation is important information regarding the formation,
and should be given in Chapter | of Volume 1.

Page 2-5. line 13. \What has lithostatic and hydrostatic pressure to do with
stratigraphy? This information should be presented elsewhere, perhaps
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under hydrologic parameters.

true spatial relationships between the disposal vaults and the marker beds
are displayed. This information should have been presented in simplified
form at the beginning of Volume 1. Figure 2.2-3 (page 2-8) is even more
useful in this respect; information contained in this figure is needed in
order to understand the development of the hase case scenario.

Page 2-10. Figure 2.2-3. This figure contains too much information, and
little of it is sell-explanatory or explained in the caption. How were the
various curves and data points shown derived?

Section 2.3 Hydrologic Parameters for Halite and Polyhalite within
Salado Formation

Section 2.3.3 Dispersivity

Page 2-25. Figure 2.3-3. Values for transverse dispersivity shown in the
figure do not refleet the discussion b the text or in the summary box. It
is stated on page 2-21 that transverse dispersivity was assumed to be a
factor 10 smaller than longitudinal dispersivity. Also. the hottom axis of
the figure has not heen defined.

Section 2.3.5 Permeability

Page 2-23. Figure 2.3-7. The fignre has been mislabelled. It should be
figure 2.3-6.

Page 2-29. The entire discussion on rank correlation between halite and
anhvdrite permeability in the Salado Formation is nonsensical because
there are only two sets of paired data. The correlation coefficient finally
settled on (0.8) is justified by a desire not to contradict the conceptual
model. This is a backwards argument - the conceptual model should
account for the range of parameters. not vica versa.

Page 2-30. line 43. TFigure 2.3-G does not show rank correlations; the
referenced figure does not exist in the report.

Page 2-31. line 24. The text states that ~Often the PA Division does not
model the disturbed zone whea it is conservative to do so...” This wording
is ambiguous and should he clarificd. The text could be read to mean that
sometimes, even though it would he conscrvative to model the disturbed



zone, the PA Division does not do so (i.e.. a nonconservative choice is
made).

Section 2.3.6 Pore pressure at repository level in halite

Page 2-33, Figure 2.3-9. The figure is wrong: the units along the right-
hand axis (probability density) are undefined; the bottom axis shows pres-
sure in MPa, and not x 10 Mpa as indicated.

Page 2-34, line 20. It would be useful if a reference were provided to the
section of the text that discusses anhydrite pore pressures (i.e., section
2.1.6, pages 2-61 to 2-(2).

Section 2.3.8 Specific storage

Page 2-43. line 31. Some words are missing {perhaps just “in” at the end
of the line?).

Section 2.4 Hydrologic Parameters for Anhydrite Layers within
Salado Formation

2.4.4 Partition coefficients and retardations

Page 2-36. Table 2.4-2. The table is unclear and would be easy to take out
of context. It shauld be indicated that the values provided are maximum
partition coefficients for use in sensitivity analyses, and that coefficients
of zero were assumed for the actual performance assessment calculations.

Section 2.4.6 Pore pressure at repository leve! in anhydrite

Page 2-62, line 20. The reflcrence to figure 2.4-6 is incorrect. The refer-
enced figure does not exist in the report.

Page 2-62, lines 27-29. The interpretation of the data provided in fig-
ure 2.4-8 is nonsensical. The data do not fit the curves. The modelled
asymptotic value of pove pressure (10 MPa) is concluded to be signifi-
cantly less than many of the measured data. The median value selected
for the performance assessment of 13 MPa supports this view.
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3.3.3

Section 2.5 Mechanical Parameters for Materials in Salado Forma-
tion

No comments because this section of the text is evidently still to be writ-
ten. Is the implication of no text that the referenced parameters are
unimportant to or not used in the performance assessment?

Section 2.6 Parameters for Culebra Dolomite Member of Rustler e

Formation
Section 2.6.2 Dispersivity

Page 2-78. Figure 2.6-3. The bottom axis of the ﬁgure is defined as poros-
ity. It should be longitudinal dispersivity.

Page 2-78. Figure 2.6-6. The figure is unclear. It seems to show distribu-
tions used for sensitivity analyses only. not those used in the performance
assessment calculations (box ou page 2-77). As suggested in the box and
at the bottom of page 2-77. these seem to differ slightly. Also, the bottom
axis of the figure has not been defined.

Section 2.6.7 Tortuosity

Page 2-94. line 11, The relerence 1o fignre 2.6-9 is incorrect. It should be
figure 2.6-13.

Chapter 3. ENGINEERED BARRIERS AND SOURCE TERM
Section 3.1 Dimensions of Underground Facility

Page 3-4. Figure 3.1.2. The meaning of the tiny black dot is unclear. Is
this the location of the intrusion horchole for transport calculations?

Page 3-10. line 10. This is the first use of the abbreviation SWB, and it
should be defined.



Section 3.2 Parameters for Backfill Outside Disposal Region
Section 3.2.1 Description of the reference design for backfil

Page 3-16, line 18. The 200-vear period is cited but what are the con-
sequences if the time required for consolidation is much shorter (e.g., 20
vears) or much longer (e.g.. 2000 vears)? Also, the 200-year figure cited
in line 18 seems to contradict the 100-vear figure cited in line 31 on this
page and in line 4 on page 3-17.

Page 3-17, line 25. As noted in Chapter 5 of Volume 2, the conditions
and factors under which it will be determined that a clay backfill will
be “necessarv” are not well documented. Will clay backfill be considered
as a redundant barrier based on its own desirable properties or will it
be included hecause of expected or demonstrated poor performance of
consolidated salt? These questions should be answered in at least a brief
manner.

Page 3-19. Figure 3.2-3. The scale on the uppermost figure in this group
is misleading. as the separation of MI3 139 from the waste vault {and its
thickness) is much greater than it should be. The provision of precise
numbers and a scale implies that the diagram is to scale.

Section 3.2.4 Panition coefficients for salt backfill

Page 3-27. line 33. Table 3.2-2 is solely for “salt and trace amounts of
clay™, wording that wonld imply an unintended, coincidental connection
between these partition coefficients and those for anhydrite. A possible
word change on line 38 to approximately the same order of magnitude as
anhydrite” might make the same point without the unintended connection
between clavey salt and anhydrite.

Section 3.3 Parameters for Contaminants Independent of Waste
Form

Page 3-30. Figures 3.3-1 and 3.3-2. The left-hand axis of both of these
figures is visually daunting becanse of all the zeros. The axis should be
relabelled (e.g.. using exponents) to improve readability. Also, the term
“scaled” waste is used. but not defined until later in the chapter. The
term is unclear.

Pages 3-31 to 3-38. Table 3.3-1. Is this lengthy table needed? All of the
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information is repeated in later 1ables. and without the apparent errors
that have crept into this table. There are at least two ervors. First, the
design inventory for Am-2.11 in C'li-waste is given as four times less than
the anticipated inventory (page 3-31). Later in the chapter (figure 3.3-3,
tables 3.3-4/5), the anticipated inventory for CH-waste is given as 665,000
Ci. Second, the anticipated inventory of Pu-239 in RH-waste is given as
being greater than the design inventory (page 3-35). Later in the chapter
(table 3.3-7), the anticipated inventory is given as 1165 Ci.

Section 3.3.1 inventory of radionuclides in contact-handled waste

Page 3-45. Table 3.3-1. 1t is unclear what the information presented on
the line entitled ~Svstem Total™ represents. or how the data were derived.
A comparison with figure 3.3-3. suggests that this line should probably
have been labelled *Total Design Inventory™. and that all values are one
column removed from their correct position.

Pag; 3-46. Table 3.3-3 (and Page 3-30. Table 3.3-6). The column entitled
“Waste Unit Factor”™ should be defined. The term is not defined until
much later in the chapter (page 3-61).

Section 3.3.2 Inventory of remotely handled waste

Page 3-50. Table 3.3-G. An additional column entitled “Total” should be
added to this table. to facilitate comparison with the “PA Calculations
Design 1990" column. Total design inventory seems to be about twice
as great as that used in the PA calenlations. implying that the PA cal-
culations are not conscervative. In fuct. the inventory value used for the
PA calculations {1.700.000 (1) is also less than the total of stored and
projected waste arising shown in 1able 3.3-7 (2,600.000 Ci).

Section 3.3.3 Radionuclide chains and hali-lives

Page 3-53. line 40. Contrary to what is stated in the text, figure 3.3-7
(page 3-59) indicates that the total normalized activity is about 3% of
the EPA limit (at 10.000 vears alter repository closure). The normalized
activity of Ra-226 is less than 24 of the EPA limit. The most interesting
aspect of the figure. however. is that the normalized activities rise steeply
with time after abont 2000 vears. and are still rising steeply at 10,000
vears. This begs the question of wlien does thie total activity level off, and
at just what level? Also. regulatory timeframe notwithstanding, how does
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the temporal variation in activity alter 10,000 years affect longer-term
performance?

Section 3.3.5 Solubility

See the detailed comments on section 3.2 of Volume 1. In addition, it
would be helpful here if the information presented in figure 3.3-8 (page 3-
63) was also presented in the pdf and cdf form used for other parameters
in this volume, as well as in the "box” form used for other parameters.

Section 3.3.7 Motlecular diffusion coefficient

Page 3-69. Figure 3.3-10. The lefi- and right-liand axes should be reversed
for consistency with other such fignres presented in this volume.

Sections 3,3.8-3.3.10 Gas production

Page 3-71. line 20: Page 3-72. Tigure 3.3-12: Page 3-80, line 20; Page 3-81,
Figure 3.3-16. The presentation is unclear. The information presented
on relative gas production rates from corrosion and from microbilogical
degradation under humid conditions. should say relative to what (1.e., to
the inundated rate). Also. why i< a relative rate used. as opposed to an
absolute rate? The former is calculated from the latter. and the latter
would seem to convey more information.

Page 3-73. lines 24-25: Page 3-71. lines 17-18: Page 3-82, lines 13-20; Page
3-85. The units used here are expressed in terms of vears, whereas else-
where in thesc sections they are expressed in terms of seconds, making
the discussion difficult 1o follow. The use of years on page 3-85 in section
3.3-10 is particularly unfortunate. liecause this makes cross comparison
with the information presented in sections 3.3-8 and 3.3-9 unnecessarily
difficult. Perhaps more importantly. it would be useful to present informa-
tion on total (for the entire repository. or for one waste panel) estimated
gas production rates by eacli ol the three mechanisms in these sections,
because the units nsed are dillerent in the three sections.
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Section 3.4 Parameters for Unmodified Waste Form Including Con-
tainers

Page 3-89, Table 3.4-2, line 21. The word “greater” should presumably be
“less™.

Section 3.4.1 Composition of CH-TRU contaminated trash {non-radio-
nuclide/non-RCRA inventory)

The tables and boxes in this section should be thoroughly examined to
improve their clarity and accuracy. Several examples are given below.

Page 3-91. The information presented in the summary boxes is incorrect.
On lines 6-22. all of the values presented are an order of magnitude too
great. In addition. the median values do not agree with those provided in
table 3.4-6 (page 3-99). In this table. the volume fraction of combustibles
is given as 0.403 {not 0.381). and the volume fraction of metals and glass
is given as 0.363 (not 0.376). Finally. the reference to table 3.4-10 seems
incorrect: tahle 3.1-6 is the correet table 1o reference. On lines 32 and 42,
the reference to figure 3.1-3 seems incorrect. It is unclear what the source
of the data isx for the volumes of Lackfill and air in the repository.

Page 3-103. Table 3.4-7. This 1ahle also contains many errors, making it
difficult to understand. Oun line 9, the units should be expressed as Gg
(not kg). The summed mass of PVC (on line 38) does not agree with
the two values on lines 21 and 23: the source of the error is unclear. On
line 36. the total volume ol wasie is incorrect (too low) by a factor of one
million.

Page 3-104. Table 3.4-8. Yet anather problematical table. The derivation
of the values is unclear and is not explained in the text or in the caption.
In addition. on line 33. the total number of SWBs is incorrect (too. low)
by a factor of one nnilion.

Page 3-105. Table 3.4-9. Yet auother example of a table carelessly put
together. On line 7. the units of volume are missing (i.e., m3). On line
29 the reference to table 3.4-3 is incorrect: the correct reference is table
3.4-4.

Page 3-107, lines 13-21. The discussion presented here, on estimation of
inventory accessed by intrusion borelioles. and on information presented
in figure 3.4-11 is 1otally unclear and confusing. The logic is absent.

Page 3-111, lines 26-30. The discussion does not-distinguish clearly the
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differences hetween the information contained in columns 7 and 8 of table
3.4-10 (page 3-10G). Neither does the table provide sufficient information
to understand clearly how the information contained in these two columns
was derived.

Page 3-112. Table 3.4-12, lin= 25, The data are not in the correct row. Do
these data refer to the combination of polyethylene and PVC?

Section 3.4.4 Capillary pressure and relative permeability

Page 3-121, lines 5-7. The median value for the threshold displacement
pressure and the lower limit of the range are reversed. In addition, the dis-
cussion indicates that a pressure of zero was assumed in the performance
assessment calculations. How docs this assumption correspond with the
surnmary presentation in the Lox on this page (the distinction should be
noted in the box)?

Section 3.4.5 Drilling erosion parameters

Page 3-128. line 30. The reference ta figure 4.2-6 is incorrect. This figure
shows the probability of drilliug a borehole of specified diameters (not
shear strength=). The referenced fignre does not exist in the report.

Section 3.4.6 Partition coefficients for clays in salt backfill

Page 3-129. Same comments as given under section 3.2.4 {page 3-27).

Section 3.4.7 Permeability

Page 3-131. There is no disenssion of the permeability of sludges in the
drums. The mean permeability of a drum cannot be derived without this
information.

Page 3-131, line 8. The exponcnt is wrong by ten.

Page 3-132. line 22. The reference to figure 3.4-§ is incorrect; the reference
should be to figure 3.4-9.
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3.3.4

Section 3.4.8 Porosity L A

v
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Page 3-135. Despite (or perhaps hecause of) the ten pages of text that
follow in this section, the devivation of porosities in the summary box
remains unclear. Were they simply drawn from the paper of Butcher et
al. (1991). If so, what is the point of the discussion?

Page 3-135, lines 7-8 (and in summary table 3.4-1, page 3-88) . The median
and lower range values for porosity of combustibles have been reversed.

Page 3-144. line 9. The povosity estimates referred to are not shown

“above”; reference should he macc here instead to figure 3.4-10 on page
3-146.

Page 3-144, line 21. The reference to table 3.4-9 is incorrect. The porosity

ranges referred 10 are presumabiy those from the summary box on page
3-135.

Section 3.5 Parameters for Salt-Packed Waste Form

No comments.

Chapter 4. PARAMETERS OF GLOBAL MATERIALS AND AGENTS
ACTING ON DISPOSAL SYSTEM

Section 4.1 Fluid Properties
Section 4.1.1 Salado brine

Page 4-5. lines 22 and 27. Line 22 indicates that the range of the density
measurements on six samples of Salado brine was 1224 -1249 kg/m?3, and
line 27 gives a range of 1208-1233 kg/m? (used in the assessment). Where
does the difference arise?

Section 4.1.4 Hydrogen gas

Page 4-15. lines 21-23. Almost the same information has been unneces-
sarily repeated one line later (on page 4-16. lines 4-3).

Pages 4-16 to 4-20. The discussion on hydrogen gas density is unclear. It
does not appear that the information has been used to derive the density
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values that appcar in the box on page 1-15.

Page 4-21, lines 23 and 27. The information on hydrogen viscosity is
unnecessarily repeated on these two lines.

Page 4-25, Figure 4.1-6. The right-hand axis (mole fraction for hydrogen
solubility in brine) is incorrect: the numbers provided do not agree with
those tabulated in the boxes on pages 4-23 and 4-23.

Section 4.1.5 Drilling mud properties

Pages 4-28 to 4-31. It is unclear how the discussion relates to the values of
viscosity and vield stress given in the box on page 4-26. Page 4-31, lines
16-23 indicate that the values on page 4-26 were derived from the work of
Pace (1990). What is the poiut of all the discussion?

Page 4-28. line 7. The referenced fignre (1.6-2) does not exist in the report.

Page 4-30. Figure 4.1-3. The figure is totally unclear. It contains too much
information and litle of it is sell-explanatory or is properly explained in
the text. The caption also provides no useful information.

Page 4-32. Tigure 4.1-10. The units of pressure (Pa?) along the bottom
axis are missing.

Section 4.2 Human-Intrusion Borehole
Section 4.2.1 Borehole fill properties

Page 4-39, Figure 1.2-3. The figure is incorrect. The units on the bottom
axis are wrong by many orders of magnitude. The median value of per-
meability does not agree with that contained in the box on page 4-35. In
addition. the left- and right-hand axes should be reversed for consistency
with other figures presented in this volume.

Section 4.2.2 Drilling characteristics

Page 4-43, Figure 1.2-6. The figure scems to be incorrect: the range of
diameters given in the figure (approximately 0.29-0.52 m) does not agree
with that presented in the box on page 4-42 (0.27-0.44 m).

Page 4-44. lines 29 and 34. The two references to figure 4.2-6 are incorrect.

Gl



Section 4.3 Parameters for Castile Formation Brine Reservoir

Page 4-50, Figure 4.3-1. What is the “Disturbed Zone” of Borns et al.
{1983)? This should be defined.

Section 4.3.1 Analytic brine reservoir model

Page 4-57, line 49. The value of 20 m3/Pa is incorrect; the assumed
maximum bulk storativity discussed clsewhere is 2 m®/Pa.

Page 4-59. Figure .1.3-3. The figure is unclear: most of it (e.g., the various
Qs) is undefined. either in the text or i the caption.

Section 4.3.2 Numerical brine reservoir model

Page 4-60. It is unclear how the permeabilities of intact and fracture ma-
trix in the baxes were derived. They arve not in agreement with the values
quoted in summary table 4.2-]1 (page 4-33). in contrast to suggestions in
the text. Also. on page 4-61. line 2. it is indicated that a permeability of
zero was assigned 10 the imtact (Castile matrix.

Page 4-61. line 6. Cross references within section 4.3.2 to sections 4.3 and
4.3.2 [sic] are canfusing and scem incurrect.

Page 4-64. line 19, This line Lhas been repeated by mistake at the top of
page 4-65.

Section 4.4 Climate Variability and Culebra Member Recharge

Page 4-66, Equation 41.4-1. The various parameters in this equation are
not defined until page 1-71. The equation can be safely omitted here.

Page 4-77. Equation 4.4-2. Some of the parameters in the equation need
to be defined (e.g.. the h's).

Page 4-78. lines 13 and 20. The recharge amplitude factor has been defined
earlier as "Am” (not “r"}). Also. the lower bound is Am=0 (not 1).

i2




3.3.5

Chapter 5. PARAMETERS FOR SCENARIO PROBABILITY MOD-!, § .
ELS <

Section 5.1 Area of Brine Reservoirs

Section 5.1.1 Area of Castile brine reservoir below WIPP disposal area

Page 5-3, line 35. ~Anticlinal™ is misspelled.

Page 5-3, line 41. The reference to figure 5.1-1 is incorrect. The reference
should be to figure 3.1-3.

Page 5-3. line 47. The reference to figure 5.1-2 seems incorrect. The
reference should be 1o figure 3.1-3.

Page 5-3. line 48. The text here provides a value of 43%, whereas the
table referred to (5.1-1. page 3-G) suggests that a value of 40% would be
more appropriate (at -200 m maximum elevation).

Page 5-4 and 3-3. Figures 5.1-2 and 5.1-3. These figures are meant to
be inspected together, but thix is extremely difficult because they are
presented at diflerent scales and figure 5.1-2 is in terms of depth whereas
figure 5.1-3 ix in terms of clevation (below sea level). This distinction
alone was difficult enough 1o decipher. In addition, units are lacking on
both figures and tlie axes ave wndelined.

Page 5-6. Tablle 5.1-1. The table caption and column headings refer to
maximum depths. whereas the vales provided seem to be in terms of
elevation (below sea level).

Page 5-12. line 4. Grammar. "Were™ should be “was™.

Page 3-13. lines 25-2G. Vital infarmation on the geological controls on
brine reservoir locations ts provided. This information should be consid-
ered much earlier in the discussion.

Section 5.1.2 Location of intrusion

Page 5-15. lines -8, There is confusion between the location of the in-
trusion borehole for transport modelling. and the location of the borehole
for input to the source term. For example. the number of boreholes and
the activity levels of waste were sampled parameters, yet the single bore-
hole location for transport does not even fall within a disposal area of
the repository. This distinction and the reason for it should be clarified
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3.3.6

throughout the text of all volumes.

In addition. the reference 1o fisure 3.1-2 is unheipful. as the borehole
location is not clearly shown. The only evident indication in this figure of
a possible intrusion location is a tiny black dot with defined coordinates.
If this is the assumed location. say so: if not, indicate clearly where the
intrusion occurs.

Section 5.2 Human-Intrusion Probability (Drilling) Models
Section 5.2.1 Drilling rate function

This section presents the argument fur the range of values used in the as-
sessment for lambda. the drilling rate [unction. The range was assumed to
extend from 0 to the EPA Appendix B recommended upper bound, with
a uniform distribution. However. the justification for using (nonconserva-
tive) values less than the EPA upper bound is lacking. In the absence of
information to support a lower value of A. it would be more conservative
to assume a constant drilling rate lnnetion equal to the EPA upper bound.

Chapter 6. SUMMARY OF PARAMETERS SAMPLED IN 1991

Page G-G. line 2. The number 13 s incorrect. It should be 15.

Page 6-6. line 349. It is unclear from the information presented here what
has been done in the performance assessment with respect to sampling on
solubility limits. The correlation Liatween solubilities of different radionu-
clides was referred 1o in Chapter 3. but no evidence for the correlation
was presented. nor was suflicient detail provided to justify the summary
information provided in tlis list.
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Review of the 1991 WIPP Agsgessment (SAND91-0893)
Additional Comments

Volume 3: Reference Data
Section 2.8.10 Partition coefficlents and retardations

Partition coefficients aze vitally important lo the performance assessment,
and the underlying basic for selected values should, therefore, he precentad
clearly and in sullicient detail for an independent Teviewsr to assess the
effectiveness of the talection procsse Sueh a presentation has not been
achieved in this sertion.

The wain criticiom Lies in the abzence of any experimental data included
in support of recommended values by any of the three experts. Such
data, when available, should be dircctly accessible to the reviewer, who
chould pot have to rely on examining source referepces. For example, the
staternent is made on Page 2-102 (2ad paragraph), that the recommended
K edfs are “considered to be realistic in hght of available data”, yet these
available data are not pravided, mther in support of the recommended
K. values, or to ilinstrate the pancity of data overall. Some background
is discuzead in Naovak's September 4. 1991 memorandum, but this level
of detail ix imufficient, particulatly when recommended ¢df values arc
“subjective estimates oply”. At least the recommendations which Siexel
provides include references and some detall on his seleciion process. 1t i
ironic, therefore, that his values have heen excluded fruin the “paucl’s”
selected partition coefficients.

The basis for excluding Siegel's racnmmendatians is not clear. It appears
from the text (Page 7-108) that exclusion is due to non-agreement of
Siegel's values with thase of the other two cxperts, Dosch and Novak,
and /ar the nse of a different methodology for deriviation of Lbe cdfs. We
agree that, in such circumstances, combination/aggregation of all threv
sets of data is not recorumended; however, the decision Lthat ‘Lthe wajority
should rule’ as a means of selecting fina! values (lwplial by the text)
Tequires greater justification than is provided hexe.

]
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It is unclear why Siegel’s approach is any less valid than that of the ather
two experts, especially when the available data are abviondly sparse. In
addition, the upper bounds on K, provided [or sach element by Dosch
and Novak suggests that thess K, valnes reflect sorption processes which
include precipitation, i» whirh rase the assessment is not valid for the
true thermadynamic Kg parameter. Is this what is meant by Novak in his
memorandnn (September 4, 1991) that the *K. model . . . may bave
limited applicability to the WIPP Culebra system™ and thal the resulieut
cdfs could be rendered “inadequate”? If nol, what du these statements
mean? 1t does suggest at least thal Novak Ly suwie seses vaticas with the
selection process.

Additional commants

1. For Ra aud PU, the wlfs presented in Novak's memorandum (Tables 1
aud 2) fur 10ck matrix and fractures do not differ by o factor of 10 in the
ces¢ of the other elements. However, in tables 2.6 8 and 2.6 9, the facter
of 10 difference is maintained. This inconcistency should be corrected.

2. A clear statement (or table) is rewuusucuded iu this section to define
reference conditions, i.e., water cunpusition, pll, Bh conditions {values or
ranges of values) for which ulfs are being provided.

X. A clear statement of the sorption processes for which K, is being
estimated (K. model?) should be included early in this seclion.

4. Page 2-102, end of 3rd paragraph: the ctatement “morc thorough
description of Novak’s values is provided in Appendix A of this report”
is misleading, as no arditinnal details are provided other than the actual
recommended values

5. The way in which the recommecdations of Dosch and Novak wate
“averaged® i not cpecified and chould be discussed.

6. Page A-102 (Nuvak’s Sepiewle 4 memerandum), 2nd patagraph: some
detail ur discussivu of the basis for selecting chemical analogues is ad
visable, wheu discussing sorption processes, possible complexation, and
swrbing species.

Qioos
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Conclusion

We agree with the statements thet cdfs for Kes “do not substitute for
actual data”, and that “additional siudica should be performed to quantify
the peotential for radionuclide retardation”. We recommend that efforts
be made during experimentation to identify and distinguish precipitation
from sorption (isotherm measurements).

Lo addition, because of the uncertainty in the meaningfulncss of both the
pracess for deriving cdfs and the edfy themselves, we suggoet that this area
would benefit from the uac of independent expertice oytside the WIPP
performance asscasment progrom.
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Department of Energy
Carlsbad Area Office
P. Q. Box 3090
Carisbad, New Mexico 88221

JAN 2 4 1396

Larry Weinstock

Office of Radiation and Indoor Air
U.S. Environmental Protection Agency
401 M. Street SW

Washington, DC 20460

Dear Mr. Weinstock:

Enclosed is the Carisbad Area Office’s (CAQO) response to your comments on
Volumes 4 and 5 of the 1992 Performance Assessment (PA). Hopefully, these
responses wiil assist you with any guestions that may not have been fully
answered during the Technical Exchanges. The CAO hopes that you will find
these responses heipful in your understanding of the specifics of the 1992 PA.

We would like to extend our gratitude to you for your comments on the 1992 PA.
Your comments will assist us in developing a better customer oriented product.
The responses to your comments on the 1892 PA may not necessarily reflect the
exact approach that the CAQ will embark upon in the upcoming performance
assessment for the Waste Isolation Pilot Plant Compiiance Application, because
the CAO is in the process of finalizing a management plan for the structure of the
Certification Compliance Application.

if you have any questions regarding this response, piease contact George T.

Basabilvazo of my staff at (505)-234-7488.

Sincerely,

%M/m W—w)
: 1. James A. Mewhinney

Compliance Team Leader
Office of Reguiatory Compliance

Enclosure



Larry Weinstock

cc w/o enclosure

M. McFadden, CAQ

C. Wayman, CAQ

D. Schafer, SNL, #1341
M. lewin, SNL, MS #1341

JAN 2 4 1396
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RESPONSES TO COMMENTS FROM
THE U.S. ENVIRONMENTAL PROTECTION AGENCY
ON VOLUMES 4 AND § OF
THE PRELIMINARY PERFORMANCE ASSESSMENT FOR THE
WASTE ISOLATION PILOT PLANT
SAND?92-0700/4 AND SAND92-0700/5

EPA Comment 1. Scenarios

While much work has gone ioto the identification and screening of scenarios, we agree with
the document that current treatment of scenarios is incomplete. As presented in the 1992
Performance Report (Volume 2, Figure 4-1) only four scenario combinations were modeled,
and more scenario combinations need to be considered and modeled for 10,000 years.

The "base case” or the undisturbed scepario and disruptive scenarios need to include events
outside the Land Withdrawal Boundary that may effect repository performance. For example,
the perforrnance assessment should consider effects of human initiated activities such as oil,
gas, and injection wells around the Land Withdrawal Boundary. It is possible that such
activities may increase reieases from the repository, even if no borehole penetrates the
repository itself. For example, your staff has postulated that an injection weil south of the
Land Withdrawal Boundary couid affect the Culebra. Other potential effects of human-
initiated events could inciude local dissolution of salt, as has happened in part of the Dejaware
Basin in Texas. In addition, the cumulative effect of multiple intrusions on radiocactivity
releases due to intrusions and base case releases need to be summed.

The 1992 PA states that effects of potash mining (i.e., subsidence) will be considered in future
analyses (scenario TS). We agree that the effects of potash mining should be considered;
indeed, all potential effects of the mining should be explored, such as connections between
boreholes. This should include the effects of potash mining both within and around the Land
Withdrawal Boundary.

We also agree that you need to consider the effects of water withdrawal wells (scenario E3) in
the Culebra. The 1992 PA document provides very little information on this scenario, but we
would suggest that the water quality is not as an important consideration for the purposes of
the containment requirements {(191.13} as it is for individual and groundwater protection
requirement analyses. This is because it is possible for Culebra water to be used for non-
drinking purposes, and this use may (or may not) have an effect on flow in the Culebra. Also,
if a well penetrates a contaminated plume, then more radioactivity could be brought to the
accessible environment. We do not know how significant the impact of these scenarios will be,



but we believe that they should be examined. Additiopal scenario topics are addressed in the
attachment.

Response. The CAQ's curreni approach to scenario development is described in two
documents that have been published more recently than the report on the 1992 PA:

(1) The Position Paper that was prepared during the Systems Prioritization Method

(SPM), entitled: "Scenario Development for Postclosure Performance Assessments of rh/.\
WIPP: Input to Systems Prioritization and Project Technical Baseline”; and f E@
t &

(2) The drafr Compliance Certification Application (DCCA) (DOE, 1995). LB

iz

These documents present a systematic reevaluation of scenarios since the 1992 PA exercise in
order to be as complete as possible. The CAO assumes that future exploratory drilling (within
or outs'de the controlled area) that does not intersect the repository can be eliminated from
performance assessments on the basis of low consequence. Thus the effects of a well
penetrating a contaminated piume outside the controlled area can be eliminated on the basis of
low consequence. _Work is underway to evaluate the adequacy of this assumption and
additional material in support of low probability and low consequence screening decisions will
be included in finure drafts of the Position Paper and the final compliance certification

package.

EPA Comment 2. BRAGFLO and SANCHO Relationship

Salt creep-closure of the repository rooms and the interactions of the waste and brine are topics
that need to be more closely examined. The repository horizon rock mass is deformabie and
permeable, but the current modeling is not able to take this into account. Separate codes look
at deformation and fluid flow. It is our understanding that SANCHO calculates creep closure
while BRAGFLO separately calculates fluid flow. SANCHO does not consider the rock mass
to be a permeable, porous solid, while BRAGFLO does not consider the rock mass to be
deformable. We believe that the physical coupling between fluid flow and deformation needs
to be improved because the current method by which data from SANCHO is used in
BRAGFLO is suspect enough to cast doubt on the results from the two codes. We suggest that
the incompatibility be investigated. You may want to examine the possibility of modeling
fluid flow and pressure effects (deformation) simultaneously within one code or in two codes
which pass information to one another.

Response. Sandia National Laboratories (SNL) has completed a detailed study of coupled
mechanical deformation-fluid flow codes for performance assessment (PA) since the 1992 PA.
This study evaluated the strength of the coupling berween brine and/or gas flow into or out of
the disposal room, the various methods of coupled analysis and reasonabie numerical solutions
for PA calculations. Several coupied methods have been implemented for detailed testing: (1)



the porosity surface approach with the porosity surface caiculated by either SANTOS or
SPECTROM 32 (2) a coupled flow-mechanical analysis using PHENTX 1o interface the code
Jfor room closure with the code for fluid flow and room pressure at each time step. This
approach incorporates the dependence of gas generation on brine availability into the analysis;
(3) three-phase flow approximations; and (4) a theoretical model with true coupling of
deformation to pore mechanics, including interbed fracturing.

The first two methods have been documented in published reports [Butcher and Mendenhall,
1993; Larsen memorandum in Volume II, Appendix G of the SPM Position Paper "Disposal
Room and Custings Models White Paper for Systems Prioritization and Technical Baseline"].
The results of the three-phase flow calculations will be publzshed in the near future. The

theoretical model is still in development. . )

All work to date indicates that the porosity surface method is sufficiently accurate fonf PJ@,

calculations and it is therefore being used for all PA calculations. ; . o

a%.: 11‘ B
EPA Comment 3. Culebra Groundwater Model
The Culebra Member of the Rustler Formation has been identified as one of the major
potential pathways to the accessible environment. We have concerns and questions about how
the Culebra transmissivity field is being modeled and the resuiting ground-water travel times.

Alternative conceptual models and computer algorithms can be applied to the existing data to
produce different interpretations of the transmissivity fields than those used in the current
performance assessment. Indeed, Sandia National Laboratory and their contractors have used
different models that have produced different resuits. The current estimate of ground-water
travel times to the boundary of around 15,000 years (with a range of 9,000 years to

32,000 years) appears to be quite high, relatively to previous estimates. Using data from some
of the wells in the southern section of the WIPP site, other reasonable approaches could
produce travel times that are shorter by several thousand years. Perturbations to the
repository/Culebra system (e.g., pressurized brine from the repository or Castile Formation
that enters the Culebra at a faster rate than that currently modeled) could produce even faster
travel times. Since this is such an important topic, we are considering holding a workshop, in
which we would invite your experts and outside experts to further explore this topic. Our
comments on this topic are further discussed in the attachment.

Response. The WIPP project has established a formal program to build confidence in
conceptual models and the associated PA analyses by broadening the involvement of outside
experts and stakeholders in the PA process and by revising and updating the SNL QA Program
for computational activities. WIPP's formal program includes the following activities: (1)
involving the international community in hydrologic model development, verification and
validation through the INTERVAL programs of the NEA; (2) preparing a series of PA
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calculations (the '91 PA, the '92 PA, the DCCA and the CCA) which show the progression of
conceptual models and technical data. The results from these PA analyses have been or will
be reviewed by the EPA, stakeholder groups, the NAS and by the international community
through the NEA 1o increase confidence in the PA caicularions; (3) involving all of the
stakeholders in preparation of the final CCA; and (4) involving regulatory agencies and
stakeholder groups in the SPM process.

Transmissivity fields are calculated from the field data using whole-rock porosity values,
resulting in high ground-water travel time predictions (ranging from 9,000 to 32,000 years).
In performance assessment, the conservative approach of calculating the transmissivity fields
using the much smaller fracture porosities is implemented. This approach resulits in travel
times predictions that are much lower than the range cited, some as low as hundreds of years.

The spatial variations in transmissivity are implemented by numerically generating realizations
conditioned on observed head and transmissivity values using the pilot point technique (La
Venue and RamaRao, 1992). Muiltiple realizations are generated and sampled on to address
the uncertainty associated with the transmissivity field. This approach has been extensively
reviewed.

EPA Comment 4. Inventory Estimates and Waste Analyses

The presentation of the inventory and the types of waste to be disposed at WIPP needs
improvement. We have attempted to conduct analyses using the inventory numbers provided
in the Appendix of volume 3, but the description of how the inventory was used in the analysis
is unclear and incomplete. With the explanation on the inventory given in the Performance
Assessment report, it is possible to caiculate a range of curie levels between 650,000 curies
and 36 million curies. While neither of these activity levels is reaiistic, the fact that they can
be derived from information provided in the PA points to the need for a better discussion.
This is a crucial topic because release limits will be based on the information presented in the
application. It will be important for DOE to provide clear and accurate documentation of the
origin of the inventory estimates. In addition, there should be an analysis and discussion of
the potential interactions between the hazardous waste constituents and the radionuclides.

Response. Since the 1992 PA, the CAQ has continued to refine and update the transuranic
(TRU) and mixed waste inventories that are destined for disposal at the WIPP. The latest data
on the TRU waste disposal inveniory are presented in the Waste Isolation Pilot Plan:
Transuranic Waste Baseline Inventory Report (WIWBIR) [DOE, 1995]. The WIWBIR
inventory data are derived from information provided by the TRU waste generator/storage
sites. The WTWBIR inventory data are the basis for the PA in the DCCA and for all
subsequent PA analyses.



The release limits given in Volume 3 of the 1992 PA used the waste unit factor of 1.814x1¢/ Ci
JSfrom the 1991 PA (SAND91-0893). The referenced memo by Peterson (Preliminary Contact
Handled (CH) Radionuclide and Nonradionuclide Inventories and Remote Handled (RH)
Radionuclide Inventory for Use in 1992 Performance Assessment, October, 28, 1992) gives
11.74x10° Curies. Because the discrepancy was small, the same number was used for the 1992
PA as for the 1991 PA. This number was then multiplied by an applicable release limit p—
requirement for each radionuciide to yield the waste unit factor that is then used as the /"
normalization factor for the release limits. &

T g

In accordance with 40 CFR Part 191, Appendix A, Note 1(e), the waste unit factor includes .
alpha emitters with half-lives longer than 20 years (Cm-244 with a half-life of 18.11 years is
included because it decays to Pu-240). CCDFs, however, are calculated using the entire
radionuclide inventory given in the referenced tables and therefore include radionuclides in
addition to those in the waste unit factor.

The CAO also has an ongoing program to.investigate the interactions between hazardous waste
constituents and radionuclides. For example, extensive testing has been performed at the
Idaho Nuclear Engineering Laboratory (INEL) to determine the concentrations of gas-phase
volatile organic compounds (VOCs) in TRU waste containers. This effort included the
measurement of VOCs in 66 drums of TRU waste at INEL and at the Rocky Flats
Environmental Technology Site and simulated waste experiments coupled with VOC transport
model development to predict drum headspace VOC concentrations [Connolly et al., 1995].

EPA Comment 5. Institutional Controls

The current performance assessment assumes active and passive institutional controls will be in
place to deter human intrusion. The performance assessment assumes no intrusion for

100 years after the repository is closed, and credit is taken for 2 reduction of drilling rate due
to passive controls. However, the performance assessment does not provide details on the
nature of either active or passive controls. In future anaiyses, DOE will have to provide
detailed information on the active and passive institutionai controls it plans to use and justify
any credit taken in the quantitative analyses. The Compliance Criteria (40 CFR 194) will
further address the topic.

Response. DOE recognizes the significance of active and passive controls 10 deter human
intrusion. The performance and associated assumptions for institutional controls are discussed
in detail in Section 7, Assurance Requirements, of the DCCA. In the future, the CAO will
respond to the requirements of 40 CFR 194 through the final Compliance Certification
package, which will be submitted in December 1996.



EPA Comment 6. LR g
Although the document presents a weaith of information regarding radionuclides, in some
instances the document ignores related issues pertaining to RCRA-hazardous constituents.
Including hazardous constituents in the PA is important because the presence of hazardous
constituents could have an effect on the ability of radionuclides to migrate out of the
repository. The presence of RCRA-hazardous constituents and their effects on the
radionuclides must be addressed.

Response. The 1992 PA addressed the requirements in 40 CFR 191 for long-term isolation of
radionuclides from the accessible environment; it did not consider RCRA. The integration of
RCRA reguirements into the PA process is discussed in the response to EPA Comment 7.

EPA Comment 7. Improvements need to be made in modeling gas generation, RCRA-
hazardous constituent transport, and radionuclide and RCRA-hazardous constituent
concentrations. Furthermore, a comprehénsive RCRA-based risk assessment couid be
performed (using model results) to assess the risk to the public from RCRA-hazardous
constituents. Such an assessment, although not required (but of the type requested by the NAS
WIPP Panel), would provide additionat support to the NMVP.

Response. The DCCA represents an integrated, comprehensive package that addresses the
long-term requirements of RCRA and 40 CFR 191 using a consistent PA methodology. The
Project Technical Baseline (PTB) documents the data and models that will be used for
evaluating compliance with the long-term requirements of RCRA, 40 CFR 191 and 40 CFR
194. The PA calculations for the DCCA are based on existing or best-estimate data from
experimental programs and on the most current estimates of the TRU waste inventory.
Computational models and codes used in performance assessment will be the same for the two
standards where appropriate; differences in regulatory performance measures will cause
computational models to differ in some cases.

The CAO intends to comply with all requirements of RCRA, 40 CFR 191 and 40 CFR 194.
Any decisions about future activities with regard to the NMVP must await review and
discussion of the DCCA by the EPA and stakeholders.

EPA Comment 8.

The undisturbed PA scenario to date does not address potentiaily critical issues such as the
impact of anhydrite fracturing, room closure, gas transport, impact of nearby mining, and the
lower shaft seal threshold permeability. These issues need to be modelled and analyzed, not
only in a segmented fashion, but also in an interrelated fashion concurrent with "worst-case”
gas generation scenarios.



-For example, the undisturbed scenario is constructed in such a way that it does not evaluate the
potential for any mining activity occurring at or near the Land Withdrawal Act (LWA)
Boundary. Such mining might impact WIPP (within 10,000 years) while not physically
intruding into it. Discussion of the RETSOF commercial salt mine (discussed in detail in the
technical comments) suggests how severe the impact could be.

Response. The undisturbed scenario for the DCCA includes the geological characteristics and
fluid properties of the Salado and Non-Salado, including anhydrite fracturing, the rock
mechanics of room closure, gas generation processes, and seal permeability. 40 CFR 191
requires probabilistic modeling and specifies reasonably expected not “worst case”. However,
“worst-case” is included in the distributions used in the probabilistic modeling.

The DOE believes that disturbances of the disposal system caused by mining activity outside
the cortrolled area need not be evaluated in the undisturbed scenario (see response to
Comment 1).

EPA Comment 9.

The undisturbed case scenanos modelled to date exciude potential impacts of mining, at least
in part under the assumption that 40 CFR 268.6 excludes consideration of any unnatural or
human intrusion occurrences. The 1991 Performance Assessment states "The RCRA applies
only to undisturbed performance.” (Volume 6, page 2-5; SAND91-0893/6.) These positions
have been maintained in the 1992 Assessment, and no developed mining scenarios are
included.

While the PA does state that the "effect of subsidence of potash mining will be added in fumure
PAs" (Volume 1, Chapter 4, page 4-2, line 15), the degree of expected emphasis on this
scenario varies throughout the PA. For example, a potash mining scenario is identified in the
1992 Summary of Screened Events and Processes (Volume 2, pages 4-6 and 4-7) as being
"retained for consideration,” but apparently has not been investigated. Volume 1, Chapter 3
(page 3-11) states that consequences of potash mining outside the WIPP boundary "...will be
addressed in future analyses when a three-dimensional model for regional groundwater flow is
available."”

Several factors suggest expansion of this approach. The following paragraphs explain reasons
to adopt an emphasis on potential impacts of potash and other resource (e.g., salt) extraction in
the final PA.

Since any nearby potash mining would most likely occur in the McNutt zone, above the
repository level but still within the Salado formation, it is unlikely that direct "intrusion”
would occur. However, the long-term effects of mine subsidence might include significant
increases in fracturing, porosity and permeability at distances far from the mined zone, which
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could reach the WIPP Controlled Area, or even the waste panels themsel\'é lt ,a:ud chlorine
production might involve massive room and pillar or other typical shaft and dfiff c operations at
or below the repository elevation. These scenarios may be appropriately investigated under
either—or even both— "undisturbed” and "human intrusion” conditions. (Undisturbed
conditions would include long-term effects of nearby mining, without direct penetration of
papels.)
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Operators of a mine of this type would be likely 10 perform horizontal exploratory drilling to
determine the extent and characteristics of the resource. This is a direct waste panel intrusion
scenario similar to oil and gas drilling.

The 1991 Sandia report mentioned above, "Expert Judgment on Inadvertent Human Intrusion
into the Waste Isolation Pilot Plant” (SAND90-3063 UC-721) provides reasons to extend the
consideration of potential intrusions (or perturbation of "undisturbed™ conditions) beyond the
oil and gas drilling scenarios evaluated to date. The paper includes estimates of the current
market values of mineral resources inside the “controiled area” of the WIPP (a circle of radius
5 km), such as salt, chlorine, potash and magnesium. These values are all greater than the
value estimated for oil and gas (combined) within the WIPP controlled area. The value of
magnesium is estimated as two thousand times, and potash twenty times, the oil and gas value.

Three potash mines are currently in operation within 10 miles from the WIPP, and the
"...nearest economically exploitabie potash reserves are 1 km (0.6 mi) from the waste
panels..." (1992 PA Volume 1, page 2-4). There are no existing or planned regulations or
legisiation which would prevent the future expansion of these or other new mines up to the
WIPP Land Withdrawal Act boundary, which is at minimum 2414 meters (7916 feet) from the
closest (south) edge of the repository.

The Expert Panel report quoted above also noted that the potential impacts of mining at or near
the WIPP site were the greatest of any scenario considered, but were discounted on the basis
of the interpretation of Appendix B of 40 CFR 191. (Scenarios with impacts greater than oil
and gas drilling were excluded from the final conclusions.) This has led to inclusion of
statements in the 1992 PA which are directly at odds with the Expert Panel's report, e.g.,
"...exploratory drilling...has been demonstrated by past analyses...1o0 be the only event likely
to lead to radionuclide releases close 1o or in excess of regulatory limits” (Volume 1,

page 4-5). The statements which cite the Expert Panel report (e.g., Volume 1, page 5-4) do
not mention the panel's discussions of the probability or potential impacts of mining.

Another reason to reconsider a near-WIPP mine scenario is a specific current example of
"worst case” mining impact. A commercial salt mine (RETSOF) near Rochester, New York is
a large (11 square miles) room and pillar operation which has supplied much of the east coast
with road salt for many years. An unconfined aquifer overlies the mine, which is about

1,100 feet below the ground surface. In mid-March of this year, a portion of the mine



collapsed, leading to massive uncontrolled inflow of water (estimated at 14,000 gallons per
minute) and widespread subsidence which extends to the ground surface. Efforts to plug
fractures which provide water flow paths have so far been futile. 1If the effort is abandoned,
most of the mined zone is expected to collapse due to pillar dissolution. In addition to surface
damage (a small town is within the probable 11 square mile coliapse area), the predictable
results of this event will include dramatic increases in porosity and permeability of the
overlying "disturbed rock zone," relatively rapid future dissolution of huge portions of the sait
formatjon, and groundwater contamination.

Economic motive exists for future extraction of sait, chiorine, potash and magnesium resources
in the near vicinity of the WIPP, according to the Expert Panel on Human Intrusion, even if
oil and gas drilling is more likely to occur in the short term. Mining may invoive construction
of large diameter injection/withdrawai wells and/or access shafts and drifts, pumping of
significant quantities of mine water or extraction solution, and placement of large quantities of _
removed minerals and water on the ground surface. The Final PA couid include evaluanon of |

the effects on the WIPP of such mining. R %
ARy

A finai reason to place greater emphasis on the mining scenarios is the ready availability of ' f&j

numerous three-dimensional groundwater flow models. The absence of such a model is the........ e

only specific reason given in the 1992 PA (Volume 1, page 3-11) for not including any mining
scenarios. The document provides no explanation for the difficulty in finding and applying
such a model. Instead, an entirely new 3-D version of the 2-D BRAGFLO model is being
written, especiaily for PA purposes (Volume 5, page 2-4), and the new model "...should be
practical by next year" (i.e., 1993). The need for such a new, customized program is unclear.

German investigations of potential radioactive waste disposal sites (in the Gorleben salt dome)
have used a 3-D flow and transport model for at least 5 years (Bundrock, G. and H. J.
Engelmann, "Groundwater Aspects of High-Level Radioactive Waste Disposal,” in Recen?
Advances in Groundwater Hydrology, American Institute of Hydrology, 1989). The
International Groundwater Modeling Center in Golden, CO distributes several three-
dimensional flow and transport models which are in wide use, such as MODFLOW and
SOLUTE.

Response. The DCCA and the Scenario Position Paper present a systematic reevaluation of
scenarios since the 1992 PA. The CAO assumes that future exploratory drilling (within or
outside the controlled area) that does not intersect the repository can be eliminated from
performance assessments on the basis of low consequence. Work is underway t0 evaluate the
adequacy of this assumption and additional material in support of low probability and low
consequence screening decisions will be included in future drafts of the Position Paper and the
final compliance certification package.



DOE believes the reference to the RETSOF mine is inappropriate as no unconfined aquifer
capable of massive inflows of waste exist above the WIPP facility.

Promulgation of 40 CFR 194 will provide criteria for certification of the WIPP repository to 40
CFR 191, possibly changing some of the guidance in Appendix C of 40 CFR 191 under
"Inadvertent Human Intrusion into Geologic Repositories”. The features, events and processes
(FEPs) relating to oil and gas resource extraction and potash mining are stiil retained for
evaluation and have not been screened out. These FEPs will be analyzed and mdﬁﬂagn the
Jinal compliance certification package, if appropriate. W

EPA Comment 10.
The focus of surface release scenarios is limited to solid "cuttings” (including waste pameles
and spallings) removed from waste paneis penetrated by borehoies (Volume 1, Section 4.1.2
and Volume 2, page 4-13). However, some of the model runs resulted in waste panel
pressures much greater than lithostatic (Volume 4, Figures 5.2-1 and 5.2-11) at the time of
intrusion. Volume 1 (page 4-6) states that Volume 4 will contain preliminary analyses of the
potential for releases by discharge of brine at the surface both during drilling and after plug
degradation, but such analyses were not found. Volume 2 (Section 4.2.3.2) and Volume 4
(Section 5.2) include only two types of releases to the accessible environment: cuttings
deposited on the surface; and brine flow into the Culebra Formation. The solubility of gas in
the brine is assumed to be negligible by the PA (Volume 2, Chapter 7, Page 7-5, line 4). This
is inconsistent with existing experimental and theoretical data for gas solubilities in water and
brines and may be a key means of gas transport outside the WIPP unit boundary as pressure
increases in the repository. Gas mixtures which contain hazardous constituents shouid also be
considered.

Response. This comment covers several issues which require individual discussion.
Repository pressure exceeding lithostatic pressure arose in the 1992 PA because models for
Jracturing or fracture inflation at high pressure had not been incorporated into the PA models
at thas time. Models for fracture behavior are under development.

Volume 1 does indicate that preliminary analyses relating 10 the potential for release by
discharge of brine at the surface are discussed in Volume 4. Actually Volume 4 makes only
very brief reference 1o this possibility. The preliminary analyses were not complete when
Volume 4 was compiled and it was not possible to change the already published statement in
Volume 1. Investigation of intrusion releases is ongoing, with several different mechanisms
under analysis.

The discharge of brine and other release mechanisms at the surface are being investigated in
later studies.

10
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The volume of gas that can be dissolved in the brine at the pressures under consideration is far
less than the volume of gas thar will remain in the gas phase. The assumption of zero solubility
is the worst case for purposes of computing repository pressurization as the driver for brine
migration out of the repository (for either disturbed or undisturbed conditions). In the 1992

PA, the main emphasis was on whether brine would reach the unit boundary. Development of
madelis for addressing concentrations and transport of hazardous constituents is current
underway. !/;9’_\

EPA Comment 11, o
The intrusion model is based in part on the assumption that the intruding drilling technology-
will be "comparable” to current technology (Volume 2, Chapter 2, page 2-51). However, the
modeled intrusion scenarios exclude typical casing through water-bearing zones (e.g. the
Culebra) and do not account for the immediate, short-term effects of sudden increases in
downhole pressure, such as would be encountered by drilling into a waste panel. If the surface
casing was not equipped with blowout preventers, large volumes of both gas and brine would
likely be expelled. Assuming blowout preventers were in place, continued drilling may
require circulation of contaminated brine up the hoie along with cuttings. Therefore, the
intrusion scenarios should account for some volume of brine from a waste panel reaching the
surface (mud pit) along with cutrings.

Response. The discharge of brine and other release mechanisms at the surface are being
investigated in later studies. The current status of models for these discharge and release
mechanisms is presented in Section 4 of the SPM Pcsition Paper: "Disposal Room and Cuttings
Models White Paper for Systems Prioritization and Technical Baseline”.

EPA Comment 12.

With regard to the undisturbed scenario, the impact of gas transport has not been modelied.
EPA believes that additional analyses of gas and brine migration may show a potential for gas
migration, and therefore recommends that this modeling effort be included in the proposed no-
migration petition that DOE intends to submit next year.

Response. The current PA analyses use BRAGFLO, a two-phase computer code, to simulate
the flow and migration of gas and brine in the Salado formation.

EPA Comment 13.

A related concern is the absence of modeling for potential transport of colloidal contaminants
in the brine and cuttings which escape the waste panel. Although solubility of some hazardous
constituents, plutonium and other potential brine contaminants is very low, colloids are known
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to provide 2 mechanism for transport of these elements or compounds {(at Hanford, INEL and
Los Alamos) at concentrations above solubility limits.

Response. Experimental programs in actinide solubility and radionuclide transport, including
the influence of colloids, are currently being performed by the WIPP Project. A snapshot of
these experimertal programs, including the colloidal studies, is presented in the Actinide
Source Term Position Paper. The resuits from these studies will be incorporated into the PA
Jor the final compliance certification package.

EPA Comment 14. <3
Figure 1.5-1 (Volume 3, Chapter 1, page 1-48) shows the location of the Gnome Projecf Slte
but it is not expiained in the text. The PA needs to provide an explanation on the Gnome"
Project and assess its potential impacts on the WIPP.

The Plowshare Project Gnome Test site is approximately six miles southeast from the WIPP

LWA boundary (Volume 3, Figure 1.5-1). The map identification is the only reference to this

site found in the PA. According to Benford, et al, in "Ten Thousand Years of Solitude?”, a

report included in SAND90-3063.UC-721 Expert Judgment on Inadvertent Human Intrusion

into the WIPP, a fission device was detonated at the site at a depth of 1250 feet. A separate

report indicates that the yield was 5 kilotons (TNT equivalent) and the year of the test was

1965. —

The site deserves further consideration in the future (final) PA for several reasons. The most
obvious reason is the (slight) similarity of the blast cavity to either future mines, or to the
WIPP itseif. Lessons available from the Gnome site may be applicable to the WIPP in several
ways. Since aimost no information has been provided about the Gnome site in the PA
documents, the related comments are stated in the form of questions:

How large was the cavity created in the Salado by the blast?
Has any follow-up monitoring been performed to determine the current status of the cavity?
(For example: is it completely collapsed or porous rubble-filled; creep effects in the last
29 years; disturbed rock zone (DRZ) extent; characteristics of the water/brine which
presurnably fills it; has ground surface subsidence occurred, etc.)

What are the major differences between the Gnome cavity and possible future mine cavities?
Has any monitoring been performed to determine impacts on groundwater flow and transport

of radionuclides or hazardous constituent metals? (Could K values for the Salado and Culebra
be verified through such investigations?)

12



Is there any potential impact on the WIPP, such as increased porosity and permeability in the
Salado and overlying formations which could extend from the Gnome site to the WIPP LWA
boundary in 10,000 years?

Response. The Project Gnome Test Site is approximately 6 miles southwest from the WIPP =
land withdrawal boundary. The fission device was detonated at a depth of 1,184 feet, witha - -~
yield of 3 kilotons, and took place December 10, 1961.

The cavity created in the Salado Formation by the blast produced a sphere with an average
diameter of 124 feet.

The cavity did not collapse because it was backfilled with slurried muck from the excavation;
therefore there are no means of measuring creep effects. There are no measurable subsidence
¢ffects because of the backfill. Further, there is no indication of brine above the rubble-pile.
The extent of the DRZ was approximately 350 feet from the detonation point in the upward
direction and remained entirely within the salt beds.

The Gnome cavity was formed by internal pressures which forced the rock owtward. The DRZ
resulting from the Gnome blast was a result of rapid shock wave compression and subsequent
relaxation. In projects such as the WIPP, which involve excavation, the DRZ is a result of
slow stress release and is not shock-related. Given the differences in mechanism and time
scale, it will be very difficult to extrapolate data on the DRZ of the Gnome cavity to the WIPP

repository.

The site has been monitored since the test. EPA takes samples once per year and no
radioactive contamination has been found, nor have any fission products from the detonation.
Tracer tests with non-sorbing isotopes were done before the blast but, because they are non-
sorbing, no information is provided on retardation. Sandia continues to make use of the
hydrologic information being obtained from the Gnome monitoring wells.

There is no potential for effects from the Project Gnome blast to impact repository performance
because the strong shock waves from the Gnome detonation did not extend beyond a few
hundred feet and permanent effects did not extend the six miles to the WIPP site. For
additional information, see the report that summarizes the reentry, Project Gnome, Carisbad
New Mexico 1961: The Environment Created by a Nuclear Explosion in Salt.

EPA Comment 15.

The modeling performed to date has not taken into account the probable fracturing of anhydrite
strata (especially Marker Beds 138 and 139) which may be exposed to high gas and/or brine
pressures (perhaps well above lithostatic) during the first several hundred to two thousand

13



years after closure. This phenomenon has been experimentally demonstrated at the WIPP, and —

the Agency believes that this modeling is necessary to determine whether repository
pressurization has been overstated, or if lateral gas migration has been understated.

Response. A model for interbed fracturing has been incorporated in the current PA system

and will be used in all future analyses. It is not clear whether or not pressure in fractures will
change the transport 1o the accessible boundary, aithough as soon as pressure in the repository
exceeds the threshold pressure in the interbeds, flow into the interbeds begins. Floyffs -
expected to begin between 12.1 MPa and 13.1 MPa. P

EPA Comment 16. ' .
The analyses and model runs for potential flow through the lower shaft seal do not appear to
include consideration of the interface of the seal materials with the host rock (salt). The seal
itself theoretically performs very well (no gas flows through the seal in 10,000 years), even
though gas reaches the bottom of the seal in many cases. However, the interface may be of
greater concern, because of natural inhomogeneities, stress relief and repressurization, and
other factors such as differences in compressibility and moisture retention, in the surrounding
rock as compared to the seal materials.

Within the seal itself, it is stated that the backfill component of the lower shaft seal will
achieve final permeabilities comparable to the Salado formation host rock after consolidation
due to creep occurs; however, no calculations or modeling is presented directly in the PA to
support this assumption (Volume 3, Chapter 3, page 3-14). Specifically, the PA does not
provide experimental] data to support the assertion that the crushed sait will compact to 95% of
initial density within 100 years (Volume 2, Chapter 2, page 2-48, line 19), and that the
associated permeability design objectives will be met.

Response. Experimertal data and calculations to support the assertion that the crushed salt
will compact to 95 percent of initial density within 100 years have not been included in the
1992 PA report. The experimental data and calculations to support these assertions are found
in Nowak, et al. (1987) and Sjaardema, et al. (1987).

Scoping model calculations for the reconsolidation of crushed salt in WIPP shafts are
presented in Nowak, et al. (1987). The scoping model calculations supported an estimate that
the reconsolidating crushed salt in the lower third of a WIPP shaft is likely 1o meet the
criterion of acceptability for shaft sealing in less than 200 years.

Further work by Sjaardema, et al. (1987) refined the time required for salt consolidation to
95 percent of intact WIPP salt density through the use of a constitutive model for crushed
WIPP salt. The experimental results of modeling the consolidation of crushed salt, to be used
as backfill in shaft and drift configurations, is shown in Table 4.1 (page 39) of the report.

i3
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EPA Comment 17. :

The final extent of the DRZ after 100 years or more of recon\m!ﬁatmn w‘ unknown, because
the exact behavior of the salt as it creeps into waste rooms, compacts the waste and backfill,
and reseals fractures in the outer DRZ, cannot be precisely predicted. The PA suggests that
the final limits of the DRZ, and parameter values characierizing the DRZ, shouid not be
inferred from contemporary measurements (Volume 3, page 2-32). However, the single
"disturbed permeability” parameter value used in gas and brine fiow calculations was taken
from a selection of actual "nonfar-field” measurements (Volume 3, page 2-37) which may not
reflect either current or future larger-scale (bulk, i.e., fracture) permeability. This parameter
was pot sampled or varied in the 1992 BRAGFLO model runs, apparently because it was
ranked low in previous sensitivity analyses. The DRZ may deserve further attention, based on
the wide range in existing permeability data—as much as 5 orders of magnitude larger than the
value used in BRAGFLO—and the DRZ thickness values used in this model.

Response. Using a contemporary “non far-field” disturbed permeability value for the DRZ in
the gas and brine flow caiculations, as opposed to a value that would reflect disturbed
permeability in the future, provides an idea of the maximum flow quantities expected in the
system. As creep closure heals the DRZ, the DRZ permeability should decrease with time.

There is a wide range of existing permeability data (as much as 5 orders of magnitude larger
than the value used in BRAGFLO) and DRZ thickness values used in characterizing the zone.
Further work to refine the DRZ characterization has focused on incorporation of fractured
interbeds into the new PA model. The current PA uses permeabilities several magnitudes
higher than the near-field values, so the analyses use conservative values for the DRZ.

EPA Comment 18.

The PA does not evaluate the impact of Room Closure reiative to enhancemem of gas pressure
and concomitant anhydrite fracturing. In Volume 2, Chapter 7, pages 7-7 and 8, it is implied
that the total pore space is constant and as such, room closure (creep) is not taken into account.
However, the text also states that room closure is accounted for "in an indirect way"

(Volume 2, Chapter 7, page 7-5). Please explain that process.

Response. The 1992 PA did not address the possibility of fracture formation or inflation of
pre-existing fractures in anhydrite layers. Models are being developed for this effect.

Effects of room closure on gas pressure buildup were addressed. In Volume 2, page 7-8,

lines 13 and 14, it is stated that the total pore space in the idealized, collapsed WIPP panel is
constant. This is a post-closure condition. Also, the assumptions on pages 7-7 and 7-8 are
specifically stated to be for modeling waste mobilization in the E1 and E1E2 scenarios.
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High pressure gas in the repository will be released during drilling of intrusive borehole(s) or
very early in the period after plug deterioration. Consequently pressure changes, and hénce.
creep effects, are minor during waste mobilization and transport for these scenanas*

&
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EPA Comment 19. LEe W
Consequence assumption number 5 (Volume 2, Chapter 7, page 7-8) states that the pore spaces
of the idealized panel are fully saturated with brine at all times. In Chapter 4, page 4-18 of
Volume 2, the iast paragraph states that assumptions for the E1 borehole show "Brine flows
from the waste into the E1 borehole exceed those into the E2 borehole only for those
realizations in which total flow is smalil because the panel was not brine-saturated at the time
of intrusion. " Please explain the differences regarding brine saturation between the two
assumptions.

Response. The 1992 PA waste mobilization computations for the E2 and E1E2 scenarios
concentrated on completely brine saturated conditions because this represents the most severe
case for potential release.

The sentence from Volume 2, page 4-18 quoted in the comment is identified (on page 4-18) as
a summary of certain findings from the 1991 PA. Thus it does not contradict the assumptions
given for the 1992 PA. The sentence in question is presented as part of a discussion explaining
that in '91 it was determined that the E1 scenario always produces releases that are less than
or equal to those for E2 except in cases where the release is small. Hence, in '92, separate
waste transport calculations were not made for E1 (although specific probability of occurrence
calculations were made for El).

EPA Comment 20.

The document states waste characterization estimates used in the PA have the potential for
large uncertainty (Volume 2, Chapter 2, page 2-47). Please provide clarification of waste
characterization estimate uncertainties, and measures to reduce them (i.e., how will the waste
estimates be reconciled with the projecnons made from the inventory required by the Federal
Facilities Compliance Act?).

Rsponse. The WIPP TRU waste inventory characterization is largely based on process
knowledge. The uncertainties will be reduced by verifying the waste categories using real-time
radiography, head-space analysis, and some visual inspection. These verification requirements
are defined in the Draft Transuranic Waste Characterization Quality Assurance Plan. The
high efficacy of process knowledge in determining waste categories is discussed in the
appendices to Chapter 2 of the Background Informarion Document for Proposed 40 CFR Part
194 (EPA 402-R-95-002).
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EPA Comment 21 b b “‘““
Volume 3, Chapter 3 of the document presents the characteristics of the expedteé W‘ﬁ’P waste
inventory. Radionuclides are addressed in detail, but RCRA-hazardous constituents are not
provided.

Response. All relevant information -equirements outlined in the EPA’s (1992) No-Migration
Variance Perition (NMVP) guidance document (EPA-530-R-92-023) will be completed with the
Phase II NMVP submittal in June, 1996. This relevant information includes waste code,
hazardous properties, physical, chemical and biological characteristics, and waste
characterization data. Parameter distributions and assumptions necessary for demonstrating
compliance will be documented for the phase II NMVP (June, 1996}. Some of this information
has aiready been documented in the Hazardous Constituent Source Term Position Paper, the
Phase [ NMVP and the WIPP TRU Waste Baseline Inventory Report (WTWBIR).

EPA Comment 22.

There are inconsistencies concerning discussions on waste inventories in the PA. For
example, the RH-TRU inventory is based on 1990 Integrated Data Base figures of 5,300 m?
over the WIPP design capacity of 6,784 m®>. The PA indicates that the waste generators
partially fill the canisters with different volumes of waste and that the actual volume of waste
would therefore be lower than the design capacity (Volume 3, Chapter 3). The PA should
explain why the lower number was chosen rather than the higher.

The PA states that the inventory of RH-TRU was estimated using an "unknown" slurry
mixture from Hanford to provide the isotopic distribution, without explanation (Volume 3,
Chapter 3, page 3-28). Please provide the rationale for choosing this waste as representative,
and the hazardous constituents and/or characteristics of this waste.

Response. The DOE is generating a consistent TRU waste inventory for the WIPP, based on
information from DOE generator sites. This document, the WITWBIR, defines the TRU waste
inventory available for WIPP and provides a description of the physical and source
characteristics of the waste, the potential gas-generating waste material parameters, EPA
hazardous waste codes, and existing and estimated future inventories. Each site reports the
total stored radionuclide inventories (both CH and RH) at the site level and uses these data as
the basis for estimating projected radionuclide inventories. The PA for the DCCA and all
future PA analyses will be based on the inventory defined in the WITWBIR.

EPA Comment 23.

A preliminary safety assessment could be prepared for long-term consequences to the public
health as a result of the RCRA hazardous constituents of the wastes emplaced in the WIPP
(Volume 1, Chapter 1, page 1-2). Although Monte Carlo analysis is part of a widely used risk
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assessment methodology, the Monte Carlo analysis performed for this PA stops short of -
performing a RCRA-based risk assessment for the RCRA-hazardous constiments (Volume 1,
Chapter 4, page 4-1). As stated earlier, a comprehensive RCRA-based risk assessment. (as
outlined by the NAS WIPP Panel) would provide a stronger basis for future public review,
hearings, and regulatory decisions.

Response. The CAO intends to comply with all requirements of RCRA, 40 CFR 191, and 40
CFR 194. Any decisions about future activities with regard to a RCRA-based risk assessmentm -
must gwait review and discussion of the DCCA by the EPA and stakeholders. \" ,

EPA Comment 24.

The document states' the logarithmic K, distributions used in the PA required a number of
subjective assumptions derived from an internal expert judgement process (Volume 3,
Chapter 2, page 2-92). Please provide the rationale and procedure for using subjective
judgement.

Response. This expert panel was assembled because of the limited data available for the
distribution coefficient, K,, in the Culebra. The expert judgment process included 3 Sandia
personnel who participated in individual elicitation sessions ro develop the probability

distributions regarding radionuclide retardation in the Culebra. The use of logarithmic K,
distributions is considered realistic, based on the evaluations of the expert panel with the data
that were available at that time.

The use of expert panels includes several steps to derive realistic distributions. First,
applicable experimental information is evaluated to ascertain potential applications to the
development of distribution coefficients for the Culebra. Once these values are determined to
be applicable, an elicitation process is conducted. This process includes meeting with other
experts in the field as well as other principal investigators and performance assessment
personnel. The proposed parameter values are reviewed and the judgments, along with
associated rationales, are disc.ssed for implemenztation into the PA models. The resuits of the
elicitation are then documented and reviewed by the elicitor of the meeting for accuracy.

EPA Comment 25.

The PA does not integrate several key codes into the CAMCON system, namely BRAGFLO,
SECOTP2D and CUTTINGS. This is not 2 computationally efficient approach and is prone to
QA breakdowns given the heavy emphasis on manual data entry transfers and analysis. This
approach also limits the modeling from the standpoint of the model’s ability to handle
complexities and the shear number of scenarios that can be modeiled.
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Response. The CAMCON system has been expanded to include the BRAGFLO, SECOTP 2D
and CUTTINGS codes since the 1992 PA was performed.

EPA Comment 26.

The second paragraph in Volume 2, Chapter 4, page 4-7 indicates that two scenarios selected
for modeling in the screening procedure, TS (potash mining outside the waste panels) and E3
(drilling of water withdrawal weils), were not evaluated. No justification for these omissions
was provided.

Response. Please see the responses to Comments 1 and 9 regarding the current approach to
scenario development, including the evaluation of the potential effects of such FEPs as potash
mining and water withdrawal wells on repository performance.

EPA Comment 27.

Gas transport of RCRA-hazardous constituents is not modelled or investigated, although
several model runs indicate the possibility of gas migration beyond the LWA boundary. The
potential for transport of-hazardous constituents needs further attention to address

40 CFR 268.6 compliance concerns. Evaluation of transport mechanisms is necessary before
soil concentrations can be estimated at given locations (e.g., the LWA boundary).

Response. As noted previously, the 1992 PA addressed the requirements in 40 CFR 191 for
long-term isolation of radionuclides from the accessible environment; it did not consider
RCRA.

The Hazardous Constituent Source Term Position Paper outlines the conceptual model and
assumptions required for modeling gas and liquid phase hazardous constituents. The Salado
Formation Fluid Flow and Containment Position Paper discusses gas and liquid phase
contaminant transport. Evaluation of all transport mechanisms is an explicit requirement
identified in the EPA (1992) NMVP guidance document (EPA-530-R-92-023). All relevant
aspects will be considered for the final compliance certification package and NMVP.

EPA Comment 28.

In general, more discussion on Latin Hypercube Sampling (LHS) is needed. For example, the
procedure for excluding variables is not defined nor is documentation presented to justify the
exclusions. Also, the impact of uncertainties introduced by the LHS needs to be evaluated.
The PA does not define a procedure for determining the sampling error of LHS-derived
estimates. Also, the current PA LHS procedures treat the uncertain input variables as
uncorrelated without adequate justification.
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Response. These issues will be considered for the final CCA.

EPA Comment 29. e
The PA does not include a detailed discussion of Quality Control and Quality Assurance
(QC/QA) issues such as the procedures covering experiment execution, computation
development and code execution (Volume 1, Chapter 3, page 3-17, line 41). The document
makes no distinction between Quality Control (i.e., data validation, checking of calculations)
and Quality Assurance (system validation; checking overall model methodology against actual
measurements). For example, the PA notes that CAMCON "automaticaiiy handles quality
assurance during the caiculations” (Volume 2, Chapter 1, Page 1-3, line 30), but provides no
discussion as to how this is achieved. Also, the PA provides no indication of efforts to assess
the quality of parameter data used in modeling. Parameter sheets should be supported with a
statement of data quality and/or a statement of confidence level for each parameter. For
example, in some cases expert panel judgement and investigator knowledge are used in lieu of
actual data (Volume 2, Chapter 2, page 2-39 and Volume 3, Chapter 3, pages 3-1 10 3-7). No
procedure is provided for how data from these sources are reviewed from a quality and level
of confidence stapdpoint..

Response. The WIPP project has established a formal program o build conﬁdence in PA
analyses by broadening the involvement of outside experts and stakeholders in the PA process
and by revising and updating the SNL QA Program for computational activities.

The revised QA program includes implementing procedures to control the entire PA process,
including: (1) selection of applicable conceptual models to represent processes and events, (2)
development of computer codes (software) to represent these conceptual models, (3)
development of numerical values for parameters associated with the respective models for both
discrete-valued parameters and distributed-value parameters, (4} configuration control of
software during the overall development and implementation process, and (5) operational
control of the overall analysis process.

The WIPP Project is currently developing documentation for all PA codes. This documentation
includes an expanded description of the CAMCON operating system in a report that will be
published shortly (Rechard, 1995).

Finally, Sandia has a formal QA procedure for the use of expert judgment (Rechard et al.,

1992). Further refinements of this QA procedure can and have been incorporated into WIFP
Procedure No. PAPOG6, Use of Expert Judgment Panel Quality Assurance Procedures.

EPA Comment 30.
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Wherever possible, the use of expert judgement and investigator judgement shouid be rep%cccf 7
with actual data. This is particularly important for those parameters considered important
from the standpoint of sensitivity and uncertainty analyses. For example, distribution
coefficients (Ko should be based on experimentally justified data and not based solely on
expert panel judgement (Volume 2, Chapter 2, Pages 2-38 to 2-39).

Response. The CAOQ agrees with the need to base PA calculations on as strong a site-specific
date base as possible. However, because of the generalization processes inherent in
probabilistic PA, it must be noted that there is glways some level of expert/professional
Judgment invoived in extrapolating any experimentally derived data base over a period of
10,000 years and to different spatial scales.

The recently completed SPM-2 iteration has served to refocus the experimental programs on
those parameters and programs which are important to compliance. The SPM-2 results have
highlighted the importance of distribution coefficients and colloids in the NonSalado, resulting
in a renewed emphasis on laboratory and field testing programs in these areas.

EPA Comment 31. _

The DOE has discussed in verbal presentations an INTRAVAL study of the Culebra model but
presents none of INTRAVAL's comments in the PA itself and the impact of these comments
on future PAs. Also, DOE has subsequently verbally identified a second INTRAVAL review
of the Salado Brine model but has not provided any discussion of INTRAVAL's comments in
the PA. Given the PA's heavy reliance on "expert judgement” and "investigator judgement”
unbiased, third-party expert input would be useful to assure the overall PA quality is consistent
with international efforts.

Response. The WIPP project has established a formal program to build confidence in PA
analyses by broadening the invoivement of outside experts and stakeholders in the PA process
and by revising and updating the SNL QA Program for computational activities. The QA
activities are described in more detail in the response to Comment 29.

WIPP's formal program to build confidence in PA analyses includes the following activities:
(1) involving the international communiry in hydrologic model development, verification and
validation through the INTERVAL programs of the NEA; (2) preparing a series of PA
calculations (the '91 PA, the '92 PA, the DCCA and the CCA) which show the progression of
conceptual models and technical data. The results from these PA analyses have been or will
be reviewed by the EPA, stakeholder groups, the NAS and by the international community
through the NEA to increase confidence in the PA calculations; (3) involving all of the
Stakeholders in preparation of the final CCA; and (4) involving regulatory agencies and
stakeholder groups in the SPM process.
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EPA Comment 32. Disturbed Performance: Culebra Flow and Transporé % ¥
Evaluation of the site must address the potential for climatic changes that could aigr the long—
term waste isolation capability of the site. The 1992 PA climatic modeling results indicate that
climatic influences have little effect on the results, but the assumption of no recharge moving
through the site should be reconsidered.

The vector plots, presented in Volume 4, Section 6 of the 1992 PA, suggest that almost no
groundwater entering the model domain along the "recharge strip” reaches the WIPP Land
Withdrawal Boundary because it is routed to the southwestern portion of the modeled area and
exits through this fixed head boundary. An alternative approach that shouid be considered is
to assume that the increased rainfall wouid make the Nash Draw region a recharge area rather
than a no-flow boundary. The southwestern side of the modeled area could also be set as a
recharge boundary. The effect of these changes would be to allow water from the "climatic
recharge boundary"” to reach the WIPP Land Withdrawai Boundary, unlike the current
situation where almost no water from the recharge boundary is allowed to reach the site.
These proposed changes to the model boundaries are supported by the problems encountered
during the model calibration activities conducted by LaVenue (LaVenue 92), as well as by the
inconclusive evidence as to whether the Malaga Bend and Nash Draw areas are acting as
regional recharge or discharge boundaries.

Response. We recognize the need to improve the modeling of recharge and discharge near the
WIPP site under possible wetter climate conditions of the future. A three-dimensional model of
flow in the saturated zone of the entire groundwater basin (that is, the area bounded by
groundwater divides) is being used for analysis and FEP screening [Corbet and Wallace,

1993]. This model will be used 10 evaluate the effects of future wetter climates, along with
other features, events, and processes affecting recharge.

EPA Comment 33. Contaminated Brine in Marker Bed 139 (MB-139)
A human intrusion borehole that misses a waste storage room could intercept the anhydrite
Marker Bed 139 (MB-139) in an area where it contains contaminated brine.

If contaminated brine is located beneath or in the area surrounding a waste panel that is
intercepted by a human intrusion borehole (E1, E2, or E1E2), some of this brine would be
brought to the surface with the drilling mud and thereby contribute to the release to the
accessible environment. This has not been included in SNL's buman intrusion scenarios to date
but it should be examined along with the general category of brine being brought to the surface
during drilling from waste storage rooms or Castile brine reservoirs. This will require 2
distribution of values for several parameters, inciuding brine pressure, permeability in
MB-139, and the level of contamination in the brine.
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The modeling in Volume 4 predicts that the area in MB-139 containing briné that-hiss been in
contact with wastes could be large. An estimation of the level of contamination of this brine
has not yet been made. A human intrusion borehole away from the waste rooms and into the
contaminated portion of MB-139 would be a new scenario since E1, E2, and E1E2 apply only
to those boreholes intercepting waste storage rooms or drifts. This borehole would bring
additional quantities of radionuclides either to the surface or to the Culebra Aquifer.

Response. The effect of an intrusive borehole intercepting contaminated brine in MB139 has
not yet been addressed in the investigation of human intrusions. Clearly, the results of such a
scenario will depend heavily on the permeability, storage capacity, and any retardation effects
assigned to the anhydrite layer. Model development for assessing anhydrite behavior is
currently underway. In addition, the volume of brine that might be released 10 MB139 may be
modified by various engineered alternatives that are under consideration. Alsc see the
response to Comment 1.

The commentor also points out that brine brought to the surface during drilling would be a
comribution to release in the E1, E2, and EI1E2 scenarios. The continuing studies referred to
in Comment 10 considered the conditions for release of contaminated brine during drilling.
The conditions necessary for releasing significant quantities are rather restrictive.
Furthermore, brine released during drilling would, in large part, be a subtraction from the
amount of brine (or at least from the amount of contaminants) that would be available for
release later in the other scenarios. Conseguently, release of brine during drilling was not
explicitly incorporated into the 1992 PA.

EPA Comment 34. Modifications to Existing Scenarios: Brine Flows to the Surface
During Drilling

The E1E2 scenario should include the potential for contaminated Castile brine to flow to the
surface.

Brine is present to some extent in the waste rooms even in the absence of an El scenario.
Current modeling of the E2 scenario (Volume 4 of the 92 PA) shows that in 20 percent of the
realizations, there will be enough brine to provide a long-term flow into the Culebra Aquifer
through an intrusion borehole. Thus, there should be sufficient brine and pressure for some

flow to the circulating drilling mud and transport to the surface.

All intrusion boreholes intercepting a waste room are assumed to continue through MB-139.
Brine in MB-139 immediately below the waste rooms is expected to be contaminated and
would also be available for inflow to the drilling mud.

Response. Please see the responses to Comments 10 and 33.
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EPA Comment 35. Modifications to Existing Scenarios: Plug Degradation :
Present assumptions set the intrusion borehole plugs between the Culebra and the surfamas
perfect barriers against migration of brine to the surface. This assumption maximizes the
quantity of brine that will be diverted into the Culebra for transport toward the accessible
environment. It is unrealistic to assume these plugs will be any better than ones between the
Culebra and the repository. Plug degradation should be modeled.

Response. We assume that this comment refers to the arbitrary perfect plug that the 1992 PA
placed above the Culebra 10 maximize flow to that unit. Degradation of the arbitrary perfect
plug above the Culebra was not modeled in the 1992 PA because the intent in these
preliminary analyses was to focus on possible releases through the Culebra and because the
assumption that the piug does not degrade was a conservative assumption for the scenario.

The 1992 PA assumed that other borehole plugs would degrade into material with properties
similar to silty sand. This later assumption was in keeping with the guidance in Appendix C of
40 CFR 191.

More recent PA analyses for the DCCA do not use the arbitrary perfect piug and consider flow
into units other than the Culebra.

EPA Comment 36. Shaft Seal Failure: Volume 4, page 4-7, line 40

DQE states that radiomuclide transport is not modeled for the undisturbed case because —_—
releases will not occur into the Culebra. Seal failure is a distinct possibility. Has a failure of

the shaft and other seal system been considered as an scenario occurrence?

Response. Seal failure/degradation has been considered as an occurrence. Seal failure has
been retained for further consideration prior 1o a final screening decision.

EPA Comment 37. Synergistic Effects From Drilling: Volume 4, Page 2-16, Lines 1-4
DOE assumes that no synergistic effects result from multiple boreholes for disturbed scenarios
other than E1E2. This implies that for scenarios E1 and E2, single boreholes into multiple
panels is contemplated. The total release then would be determined by adding the releases
occurring from each individual borehole. Does this mean that DOE is evaluating the effects of
releases from muitiple boreholes/panels in the E1 and E2 scenarios, rather than just from one
borehole/panel? The PA needs to be clearer on the communication that occurs between paneis
during multiple intrusions.

Response. Human intrusion scenarios in the 1992 PA assumed no communication between
panels. Multiple intrusions into a single panel were ntodeled.
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EPA Comment 38. Loading management/Scenarios W
There is no analysis of how various loading management schemes could affect B'Otcnffal
releases. The assumption that the waste will be homogenized (to the same material properties
and activity level everywhere in the repository) is used to simplify the analyses, but it would
be useful to analyze scenarios in which it is assumed that the drums have the varying activity
levels presented in Volume 3 (A-138). If the activity level in the drums and the number of
drums is varied, then the release limits may be violated much more easily than the current PA
analyses indicates.

Response. The "varying activity levels” in Volume 3 refers to estimates of the curie content of
drums and standard waste boxes. These estimates were used in the 1992 PA because of
uncertainty about the final waste inventory. Cuttings releases were calculated for varying
activity levels. Given uncertainty about brine flow through the waste, it was entirely
appropriate to assume a homogenized waste form for dissolved concentrations. If future
performance assessments demonstrate waste forms 10 be significant to compliance, then this
issue will have to be reevaluated. If necessary, waste homogeneity could be assured through
various engineered alternatives.

EPA Comment 39. Uncertainty of Scenario Probabilities

The examination of the uncertainty in scenario probabilities for risk representation R, using a
constant drilling rate presented in Section 8.1 of Volume 4 is restricted by the following
assumptions:

1. A simple Poisson model with a constant rate parameter.

2. Multiplication of the maximum intrusion rate of 30 boreholes per km? per 10,000 years
by a uniform random variable between 0 and 1 in the LHS procedure to simulate the
sampled drilling rate.

3. Imposition of an intrusion rate of zero for the first 100 years.

4, Imposition of an intrusion rate of zero for the last 8,000 years.

The combined effect of these assumptions leads to a very narrow range of uncertainty for the

probability of the "no intrusion" scenario, denoted as S(0,0). A summary of the analysis in

Section 8.1, also corroborated by the data in Table 2.5-4, concludes that there is no more than

a 50 percent probability that intrusions will occur, given these assumptions.

Probabilities far less than 50 percent may occur in individual sample runs due to assumption
two. Presumably, the uniform random number assumption was included in previous PAs as an
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attempt to ensure that 30 boreholes per km? per 10,000 years is the maximum pos;iﬁis., o
intrusion rate for the simulation.

The use of assumption three is inappropriate because the report does not indicate the types of
active institutional controls and their ability to reduce drilling.

Removal of assumption four dramatically increases the maximum possible probability of an
intrusion to approximately 98 percent, as shown in Table 2.5-1. This would generate a box
plot for the S(0,0) scenario in Figure 8.1-1 that is approximately twice as wide, and increase
the upper range of uncertainty for the remaining "intrusion" scenarios. To show the full range
of uncertainty in this figure, assumption four should be removed and analyzed for the
10,000-year regulatory period (this point is further addressed in EPA's January 1994
comments on the PA). The use of an intrusion rate of zero for the last 8,000 years is
unacceptable.

The time-dependent drilling rate model replaces assumption one with a time-dependent Poisson
process. Assumptions three and four are retained for this analysis, but assumption two is not.
As a result, the range of uncertainty shown for the "no intrusion” scenario in the expert panel,
time-dependent drilling rate model in Figure 8.1-1 is extremely narrow when compared to the
constant rate model resuits.

Response. The 1992 PA was not intended as a compliance application. Rather, its primary
purpose was to provide interim guidance to the DOE about potentially important processes and
parameters. Varying the intrusion rate allowed for an assessment of the sensitivity of the
performance measure to changes in the intrusion rate. In fact, the intrusion rate was shown to
be the single most important parameter in the analysis.

Assumptions 1 and 3 are based directly on interpretations of regulatory guidance. Assumption
4 was simply based on resource and time constraints. We acknowledge that this approach
should have been explained better.

EPA Comment 40. Distribution of Uncertain Variables

The definition of the joint distribution of the uncertain variables in the vector x Equation 2.1-4
(Volume 4, p. 2-3) should be defined as a muitivariate distribution f(x) = f(x,, X3, ..., XJ if
correlations between these variables are to be considered. The D, appearing in the equation
would then denote the marginal (subjective) variate distribution assigned to each variable. The
distribution f(x) used in the analyses was constructed from the D, under the assumption that
most pairs of variables have zero rank correlation, while others have non-zero pairwise rank
correlations.
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It should be noted in the text that a large amount of uncertainty exists in the method of - L
constructing of the multivariate distribution f(x) from the univariate distributions D,. o
Uncerainty in the assignment of correlations has not been addressed adequately in the report.
From the discussion, it appears that the marginal distributions D, were assigned subjectively

with no consideration of possible corretations, then the correiations were added later. Is this
true? More information on the assignment of subjective distributions to variables with

assigned rank correlations is needed.

Response. Yes, it is true that the correlations were added later based upon the judgement of
individual Pls. But it should be noted that very few correlations were used in the 1992 PA (see
Table 3-1, Volume 4).

EPA Comment 41. Disposal-Room Modeling: General Comments

A weakness in the disposal-room material modeling is the lack of a deformable, porous model.
Contaminant transport via brine and gas flow from the site is a threat that could only be
realized in the presence of porous, fractured rock (i.e., permeable strata). At the same time,
pore pressure has a significant effect on room response. SANCHO lacks porous media
modeling capability and does not account for the role of effective stress on strata deformation
and possible failure. On the other hand BRAGFLO caiculates fluid flow but does not account
for deformation.

A consequence of the lack of porous media modeling capability is the inability to incorporate
starting formation pore fluid pressures into an analysis (and pore pressure changes). Strata
failure induced by repository mining cannot therefore be anticipated.

In view of the potential effects of disposal room excavation and subsequent deformation
beyond compaction of backfill and waste within a room, the objective of disposal-room
modeling needs to be broadened to include effects of deformation on fluid flow as well as the
effects of fluid pressure on deformation. This objective cannot be achieved within SANCHO

at present.

Response. The coupling of flow and deformation effects in the disposal room modeling for the
1992 PA was, indeed, limited. Since the 1992 PA, the WIPP Project has investigated four
computational approaches to coupling flow and deformation effects in the disposal room
response. The WIPP Project also has ongoing work to model the formation of new fractures or
the response of existing fractures to the buildup of gas pressure in the rooms. The new
approaches for coupling flow and deformation effects in disposal room modeling are discussed
in the responses to Comments 2 and 18.
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EPA Comment 42. Starting Conditions -
The actual initial site conditions of stratigraphy, preexcavation stress state, rock mass
properties, formation pressure and excavation sequence are seemingly ignored in most of the
disposal-room anaiyses, aithough Butcher and Mendenhall state in SAND93a, pp. 3-1, thata
modified stratigraphy and creep law (R-D model) was used in "all subsequent SANCHQ
calculations. "

Response. A superior capability of the models to match observed deformations at the site has
been developed since the 1992 PA. This capability was achieved by introducing more detailed
and complete treatment of the stratigraphy and the material properties, particularly creep
models and the representation of thin seams.

EPA Comment 43. Stratigraphy Ignored

The stratigraphy is largely ignored, ostensibly on the basis of prior analyses which suggested
rather tentatively that the presence of various strata besides bedded salt did not have a large
effect on disposal-room volume change (SAND 93a, Appendix A). However, anaiysis with
stratigraphy showed that the presence of anhydrite beds changed the time for complete closure
10 400 or 500 years from about 195 years. Comparisons at 100 years showed room volume
changes of 75 percent without stratigraphy compared with 56 percent with inclusion of
stratigraphy. In addition, thin seams modeled as slide lines had a pronounced effect on room
deformation, in keeping with mining experience.

Response. Since the 1992 PA, a more detailed represemtation of the stratigraphy, particularly
the weak interbeds close to the repository level, has been introduced along with revision of the
halite creep model, revised material properties, and represeniation of transient creep.

EPA Comment 44. Disturbed Rock Zone

The DRZ concept is used explicitly in BRAGFLO where the extent of the DRZ is an input
parameter. Since the DRZ is not actually calculated in any objective fashion, how is it
determined and what are the consequences of the DRZ extent for BRAGFLO?

If the DRZ is important to performance assessment, then it should be an outcome of pumericat
modeling of mechanical and hydrologic responses which may be coupled both ways, each
affecting the other. A specific equivalent material properties procedure for averaging the
heterogencous DRZ properties to an equivalent uniform zone is needed unless spatially

dependent properties are used.

Response. The DRZ in the underground facility has been characterized by three approaches:
visual observation, geophysical methods, and in situ hydrologic testing (Borns, 1985; Bechiel
National, 1985; USDOE, 1988). Geophysical studies have utilized seismic refraction, seismic
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methods (Borns and Stormon:, 1989; Borns er al., 1990; Holcomb, 1988; Jung & al., 199];
Pfeifer et al., 1989). These studies, when taken in conjunction with the in situ hydrologic

tests, define a DRZ extending to a depth of 1 to 5 meters throughout the underground facility
{Munson et al., 1995).

The air intake shaft (AIS) at WIPP has been well instrumented (Munson et al., 1 992a) 1o assist
in the characterization of the DRZ around the shafts. Further DRZ characterization in the
Jorm of permeability, as weil as brine and gas flow testing in the AIS, is planned.

The DRZ extent is important because it provides a potential pathway for brine and gas
migration. The BRAGFLO model uses Darcian flow to mode! brine and gas flow through
porous and permeable media. BRAGFLO will be influenced by both the extent (thickness) and
physical properties, such as porosity and permeability, within the DRZ (SAND92-0700/2;
page 7-2).

Porosity and fractures within the DRZ will influence fluid flow and may provide gas storage
volume. DRZ porosity is at the expense of porosity in the room. The issue is how much of it is
squeezed out by closure, and whether it can reopen by gas pressurization. While porosity and
Jracture within the DRZ will influence fluid flow and other factors such as whether communica-
tion paths to anhydrite interbeds exist, these parameters are not expected to have much effect
on the mechanical part of closure.

No simplified model of the DRZ is presently in closure codes and implementation of such a
model would be a major effort. The reader is referred to the Position Paper "Rock Mechanics:
Creep, Fracture, and Disturbed Rock Zone (DRZ}"” for further discussion of this topic.

The present assessment of the DRZ's role in PA is that it is not important because most of the

enhanced porosity is eliminated by closure by the time any substantial gas pressurization of the
repository occurs; i.e., the DRZ is assumed to close up rapidly, and it is not an important part
of the gas storage volume within and immediately adjacent to the waste (Butcher et al., 1995).

EPA Comment 45. Unclear Disposal-Room Modeling Features

The documentation on room modeling is extensive, but a great deal of information is relegated
to memorarxia, some of which are included in extensive appendices. These are helpful, but
generally contain references to eariier work. The tabulation of parameters in Volume 3 of the
1992 PA was useful but not always complete in the sense that one could not determine whether
a parameter of interest was determined by experiment or simply estimated on the basis of
experience. For example, the importance of anhydrite bed response has become apparent, so
the mechanical parameters that characterize anhydrite behavior are of interest. These are given
in a memorandum in an appendix to Volume 3 of the 1992 PA (SAND 92c, pp. A-109,
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A-124) along with a reference to the source of the data, but no information is given as to ”"‘"
whether they were measured or otherwise determined. The same is true of slide-iine

mechanical properties. Slide-lines are apparently cohésionless, but it is not clear whether

separation of the surfaces in contact is allowed. A simple diagram of the stratigraphy used and

the corresponding rock properties should accompany each analysis of disposal-room behavior.

Response. The reports for the 1992 PA were intended to communicate with a broad audience
and we have followed the common practice in technical documents of using references to avoid
overburdening the report with technical details. Nonetheless, efforts are being made to
improve the presemtation of data and guidelines have been established for referencing
memoranda. T

EPA Comment 46. Gas Pressure in SANCHO ; -,
How is gas pressure acwally used in SANCHO and related codes which do not have po‘wta
pressure capability? Presumably, the gas pressure is applied as a normal traction on the
current disposal room free surface. However, what happens when contact is made between
room surface and room contents (backfill and waste)?

Response. SANCHO has been replaced with a related code named SANTOS. In both codes,

the available void volume is computed as the difference between the room volume and the solid
volume of waste and backfill in the room at each time step. Gas pressure is calculated from —
this void volume and the gas generation rate. This pressure is then applied as a normal

traction on the disposal room surfaces. In SANTOS, a contact surface routine is used to

reconfigure the disposal room surfaces and provide for stress redistribution when contact is

made between the room surface and room contents (backfill and waste).

EPA Comment 47. Porosity Surface
The porosity surface calculation in SANCHO and its incorporation into BRAGFLO needs a
better explanation.

Respanse. A detailed discussion of room closure modeling, including the porosity surface
approach, is presented in the Disposal Room Position Paper (Butcher et al., 1995). Briefly,
the SANCHO continuum mechanics code was used to make an extensive series of computations
of waste (effective) porosity as a function of time and gas generation rate (which determines
pressure history). These results were used to compile a "map” of waste porosity as a function
of time and pore pressure (the ®porosity surface”), which was then used in the porous media
flow code, BRAGFLO, to determine waste porosity as a function of these variables. With the
porosity surface approach, the effect of room closure is coupled to repository pressure and
porosity in the BRAGFLO computation.
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EPA Comment 48. Modeling of Backfill
Another related question concerns the treatment of backfill and the mevnabl’hmrg“’f) present
between room roof and top of the backfill. Is this gap represented by "air" elements or how
are the room contents—air gap, backfill, solid waste—represented in SANCHO? The mesh
diagrams suggest air elements, but are they compressed to flatness before contact berween roof
and backfil] is made?

Response. For the SANCHO calculations, any air or gas in the disposal room is represented
as a pressure on the boundaries of the halite or backfill; there are no zones or elements that
represent the air (or gas). Within the SANCHO model, a contact surface (permitting sliding or
separation, but transmirting compressive stress when contact exists) was used between the mesh
in the intact halite and the mesh in the backfill. The initial condition was a separation
corresponding to the height of the air gap. Gas pressure was applied as a normal traction on
the halite and backfill surfaces. The meshes were free to come in contact and then separate
again at later rime if gas pressure was sufficiently high.

EPA Comment 49. Fluid Pressure

Fluid pressure in formation void space, in pores and fractures, needs to be included in the
constitutive equations describing (porous) solid deformation. Even in the purely elastic range,
fluid pressure needs to be properly taken into account. Pore and fracture fluid pressure is
essential to the determination of failure in non-sait beds; it is the effective stresses that should
be used in a Druck-Prager yieid condition, for example.

Response. DOE is aware of the importance of fluid pressure in porous material response.
Porosity in the halite is quite low. The mechanical properties for halite are drawn from
measurements on bulk samples with pore fluid. Recent modeling with improved representation
of stratigraphy, including formation specific material properties, and with an improved creep
law that incorporates transient creep, has been successful in closely matching observed
deformation in the excavated cavities at the site. Development of appropriate models for
simulating failure in the non-salt beds is continuing.

EPA Comment 50. Salt Mine Closure, Subsidence Analogs

Is there evidence that salt mines containing rooms and pillars of similar size close in 100 years
or so? If so, it would be helpful to tabulate such observations in support of laboratory creep-
rate data apd calculated disposal-room closure times.

A survey of subsidence and the potential for caving in mines nearby, or mines in similar
geologic settings, would also be helpful. Subsidence analyses would seem in order in any
event. Such analyses should address the question of interbed fracturing, especially in the
Rustler formation.
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The effect of overburden removal from the generic, two-dimensional mesh is of interest.
Although the effect on room closure may be smali, it should examined to make syre. Any

opportunity to remove untested assumptions, explicit or tacit, should be considered. po—
Test Case LhoTE
Are there any mines in simifar geologic settings where the model could be applied? & © %+ & |

Response. DOE reviewed data from various salt mines early in the WIPP Project. The' S
difficulty with these data is that every case has its own unique features of local stratigraphy,
hydrologic regime, and mine design, often with limited documentation. The time scale
calculated for WIPP is not inconsistent with other sites in broad terms, but there are no easily
comparable cases. At this point in time, a good base of high quality, precisely documented
data have been accumulated for the excavations at the WIPP site, and these observations are
viewed as the best data set for model validation.

Consideration is currently being given to issues such as subsidence and the testing of as many
modeling assumptions as possible.

EPA Comment 51. SANCHO/BRAGFLO Room Porosity Values (in Appendix B)

Room porosity values for BRAGFLO and SANCHO are different numbers. Appendix B to
Volume 4 of the PA (performance assessment) describes the derivation of the relationship
between the two porosities. This relationship is in error because it is based on the assumption
of a constant volume of solids. In fact, iron and cellulosic wastes are consumed relativeiy fast
in chemical reactions. These reactions are largely responsibie for gas generation that, in turn,
affects room closure and fluid flow about waste-filled disposal rooms. Whether this
inconsistency is important not is unknown.

Response. For the 1992 PA, the volume of waste solids (exclusive of pore volume) was held
constant. Note, that the “"consumption” of iron, which is a major part of the gas generation,
involves conversion of the iron to various oxidized compounds; hydrogen is released, but the
solids remain. Additionally, the chemical reactions referred to are dependent on brine
availability. In a large number of realizations, the brine inflow is insufficient to “consume”
these wastes.

EPA Comment 52. Permeability and Porosity

Permeability of disposal rooms containing waste and backfill is presumably related to porosity,
aithough it is not certain how permeability of disposal rooms is determined. While an average
porosity for the heterogeneous room contents is useful for gas and brine storage
considerations, it is not evident what permeability value of room flow control should be
assigned.
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The values that are obtained from SANCHO are total porosities, whereas, BRAGFLO uses
effective porosities as input parameters. The importance of this is that effective porosities will
always be lower than total porosities and will provide less storage within the marrix. If
effective porosities had been used pressures wouid have reached higher levels and the
migration potential would have been increased.

Response. Permeabilities are discussed in Volume 3 of the 1992 PA (see also the response to
Comment 130). Permeability and porosity were not coupled in the computations for the 1992
PA; permeability was held constant. Determining exactly what permeability behavior should
be antributed to the waste after the material has been compressed and the waste is partially or
completely degraded is obviously a difficuit problem. However, sensitivity analysis has shown
that results are not particularly sensitive to this variable. This is not surprising because the
room is surrounded by regions having quite low permeability and flow path lengths much
greater than the dimensions of the room. These regions therefore control the tozal tramporf
process.

EPA Comment 53. Specific Comments on Disposal-Room Modeling

Yolume 4. Page 4-17, Lines 31 to 34:

This section states that additional SANCHO simulations are necessary to more adequately
describe the deformation of halite when both brine and gas are considered. Such additional
simulations would be advisable.

Volume 4. Page 4-23, Lipe 44:
Here it is stated that BRAGFI.O uses a modified rock compressibility, but no rationale or
justification is given. Please clarify why a modified rock compressibility is warranted.

Volume 4. Page 4-26, Lines 4 10 7:

This section states that the same sampled values of relative permeability parameters are used
for halite, anhydrite, the transition zone, and the DRZ. Concepmally, this does not seem to be
appropriate. Page 4-24, footnote 3 states that relative permeability is a function of saturation
of the phase of interest. The degree of samuration of a media would depend on the media or
rock type, type and amount of fractures and effective and intrinsic porosity. Such parameters
would seem to0 have different values for the halite, anhydrite, ransition zone and DRZ.

Page 7-2 of Volume 2 states that relative permeability is the ratio of the permeability of the
rock with the fluid at a given saturation to the permeability of the material when it is

100 percent saturated with the fluid. Again, such parameters would seem to have different
values for different materials having different permeabilities. Please expiain.
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Yolume 4, Page 4-26, Lines 10 and 11: —
The parameter values for relative permeability are stated to be based on the surrogate materials
identified in Section 2.3.1 of Volume 3 of the 1992 PA. Section 2.3.1 states that 2 low
permeability sand was used to determine the relative permeability parameters of the halite and

the anhydrite. Does this inciude the halite and anhydrite which comprise the transition zone

and the DRZ? If so, please clarify the appropriateness of applying the same surrogate material

10 both the undisturbed media and the disturbed media The undisturbed halite and anhydrite

shouid by definition have a much different effective porosity and permeability. :

Response. The responses to these four specific commenis are as follows:

(1) Since the 1992 PA was published, SANCHO was used to make an extensive series ot
computations of waste (effective) porosity as a function of time and gas generation rate (w?uch
determines pressure history). These results were used to compile a "map” of waste porosity as
a function of time and pore pressure (the "porosity surface”), which was then used in the
porous media flow code, BRAGFLO, to determine waste porosity as a function of these
variables. A detailed discussion of room closure modeling, including the porosity surface
approach, is presented in the Disposal Room Position Paper (Butcher et al., 1995).

(2) The reference to use of modified rock compressibility in BRAGFLO simply indicates that the
code is formulated with compressibility defined as the relative change in porosity produced by

a change in pressure (one over porosity times the partial derivative of porosity with respectto  __
pressure, Equation 4.2-7 on page 4-23 of Volume 4), rather than the more common definition

of compressibility (the partial derivative of porosity with respect to pressure) given by

Equarion 4.2-6 on the same page. The reference to this as a "modified” rock compressibility is

not an ideal choice of terminology. No modification is made to the measured properties of the

rock. The point is simply that the "compressibility " value input to BRAGFLO is not the same

as the value that would be used in a code formulated with compressibility defined by Equation
4.2-6.

(3) Lines 4 to 7 on page 4-26 in Volume 4 are intended to indicate that the same relative
permeability description is used for the halite, anhydrite, transition zone and DRZ for any
single realization. There were no cases in which some of these regions were described using
Brooks-Corey, while others were van Genuchten-Parker. The intrinsic permeability was
different for each region and saturation was allowed to vary independently. The parameters
for the relative permeability model were sampled independently for each material, but, for lack
of more specific information at the time of the 1992 PA, the same ranges were sampled for all
4 regions.

(4) This does mean that, as indicated on lines 10 and 11 of page 4-26, the relative

permeability characteristics of a low permeability sand were applied to undisturbed halite and
anhydrite and to the transition zone and DRZ. However, as is stated on pages 48 through
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4-11 of Volume 4, the halite, anhydrite, and DRZ intrinsic permeabilities and porosmg;_wwere
sampled over very different ranges. Please see EPA Comment 138. ,

EPA Comment 54. Dlsposal Room Modeling L
This table provides a list of r.hc assu.mpuons used in BRAGFLO for the Undxsturbed
Performance analyses. The information provided in the table appears to be a shortened version
of the more detailed information provided in Volume 4, Chapter 4. No information is
provided. however, regarding the assumptions used in SANCHO. As stated on page 2-1, of
this volume, SANCHO is used to simulate halite creep and its modelling resuits are
incorporated into BRAGFLO. Some of the assumptions of SANCHO, however, appear to be
incompatible or inconsistent with the assumptions used in BRAGFLO. In addition, similar to
BRAGFLO, the impact of the SANCHO assumptions are difficult to quantify. To not include
the SANCHO assumptions in this table seems to negate their importance on the Undisturbed
Performance analyses.

Response. The recently published Position Papers and the DCCA contain expanded
discussions of the assumptions and limitations for the current PA models. The need for more
complete explanation of the impacis of modeling assumptions on compliance is noted for future
code documentation and the final compliance certification package.

EPA Comment S55.
Volume 5, Page 2-9, Line 25:
Please specify which "selected regions” are adjusted with respect to permeability and porosity.

Response. Regions that are backfilled with crushed salt for sealing purposes had permeability
and porosity adjusted to reflect the creep compaction of the seal.

EPA Comment 56.
Volume 5, Page 4-18, Line 20:
Should this line reference Cell 4 rather than Cell 6?

Response. The line in question does refer to Cell 4, not Cell 6.

EPA Comment 57.

Volume 5. Page 4-50, Lines 1-3: o

This sentence states that conditional on conceptual models and parameter distributions, creep
closure modeling may not be necessary. The phrase "...conditional on conceptal models and
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parameter distributions..." should be clarified. Information regarding the incorporation of
SANCHO results into BRAGFLO (provided in Volume 4, Pages 4-15 through 4-18) should be
referenced in this volume (either here or in Section 4.1). The application of SANCHO
simulations into the BRAGFLO simulations is an initial attempt and, as stated on Page 4-17 of
Volume 4, strictly applied only to the case where the pore space is occupied by gas, rather
than where pore space is occupied by both gas and brine. Given the discussion of the
inconsistencies between the SANCHO and BRAGFLO assumptions, it is not timely to make
the staternent that creep closure modeiling may not be necessary.

Response. The sentence in question appears in a section of text introducing the discussion of
results from sensitivity analyses using a major excursion in closure characteristics (waste panel
porosity set to the post-closure condition from time zero). The sensitivity analysis shows that
even this very large (indeed, unrealistically large) excursion in the effects of creep closure had
minimal impact on the results from the 1992 PA models for undisturbed performance. Both
transport and closure modeling are being revised and expanded since the 1992 PA. The
statement in the 1992 PA was intended to apply only to the status of the modeling a.’s}t_a\med
at that time. 7

EPA Comment 58. DRZ Zone Not Consistent in Scenarios

Yolume 4, page 5-4, Figure 5.1-2 and Figure 5.1-3: =
There should be a DRZ between the waste panel and the halite in the center of the panel
model. The undisturbed case has the DRZ in this location and it seems it should also be in the
disturbed case. Line 15, page 5-3 states that "a disturbed rock zone (DRZ) surrounding the
waste-storage area” is not shown in the figure as described.

Response. The portion of the DRZ at the radial boundary of the waste panel, between the
repository and the halite, was inadvertently omitted from the referenced figure.

EPA Comment 59. Conserving Void Volume

Yolume 4, pages 4-13 10 4-23 :

The porosity conversion outline in Equation 4.2-2 and amplified in Appendix B seems
unreasonable. What does it mean to conserve void volume while adjusting the porosity value
in volume?

Response. In both SANCHO and BRAGFLO, the porosity of a mesh element is the ratio of the
pore volume to the total volume of the element. However, the mesh element volumes in
SANCHO and BRAGFLO are not always the same. Even if the initial meshes are created so
that the volume of elements are initially equal, the mesh for SANCHO deforms with time while
the BRAGFLO mesh does not. The porosity for the cell in BRAGFLO that contains the
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repository is calculated so that BRAGFLO has the same total repository void volume (as a
function of time and pressure} as that found in SANCHO.

EPA Comment 60. Creep Closure Effects
It is our understanding (see earlier comments) that BRAGFLO does not acmally\‘ié%int for
creep closure but only implements the effects of creep closure passed by SANCHO which does
account for creep closure. This effect in SANCHO is passed to BRAGFLO by an adjustment
of the porosity values calculated. As stated on page 4-18, line 7 the ultimate effect of this
implementation is unknown? Could this effect the implementation of the creep closure to make
.. 2 "pseudo-closure” in BRAGFLO that is incorrect?

The present implementation of creep closure appears to be so incomplete that the conclusion,
"Overail, dynamically modeling creep closure results in only minor differences compared with
using a fixed porosity,” is the only conclusion DOE/SANDIA can make. Could the "minor
differences” be a result of the limited ability of the '92 code? It seems inappropriate to draw
such conclustons from an admittedly faulty model (page 4-18).

Response. It is not really correct to say that BRAGFLO does not "account” for creep closure.
BRAGFLO does not compute_closure. Creep closure is accounted for in BRAGFLO by using a
time and pore pressure dependent repository porosity, which is drawn from the results of
calculations made with SANCHO. This is a real closure, not a "pseudo-closure”. Although it
may not be identical to the closure that would be computed by a fully coupled flow and
deformation code, at least it is a reasonable approximation in terms of transient behavior.

As discussed in the response to EPA Comment 57, sensitivity analysis with a fixed porosity,
which produced a large excursion in the transient repository pressure, showed only minor
differences in release volumes. It is certainly possible that this result stems from limitations in
the ability of the 1992 PA codes, but it is unlikely that it is the limited coupling of the closure
computation that is primarily responsible.

EPA Comment 61, Performance Assessment Representations Used in 1992

There appear to be some small discrepancies in the numbers presented throughout Tables 2.5-1
through 2.54. In Table 2.5-2, for example, using 3.78x10 for the constant drilling intrusion
rate, the probability of zero intrusions in 9,900 years is calculated as
exp{(-9900)(0.126)(30)/10000} = 0.0237019 using a simple hand-held calculator.

Tables 2.5-2 (column with footnote b, line 17) and 2.5-4 (column with footnote b, line 18)
report 0.02378, which is a small difference, but it seems too large to be accounted for by
rounding error alone. Similar comments apply throughout these tables.
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In Tables 2.5-1 and 2.5-3, using a time-integrated intrusion rate of 0.99 per km?® per

10,000 years as shown in Figure 2.5-1 (1 at 10,000 years minus .01 at 100 years), the
probability of zero intrusions may be calculated as exp{(-9900)(0.126)(0.99/10000} =
0.883828. The tables report 0.8703. These discrepancies may be removed by one of the
following steps: report fewer digits in these tables; refine the calculation procedure to
eliminate this annoying discrepancy; or explain the calculation procedure better, if the values
in the tables are accurate.

Response. Thank you for bringing these discrepancies to our attention. In the future, the
tables will be checked for consistency and/or fewer significant figures will be reported to
eliminate this problem.

EPA Comment 62. L
In the evaluation of sensitivity of the model to variations of a given input parameter, the other
variables in the model are held to constant values as the parameter in question is varied.
WIPP procedures call for holding the other variables at their median value rather than at the
expected value. Please explain the reasoning for this decision.

Sampline E for Esti { CCDF
The following statement appears on page 3-21: "...the use of a Latin hypercube sample of
size 70 to assess the effects of subjective uncertainty has no effect on the estimation of the 0.1
and 0.001 exceedence probabilities in the individual CCDFs used in comparison with the EPA
release limits." (Italics added.) Although the italicized phrase is ambiguous, this assertion
appears to be based on the faulty premise that individual CCDFs should be compared to the
release limits.

L -——

The LHS sampling is very important for comparison of PA results to the EPA release limits.
While the separation of stochastic and subjective uncertainty is a noteworthy achievement of
the WIPP PA process, the point of LHS sampling is to determine the uncertainty inherent in
any comparison made with the EPA release iimits. Individual CCDFs deveioped using LHS
are less important than the summary CCDFs derived from them. A summary CCDF, such as
the mean CCDF, will probably be used to compare results of the PA to the Standard. LHS is
an important tool for assessing the degree of uncertainty in the estimated mean CCDF resulting
from the sampling. Procedures for estimating the confidence interval for the mean CCDF
from the LHS results should be established.

Response.

Use of Median Values for Variables Not Sampled

The median value is precisely defined given the probability distribution. The expected value is
less clearly established for many variables, especially at the time of the 1992 PA. The decision

—

38



was therefore made to use median values in order 1o provide a systematic and consistent
approach.

ampling Error for Estimazing CCDF

The PA for the compliance certification package will include activities to estimate the
uncertainty and confidence interval thar are reievant to comparison of CCDFs with the EPA

release limits. However, in accordance with the direction given above and in 40 CFR 191 a.
mean CCDF will be used to compare resuits of the PA to the Standard.

EPA Comment 63. _“-‘:\?

Comments on uncertain variables are limited to only those few on which information was
readily available. No attempt has been made to address certain generic questions regarding
these variables such as: (1) are some of these unnecessary; (2) should additional ones be
added; and (3) is there a problem of co-variance that is being ignored (i.e., two or more
variables that are reaily correlated but are being sampled here as if they were uncorretated).
These three items eventually need to be thoroughly evaluated. Also, the distribution of values
for each of these variables needs to be evaluated from both WIPP and broader scientific
literawre.

BHPERM

Borehole permeability has been identified by SNL as one of the more sensitive parameters for
performance assessment. The range of values used (1 x 10 m? to 1 x 107! m?) is said to
represent silty sand as defined in Table 2-2 of a book by Freeze and Cherry. The range of
values actually shown in Freeze and Cherry is ~7 x 10 m? to 7 x 10" m?.

The assumption that any abandoned borehole is filled with silty sand is a very unconservative
assumption and does not appear to be justified from either the site conceptual model or from
the site data. Although the 1985 EPA Guidance indicates that it is not necessary to assume
that the borehole is completely open, but rather that it may be filled with soil or gravel, the
DOE takes the least conservative assumption regarding the EPA guidance by adopting borehole
permeabilities as those typical of a silty sand. The intrusion that may disturb the repository
will, at first, be essentially open and over time will evenmally be filled or seaied by collapse
of the borehole. The DOE does not present any rationaie as to why it was assumed that the
borehole should have such a low permeability.

BPPRES

The range given for the initial pressure in a brine pocket in the Castile Formation is 13 to
21 MPa, with a median of 17. The range given in two places in Volume 3 is 11 to 21 MPa
with a median of 12.6. The vatues used in Volume 3 are supported by the datz presented in
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DOE 83 and appear to be preferable. The reason for the discrepancy between Volumes 3 and
4 is not known.

BPSTOR

It is not clear how the range (0.02-2.0 m*/Pa) and median (0.2 m*/Pa) for the bulk storatjvity

were developed from the reference (DOE 83). The overall flow data for WIPP-12 suggest a-—--.

value of 0.04 m*/Pa, and a value for the small fracture portion of the system of about ,; g ;,A ,5\\

0.07 m*/Pa (page H-54). Is this a variable that needs to be sampled? %
x

BRSAT \\ﬂ/
Initial fluid (brine) saturation of the waste was assumed to range from 0.0 to 0.14 with a

median of 0.07. These values were obtained purely by PA Investigator Judgement. Yet this
parameter is listed as important to compliance with 40 CFR 191 and (in Volume 5) as very
important to compliance with 40 CFR 268.6. Also, the Experimental Program Plan does not
mention pilans to study this parameter. There is not adequate information for this important
parameter. In the absence of data, it would seem appropriate to determine and use a plausible

value that wouid result in the greatest consequence.

‘3!"",.

&

DBDIAM .
It is noted that drill bit diameter is the only one of the 49 variables sampled that is not listed in
Table 9-3 as being important for 40 CFR 191B. Is this an oversight?

FKDxx and MKDxx-—DISTRIBUTION COEFFICIENTS

All of the fracture and matrix distribution coefficients for the individual elements are listed in
Chapter 9 as important or very important to PA. For the 1992 PA, those values were
determined based on expert judgement by SNL scientists. These parameters are t0o important
to be determined in this manner. Laboratory studies are underway and the data obtained
should be used in future performance assessments.

SOLxx—Radi lide Solubiliti
The values of plutonium solubilities, developed by SNL expent opinion were considerably less

than those from ongoing SNL-supported studies at Lawrence Berkeley Laboratory. Future
performance assessments should not rely on expert judgment if data is available.

Response.
a. Comments on Table 3-1 Varighles

(1) Are some of the variables unnecessary?
The goal of the PA analyses was to be as complete as possible in identification of vartables,
even though some of the variables may be less important than others in term of model
sensitivity.

(2) Should additional variables be added?
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éﬁ ‘é: J
As alternative conceptual models are evaluated and incorporated in the PA analyses,
additional variables may need to be added. The current variable identification is consistent
with the needs of the current models. Future calculations may require different input
parameters as more sophisticated models are developed and tested.

(3) Is there a problem of covariance, in that covariance is being ignored (i.e., two or more
variables that are really correlated, but are being sampled here as if they were uncorrelated) ?
The effects of not including variable correlations are being investigated.

b. BHPERM
Volume 3, Section 4.2.1, indicates that the selected value of borehole fill-material permeability

was based on the investigator's judgment that the borehole fill material would be a "silty sand”
(as identified by Freeze and Cherry). For the purpose of the initial sensitivity studies, the
choice of a relatively low-permeability material (silty sand, for example, instead of a gravel)
is not unreasonable, since a silty sand is approximately mid-range on a scale of potential
unconsolidated, granular materials expected 1o degrade from the borehole wall or be placed in
the borehole upon borehole abandonment.

The permeability of silty sand is also felt to be conservative given the range of expected
borehole fill materials. The borehole fill is expected 1o be a granular and uniform material.
Its physical characteristics will be determined by grain size and uniformity of the source
material from which it is derived. If a concrete plug is placed in the borehole, it will degrade
to a material similar to silty sand after hundreds of years. If the borehole is unfilled, the
borehole is closed by salt creep. This would result in a lower permeability than a silty sand. A
range of borehole fill-material permeability values will be modeled in future PA analyses.

The description of initial borehole plug permeability on page 4-4, Section 4.2.1, Volume 3 also
indicates that plug permeabilities depend strongly on the host rock in which the plug is
emplaced. Because most experimental studies of plug-borehole interaction extend for only
hundreds of days or less, data are limited. Any PA calculations that start from initial
conditions assume permeabilities of 10" n? for plugs in the Castile Formation and 10** m2 in
the Salado and Rustler Formations. These values are more conservative than the silty-sand
permeability used in the PA modeling.

¢. BPPRES
The correct distribution is identified in Volume 3, Section 4.3.1. The data in Volume 3 are

based on WIPP-12 and other borehole measurements. The higher pressure value (from
Volume 4, Table 3-1) was used in the PA and represents a more conservative value in terms of
potential releases. The data range included in Volume 4, Table 3-1, however, appears t0 be
incorrect, an error which was missed during the consistency checks on the data in the PA
report.
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d. BPSTOR
The brine pocket storativity is used to determine the amount of brine that is potentially
available for upward flow in an intruding borehole. If is a necessary parameter in evaluating
the disturbed scenario. It is sampied because the 1992 PA evaluated a range of possible values
for the CCDF deveiopment.

e. BRSAT

The brine saturation in a hypothetical brine pocket below the repository is an important
parameter for the disturbed scenario. Since the 1992 PA, data have been obtained through
additional research involving literature reviews and experimentation. Estimates of the range of
initial brine saturation have been reduced to between 0.004 and 0.052 based on this more
recent EEG data (Howarth, 1994). The new range of values is used in the 1995 Draft
Compliance Certification Application (DCCA, 6-115).

L_DBDIAM
The drill bit diameter is one of the 49 variables sampled in the 1992 PA. It was an oversight

that this variable is not included in Table 9-3.

o
Improved values of fracture and matrix distribution coefficients for the individual radionuclides
will be included in future PAs as data become available from the ongoing laboratory studies.

b SOLxx—Radi lide Solubiliti
Improved values of actinide solubilities will be included in future PAs as data become available

Jrom the ongoing laboratory studies.

EPA Comment 64. Initial and Boundary Conditions

The initial conditions which are assumed for the scenarios will significantly affect the
modeling results. However, the modeling that was described in the 1992 PA to obtain the
initial conditions (e.g., repository pressures and brine samrations) provides only limited
rationale for the assumptions. The approach needs to be better described in general.
Furthermore, it appears that none of the considerable uncertainty which is associated with the
initial conditions has been quantified. As much emphasis should be placed on obtaining the
initial conditions for brine saturation and pressure distributions as any other aspect of the
modeling. While this refers to BRAGFLO, initial and boundary conditions for all models
should be thoroughly evaluated before they are chosen, and fully discussed in future reports.

Mechanical modeling of disposal room and rock mass motion with SANCHO apparently uses
room gas pressure as a boundary condition. This varies in time as consequence of gas
generation which is also variable. Rock mass and room contents are deformable, porous
media through which seepage of gas and brine occurs. As a consequence, there is a difference
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in total stress, effective stress and fluid pressure and corresponding differences in boundary
conditions. Also, effective stress should be used in the constitutive equations. However, these

distinctions are not made in SANCHO nor does BRAGFLO accommodate deformauv . The
consequences are unknown, but may be worth examining. LY
At the end of 50 years of operation, the DRZ is considered to be "dewatered” \Eg //

partially saturated with brine; the fluid pressure is reset to atmospheric pressure. These
assumptions and decisions should be evaluated ir light of actual calculations. While the fluid
pressure in the DRZ may decrease from ambient towards the excavation, it is not certain that
desaturation follows.

The regional boundary conditions will have an effect on releases to the accessible environment.
Currently, there is a great deal of uncertainty associated with regional boundary conditions, yet
the effect of this uncertainty of the boundary conditions on the modeling results has not been
evaluated.

Response.

a) The basis for the definition of PA model initial conditions is provided in the source
documents cited in the 1992 PA reports. A summary of resuits from these source documents
and the rationale that leads to the selection of the parameter distributions used as the model
initial conditions will be included in future PAs or in related reports.

The boundary conditions depend on the specific model or code. For mechanical models which
calculate the rock deformation, the boundary conditions include either the stress or velocity
conditions applied to the external and/or interior boundaries of the model. For hydrological
models, the conditions include either the hydraulic potential or the fluid flux at the external
and/or internal boundaries. Boundary conditions also need to be consistently applied between
models for regional-scale, local-scale, repository-scale, panel-scale, and room-scale
phenomena. The CAMCON system assists in defining and documenting the appropriate
interfaces berween the various PA models, particularly in terms of data transfer for boundary-
conditions. See also the responses to EPA Comments 25 and 117.

b) The pressure-time history in a disposal room is appropriately modeled as an internal
pressure boundary condition in the SANCHO code. SANCHO computes disposal room closure
(and expansion when room pressure exceeds lithostatic pressure) in response io the total stress
field in the rock. The validity of this approach is demonstrated by the excellent agreement
between SANCHO calculations and in situ measurements of room closure at the WIPP facility.
The results of SANCHO calculations are not used directly in the PA analyses, but are
summarized as a porosity surface for the BRAGFLO code. This porosity surface provides
BRAGFLO with the capability to account for the effects of room closure and gas pressure on
porosity and permeability of the waste. See also the resolution of EPA Comment 18.
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There is a difference in total stress, effective stress, and fluid pressure and corresporﬁa‘;gg .
differences in boundary conditions. SANCHO calculates the total stress field, NOT the =~
effective stress (toial stress minus fluid pressure). SANCHO, therefore, does not include
effective stress in the definition of the boundary conditions or in its constitutive equations.

BRAGFLO does not calculate deformation, but the effects of deformarional changes are passed
from SANCHO. The BRAGFLO fluid flow boundary conditions are developed from SANCHO
input, in particular the internal (room) boundary conditions for fluid pressure (or hydraulic
potertial) and the initial conditions for porosity.

¢) BRAGFLO calculations for the 1992 PA and all subsequent PAs indicate that the disturbed
rock zone (DRZ) will be unsaturated. As indicated in Volume 2, Section 2.3.5, page 2-55,
brine seepage from the Salado Formation will have filled fractures in anhydrite interbeds
above and below the emplacement horizon [Lappin et al., 1989, and Rechard et al., 1990b].
Brine will also flow into the excavated disposal rooms/panels. The computational and
experimental data indicate that the DRZ will indeed be desaturated.

d) The region boundary conditions will have an effect on releases to the accessible

environment. Volume 2, Section 2.2.3.6, page 2-30 describes the process used to incorporate

the regional potentiometric conditions in the repository-scale models. The uncertainties of
regional-scale boundary conditions and how they are incorporated into local- and repository-

scale models are currently being studied with three-dimensional, regional models that are -
designed to enhance the conceptual understanding of the site.

EPA Comment 65. Results and Discussion (Undisturbed Performance)

A major point in the discussion of results is the rise in gas pressure that in some cases exceeds
lithostatic pressure. Pressure in excess of lithostatic could conceivably lift the overburden,
arch the surface, and stress intervening strata in tension (or open vertical joints). Such an
outcome is the opposite of subsidence. Neither are considered in PA uncertainties.

Whether the pressure increases at a sufficient rate for fracture depends on treatment of the rock
mass as a porous or non-porous medium. In fact, the rock mass is a porous, permeable
medium, so it may be the effective stress that needs to be considered in fracture analysis, not
the total stress.

Response. The effect of disposal room/panel gas pressures when above the lithostatic pressure
is currently under study. The opening of fractures by gas pressurization is considered 1o occur
primarily within the interbeds because they contain evidence of preexisting fracturing and
therefore have very low tensile strength. A discussion of the interbed fracture flow model can
be found in the Position Paper on Salado Formation Fluid Flow and Transport. See also the
resolution to EPA Comment 15.
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EPA Comment 66. Radionuclide Inventory Available for Removal: Cuttings Release
The values in expression 7.3 -2 on page 7-13 are taken from the 1991 PA report. The values
from Table 7.3-3 would be more appropriate. The scale factor is 39.32 and is the same at all
time periods because of the manner in which the table was calculated.

Response. The numbers used in Equation 7.3-2 should have been updated. Care will be
taken not to repeat the mistake in later documents.

EPA Comment 67. Decay of Radionuclide Levels
The method used for decaying the projected activity levels in Table 7.3-3 is not correct for the
WIPP inventory for reasons explained below.

All activity leveis in the Tabie are decayed at the same rate for the entire inventory'. These
overal! decay rates are correct for the inventory being used. However, the waste containers
with the high initial radioactivity ievels do not contain the average mixture of radionuclides.
This is apparent by comparing the isotopic mix of radionuclides at the Savannah River Site
(SRS), the origin of most of the high-curie containers. At SRS, 96.9 percent of the Curies are
from 238Pu (half-life of 87.7 years) and only 2.8 percent are from 239Pu and 240Pu (half
lives of 24,100 years and 6,560 years). Related values for the entire inventory are

72.6 percent 238Pu and 10.4 percent 239Pu and 240Pu. Because of these differences in half-
life, the high activity containers will decay at a much faster rate than the inventory as a whoie.

The decay values for the Activity Leveis in Table 7.3-3 should be recalculated using the actual
radionuclide compositions that exist for each of the initial activity levels chosen.

Response. The "average for CH waste” decay shown in Table 7.3-3 of V.4 is the tota] activity
of the radionuclides shown in Table 7.3-1. The decay chains were simplified to include only
long-lived alpha-emitters, and decay was calculated using the activity form of the Bateman
equations (see Volume 2 of the 1992 PA report).

' Inspection of Volume 4 Table C-6 in Appendix C shows a constant proportion of contribution from each
radionuclide across all sampied vectors. This lack of variation in activity levels within the repository at the selected
time of intrusion indicates that the waste characteristics have not been modeied adequately. Development of an
alternative approach to modeling sctivity leveis shouid be considered. As a inst resort, such variations could be
captured by adding one or more uncertain activity variables to the LHS procedure.

45



This comment assumes that loading wiil be such that waste from one generating site (e.g.,
SRS) will be concentrated in one area. This situation is nor reflected in Table 7.3-3. The
activity levels assume a normal distribution of activity throughout the repository, and reflect
the relative amounts of lower specific activity and higher specific activity in the waste, They
are not "actual” activity levels because the loading pattern is not pre-determined. The

activities shown in Table 7.3-1 will be modified and amended as the WTWBIR is developed,_

%
EPA Comment 68. Discussion of Activity Levels Procedure i b “2 . 0o
It is not obvious what the overall effect of using recalculated decay activities will be. % o
Obviously, the activities at later time periods in Activity Level Four will be less if a mote -
rapidly decaying radionuclide composition is used and this will reduce calculated release from
Activity Level Four. However, at lower activity levels the reverse is true and these are the
much more probable occurrences. For exampie, consider the radionuclide components for
66,030 stored INEL drums (page A-10 in DOE/WIPP 91-058) which have an average of
5.027 Ci/drum totai and 2.119 Ci/drum of alpha-emitting transuranics. These drums will have
about 2.4 times the fraction of the initial activity remaining at 1,000 years to 7,250 years as is
indicated for Activity Levels One and Two in Table 7.3-3. These two activity levels have a
probability of occurrence about 125 times that of Level Four.

Other ways in which the Activity Levels could be addressed should be considered. It is useful

to compare the curies that might be brought to the surface at 125 years with values calculated = —
by SNL. For a 0.1 m? borehole (the size used in the 1992 PA), the Tabie 7.3-3 value would

be 79.9 Ci. Drilling through one drum that contained 1,100 Ci 238Pu at time 0.0 would bring

166 Ci to the surface at 125 years. If three such drums were intercepted by this drill bit (this
would be a low probability occurrence but would be possible and permissible under current

WIPP procedures for emplacing wastes) the total would be 498 Ci. For drums containing

1,000 Ci of 241Am, the activity brought to the surface at 125 years would be 332 Ci for one

drum and 996 Ci for 3 drums.

A borehole through an RH-TRU canister that initially contained 23 Ci/] of 137Cs and 137mBa
(the maximum permitted at WIPP) would bring 43 Ci of 137Cs to the surface at 125 years.

The procedure used assumes that the various activity levels are placed randomly in the
repository which may or may not be the best assumption. Note that if it is assumed that a
three-drum high stack in the repository would never contain more than one drum with greater
than 100 curies, the 5,159 drums in this activity level (four) would have a surface area of
1,326 m?, or 0.0105 of the total waste surface area (rather than 0.0060).

The New Mexico Environmental Evaluation Group (EEG) has considered intrusion scenarios

where a borehole intrudes into a waste room location that has a concentration of average
activity drums from SRS and Los Alamos National Laboratory (LANL). The basis for this
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assumption is that when seven-packs come into the repository together, they will be emplaced
together. Thus, differem locations will have somewhat higher or lower average N
concentrations. -

In the absence of load management, the possibility and consequences of waste emplacemqnt
where average concentrations within a room or panet vary significantly from the average needs -
to be evaluated (Chat 88).

More information on the distribution of radiocactivity levels within the various activity levels
would be helpful. The alpha curies in Activity Level Four are equivalent to 217 Ci/drum (at
time zero) with the calculation used. Is this too low? Too high? Or about right?

Because alternative procedures for developing activity levels have not been evaluated and
presented, it cannot be concluded at this time that the procedure used, even after correcting the
decay values, is the most appropriate one.

Response. The DOE has developed a detailed radionuclide inventory in the WI'WBIR and
Revision 11 of the IDB. The radionuclide inventories in both documents are being developed
Jrom the same data call to ensure consistency. These documents present the CH and RH
radionuclide inventories by isotope, site, and total for the WIPP. This new inventory will be
used by Performance Assessment to model releases under various scenarios.

Any increased precision in determining what drums (or rooms) would be breached by a
cuttings scenario implies a load management scheme, which does not exist. Load management
in the repository is not planned at this time. If the human intrusion scenarios indicate that load
management is a necessary activity, DOE will conduct further evaluations to determine
appropriate load management options.

Since completion of the 92 PA, the estimates of the waste inventory and activity leveis for
WIPP have been updated and revised several times; therefore, it may not be worthwhile 1o go
into specific calculations. However, with regard to the question posed by the reviewer on
activity level per drum, the estimate of 217 Ci per drum for the RH waste at time zero appears
to be correct.

EPA Comment 69. Total Release to Accessible Environment: LHS Sampling Error

No information on sampling error for LHS-derived estimates are given in the current PA.
Summary curves, such as the mean or percentile CCDFs, are generated by averaging the
results of 70 LHS trials. It is expected that the estimated mean CCDF will have a relatively
wide uncertainty region due to sampling variation from a relatively small sampie size. After
analysis of sampling variations, it may be found necessary to reduce the magnitude of
sampling error by increasing the LHS sample size. Even if the increased sample size did not
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dramatically affect the estimated mean, the estimated confidence intervals could be reduced —
substantially by increasing the sample size.

Response. The 1992 PA was one of a series of annual PA updates from 1990 through 1992.
Its purpose was to evaluate and improve the existing PA models and computational strategies,
but it was never irtended to demonstrate compliance. Given this purpose, the use of 70 LHS
trials was very appropriate. The specific number of LHS trials for the final compliance .. .
calculations will be determined on technical merit and through consultation with d/?,;’A nﬁ

the stakeholders. [
i “, E; ﬁ
P ‘:,,s i
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EPA Comment 70. Discussion

This chapter reflects on the findings of the Uncertainty and Sensitivity Analyses in Volume 4
and on the implications for future studies and demonstration of compliance with 40 CFR 191.
The current PA is based on the assumption of Darcian flow within the Salado. However,

other conceprual modeis exist for flow and transport within the Salado at the WIPP in which
flow is non-Darcian. It would have been very helpful if Chapter 9 included a discussion which
addressed how some of the results may have changed if alternative conceptual models had been
adopted.

The numerous references to what will be modeled in future performance assessments should be
summarized in Chapter 9 (e.g., interbed fracturing p. 4-8). —

Response. The WIPP Project has investigated numerous conceptual models since the 1992 PA
was performed. . For example, the WIPP Project is currently considering three alternate
conceptual models for fluid flow in the Salado: a far-field (Darcy) flow model, a redistribution
model for the DRZ and a clay consolidation model. These three models have been discussed in
detail with the EPA through technical exchange meetings and with stakeholders through the
SPM process. However, it would have been inappropriate to speculate in the 1992 PA report
on “how the results may have changed” until the studies and analyses of alternate conceptual
models were completed.

The status of the current PA models is documented in the Position Papers for the SPM and in
the DCCA. The DOE has no plans to modify the 1992 PA report with discussions of changes

Jor future PA analyses.

EPA Comment 71.

Five parameters are said to be important when analyzing the repository/shaft barrier effect:
(1) drilling intensity; (2) intrusion borehole permeability; (3) Salado (marker bed)
permeabilities; (4) radionuclide solubilities; and (5) drill-bit diameter. Sandia observes that
only solubility can be affected by actions taken in the repository. Only Salado (marker bed)
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permeabilities can be reduced in uncertainty by continued in-situ investigaﬁon The other
three parameters are determined by regulatory gmdance Comments on the SNL discussion of
each of these parameters are given below.

Drilling I .
It is correct that drilling intensity will probably be decided by regulatory guidance. However,
these are references to taking credit for passive institutional control, which also will likely be
influenced by regulatory guidance. It is implied in more than one place in Volume 4 that the
only reduction in drilling intensity being used in the 1992 PA is due to passive institutional
controls. This is incorrect. Actually, the major reduction is due to use of a much lower raw
drilling intensity that was developed by expert panefs. In addition, the PA has not provided
any plans for passive controls and so no credit for reduced drilling should have been taken.

Salado (Marker Bed) P biliti
It is agreed that this is an important parameter that needs continued study to reduce

uncertainty. The statement is made (bottom of page 9-4) that this is not a parameter that can
be changed by action taken within the repository. While this is true for the permeability value
itself, there are engineering alternatives that could be employed to reduce the void space in the
repository and thereby reduce the amouat of brine that flows through the wastes.

Drill Bit Di
The entire drilling area needs further evaluation. Drill bit diameter and erosion are the best
understood mechanisms at present. There are plans to study spalling phenomena. There is
also a need to model the quantities of pressurized brine from waste rooms, Marker Bed-139,
and Castile brine reservoirs that will flow to the surface during typical drilling operations.
Also, activity levels in cuttings need to be re-evaluated. This study should inciude the effects
of a variable inventory and "non-average" waste emplacement in the repository.

Some documentation should be referenced or provided regarding the specific comments or
major contributions that the various experts listed in the front of the document have made
regarding the 1992 PA. This would help the EPA 1o access the level of independent review
that the studies and activities described in the PA have received.

Response,
Drilling I .
The major reduction in drilling intensiry for the 1992 PA is due to the guidance from the

Futures Panel and the Markers Panel.

The charge given to the Futures Panel was broader than a limited consideration of current oil
and gas drilling rates and included identification of possible future societies and how they may
intrude over the next 10,000 years. Extending current drilling rates for the next 10,000 years
and using them in performance assessment calculations assumes that drilling for oil and gas
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will continue at the same rate as today. One justification for using drilling rates lower than
EPA’s maximum is that the world may move away ﬁom a petroleum-based economy within
hundreds of years.

The extent to which passive institutional controls may deter inadvertent human intrusion,
thus reduce the intrusion rates used in the calculations, is based on the durability of the ; g
;k

markers and their ability to communicate correctly over long periods of time. 1‘

Ay

oo

The 1992 PA presented calculations and results for intrusion probabilities estimated for cases o
with and without passive markers. Complete modeling of repository performance must include

the effects of the entire system. Determining the effects of the Passive Institutional Controls is
important in consequence analysis.

Work is continuing, through PA efforts, to strengthen the DOE position on quantitative results
Jrom passive institutional controls for inclusion in disposal system performance predictions.

Salado (Marker Bed) P biliti
Westinghouse Isolation Division is currently studying engineered alternatives, including

various engineered backfill materials, that will reduce the void space in the disposal rooms and
help to isolate the waste from brine inflows.

Drill Bit Di g
The 1992 PA was only a preliminary analysis and it was recognized that additional work was
needed. Some of the points raised in this comment, such as the issue of pressurized brine

reaching the surface, have already been dealt with elsewhere in our responses (see, e.g.,

response to EPA Comment 10). Efforts are currently underway to gain a better understanding

of releases from spallings and cuttings. The assumption in the 1992 PA that all waste was
homogenized is still in use in current PA analyses.

Documentation
The DOE will consider the suggestion that the authors of major contributions be identified in
the PA documeniation.

EPA Comment 72.

Yolume 4. page 2-18 |

The last paragraph on this page provides the rationale for selecting only one intrusion time
(i.e., computational cost), but does not provide adequate rationale for why 1,000 years was
selected. An E1E2-type scenario simulated at 101-500 years would have resulted in higher
cumulative releases. The gas generation reactions would not be brine limited and there would
already be a pathway to the Culebra.
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Response. The 1992 PA was only a preliminary analysis and it was recognized that additional
work was needed in marny areas. With regard to the intrusion rime, subsequen: PA
calculations have expanded the number and range of intrusion times. For example, the PA for
the DCCA considers intrusions occurring at 100, 125, 175, 350, 1000, 3000, 7250 and 10,000
years after decommissioning (see Section 6.3, Determination of Scenario Probabilities in the
DCC4).

EPA Comment 73.

Yolume 4, page 2-18
Where are the referenced "Table 34 of Volume 3" and "Table 3-5 of Volume 3"?

Response. Tables 3-4 and 3-5 are found on pages 3-20 to 3-25 of Volume 2 of SANDQI -0893
denoted as reference WIPP PA Division (1991b) .

EPA Comment 74. Vo

(a) Table 3.1. To obtain the mass flux which was input into PANEL, the BRAGFLO
simulations included the Culebra. However, it is unclear which transmissivity fields were used
and where the two phase flow parameters assigned to the Culebra can be found.

(b) There is a discrepancy between the range that is provided for matrix porosity in Volume 3
(p. 2-83) and that which is presented in this table. The range shouid be .028-.303, with a
median of .145 rather than .139.

(c) The bulk storage range for the Culebra is missing from the Table and is required for the
transient simulations.

(d) The clay effective porosity (CULCLYP) appears to be unreasonably high. As pointed out
in Volume 3 (p. A-130), a lower porosity would probably be more realistic (18 percent) for
the actinides. Unrealistically high porosities wouid overestimate retardation by matrix
diffusion.

Response.

a) Two-phase flow parameters for the BRAGFLO code are described in Volume 3,

Section 1.4.1. Single-phase (liquid) fluid flow parameters (including the transmissivity field)
for the Culebra are currently developed for the SECO2D code (see Volume 3, Sections 1.4.5
and 2.6). Two-phase flow processes are modeled by BRAGFLO at the repository-scale,
including the Salado, but excluding the Culebra. Two-phase flow for the Culebra is not
included in the 1992 PA, but will be included in future PA modeling.
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b} The noted discrepancy for the Culebra matrix porosity (Volume 3, page 2-83, Figure 2.6-6,
Culebra porosity distribution and Volume 4, page 3-3, Culebra matrix porosity (CULPOR)
range and median) is an oversight in the dala consistency checking of 1992 PA reports. The
distribution presented in Volume 3 is the correct definition of the matrix porosity for the
Culebra.

¢) The storage coefficient for the Culebra is included in Table 2.6-1, page 2-76 of Volume 3.
The storage coefficient is used with the transmissivity and other Rydrologic parameters in the
SECO2D code to compute ground-water velocity and discharge. The storage coefficient is
required for the transient groundwaier flow simulations, however, the variables included in
Table 3-1 are ONLY those variables sampled for 1992 PA. Storativity is not included in this
sampling, and therefore is not included in Table 3.1 of Volume 4.

dy The porosity of the clay-lined fractures in the Culebra (CULCLYP) range from 0.05 to 0.5
(dimensionless), median 0.275. A value of 0.18 is referenced in Volume 3, page A-130. The
data inconsistencies will be removed in future PA reports. Effective fracture porosities can be
very high when a fracture is open and not clay lined. The clay lining may significantly reduce
the effective porosity. Future PA reports will provide additional discussion on the expected
values.

oy
EPA Comment 75 RE LY \‘1
Where are the parameters for the seals? e

Response. The seal parameters used in the 1992 PA are listed in Volume 4 of the 1992 PA
report at the end of Table 3-1 on pages 3-5 and 3-7. These variables relate to the parameters
listed in Volume 3 of the 1992 PA report on page 6-3, Table 6.0-2, "Distributions of Sample
Parameters in December 1992 WIPP Performance Assessment for Engineered Barriers.”

EPA Comment 76

Volume 4. page 4-17

An additional shortcoming is that the output from SANCHO is in the form of total porosities
which were not transformed into effective porosities as required input for BRAGFLO. The
effect of this will be that BRAGFLO will overestimate storage and underestimate the amount
of pressure buildup and distance that brine may potentially migrate.

52



Molume 4, page 4-19

Apparently gas-generation is active for 1,050 years. However, when the gas generation is at a
maximum, there would be the least potential for brine’intrusion. Therefore, a single intrusion
at this time would result in minimized reieases to the environment in an E2 scenario.

" Response.

Yolume 4, page 417

Effective porosity is the amount of interconnected pore space through which fluids can pass,
expressed as a percentage of bulk volume. Part of the total porosity will be occupied by static
fluid being held to the matrix grains by surface tension, so effective porosity will be less than
total porosity. Isolated pore space (containing fluids or not) within the matrix is part of the
total porosity, but is not part of effective porosity. |

The difference in BRAGFLO and SANCHO porosity formulation and application is recognized.
As discussed in the 1992 PA report, the formulation of the porosity interface between the two
codes was being evaluated for the first time; the difficulties are outlined in the report. Future
PA reports will address the differences between the use of total porosity in SANCHO and the
effective porosity used in BRAGFLO. For the 1992 PA, the effective porosity and total
porosity are assumed to be the same. As noted on page 4-17, an improved way of dealing with
these inconsistencies is planned for future performance assessments.

Volume 4. page 419

The comment is correct.

EPA Comment 77.

Volume 4. page 4-24

In the manipulation of the specific storage equation to solve for rock compressibility, what is
the basis for the values for specific storage of the anhydrite and halite? These are fairly
critical values as they will strongly influence the pressures attained. It is odd that a
distribution was not assigned and there is no mention of these parameters in Table 3.1.
Furthermore, how was the alpha for the waste itself determined?

Response. The basis for the specific storage values for anhydrite and halite used in the
manipulation of the specific storage equation to solve for compressibility (Volume 4,

page 4-24) is found in Volume 3 of the 1992 PA, pages 2-44 for halite and 2-49 for anhydrite.
The ranges for specific storage for both rock types are recorded as follows:
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SPECIFIC STORAGE (m’) —_

Range Median
Rock Type
Halite 2.810% 10 1.4x10° 9.5x10°*
Anhydrite 9.7x10° to 1x10° 1.4x107

The specific storage values for anhydrite and halite listed in Volume 4, page 4-24 represent the
high end values for each range for each rock type.

Although specific storage can affect formation pressure response, pressure response in the
formation is in itself not a critical criteria for long term performance of the WIPP. The
sensirivity of room pressure, gas migration, brine migration, gas mass outflow, and brine mass
outflow to formation specific storage have more affect.

The alpha for the waste is not used. Compaction has been investigated through both a
volumetric plasticity (crushable foam) model and the Nonlinear Elastic Waste model (But

et al., 1995). - - o,

)
EPA Comment 78.
}[ l I I 23 tes. L et —_

Generally, the van Genuchten-Parker formulae provide a better model for relative permeability
and capillary pressure. Typically the Brooks-Corey formulation is only used because of its
numerical efficiency. The method by which the van Genuchten approach treats the air entry
pressures suggests that it is not only more conservative but also more realistic. Further
information justifying the selection of one formulation over the other should be provided. In
addition, the use of the combination of formuiae seems to be arbitrary.

Response. A comparison of the van Genuchten-Parker and Brooks-Corey formulations, as
well as the rationale for selection of a two-phase flow model for the latest PA analyses, is
discussed in Sections 5.6 and 5.7 of the SPM Position Paper on Salado Flow and Transport
{Howarth et al., 1995) and in Webb (SAND93-3912).

EPA Comment 79.

Yolume 4, page 4-28

The means by which the initial conditions were determined for the simulations needs to be
better justified. Essentially all of the resuits will be significantly affected by the assumptions
that are made in estimating the initial conditions. The description that is presented in the PA
should be as detailed for this phase of the modeling as it is for the remainder of the analysis.
For example, the rationale for treating excavated regions as an atmospheric pressure initial
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condition rather than as a boundary condition is not presented. It seems that in reality the
excavation will serve more as a boundary than as an initial condition. If the excavation were
treated as a boundary condition, far more depressurization and brine desaturation would oceur.
Furthermore, if the depressurization reaches the no flow boundary at the base of the model,
the depressurization will be over-predicted. This needs to be checked and discussed.

Response. The selection of initial and boundary conditions for the SANCHO and BRAGFZO
codes is discussed in detail in the response to EPA Comment 64.

EPA Comment 80.
Why was a distribution not placed on the Culebra permeability when it is set from zero Back to
2.1 x 10" m?? Where did this number come from?

Volume 4. page 4-31
The very high permeability that is referenced as being assigned to the excavated region to
simulate cavities is equivalent to that of a gravel. Were higher permeabilities not assigned
because of convergence problems? If this is the case, what overall effect does this assumption
(i.e., regarding the permeability of the open rooms being relatively low as compared to a
cavity) have on the model resuits?

Response.
Yolume 4. Page 4-30
The purpose of Table 4.3-1 on page 4-30 is to illustrate the procedure for running a single PA

realization for the undisturbed case. The permeability value of 2.1 x 107'* m? is simply the
choice made by the analyst for this particular calculation (as exemplified by the values in the
table).

Single values for variables, such as the Culebra permeability, are assigned for each PA
realization. These single values are selected by sampling from the appropriate parameter
distribution. It would be inappropriate to assign a distribution of values here because the
table is intended as a realization for a particular PA calculation.

Yolume 4. Page 4-31

Two oprions can be used to simulate internal cavities in a permeable medium: (1) definition of
an internal model boundary across which fluid could flow; or (2) definition of a very high-
permeable material into which fluid would flow. In the analysis described on page 4-31, the
high-permeable material was used successfully with no convergence problems. Further
increases in permeability of the excavated zone will have no impact on the PA results because
once the excavation permeability is more than three orders of magnitude greater than the
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permeability of the surrounding Halite, the Halite permeability will control brine flows into
and out of the disposal rooms.

EPA Comment 81
Volume 4. page 4-46
Given the assumptions provided in the text (e.g. radial flow), the determination
regarding the farthest distance that brine may have moved in MB139 does not appear to be
correct. The formula, V = (n)(r?)(h)(effective porosity), where V = 1800 m*;: h = 0.85
meter; porosity = 0.001 yields a value of r of 821 meters. The far end of this grid block
would be 2,500 meters or 100 meters beyond the repository boundary. Furthermore, these
calculations do not account for the gas which may follow behind the brine and move it
considerabiy greater distances. The effects of gas and the brine should be added to make this
determination.

Response. Since the 1992 PA, the methods of calculating brine outflow have been modified.
The recently published Position Paper: Non-Salado Flow and Transport (Axness, C.,1994)
contains a discussion of the brine flow calculations.

EPA Comment 82.

Yolume 4, page 4-46

The second illustration which provides percent gas saturations also appears to be incorrect.
Using the above formula and correcting for gas saturations, a radial migration distance of 806
meters was obtained. The far end of this grid block would also be 2,500 meters.

Response. Since the 1992 PA, the methods of calculating brine outflow have been modified.
The recently published Position Paper: Non-Salado Flow and Transport (Axness, C.,1994)
contains a discussion of the brine flow calculations.

EPA Comment 83.

Yolume 4. page 4-48

The analysis and objectives of the creep closure effects needs to be better explained. The text
states "...the panel porosity was initially 66 percent and dropped as creep progressed, leveling
off at 12 percent to 21 percent. In the fixed-porosity calculations, the waste panel porosity
was initially 19 percent which is the median final-state porosity of the wastes. (See

Table 3.4.-1 in Volume 3 of this report).” In Volume 3 it is indicated that 19 percent was the
value of porosity used for the 1991 PA. Therefore, it is probably not the median of the 1992
analysis where porosity values ranged from 12 to 21 percent. It appears that the fixed porosity
analysis was actually part of the 1991 PA, but this is, not clear in the text. Furthermore, the
12 to 21 percent range is a minimum as stated on page 4-33. The range of pore pressures that
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are shown in Figure 4.4-2 for creep closure simulations is approximately 12 to 34 percent. It
appears that both approaches used porosities that were very close. Therefore, it is not
surprising that the text concludes "The overall effect of modeling creep closure dynamically
was minor."” Why not. for the fixed porosity simulation, set the porosity at the low end of the
porosity range for the creep model and perform a conservative bounding analysis?

Response. Performance assessment studies have shown that the permeability of the waste has

to be within three orders of magnitude of the permeability of the host rock to have any

influence on the time for brine 1o flow through the facility. That is, the flow through the high
permeability element (the waste) is for all practical purposes insiantaneous when the waste is
much more permeable than the host rock. This can be understood by considering two volumes
(elements) in parallel. If the difference in permeability is greater than a factor of 1000, all of

the flow is concentrated in the high permeability element and this flow occurs instantaneously,
for all practical purposes, relative to parallel flow through the low permeability eleme’p{,: SN

EPA Comment 84.
Volume 4, page 5-7
DOE needs to discuss w
conductivity (2.24 x 10-7 m/s) of the Culebra. This will be a critical factor in estimating
source term flux. A single value of hydraulic conductivity will yield a single permeability
value which will have a significant impact on how much of any release migrates into the
Culebra.

Response. BRAGFLO calculates the radionuclide source-term for SECO calculations of
transport in the Culebra. The parameter variations in the Culebra are accomplished by
sampling on the transmissivity fields used by SECO and on the fracture spacing.

EPA Comment 85.
Yolume 4, page 5-0
Specific storage is a critical parameter. Why has it not been statistically sampled?

Response. Specific storage is important in the physical response of certain parts of the
system; however, previous research and a recent publication (Freeze, et. Al, 1995) have shown
that variation of specific storage in Performance Assessment does not affect regulatory
performance measures related to brine migration, repository pressurization, and gas
migration. The processess are dominated by other physical phenomena, such as waste
collapse and fracturing.
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Reference: G.A.Freeze, K.W. Larson, and P.B Davies, 1995, Coupied Multiphase Flow and =~
Closure analysis of Repository Response to Waste-Generated Gas ar Waste Isolation Pilot
EPA Comment 86

Plant (WIPP), SAND93-1986, Albuquerque, NM : Sindia National Laboratories o -
i‘\’.'

The van Genuchten model should be strongly considered for the borehole material to en&ifc“f -
conservative approach.

Response. The van Genuchten model will be considered in future PA analyses. See also
resolution of Comment 92PA EPA-78.

However, it should be pointed out that it may not be appropriate to assume that the use of van
Genuchten model will always ensure a conservative approach. The differences between the

two model formulations is most significant at the extremes of very low saturation of brine or of
gas. The van Genuchten model predicts easier gas penetration into pore space that is initially
100 percent brine saturated. This can have a significant impact on calculations of the
migration of gas out of the repository panels into the surrounding, very low permeability, small
pore volume, halite. For something like borehole fill material, with significantly greater
permeability and pore size and where most important release mechanism may be brine
transport to the surface, application of the van Genuchten model may not be at all -
conservative; or it may be that there will be little difference between the results achieved with
the two models because the saturation levels are in the intermediate range where the
predictions of the models do not differ greatly. The decision to use one model or the other or
to employ a sampling strategy will have to be based on examination of how well each model is
able to maich measured or literature derived characteristics of appropriate fill material, issues
of conservatism, and also, whether the choice of model, in this particular situation, makes
significant difference to the calculated outcomes.

EPA Comment 87

Yolume 4, page 5-10

The rationale for Castile brine pressure and storage needs to be discussed. The pressure range
(12.6-21 MPa) appears to have been selected because it falls between lithostatic and
hydrostatic pressures. This pressure range, therefore assumes that the deepest brine reservoir
that will be breached is at 900 meters. This assumption needs more discussion.

Yolume 4. page 5-11 .

The second paragraph in Section 5.1.3 describes what would normaily be considered as a
boundary rather than an initial condition. The reasons for not setting the excavations at
atmospheric pressure for the entire 20 years needs to be discussed.
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The initial conditions are so critical to the analysis that there needs to be substannaﬁl{méﬂre
discussion and justification as to how the pressure and saturation distributions were reached.
For example, it appears that no statistical sampling was performed on any of the rock
properties from which the initial conditions were obtained. As much emphasis should be
placed on the determination of initial conditions as for the rest of the modeling exercise.

The importance of the initial conditions is illustrated by Figure 4.4-3 which indicates that once
the brine within the waste is consumed during the gas generation reactions, the saturation
within the waste never increases (i.e. there is only very iimited brine flow into the waste
panels). Therefore, the assumed initial conditions will simply shift, in time, the peak
saturations and pressures which are the critical aspects of the analysis. High initial saturations
and pressures will not only shift the peaks to the earlier times, but aiso to higher magnitudes.
Lower initial saturations and pressures will shift the peaks to the later times and lower their
magnitudes. Therefore, the uncertainty associated with the assumed initial conditions will be
propagated through the entire modeling analysis. Apparently, no attempts have been made to
quantify the affect that this uncertainty will have on the modeling analysis.

Response. - .

Yolume 4, page 5-10 ,

Two types of data are considered to be best suited for determining initial reservoir pressure.
The first is the earliest buildup data recorded after encountering the brine reservoir, and the
second is the longest buildup data recorded. A varying number of wells drilled in and around
the WIPP site were used to estimate Castile brine reservoir pressures and volumes. Further
discussion of these parameters can be found in Reeves et al., 1989. The pressure range (12.6
MPa 10 21 MPa) was estimated from several wellhead measuremeres ar WIPP-12 and other
boreholes that encountered pressurized Castile brine. The initial range was between 7.0 and
17.4 MPa. However, because the range of pressures includes measurements in wells
completed at various elevations, a correction for differences in elevation was required. This
calculated range is similar to the maximum and minimum possible range of 11 and 21 MPa,
assuming hydrostatic and lithostatic pressures at the elevation of the WIPP-12 brine reservoir.
The pressure range therefore assumes a maximum depth of approximately 900 meters below
ground surface based on these calculations and assumptions. Further discussion of the Castile
brine reservoirs can be found in Lappin et al., 1989, Volume 3 of 1992 PA (Pages 4-10 to
4-17), and in DOE document Brine Reservoirs in the Castile Formation TME 3153.

Yolume 4, page 5-11

Pressure in the repository during the operational period is unchanging due to ventilation; this
is a boundary condition. However, BRAGFLO cannot accommodate fixed pressures internal to
the fluid flow domain. Therefore, the initial pressure is set for the start-up period, which is
short, and is allowed to change due to flow, etc. The magnitude of changes is slight, however,
and the armospheric pressure initial condition is essentially an atmospheric pressure boundary
condition for a short period of time.
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The commentor should also note that the complexity of the modeled system is such tha:

"insight " based on experience with simpler models is often incorrect. //‘\\
’ i Ll’é \

P o
EPA Comment 88. EETE

The statement "In only two vectors did the pressure exceed lithostatic (14.8 MPa}; ‘probably a
result of rapid gas-generation rates and high initial brine content in the waste" is misieading.
It appears that the reason only two vectors exceeded lithostatic pressure is that the simulated
intrusion occurred before the other twenty or so vectors could also exceed lithostatic pressure
as indicated in Figure 5.2.-1.

It is not clear from the text how the intrusion was simulated (i.e., initial or a time-dependent
boundary condition).

The statement "Once the borehole is filled with brine, the pressure in the waste reaches
hydrostatic relative to the Culebra pressure, and then levels off, " raises an important point in
that the Culebra pressure has been held constant despite the effects of the intrusion. What is
likely to actually happen is that the pressure in the Culebra will also locally rise, will drop the
potential between the two formations, and reduce the brine flow from the Salado to the
Culebra 10 ievels beiow which has currently been predicted given the constant permeability
used in the Culebra.

Response.
It is true that a later intrusion may penetrate a higher pressure repository.

The intrusion is modelled as a time-dependent permeability change in the code.

The statement regarding local pressure rise in the Culebra that reduces potential between the
two formations is probably correct because of the formulation of the model. What is suggested
probably did occur, but at so low a magnitude that it was not observed from the plots
generated.

EPA Comment 89

Yolume 4. page 5-16

At the top of the page it states that "The only parameter that distinguishes these two from the
other 68 is that they have the highest sampled anhydrite permeabilities, which would have
provided good communication to the higher far field pressures.” Again, the distance to these
far field pressures will be based on the initial conditions.

Response. The initial depressurized zone around the repository, developed over 20 years, has
little impact on the distance to high far-field pressures over 10,000 years. High k anhydrite is
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an effective conduit for flow and associated pressure change, and with 10,000 years, a 20-year
perturbation at the onset is essentially meaningless.

.“-r'""f

EPA Comment 90 LR
Volume 4, page 5-33 ' “ o
At the top of the second paragraph the text states "...reach similarly umcalisticall\)?'lﬁgh’“
values, ap to 38 MPa." What is the basis for estimating if a pressure value is unrealistic?

Response. The "unrealistic values, up to0 38 MPa" are approximately 2.5 times lithostatic
pressure and are considered 10 be in excess of the overlying rock strength under tension.
Lithostatic pressure at the repository level is 14.8 MPa (SAND92-0700/4 page 4-33) and
decreases as one goes up towards ground surface. Pressures within the repository in excess of
lithostatic pressure change the stress conditions in the overlying rock from compression to
tension. Sedimentary rocks at the WIPP site are inherently weak when piaced under tension.
Repository pressures in excess of lithostatic pressure, such as up to 38 MPa, cannot be
maintained because tensile failure of the host rock, probably through fracturing, will tend to
relieve the repository pressure.

EPA Comment 91

Yolume 4. page 6-1

The first bullet on the page leads the reader to the conclusion that the dual porosity model
provided the best fit to the data, whereas in actuality other models (e.g., networks of fractures)
fit the data equally as well (Jones 92).

Response. The data from ongoing laboratory and field experiments will assist in defining the
proper conceptual mode!l for fluid flow in the Culebra.

EPA Comment 92

Yolume 4, page 6-1
The second bullet also raises a concern regarding the calibration to fresh water head. If the

flow varies across the thickness of the Culebra, the densities may also vary. Furthermore, the
velocities could be considerably greater through these sections of the Culebra than those
velocities which are currently assumed.

Response. A three-dimensional numerical representation of the groundwater basin model,
using the SECO3D code, is currently being developed and may be used to investigate long-
term regional flow of groundwater in strata above the Salado Formation. Over the modeling
periods of concern, flow deviations due to density effects are expected to be minimal, as
discussed in the Non-Salado Position Paper (Axness et al., 1995).
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EPA Comment 93 ‘“x % LA
Volume 4. page 6-2 ‘ wE

P,

Regarding the fourth bullet, future climate change could also affect density gradients as welil as
transmissivity through active dissolution of the dolomite.

Response. Future climate change affects the Culebra by changing the recharge rates. It is
expected that, even as recharge rates might change, the chemistry of the groundwater reaching
the Culebra will be similar to the chemistry of present day recharging groundwater. Thus,
density gradients and dolomite dissolution rates are not expected to change as a result of
climare change.

EPA Comment 94

Volume 4. page 6-2

The last bullet on the page also needs to be further addressed. In addition, the three-
dimensional model which is currently being developed should evaluate the hydraulic
relationship among the two units as well as the potential for greater density driven flow and

transport.

Response. Further discussion of the last bullet is included in SAND 89-7069 (Reeves, et al.,
1989). The importance of density driven flow was addressed in Davies, 1989, USGS open file
report 88-490, who found that within the Land Withdrawal Boundary, density-driven flow is
not important. The hydraulic connection between Salado and Culebra in the absence of a
borehole to the repository or brine reservoir is assumed to be slight due to the low permeability
of the Salado. However, the connectivity is modelled in BRAGFLO.

EPA Comment 95

Volume 4, page 6-4

The local grid boundary conditions which are mentioned in the last sentence of Section 6.2.2
should be presented for each of the 70 analyses in Volume 3.

The regional control for the determination of the 70 transmissivity fields is very poor.
Furthermore, the uncertainties, discussed in LaVenue (LaVen 92) regarding the transmissivity
fieids, need further attention. Specifically, the differences between GRASP-INV and the 1990
calibrated fields illustrated in Figure 4-5 indicate that the GRASP-INV calibration yielded
significantly lower transmissivities in the regions immediately south of the WIPP repository
along the most likely travel path of contaminant releases. LaVenue indicates that the travel
time determined in the 1990 study was approximately 14,000 years, whereas, the travel time
with the GRASP-INV code is approximately 30,000 years. The higher travel time was
attributed to the lower transmissivity north of the H-3 borehole south of the WIPP Site.
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Furthermore, considerable uncertainties with respect to therég : oundaries have been
propagated through the analysis, apparently without any attempts to quantify the effect on the
analysis resulits. )

Response. The local grid boundary conditions (regional head solutions) would be better
placed in Volume 3, section 2.6.3.

Derails are provided in La Venue (SAND92-7306, page 61) for the model results, including the
apparent discrepancy in transmissivities in the region of the H-3 borehole. The section
explains that if the differences in the observed and calculated heads at the H-1 borehole were
reduced, the likely result would be increased transmissivity north of H-3, allowing for a travel
time closer to 14,000 years. Because there may not be enough pilot points 1o adequately
modify the transmissivity field, additional pilot points may be needed to produce a correlation
that is closer to empirical findings. In addition, the discussion on pages 103 to 107 of
LaVenue (SAND92-7306) discusses the variability in calculated values. Uncertainty in the
models originates from identifiable contributing parameters thar are analyzed for closeness of
fit to observed data. These models are then used for a best-case model.

EPA Comment 96
Yolume 4, page 6-9

The staternent in Section 6.3, "all other hydrologic parameters were held constant, at values
described in Volume 3 of this report,” introduces some confusion as to exactly how the local
boundaries were assigned for each simulation. Each of the local flow and transport
simulations woulid have required unique and different local boundaries obtained from the
respective regional realization.

The last sentence on this page which states "heads in the strip were prescribed as a function of
a sinusoidal clirnate function applied to the initial calibrated heads derived from the steady-
state solution for each transmissivity field," is misleading and suggests that the heads in this
region have been calibrated. In reality the heads along the boundary where the climate
function has been superimposed are actuaily obtained from a best guess approximation. The
uncertainty of the results of the transmissivity fieid calculations associated with this boundary
approximation have not been assessed.

Response. The statement in Section 6.3 refers to hydrologic properties of the rock, such as
porosity, transmissivity, etc. The boundary conditions for the local model were consistent with
the specific regional flow field for each realization.

The efforts to divide the groundwater model into two separate grids significantly reduces but
does not eliminate the effects of boundary conditions on performance assessment calculations.
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EPA Comment 97 WA
..

Al} of the climatic change vector plots should have beén included in Volume 3. ™

The vector plots in Figure 6.5-1 suggest that, even though this analysis was selected to
illustrate climatic effects because it had the largest sampied climatic impact factor, there is
almost no ground water entering the model domain along this recharge boundary. This is
probably due to the low transmissivity in this region for this particular realization. The last
sentence in Section 6.5 on Page 6-19 states "...and subsurface releases of radionuclides are not
sensitive to climatic variation of heads along the modeled "recharge strip.” First, there is an
extremely large degree of uncertainty associated with predicting what the regional boundaries
will be as the climate changes. This is acknowledged in the first sentence in the second
paragraph on Page 6-11 which states "The effect of climatic changes on regional boundary
conditions cannot be modeled directly because of uncertainty in the location of present and
future recharge and uncertainty in the hydrologic properties affecting the flow path from the
recharge area to the regionai domain boundary.” Although this statement recognizes the
uncertainties, it also illustrates a major probiem with the approach that has been taken to model
potential climatic-changes.

Figure 6.5-2 indicates that regardless of how high the heads are set in the recharge region to
simuiate the climatic changes, there will be very little effect on the flow field in the vicinity of

the WIPP site. The arrows (i.e., specific discharge) indicate that almost no water is entering = —.
the system. This is due largely to the low transmissivities. Furthermore, the water that does

enter the system is drained away to the southwest due to boundary condition specifications.

It is difficult to determine whether any increase in gradients caused by the climatic change
would affect the contaminant release. In the case of curnulative releases, if all of the
contaminants reach the boundary regardless of climate change, both scenarios will have the
same resuits. However, differences in peak arrival times would be observed under different

gradients.

A more conservative and possibly more realistic approach would be to assume that the
increased rainfall will cause the Nash Draw region to become a recharge area rather than a no
flow boundary. The southwestern side of the modeled area could also be a recharge boundary.
The effect of these would be to allow water to reach the WIPP Land Withdrawal Boundary,
unlike the current situation. These proposed changes to the model boundaries relate to the
discussion on Page 6-26 which indicates that the boundary conditions specified along the
southern and western boundaries are not consistent with the observed heads and that "If the
specified heads are increased along the southern boundary to fit H-7 and USGS-1, the southern
boundary converts from a discharge boundary to a recharge boundary.” Furthermore, the
statement "however, the Pecos River, and the Malaga Bend region in particular, has been
determined to behave as a discharge region for regional flux from the Rustler (Mercer, 1983),"
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does not recognize the uncertainty that other investigators have regarding thesj%.rm({fa\fen
92). Furthermore, the relevance of the statemeant at the bottom of page 6-26 that "this may
indicate a ground-water divide occurs between the H-9 borehole and the H-8 borehole south of
the model domain," needs to be better explained.

Response. In future reports, the DOE may inciude additional groundwater (specific-
discharge) vector plots for anticipated future climate conditions and regional hydrological
boundary conditions if these plots will enhance understanding of the results for potential
climatic change scenarios.

Any increase in gradients will affect contaminant release. However, it is difficult to determine
a climate change scenario that will significantly change gradients. The assumptions for the
1992 PA disregard the energy loss (head loss) by groundwater recharging the system as it
passes through overlying strata; this is extremely conservative. Additionally, the reason there
is lirtle flow around the WIPP boundary is not due to uncertainty in boundary conditions in the
regional domain, but rather because the transmissivity of the Culebra is reduced there.

Recharge from Nash Draw is probably unrealistic. Nash Draw is a topographic low that
serves either as a discharge point or as a groundwater divide or both. Due to the effect of
topography or hydraulic head and established regional gradients, there is more hydraulic head
in Culebra and Magena groundwater than will be in Nash Draw. More rainfall in Nash Draw
will result in a larger Laguna Grande de la Sal.

EPA Comment 98

Volume 4, page 6-19

It is unclear whether the climatic change boundaries were used for these flow and transport
simutations. If they were not, why were transient rather than steady-state heads used in the
analysis since source-term flux was not assumed to change the ambient flow field?
Furthermore, if the initial conditions were assumed to be transient because of the climatic
change, the local boundary conditions obtained from the regional modeling would have aiso
had to have been assumed to be transient. This does not appear to be the case.

The following discussion recited from Section 4.2 (LaVen 92) indicates that the prescribed-
pressure model boundaries used for the determination of transmissivity fields are not only
poorly understood, but they were also not systematically investigated in the uncertainty
analysis.

"Several iterations were made to the boundary conditions prior to beginning the calibration
exercise. The iterations were necessary due to the difficulty in matching the H-7, USGS-1,
and H-9 observed heads while properly fitting the heads in the rest of the domain. The

difficulty arises from the existence of the no-flow region along the southern boundary to fit
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H-7 and USGS-1, and the southern boundary converts from a discharge to a recharge =
boundary. Recently, discussions on the Culebra have lead toward considering this possibility.
One problem, however, stems from the fact that the Pécos River, and the Malaga Bend region
in particular, has been hypothesized to behave as a discharge region for regional flux from the
Rustler (Mercer 83). While no absolute conclusions may be made yet concerning the direction
of groundwater flow in the region south of the WIPP site, the results determined in this study
have indicated that there is an inconsistency between the assumption the groundwater flows
southward throughout the model domain and the observed heads in the area. Thus, a
compromise between the fits at the southern boreholes and the rest of the model area was
necessarily impiemented through the boundary conditions. "

The large degree of uncertainty in understanding the system boundary conditions has serious
implications regarding not only the determination of the alternative transmissivity fields, but
also the entire conceptualization of the system. If the model boundaries vary significantiy
from what is actuaily occurring in the field, then the solution of the model domain (i.e.,
transmissivity field) for the 70 simuiations would be in error by some unknown and untested
quantity. Furthermore, even if the conceptual model was better defined, the current approach
that has been taken to obtain the 70 transmissivity fields does not evaluate the sensitivity of the
boundary conditions to the overall model results.

Response. The climate change boundaries were used for radionuclide transport. It is not
understood what the commentor's sentence "if initial conditions were assumed to be

transient. . . " means since initigl conditions necessarily cannot be transient. While there is
admitted uncertainty regarding the adequacy of the boundary conditions of the regional model
in the 1992 PA, there are two facts to bear in mind: 1) The uncertainty in the southern
section of the regional grid may not impact radionuclide travel times in the disposal system;
and (2) the regional system is currently being analyzed on a much larger scale with three-
dimensional models (Axness. C, et al, 1995). The intent of this modeling is to provide an
assessment of groundwater flow on a basin-wide scale to which approximations made in
Performance Assessment can be compared.

EPA Comment 99
Volume 4, page 6-28

Where is the source for the matrix effective porosity value of 16 percent come from?

Response. As noted on page 6-26 of Volume 4, the purpose of these analyses was to
characterize the transmissivity fields, not to predict radionuclide transport or to provide input
to a CCDF for a compliance application. The matrix porosity of the Culebra is described in
Sections 2.6.1 and 2.6.2 of Volume 3 and has a median of 0.139. The 16 percent value is the
analyst's choice in this particular analysis.
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EPA Comment 100 ’ L
Yolume 4, page 7-13
Equation 7.3-2 appears to be in error. Based on information in Table 7.3-3, the correct
formulation should be:

SF. = 138.67/3.527 = 39.32
The text defines AL, as the gverage activity ievel. According to Volume 3, Table 3.3-1, waste
inventories are median values. Is AL, actally a median activity levei?

Response. The release of activity level 4 at 3,000 years can be obtained by multiplying the
average activity level release ar 3,000 years by the following scaling factor:

SFye = 138.67/3.527 = 39.32

The average acnivity level was derived by dividing the total activity (based on the memorandum
by Peterson in Appendix A of Volume 3 and compensating for decay) by the total surface area
of CH waste. AL, is not.a "median" level but the total activity/m® at the designated time,
based on the radionuclides shown in Table 7.3-1. AL; is thus the gverage activity per square
meter.

EPA Comment 101
Yoiume 4, page 8-30

Why has the relatively short half-life of Am-241 and decay to Np-237 not reduced the release
of this nuclide to the accessibie environment from that which is released to the Culebra?

Response. Americium-241 should be reduced proportional to the amount of travel time in the
Culebra. However, the postulated travel times of 1(F to 10’ years would reduce Am-241 (t¥% =
432 years) by about a factor of 3 at most.

The statement in Volume 4, page 8-30, to the effect that releases to the accessible environment
are essentially identical to releases 10 the Culebra was not intended 1o imply that decay of
short-lived isotopes does not occur during the transport in the Culebra. The plot on page 8-31
shows that calculated releases to the Culebra vary over a range of nearly four orders of
magnitude. Because the plot on page 8-31 is on a log-log scale covering quite a few decades,
it is necessary to examine the figure closely to see that the calculated releases to the accessible
environment are indeed less than the releases to the Culebra. For the vectors that featured the
longest residence times in the Culebra, decay of the short half isotopes (which make up only a
par of the total activity level) reduced the released activity level by as much as a factor of 2 or
3. However, there were only a very few such vectors, and compared to the four order of
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magnitude spread in calculaled releases to the Culebra even a factor of 3 reduction in the
release to the accessible environment may look negligible.

EPA Comment 102 LB h
Valume 4. page 8:30 D%
The inclusion of clay thickness in the Chemical Retardation, Clay-Lined Fractures, No Matrix
Diffusion scenario is questionable. The sorption is assumed 1o be linear and non-reversibie.
Therefore, as long as clay is present, a retardation factor will be applied regardless of the
thickness. Since there is no matrix diffusion, there is no means by which the radionuclides can
reach the matrix to have a distribution coefficient applied for the dolomite which is different
from that of the clay.

In addition, the assumption that clay-lined fractures (e.g., with corrensite) are common is very
questionable - and is questioned by researchers even within Sandia. The presence of clay-lined
fractures should be reconsidered.

Yolume 4, page 844 -

In this section, there is no mention of varying clay thicknesses which should have been used in
these simulations due to different diffusion rates and distribution coefficients for the clay lining
and the dolomite matrix.

Response. The WIPP Project is currently performing laboratory and field experiments to
determine the presence and potential impact of clay deposits on radionuclide transport and
retardation in the Culebra.

EPA Comment 103.

Yolume 4. page A:16

Pinch nodes shouid be added to the capability of SECO to avoid having to perform regional
and local in a disjointed fashion.

Response. Comment noted. Future PA modeling will use the CAMCON methodology to
couple regional and local models.

EPA Comment 104
Appendix C

The listings of LHS sampled variables in Table C-2 are useful for a serious reader interested in
recalculating certain portions of the analysis. For the casual reader, a reference to the
cumulative distribution piots of these sample variables provided in Figure 3-1 shouid be
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included. Scatterplots of one variable versus the other should be provided for all uncertain
variables which were assumed to exhibit pairwise correlation.

Table C 1 is garbled. The vectors are not ordered, and many vectors appear in the Table more
than once with different discharges.

Response. The graphical representation of the LHS sampling has not been included in
Appendix C due to the number of scatter plots used in PA. However, Chapter 8 of Volume 4
includes a significant number of scatterplots which may assist in understanding the correlation
of data.

Table C-1 of Appendix C is a summary of the 49 variables discussed in Chapter 3 of this
document. In this chapter, each variable is briefly summarized including identification of the
distributions, vectors, and other relative references. After further review of Table C-1, we

have been unable 1o identify repeated vectors or inconsistencies with the summaries in Chapter ..,

3,
3. ; \‘E
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o

EPA Comment 105
Appendix C

Table C-5 is unclear. Why are three sets of 70 vectors shown in the table? Sub-headers such
as in Tables C-6 and C-7 should be used to explain the different sets of vectors, if three sets
are appropriate.

e

Response. The presentation of daia in the compliance certification package will be clarified
as much as possible.

EPA Comment 106

Hazardous Waste and the PA: Throughout PA

The 1992 PA does not include an evaluation of the influence of hazardous constituents in its
analysis. What effect will these materials have on the transport and activity of radionuclides?
Are there any synergistic interactions that can effect compliance? What experiments have been
done to determine these issues? What are the plans for the future?

Response. The commentor is correct: the 1992 PA does not include an evaluation of the
influence of hazardous constituents in its analysis. However, it is expected that these materials
will have no effect on the transport and activity of radionuclides. In theory, there could be an
occasional alpha radiolysis of organic compounds, but it is believed that the compounds would
then be reduced to non-RCRA compounds. The WIPP Project has not conducted specific
experimenis to address the above issues because there is an extensive literature on this topic.
There are no plans to conduct experiments in this area in the future.
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EPA Comment 107

Please include examples of how the probabilities are calculated for Tabies 2.5-1 to 2.54.

Response. A detailed descriprion of the methodology for computing probabilities can be found
in (Helton and Iuzzolino, 1993). .

.
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EPA Comment 108

This paragraph needs to be explained more clearly. o

Response. The 2 n r relationship will be explained more clearly in future PA documentation.

EPA Comment 109

More Unjustified Conclusions: Vel l 5-18. line 22

Once again a conclusion is presented without justification or supporting data or calculations.
However, if the porosity is as low as can be expected, 0.001, this brine would travel only
935m radially from the panel”, this may be a simple question but how the 935m distance is -
calcuiated shouid be shown. Besides the range of MB139 porosity is from .001 to .03. What
would the travel distance be for porosity = .03?

Unreatistic Initial Conditions: Vol I 5-18. 5-33. 4-48
Using the assumption of an initial porosity of 19% to compare non-creep closure to creep

closure resuits intuitively seems unreasonable. The results of unrealistically high peak
pressures seems to invalidate the assumptions.

Response. As shown in Figure 5.1-2 on page 5-4 of Volume 4, the radius of the waste panel
was taken to be about 61 m and MB139 as modeled as being 0.85 m thick. A released volume
of 2500 m’ in a layer 0.85 m thick with a porosity of 0.001 will occupy the annular volume
Jfrom 61 m out to a radius of about 970 m, which implies migration of about 910 m. The 935-m
value was not quite right. A porosity of 0.03 would imply about 150 m migration radially
beyond the waste panel.

The fixed porosity case was run for the purpose of investigating the sensitivity of the PA results

to the creep closure calculation. Using the fixed 19% porosity created a large excursion in
repository pore pressure for the sensitivity analysis. The fact that assuming a constant 19%
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porosity would not be realistic does not affect the process of assessing the sensitivity of the
model.
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EPA Comment 110

" ; ion" V 2 S
Is "excellent communicatior: another way of saying that brine will be flowing into the far
field?

Response. Yes, excellent communications refers to brine flow to the far field.

EPA Comment 111
" Tt ", V -

What are "reference conditions? Are they standard temperature and pressure?

Response. The reference conditions used in the pressure calculation are not Standard
Temperature and Pressure (STP). Rather, the pressure is calculated using the calculated WIPP
void volume and the (constant) WIPP temperature, 27 degrees Centigrade. The volume is
derived from the time-dependent porosity surface calculation.

EPA Comment 112
What are the four vectors in "Only in four vectors was there any net outward flow of
brine..."? These are the kind of results EPA needs to see in detail not in a summary statement.

Response. This information will be included in the final compliance certification application.

EPA Comment 113

Mini Porasity: Vol I 5-31. line 39

If the brine will travel in the MB139 no more than 500m with a porosity of 0.001, how far
will brine travel with a porosity of 0.03 (the maximum aliowable)?

Response. The brine will travel 150 meters with an effective porosity of 0.03 (the maximum
allowable). The overall radial flow distance will decrease because materials with higher
effective porosities will entrain more brine. Note that a travel distance of 500 m is well within
the 2,400 meter boundary limit.
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EPA Comment 114 ﬁ C -
Once again a conclusion is drawn that may not be comipletely defendable and justified. It
appears that the present creep closure model may not adequately model the effect.

Response. Since the 1992 PA report was published, the MDCF creep model has been
extensively validated against in situ data for room closure. The code does model the effect on
transient behavior (such as waste pressures). The Rock Mechanics Position Paper (Munsen et
al., 1995) presents details of the creep model and the validation calculations.

EPA Comment 115

Verically 1 { Model: Vol L] ; 2. line 2

Please clearly define a "vertically integrated two-dimensional model”? What advantages and
disadvantages does it have? How realistic is it? Does it account for the results of test?

Response. [n this case, "vertical integration" means that the parameters in the model do not

vary in the vertical direction; i.e., the hydrological properties are constans with aquifer

elevation. Since the groundwater flow 1o the accessible environment is expected to be
predominantly lateral (not vertical) through the reiatively thin Culebra Dolomite Member, the
horizontal hydrological parameter components are of primary interest. As noted in Chapter 6,
maost of the well test data that exist are for the lateral/radial properties of the Culebra aguifer. —
A "vertically integrated two-dimensional model, " in this case, is simply a model that includes

no vertical variation in properties values. This is consistent with aquifer tests in the Culebra
which typically measure aquifer properties across the entire vertical extent of the aquifer at a
point.

EPA Comment 116

P ‘al Fluid Disct into the Culebra: Vol I 52, line 4]

What is the basis for the assumption that fluid injected will have no effect on Culebra fluid
density?

Response. The basis for the assumption of minimal effect on groundwater flow from fluid
injection into the Culebra is deduced from calculations of disturbance 1o natural flow fields
found in SAND89-7069, pages 3-11 through 15. These calculations demonstrate that stream
lines of flow become relatively straight and parallel a short distance from the borehole,
showing that the velocities are about equal to the natural flow field. Likewise, this suggests
little effect on Culebra fluid densities since magnitude and direction of flow are minimally
changed.
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Additionalily, Davies (1989), USGS open file report 88-490, studied natural variation in
Culebra groundwater density and found density differences within the Land Withdrawal . . ..
Boundary to be of low importance with respect to overall groundwater flow directions. L

e

EPA Comment 117 W
The regional and local grids are significantly different, the size of the grid blocks (elements

are quite different. How are vaiues at these grid boundaries passed from the local to the
regional grids? Are they interpolated or "fit" in any way? What assumptions are used in these
calculations? What effect do these assumptions have on the wansmissivity fields. It is stated on
page 6-11, line 15 that SECO-FLOW interpolates boundary condition for the local grid.

Please explain how this is done and does it introduced any unusual effects in the results? Has
this been tested in any way?

Response. The information at the boundary of the local grid is obtained from the numerical
solution for the regional grid by second-order accurate linear interpolation in space and time
of heads. The property data (e.g., transmissivity) is obtained by conservative interpolation
using the Dukowitz-Knupp algorithm. Thus the local grid boundary conditions are always
Dirichler (specified dependent variable) values of head (time-dependent values for the time-
dependent regional grid problem). The result is that Darcy velocities (specific discharges) are
preserved.

The only "assumption” involved is that a coarse grid solution over a much larger area provides
better (less constrained) boundary conditions for the local grid than the usual practice of
serning no-flow boundary conditions. Virtually anything would be defensible as an
improvement over the usual practice. The method used here has obvious advantages.

This method has been tested and exercised in many calculations. A revealing test involves
over-plotting head contours in the same region of space obtained by both the regional and
local grid solutions. When the grid resolution in both regional and local grids are
comparable, the contour plots virtually overlay, as expected. When the local grid resolution is
much higher, as intended in the concept and as used in the 1992 PA calculations, there is some
difference. Most importantly, the head contour lines in the local grid solution vary smoothly
and align with the regional grid solution at the boundary of the local grid, indicating no
distortion from the imterpolation procedure (again, as expected from the theory).

It is worth noting that transport calculations in the 1992 PA calculations (and in later WIPP
PA calculations) do not extend across the local grid boundaries, i.e., the regulatory
boundaries are inside the local grid. Thus, there is no question about the boundary conditions
for the transport equations. This level of detail in the aigorithm description was not included
in the 1992 PA calculations for the obvious reason that it is inappropriate for an aiready
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massive document on prelimingry results. Exampies of the overplots have been shown to EPA
personnel during one of their visits to SNL.

EPA Comment 118

5 i 1 Y -
You state that SECO-FLLOW uses interpolation to establish boundary conditions for the local
grid from the regional grid elements because the local grid elements do not exactly overiay the
regional grid elements. What type of interpolation is used, linear? Does this process introduce
any distortion into this pass of data? Has this effect, if any, been evaiuated?

J‘M‘“\
Respounse. Please see the response to Commens 117. iﬁﬁ* A
EPA Comment 119 AN

i Hyd ic Heads: Vol ! -26. line 13
The inconsistencies between the boundary conditions and the observed heads may be
significant. What has been done to rectify this difficulties?

Response. Please see the response to Comment 97.

EPA Comment 120

T issivity: Vol L C] i

The main explanations for high transmissivities in general at the WIPP site are: the lack of
halite and reduced overburden that create fractures (Section 2.1.4 in LaVenue et al.,
SAND89-7068/1, Ground-Water Flow Modeling of the Culebra Dolomite; pages IV-47, [V-48
in Brinster, SAND89-7147, Preliminary Geohydrologic Conceptual Model of the Los Medafios
Region Near the WIPP for the Purpose of Performance Assessment). These explanations are
most valid west of the WIPP, but they fail to explain the high transmissivities in the southeast
where the overburden is thicker and the halite is more intact. What is thought to be the reason
for the high transmissivity in the southeast portion of the WIPP site, and could the high
transmissivity extend further west of weil H-11 to directly south of the site?

Response. In reference to SAND89-7147, Preliminary Geohydrologic Conceptual Model of
the Los Medarios Region Near the WIPP for the Purpose of Performance Assessment, the
author states that transmissivity values taken from wells in the southeastern portion of the
WIPP site are not reported to be high in terms of transmissivity values for the WIPP site.
Referring to Figure III-16, page I1-29 of SAND89-7147, distribution of halite in the Rustler
Formation shows transmissivity values for wells in and around the WIPP site. Transmissivity
values for wells southeast and south of the WIPP site have lower values than those to the west.
It is concluded that the transmissivity values of well H-11 are a result of local effects.
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1t does not appear that high iransmissivity can extend further west of well H-11 to directly
south of the site. Transmissivity values of wells directly south of the WIPP site show values
approximately two orders of magnitude lower than well H-11 (such as the value of 3.0 x 107
Cabin Baby-1 versus the value of 2.9 x 10° for H-11). Further discussion of well H-I 1 can be
found in SANDS89-7147, pages IV-55 to I'V-68.

T,

A T

A A

EPA Comment 121 VB Ey
ssivity: V. ‘%ﬁ W

On Page 6-26 of Volume 4 there is a discussion of groundwater travel times (Section 6.8.3).
The text states "The purpose of the groundwater-travel-time calculations described here is to
characterize the transmissivity fields, not to predict the transport of radionuclides.”

The approach that was taken in the PA uses GRASP-INV to solve the groundwater inverse
problem as described by LaVenue and RamaRao (1992). In this publication the authors' state:

"In the earlier modeling efforts for the Culebra Dolomite aquifer (Haug et al., 1988, LaVenue
et al., 1990), kriging was employed to address the spatial variability in transmissivity. In an
effort in which only one calibrated field is to be produced, kriging becomes an obvious choice.
Kriging provides an optimal estimate of the transmissivity at a point, i.e., the mean value.
Simulated transmissivity values reproduce the fiuctuation paterns in transmissivity, which may
lead to extreme values in travel times. Thus simulated fields are useful to resolve the residual
uncertainty not addressed by kriging."

This suggests that the approach that was used to create transmissivity fields for the PA would
resuit in a greater range [extreme valuesj of possibie travel times. It does not appear,
however, that the transmissivity fields yield extreme travel time values or adequately describe
the probable distribution of travei times.

The travel time results presented in Figure 6.8-6 indicate that the travel times range from
approximately 9,000 years to 32,000 years. The histogram of travel times, from the ensemble
of transient calibrated fields, does not appear to be consistent with the acmal field data or with
LaVenue's calibrated model (LaVenue et. al., 1990).

LaVenue et. al. (1990) performed a detailed model calibration that yicided an excellent
correlation between observed and simulated events. Therefore, something appears intuitively
wrong when LaVenue (1990) predicted travel times for the transient calibration of

14,000 years, and 75% of the travel times in the 1992 PA were greater than 14,000 years,
while only 10 percent were less. Furthermore, the shortest travel time predicted in the PA was
approximately 9,000 years, a difference of 5,000 years from the calibrated value, whereas, the
longest travel time is approximately 32,000, or two and a half times greater than the calibrated
model would have predicted. There does not appear to be a good reason as to why the ionger
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travel times are over represented. To further represent this point calculations have been
included.

Response. As siated in Volume 4 on page 6-26, line 43, "These travel times were calculated
assuming advection of groundwater through a single-porosity medium withowt fracture flow..."
Performance assessment calculates groundwater travel times assuming fracture flow conditions
with porosities on the order of 1/100 of the values used for creating the calibrated R
transmissivities. This is a very conservative use of transmissivity fields which results m
radionuclide travel times approximately 1/100 of those discussed in this section.

E —zt-ttf".’

EPA Comment 122

T ccivitv: Vol . Cl ;

Figure 6.8-8 indicates that the majority of travel paths run southeast from their starting point
near H-3 and run towards DOE-1 before taking a2 more southerly direction. The hydraulic
properties of the majority of these paths would, therefore, best be described by hydraulic
property data collected from wells H-1, H-3, DOE-1 and H-11. The transmissivity data,
collected from these wells and tabulated in LaVenue et. al. 1990 are presented in Table 1.

The geometric mean of hydraulic conductivity measured from these wells is 22 m/y. The
overall gradient of 0.0034 may be obtained from wells H-1 and H-11 (923.3 m -913.1 m
-10.2 m), which are approximately 3000 meters apart.

The bend in the travel paths suggest a somewhat longer distance than a straight line
approximation, and for most of the paths, 3250 m would be a reasonable estimate. Assuming
an effective porosity of 16 percent, as was done in the 1992 PA, and applying Darcy's law, a
groundwater velocity of 0.47 m/y was calculated which results in a travel time of
approximately 6,900 years. If the shortest possible travel path was assumed the travel time
would have been 5300 years. All of these assumptions are reasonable and yet, the shortest
travel time predicted by the 1992 PA was 9000 years.
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Table 1. Hydraulic Property Data for the Culebra Dolomite

Transmissivi Hydraulic Conductivity
ty
Well No. m/sec T miyr
H-1 9.4 x 107 29.64 3.85
H-3 2.5 x 10 78.84 10.24
DOE-1 1.2 x 10% 378.40 49.14
H-11 3.1 x10% 97.76 12.70

Response. The shortest travel time predicted by 1992 PA was likely less than 100 years due to
the use of a fractured media assumption for radionuclide transpon.

EPA Comment 123

Flowpath: Volume 4, Chapter 6.8

The southern and southeast quadrants are shown to have high transmissivities in Figures 6.8-2
and 6.8-3. Figures 6.8-8 and 6.8-11 show travel paths that veer southeast before turning
south. Given that the flow model has numerous "calibration points” and the location of highly
transmissive zones in the transmissivity figures, it would appear that a reasonable alternative
conceptual modet could include 2 dominant travel path that goes directly south from the
repository site to the boundary, thus reducing the travel time needed to reach the boundary.
Has this alternative model been considered in DOE's analysis?

Response. The alternative model proposed by the commentor (i.e., flow directly south from
the repository) is included through the stochastic variation of input parameters for the more
general SECO-2D compuiational model. The flow paths shown in Figures 6.8-8 and 6.8-11
indicate a predominant southeast and south flow direction from the repository. These paths
correspond to the 70 transmissivity field realizations performed as a part of the analysis
described in Section 6.8. The flow paths are based on SECO-2D calculations performed with
different transmissivity fields and on the hydraulic head measurements made in surrounding
observation wells (i.e., calibration points). Depending on the realizations performed, some of
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the flow paths are directed due-south from the repository. These flow paths, as well as all
other computed flow paths, are used to evaluate the groundwater travel times shown in
Figure 6.8-9. There is no need for a special model within the probabilistic framework of the
PA.

EPA Comment 124

i Wall. V -
What is the progress of the work to include spalling of the borehole wail? What knowledge
was gained from the laboratory work? :

Spallation needs to be incorporated into the modeling.

iables Not Defined: Vol 7-9. line 53
Variables Q and R, are not defined.

ions Not in PA. Vol I 7-10, lige 32
Modeling assumptions and approaches should be included in the PA/Application. Information
of this importance should be included not referenced. ‘

Response. Preliminary models for spalling and erosion of the borehole wall have been

developed and are being revised and improved. Laboratory testing has been ongoing since -
1994. The current status of the spallation model is described in the Disposal Room Position

Paper (Butcher et al., 1995).

The omission of definitions for Q and R, and the comment regarding modeling assumptions will
be taken into consideration so that a more complete presentation can be made in future
documents.

EPA Comment 125

Yolume 4, Page 1-2, Line 21

Uncertainty and sensitivity analysis aiso identify and direct experimental areas which can
reduce uncertainty in PA results.

Yolume 4, Page 1-3, Lines 9 & 10

This paragraph states that radionuclide transport was not modeled in the undisturbed scenario,
because other results indicated that brine which was in contact with the waste did not reach the
accessible environment during the 10,000-year regulatory time-frame. The decision not to
model radionuclide transport seems logical provided that the incorporation of the radionuclides
(and/or other waste constituents) will not increase the brine transport rate, e.g., mobilization
of metals by leachate containing solvents.
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Response. The DOE is currently using uncertainty and sensitivity analyses 1o identify
experiments that can reduce the uncertainties in PA. The 1992 PA and SPM-2 have been used
10 identify those experiments needed to reduce the uncertainty for demonstration of compliance.

The concentrations and chemical reactions of the radionuclides will not increase brine
transport to the unit boundary. Hence the use of brine travel time to limit radionuclide
transport seems appropriate.

92PA EPA Comment 126

Yolume 4. Page 3-1, Lines 32 t0 35

Section 2.3.1 does not provide enough information regarding this variable. Please provide
some additional clarification.

Yolume 4, Page 3-2, Lines 17 (0 19

Section 3.4.3 does not provide any discussion regarding this variable and the basis for
determination of the range and median. Since the values were determined compietely by
investigator judgement (with no additionai data sources), it would be belpful to know how the
PA investigator determined the values.

Response. The compliance certification package will contain an appendix, probably called
PARameters, that will define all variables for the PA.

With reference to the comment concerning Volume 4, page 3-1, line 32-35, the variable
BCFLG is a pointer variable of characteristic curves for capillary pressure and permeability.
The parameters used for these calculations are arbitrary with the initial ranges selected for the
purpose of being able to run sensitivity studies. The ranges of the parameters for the model
which supports generation of this variable were estimated using natural-analog data from
materials which contain the same characteristics (permeability and porosity) as anhydrite,
halite, and the waste room.

EPA Comment 127
Yolume 4. Page 3-3, Line &
Please clarify how the Culebra matrix porosity is used in BRAGFLO.

Response. The Culebra matrix porosity was not used in BRAGFLO for the 1992 PA.

Table 3-1 (CULPOR) should be changed by eliminating the reference 10 BRAGFLO to reflect
this fact.
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EPA Comment 128 o =
V E . T et

Supporting information regarding the selection of range and median values for these variables
should be provided in Volume 3, rather than referenced.

Yolume 4, Page 3-6, Lines 28 to 35
Supporting information regarding the selection of range and median vatues for these variables
should be provided in Volume 3, rather than referenced.

Response. The compliance certification package will contain appropriate information
regarding the selection of range and median value for PA variables.

EPA Comment 129

Yolume 4, Page 4-4, Lines 13 to 17

Please note that Figure 4.1.2 also shows the Unnamed Member. Given that the basal interval
of the Unnamed Member contains siltstones and sandstones having a sufficient transmissivity
to allow groundwater flow (Page 2-16, Volume 2, 1992 PA), it does appear that the Unnamed
Member should be considered. Please clarify why the Rustler/Salado Residuum has not been
included. Page 2-12 of Volume 2 of the 1992 PA states that in the shafts excavated at WIPP
the residuum shows evidence of channeling, filling, fossils and bioturbation indicating some
past dissolution occurred prior to deposition of the Rustler Formation (Holt & Powers, 1988). —
In addition, it is EPA's understanding that DOE has stated that vertical flow from the
Residuum may be upward and into the Culebra Member.

Response. Transmissivity values of the Culebra Dolomite range from 10710 107 né/s. By

comtrast, the transmissivity vaiues of the unnamed lower member is generally less than 6 x 10°*°
me/s.

The difference between the hydraulic head potentials in the units indicates drainage is very
slow. Water levels take months 1o years to stabilize in wells completed in low-transmissivity
zones such as the unnamed member. At the site, the relative head potentials between the
Magenta and Forty-niner Members indicate that there is no modern vertical recharge from the
Dewey Lake Red Beds into any portion of the Rustler Formation below the Forty-niner
member. West of the site however, the decreasing difference between the Magenta and
Culebra heads may indicate a combination of westward and downward drainage of the
Magenta Dolomite.

From a hydrostratigraphic point of view, the bottom several feet of the unnamed member,
consisting of anhydrite/gypsum, polyhalite and halite, represerts a confining bed
indistinguishable hydraulically from the underlying Salado Formation. The lower siltstone unit
of the unnamed member (the transition zone and bioturbated clastic interval of Holt and
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Powers {1988}) can be considered 10 be the lowermost Rustler water-producing zone, and the
overlying halite and anhydrite/gypsum units act as another confining bed. The top unit of the
unnamed member is composed of siltstone, mudstone dnd claystone. The PA for the final CCA
will model the five members of the Rustler discretely.
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EPA Comment 130 x
Vol P -8, Lines 19 and 23

Please provide the basis or reference for the assigned permeability values given for DRZ and
waste. Please clarify if all the permeability values/ranges given in Lipes 8 through 23 are

intrinsic permeability.

3
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Response. Tests have been performed on simulated unprocessed waste with compaction of the
material to full lithostatic pressure. Permeabilities were found for compacted combustible
wastes, metals and glass, and sludges. Mean permeability was estimated based on a weighted
volume average for these waste categories. The calculation of the range and median for the
permeability of the waste can be found on page 3-130 in Volume 3 of the 91 PA document,
SAND90-0893.

Information on permeabilities for disturbed halite and anhydrite can be found in Volume 3,
pages 2-36 and 2-61 of SAND92-0700. The value given for the DRZ on page 4-8 of Volume 4
is the same as that for disturbed anhydrite on page 2-61 of Volume 3. This value is an
arbitrary (but conservative) choice made by SNL in the absence of specific informartion at the
time of the 1992 PA. Values in the Table are for intrinsic permeability.

EPA Comment 131
Yolume 4, Page 4-8., Line 37

Please correct the referenced section to Section 5.1.2.1.

Response. Reference section will be corrected. Thank you.

EPA Comment 132

Yolume 4, Page 4-11, Lines 1 to 25

Please provide references for all values shown. In addition, clarify if the porosity values given
here are total, effective, matrix, and/or fracture porosity.
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Response. The porosity vaiues given on the cited page are total porosity values for the
undisturbed case. In the BRAGFLO model, total porosity equals effective porosity, so the
values are also the effective porosities. Matrix and fracture porosity components are not
delineated on the cited page. In this analysis, the porosity values are time-independen.

The porosity values for the undisturbed case are described in additional detail in Volume 4,
Table 3-1 and Volume 3. In Volume 3, Salado (halite) porosity is described and source
documents referenced in Section 2.3.7. In Volume 3, the Salado anhydrite interbed porosity is
described and source documents referenced in Section 2.4.4.

EPA Comment 133 [RS 2

Should this sentence reference Figure 5.1-1 rather than Figure 4.1-1? DR _;,f‘j

Response. Yes.

EPA Comment 134

Yolume 4, Page 5-3. Lines 8¢0 16

Please clarify why Figure 5.1-2 does not also show the Unnamed Member of the Culebra as

does Figure 4.1.2. Again, as stated in an earlier comment regarding the use of BRAGFLOto _._
mode] the undisturbed conditions, it does appear appropriate to consider inclusion of the

Unnamed Member in the modeling grid. Please clarify why the Rustler/Salado Residuum has

not been included. Please see the comment concerning Volume 4, Page 4-4. Lines 13-17.

Response. Figure 5.1-2 does not show the Unnamed Member of the Culebra because the 1992
PA did not directly model this stratum. The rationale for eliminating the Unnamed Member
from the model is discussed in the response to Comment 129. The PA for the final CCA will
model the five members of the Rustler as discrete units.

EPA Comment 135

Yolume 4, Page 5-5. Lines 20, 24, and 26

Please provide the basis or reference for the assigned permeability values given for DRZ,
waste and Castile brine reservoir. Please clarify if all the permeability values/ranges given in
Lines 13 through 26 are intrinsic permeability.

Response. Permeabilities for the DRZ, waste and Castile brine reservoir are addressed in

Volume 3, Section 3.2, Volume 3, Section 3.4, and Volume 3, Section 4.3 respectively. The
permeability values/ranges given in Lines 13 through 26 are intrinsic permeabilities.
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EPA Comment 136

Volume 4, Page 5-7, Lines { to 4

This section states that BRAGFLO uses intrinsic permeability rather than hydraulic
conductivity for Culebra Member. Is the use of intrinsic permeability in BRAGFLO exclusive
to the Culebra Member or is it used for the other strata as well?

Response. The use of intrinsic permeability in BRAGFLO is not exclusive to the Culebra
Member. In BRAGFLO, the intrinsic permeability and fluid viscosity are represented discretely
in the groundwater flux equation. For additional information, refer to the DCCA, Appendzx
BRAGFLO: Two-Phase Flow. P

EPA Comment 137 o
Volume 4. Page 3-7, Lines 3J to 42 AN
Please provide references for ail vaiues shown. In addition, please clarify if the WW
values given here are total, effective, matrix, and/or fracture porosity.

Response. The porosity values given on the cited page are total porosity values for the
disturbed case; this is similar to the values for the undisturbed case (see Comment 132). In the
BRAGFLO model, total porosity equals effective porosity, so the values also are the effective
porosities. Matrix and fracture porosity components are not delineated on the cited page.

The porosity values for the disturbed case are described in additional detail in Volume 4,
Table 3-1 and Volume 3. In Volume 3, Salado (halite) porosity is described and source
documerus referenced in Section 2.3.7. In Volume 3, the Salado anhydrite interbed porosity is
described and source documents referenced in Section 2.4.4.

EPA Comment 138

Yolume 4. Page 5-9, Lings 30 & 31

This section states that the relative permeability parameters are varied and are the same for all
materials except the waste and the DRZ. How can the parameters be varied and the same? In
addition, please note that the comment made addressing Page 4-26, Lines 4 to 7 would also
apply here.

Response. The wording of the section leads to a confusing statement. The statement may be
said more accurately as: "Relative permeability parameters are varied in an identical way for
all materials...” That is, the same method of variance was used for relative permeability
parameters for all materials.
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EPA Comment 139 P
Volume 4, Page 6-2, Lines 5to0 {5 e
This paragraph introduces the assumption that vertical flow is not occutnng (of is occurring
too slowly to be significant) between the Cuiebra and the overlying (Tamarisk) and underlying
(Unnamed) members of the Rustler Formation as well as between the Culebra and the Rustler-
Salado Residuum. The information provided on page 2-34 of Volume 2 is not detailed enough
to substantiate this assumption. Please provide a more detailed discussion regarding
supporting information for this assumption. In addition, please specify and discuss the
laboratory and/or field data which wiil be used to support the regional hydrologic modelling
proposed bLere.

Response. The following is a summary of several descriptions included in the 1992 PA
reports:

Reference is made to Haug et al., 1987 and Davies, 1989 in Yolume 2 (page 2-30) for
additional information on the no vertical flow assumption. Brinster (1991) and Beauheim
(1987a) present analyses of vertical kydraulic gradients on a well-by-well basis. These
analyses suggest that, if flow occurs, the direction of flow between the Magenta and the
Culebra is downward through the WIPP area. Directly above the repository, flow may be
upward from the Rustier-Salado residuum to the Culebra Dolomite. Elsewhere in the region,
both upward and downward flow directions exist between the two units.

The Salado Formation has very low permeabilities. Table 2.4.2 of Volume 3 (page 2-59)
provides a summary of measurements of Salado anhydrite interbeds. Figures 2.4-2 and 2.4-3
provide permeability distribution data used in the 1991 and 1992 PAs. Permeability of the
ankydrite layers is on the order of 10°° to 10% m?. These permeabilities will result in very
limited flow. This is further substantiated by the very limited seepage conditions which occur
in the Salado Formation today, as observed directly in the WIPP underground facility.

b) As noted in Volume 4 on page 6-2, the validity of the assumption that leakage between the
Culebra and the over-and underlying-units can be neglected is uncertain. The WIPP Project is
currently performing three-dimensional, regional kydrological modeling 1o evaluate the
importance of vertical fluxes between the Culebra and adjacent strata. In addition, single and
multiwell conservative tracer tests are planned to evaluate the effects of heterogeneity,
anisotropy, and layering on transport (Sattler, A.R., 1995).

EPA Comment 140

Yolume 4, Page 9-4, Lines 100 44

This discussion states that regression analyses indicates that Salado halite and anhydrite
permeabilities are considered important parameters with respect to the total projected releases
from WIPP. The discussion further states that the uncertainty in the permeability values can
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be decreased with continued in-situ investigation. SAND93-1197 indicates that the
experimental values will not be available until December 1996. In light of the accelerated
compliance schedule, has the experimental schedule béen revised to allow an earlier
incorporation of the measurements into the PA caiculations?

In addition, since this experimental program is initially focusing only on the anhydrite
interbreeds, has a determination been made as to whether or not to expand the program to
encompass both impure and pure halite?

Response. Following the SPM-2 iteration, the schedules of all high priority experimenial
activities have been revised to allow input of new data to the PA models by March, 1996.
These high priority experimental activities include laboratory testing and in situ field testing
Jor hydrological and transport properties of the Culebra. However, further permeability
testing for both pure and impure halite is not planned because repository performance appears
insensitive to the uncertainty in Salado permeabilities.

EPA Comment 141 .

Yolume 4, Page 9-8 and 9-9, Tabje 9-3

Capillary pressure and relative permeability parameters (Brooks-Corey/van Genuchten-Parker
parameters) are listed in this Table as being less important parameters with respect to
compliance for the disturbed performance scenarios. SAND93-1197, however, indicates that
threshold displacement pressure, one of the capillary pressure/relative permeability parameters,
may be an important parameter. Page 10 of that report states that the uncertainty in the
threshold displacement pressure values for the Salado rock is large and may prevent a ciear
prediction of repository behavior in both the undisturbed and disturbed scenarios. Please
clarify.

Response. The referenced report (Howarth, 1993) concerns the Salado Two-Phase Flow
Laboratory Program. One of the objectives of this program is to quantify the Salado anhydrite
rock and flow parameters that describe the ability of the Salado to transmit and store brine and
gas as a function of the initial conditions and time-dependent material damage.

The flow of waste-generated gas from the repository is predicted to be controlled by three
physical properties of the Salado: (1) pore fluid pressure, (2) threshold displacement pressure,
and (3) gas-brine relative permeability. The permeabilities of both halite and anhydrite were
very important parameters in the 1992 PA as shown in Table 9-3 (WIPP 1992 PA, Vol. 4).
Since neither threshold pressure nor relative permeability for the Salado had been measured
before the 1992 PA, the Brooks and Corey and van Gnuchten-Parker correlations were used to
model these parameters. These two models are based on capillary relationships from a
sandstone core from which werting phase relative permeability is derived.
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Whereas it is true that there is uncertainty associated with not having measured two-phase
properties, PA has developed an approach for addressing this uncertainty based on sampling
the van Genuchten-Parker and Brooks-Corey sets of equations and their associated parameters.
This approach provides a rational means of predicting repository behavior in both the
undisturbed and disturbed scenarios. In effect, the importance of reducing uncentainty for
performance assessment (as established by ranking the sensitivty of compliance against other
parameters) is not necessarily the same as stated for the scientific studies described in
SAND93-1197. :

EPA Comment 142

Yolume |, Page 1-1. Lines 35 to 45
This section shouid be updated to discuss the Experimental Program Plan, rather than the Test
Phase Plan.

Volume 1, Page i-2, Lines 1 t0 7
This section should be updated to discuss the Experimental Program Plan, rather than the Test
Phase Plan.

This paragraph states that the results of laboratory and field studies conducted during the Site -
Characterization Phase form the basis for the data used in the PAs, It is EPA's understanding

that the Site Characterization Phase was not conducted under the same level of quality

assurance currently employed by DOE today. It is aiso EPA's understanding that DOE

recently has evaluated the quality of the data collected during the Site Characterization Phase.

Since so much of the PA is based on this data, it would be helpful if a discussion of the quality
evaiuation results were inciuded here.

Response. Following the SPM-2 iteration, the scientific activities for the WIPP Project have
been refocused on those high priority activities that are required for a successful compliance
certification application. The Experimental Program Plan, which was written before the SPM
process began, is now obsolete and will not be reissued by the CAO. Rather, individual Test
Plans for the eight high-priority scientific activities have been or are being developed by SNL.

The CAO is aware that the Site Characterization Phase was not conducted under the same level
of quality assurance currently employed by DOE today. A QA process has therefore been
established 1o evaluate and requalify these old data using independent technical review (ITR)
teams. The results of the reevaluations by the ITRs will be discussed in the CCA.
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EPA Comment 143 5 W

Volume 1. Page 1-8, Lines 3010 36 R
DOE may wish to note here or in subsequent chapters of the PA (e.g., Volume 3, Cﬁéﬁt&r 3,
Page 3-68) that additional generator/storage facilities may be sending TRU and mixed TRU
waste to WIPP for disposal. For example, Volume 2 of the April 1993 Interim Mixed Waste
Inventory Report states that DOE also plans to ship to WIPP wastes generated by the Energy
Technology Engineering Center located in California (waste volume currently in storage
reported as 2.32 m?) and the Argonne National Laboratory-West located in Idaho (waste
volume currently in storage reported as 0.59 m® and waste volume to be generated reporied as
2.15m%).

Response. Updated versions of the PA will include waste inventories defined by the WIPP
Transuranic Waste Baseline Inventory Report (WIWBIR). This report is an aggregate
representation of all the currently stored, projected and scaled inventories scheduled to be
shipped to WIPP during the disposal period. Several smaller generators may also ship wastes
to WIPP, assuming all acceptance criteria are attained. However, most of the smaller
generators will ship their wastes to the larger facilities for certification and transport to WIPP
in the TRUPACT II containers.

EPA Comment 144

Yolume 3
It would be extremely helpful if either the PA or the EPP had identified the experimental

studies which are intended to reduce the uncertainty of the parameters identified in Volume 3.

As stated before in the January 1994 comments, the process of identifying each input
parameter and their values, each variable input parameters and their distribution should be
addressed in detail.

Response. Following the SPM-2 iteration, the scientific activities for the WIPP Project have
been refocused on eight high priority activities that are required for a successful compliance
certification application. In general, these eight activities will also reduce the uncertainty in
the critical parameters and in the CCDFs themselves.

The CCA wiil provide complete documentation of input parameters, including their values

and/or distributions and the sources for the data. Appendix PARamters in the DCCA is the
first draft of this documentation for the WIPP Project.
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EPA Comment 145 KR
This section states that most of the 49 sampled parameters were assumed to be independent
random variables even though some was known to be dependent upon others. What efforts
have been made since the drafting of the 1992 PA or will be made in the future, to correlate
appropriate parameters (e.g., porosity, permeability, transmissivity, storativity, hydraulic
conductivity)? If such correlation is not planned, please discuss to what extent this lack of
correlation of known dependent parameters will have on the credibility of the current PA
modelling results.

Response. Where correlations were known in the 1992 WIPP PA, they were described in
Table 3-1, Volume 4. However, there were very few correlations. Where correlations in
sampled parameters are known, they will be reftected in the next PA iteration. It is thought
that the lack of correlation between known dependent parameters will have the effect of making
any performance assessment overty conservative because dependent variables will be modeled
as independent variables.

EPA Comment i46

This map is intended to show topography, well location and modeling domains. Yet, the scale
is not large enough to provide such information in an usable fashion. A topographic map as
described in 40 CFR Section 70.14(b)(19) of EPA's RCRA regulations would be more useful
for discerning topography and well locations.

Response. We believe the scale used in this map is appropriate because of the largeness of the
domain discussed in this volume.

Similar information can be found in Figure 3 in SAND88-7002 (Figure 3.1); Figure IV-14 in
SAND89-7147: and Figure 3 in SAND93-2266. The first two maps listed above may require
some updates to reflect the subsurface mine/unit and any proposed wells/borings.

An appendix containing all borings within the WIPP site boundary is found in the DCCA,
March 1995. DOE has identified over 118 holes for this appendix. The CCA will contain
additional maps as required.

EPA Comment 147

Yolume 3, Page 2-6, Figure 2.2-2

The title of this figure is "Reference local stratigraphy near repository.” It is recommended
that the word "local” be deleted from the title. The intent of this figure and its derivation is
explained in Volume 3, but is not explained prior to the figure's presentation in earlier
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voiumes of the PA (Volume 1, Page 2-10, Figure 2-5 and Volume 2, Page 2-43,

Figure 2-20a). In addition, it is assumed that the elevations are in reference to meters above
mean sea level. Also, it shouid be noted that "Halite™ is missing from the legend and that a
well location map would be useful in interpreting this figure.

Response. The word "local™ was used because the stratigraphy is that which surrounds room
D in the WIPP underground. The reviewer's assumption is correct that the elevations stated
are meters above mean sea level. The legend for halite was inadvertently omitted; it will be
included in future versions of this figure. Since the stratigraphy is local (around room D in
the WIPP facility), a well location map would not be necessary because there are no wel,
drilled from the surface in the immediate area of room D,

EPA Comment 148 N
Volume 3, Page 2-12, Lipes 3 tg 27 R
This section states that the capillary pressure and relative permeability parameters (i.e.,
residual wetting (brin¢) phase saturation) have not been experimentally determined for the
Salado halite (permeability of 10" to 10 m?) or anhydrite (permeability of 107 to 10 m?).
Instead, measurements from a low permeability sand (permeability of 10€ to 10"'° m?) have
been used since such measurements have not been made for other material with a lower
permeability. Since sand has a relatively high porosity, it is assumed that the sand referenced
here, is actually a cemented sandstone or perhaps a quartzite. Please state the possible
implications or effects of using an analog having a higher permeability and different physical
and chemical properties than halite and anhydrite. SAND93-1197 notes that the analog values
were developed from only one core sample and that the validity of these values for use with
respect to Salado rock has not been experimentaily justified. Such information shouid be
provided in the PA. This is particularly important in view of the statement made on page 10
of SAND93-1197 that the uncertainty in the threshold displacement pressure values for the
Salado rock is large and may prevent a clear prediction of repository behavior in both the
undisturbed and disturbed scenarios.

Response. The possible implication of using an analog having a higher permeability and
different physical and chemical properties than halite and anhydrite is that the calculations
might represent a condition that is not realistic for WIPP. DOE has allowed for this possibility
by attaching a wide range of uncertainty to the tight gas sand analogue measurements. This
uncertainry is manifest in the PA approach by using both equation sampling (Brokes-Corey
versus van Genuchten-Parker) and parameter sampling (S, Sp» A,

P,).
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EPA Comment 149 -
Volume 3, Page 2-12. Lines 3 to 27

It is EPA's understanding that the Salado Two-Phase Flow Laboratory Program was

established to provide measurements of threshold pressure, relative permeability, capillary

pressure, rock compressibility, total and effective porosity, intrinsic permeability and core

damage assessment for the Salado anhydrite. Such measurements will decrease the fevel of
uncertainty of the parameters discussed here in Volume 3. SAND93-1197, however, states

that the data results and reports will not be available until December 1996, In light of the
accelerated compliance schedule, has this laboratory program schedule been revised to allow

an earlier incorporation of the measurements into the PA calculations? In addition, since this
laboratory program is initially focusing only on the anhydrite interbeds, has a deten:nmauog,

been made as to whether or not to expand the program to encompass both impure and purg %
halite?

Response. Following the SPM-2 iteration, the schedules of all high priority experimental N
activities have been revised to allow input of new data to the PA models by March, 1996.
These high priority experimental activities include laboratory testing and in situ field testing
Jor hydrological and transport properrties of the Culebra. However, further testing under the
Salado Two-Phase Laboratory Program is not planned because repository performance
appears insensitive to the uncertainties in hydrological parameters in the Salado anhydrite and
halite.

EPA Comment 150

Yolume 3, Page 2-12, Lines 3 to 27

It also would be helpful, if the PA referenced the experiment proposed to reduce uncertainty
for particuiar parameters. This would alert the reviewer that DOE anticipates reducing the
uncertainty associated with particular parameters and would enhance credibility of future
modeliing results. For exampie, the parameters provided in this section of Volume 3 have not
been measured for the Salado halite and anhydrite, necessitating the use of natural analogs.
The EPP notes that three of these parameters are proposed to be measured for future PA
caicuiations. These parameters are threshold pressure, relative permeability and porosity.
SAND93-1197, discusses, in greater detail, these same parameters and 4 additional parameters
which will be addressed in the Salado Two-Phase Flow Laboratory Program. Providing the
reviewer the information that the parameters will be measured at a future data will elicit less
criticisms regarding the use of analogs.

Response. The CAO has recently identified eight scientific activities that are critical for
demonstrating compliance. The selection of these activities is based on programmatic and
schedule considerations, input from the WIPP scientific advisor (SNL) and the results of the
SPM-2 iteration. The EPA and stakeholder groups have had extensive input into this selection
process, primarily through technical interchanges and review of the Position Papers during the
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SPM process. The relevant Position Papers, which describe the experimental programs in
general terms, are supported by detailed Test Plans that have been or are being prepared for
individual experiments. As noted in the response to Comment 149, further testing under the
Salado Two-Phase Laboratory Program is not planned because repository performance
appears insensitive o the uncertainties in hydrological parameters in the Salado anhydrite and
halite

In addition to the Position Papers, the CAMCON data base and code interrelationships
(described in Volume 2, Section 3.1, page 1-3) provides the data management relationships
between the PA models and the reference material properties databases. PA/QA is extending
the data management interfaces to the source documents which contained the initial data for
the material properties and to tests, experiments, and other analyses that are planned to reduce
the uncertainty of the stated parameter values (described in the PA reports). o

EPA Comment 151 AT
vl 3_Page 3-29. Lines 17 to 33 L
Pursuant to the Integrated Data Base, 70 radionuclides have been identified as known
components of CH TRU waste. Of these 70 radionuclides, 23 are considered to be the
primary radionuclides in the CH TRU waste inventory. These 23 radionuciides are being used
in calculating the cuttings radionuclide releases resulting from human intrusion and in
calculating the radionuclide concentrations within the repository prior to transport into the
Culebra. Only 9 of the 23 radionuclides are being used to calculate transport within the
Culebra. There should have been a more complete discussion on the rationaie behind this. Is
the decrease in the number of radionuciides being considered in the caiculations due to
radioactive decay and assumptions regarding the length of time it will take for the release to
reach the Culebra?

Response. WIPP calculations use eight radionuclides for calculating release values, not nine
as indicated in the comment. These eight radionuclides are selected on the basis of their
contribution to the total radioactive material inventory that is available for transport. The
primary selection parameters are the quantity of the material in the waste and its half-life (1,,}.
The release quantities for the eight radionuclides are adjusted through decay calculations using
the PANEL code.

In general, a radionuclide with a 1, of less than 20 years is not included in the analysis.
However, if there is a large quantity of radionuclide or if there may be significant in-growth
due to radioactive decay of other radionuclides, it may be included (such as Curium with a 1,
of less than 20 years). The change in the amount of radionuclides over time is also factored
into this selection process.
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EPA Comment 152 A

v H % ﬂ' Yoo G
Please clarify why 0.0889 was selected. ' R

Response. This value (0.0889 meters, or 3.5 inches) was chosen 1o reflect uncertainry about
the diameter of future oil and gas boreholes. It corresponds to the difference in diameter today
between standard gas holes at the WIPP horizon (14 inches) and the largest diameters in the
region (17.5 inches), generally used ar higher horizons.

EPA Comment 153

Assurance Requirements

The language in 40 CFR part 191 says that active institutional controls are not to be considered
for more than 100 yvears. It does not state that active controls can automatically be considered
for 100 years. There is an implied burden on the applicant to justify the effectiveness of such
controts for any period of time up to 100 years. DOE needs to describe in some detail its
plans and_commitments for providing active institutionai controls which will be effective in
precluding inadvertent human intrusion during the 100-year period after disposal.

In the 1992 PA, SNL states that credit for 100 years of active institutional controls is taken by
assuming that no intrusions occur during that period (for example, SAND 93a, p. 2-21 or
SAND 92a, p. 5-18). However, many of the diagrams presented in Appendix D, SAND 92c
show non-zero intrusion rates. DOE needs to clarify how the period of assumed active
institutional controls was actually treated.

Response. DOE's plans and commitments for institutional controls are outside the limits of
the 1992 PA. Further information on these plans and commitments for institutional controls
can be found in the response to Comment 5.

The 1992 PA assumes no intrusions during the 100-year institutional control period.

EPA Comment 154

Accordmg to thc February 1994 presentation by Harold quzulom the WIPP mventory as
modeled is assumed to be homogenized with an activity per square meter of about 37.89. This
number comes from 4.226 million Curies divided by 0.115 km?, the area of the repository.
(4.226 x 10° Ci)/.111520 x 10° m*) = 37.9 Ci/m*. However, in Volume 4, the area of the
repository used for drilling rate calculations is 0.126 km?. (4.226 x 10° Ci)/.126 x 10° m?) =
33.5 Ci/m?.) The only place areas are listed is Table 7.3-3 on page 7-15 of volume. Even in
the table, it is not easy to understand the reasoning for the different areas, making it difficuit
to reproduce analyses in the PA. Unclear information such as this could be grounds for
considering an application incompiete.
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Response. The activity per square meter is based on the floor space of the repository (0.115
km’). The area of the repository for drilling rate calculations equals the area of the floor
space plus the area for the RH-TRU waste canisters, which are emplaced in the walls of the
emplacement rooms and access tunnels.

Inventory

Yolume 3, p, A-138

Given the information in Table 2 on page A-138 and the limited discussion on its development
(and use), it is not possible to reconcile Table 2 with the 4,225,000 cune inventory in Table 1
on A-137. Using the numbers provided in the table (p. A-138), the projected total curies is
between 650,000 and 36 million curies, with an average drum equivalent curie content of
between 0.8 and 6 curies. One set of our calculations is close to the 4.2 million curies used in
the PA analyses, but it was stifl off by 5% at the closest. A discrepancy in the inventory and
its use has implications in potential releases from the repository, especially releases to the
surface from drilling. The uncertainty in the inventory and its distribution within the
repository should be more closely analyzed. EPA should be able to reproduce DOE's
caiculations, and so it will be necessary for DOE to provide a clear discussion and a traceable
set of calculations. For example, the 8.22 box to drum ration was not with the inventory
information in Peterson’'s memo in Appendix A.
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92PA EPA Comment 155 S

States that *...all analyses [involving the inventory] will be based on current projections of a
design volume inventory, estimated at about 532,500 drums and 33,500 boxes of CH-TRU
waste,” At 1 box = 8.22 drum equivalents, this totals 807,870 drum equivalents, yet the PA
analysis apparently uses 765,813 as described in volume 3 page A-138 and the 11/12/92 note
that Harold Iuzzolino used in his presentation at the February, 1994 technical exchange.

In a previous PA (SAND90-2347) SNL has estimated that the capacity of the WIPP is as much
as 863,000 drum equivalents and about 10,000,000 curies (and nearly 12 million curies in the
1991 PA). The current PA uses an estimate of 765,813 drum equivalents and 4,226,000
curries. What is expected to be the maximum number of drums and activity level? These
numbers should be made final for a draft application. These may be especially important in
determining how large the repository will be because different activity levels may require
different loading management approaches. This is in turn could affect the area of the

repository.

Response. The WIPP facility is designed to receive up to 6.2 million cubic feet (175,600 cubic
meters} of contact-handled transuranic (CHITRU) waste and 250,00 cubic feet (7,080 cubic
meters) of remote-handled transuranic (RHTRU) waste. However, the WIPP Land Withdrawal
Act (LWA) limits the volume of CHTRU and RHTRU waste to be emplaced at the WIPP to

6.2 million cubic feet (175,600 cubic meters), of which only 250,000 cubic feet (7,143 cubic
meters) can be RHTRU waste. The LWA further restricts RHTRU waste to a maximum activity
of 23 curies per liter, not to exceed a total of 5.1 million curies [LWA §7, Public

Law 102-579]. Page A-138 of the 1992 PA (SAND92-0700 v.3) gives a total estimate of
517,182 drums and 28,207 waste boxes. The estimated total curie content in the 1992 PA is
8.206x10° CHTRU (p. A137) and 3.54x10° RHTRU, for a total of 11.746x10° curies, As the
memo (pp. A135-A136) explains, these values were obtained from the 1991 Integrated Data
Base (IDB) inputs.

This inventory estimate has now (1995} been superseded. Curren: anticipated TRU waste
inventories are derived from the Waste Isolation Pilot Plant Transuranic Waste Baseline
Inventory Report (WITWBIR). To maintain a consistent volume for performance assessment,
the data in the WI'WBIR are scaled to the full volume of the repository. The latest available
revision of the WIWBIR will be used in all future performance assessment.

The normal disposal room configuration is waste in drums stacked in units of seven, three
drums high, surrounded by backfill in waste storage (disposal) rooms 4 m (13 f) high, 10 m
(22 ft) wide, and 91.4 m (300 ft) long. For computational purposes, the absolute maximum
(perfect) packing of 6,804 drums within each room is assumed, even though it is unlikely in
practice that so many drums can actually be emplaced within a room. After the eight panels
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(seven rooms each) are filled, waste will be emplaced in the four access drifts. Waste will also
be placed in accessways 1o the storage panels in the same mode as in the storage room.

To date there has not been a need to resolve effects introduced by emplacement of different
types of waste in different regions of the room. The waste is assumed to be a homogeneous
mixture throughout the repository.

c ; E‘ A
omment 156 Lk
Communication: All volumes LI AR
The discussion in the text of the modeling that was done needs to better reflect what-actually”
has been modeled. For example, throughout the PA the E1E2 scenario is described as a two
borehole scenario. However in chapter 5, Volume 4, there a several diagrams of the model
geometry, and none of them has more than one borehole. The difference between the E1 and
E1E2 scenario is the assumptions that used in each scenario. This was briefly described in the
1991 PA, but it should have been explicitly stated in the 1992 PA.

Response. The text describing the modeling assumptions for the E1 and E1E2 scenarios
appears in Section 4.2.4 of Volume 2 of the 1992 PA. These assumptions will be cross-
referenced or explicitly stated, as you suggest, in the CCA.

EPA Comment 157

Ref ing: F I .

It has been stated by DOE and Sandia that the 1992 PA and earlier PA reports were
"snapshots” in time. Information is added or changed in each report, resuiting in a dynamic
set of interpretations, with some being abandoned. For this reason, future performance
assessment reports should not reference previous performance assessments.

Response. The final CCA will be a standalone document that fully describes the PA models
and calculations for compliance certification purposes. Some information, such as code
manuals and QA documentation, will obviously be referenced, but it is the CAO's intent 10
prepare as complete a compliance certification package as possible.

EPA Comment 158

Yolume 5, page 1-1

Undisturbed performance is also of interest for the Containment Requirements (191.13) of
40 CFR 191 (line 30).

Response, Your observation is correct. Omission of a reference to the containment
requirements was simply an oversight.

96



- .vl"f"

EPA Comment 159 )
Volume 5, page 2-7 T
The modeling of formation dewatering during the disposal stage should more reaso?ﬁﬁi{
represent the condition when a panel is sealed. However, using a 50-year disposal period
seems excessive. After disposal operations are underway it should be possible to excavate a
panel in one to two years, fill it with wastes in three or four years, and backfill plus seal in
another one or two years. This would total only five to eight years. The observed problems
of room stability when rooms remain open for extended periods should encourage a policy of
minimizing time between excavating and sealing of a panel. Even recognizing that Panel 1
and the north/south access drifts will be open for longer periods, the use of an average time of
10 or 15 years would be more reasonable (lines 26-33).

Yolume 5, page 2-8

The discussion of the manner in which the initial brine saturation range was chosen is not very
reassuring. This is stated on page 4-1 to be a very important parameter. Yet, no data exists
and the Experimental Program Plan apparently will not obtain data. The reduction from the
1991 PA values, which included the maximum value, appears to have been done for modeling
convenience. Data should be obtained on this parameter. If this is not done, then bounding
analyses could be used to identify the value leading to the greatest consequences (lines 25-38).

Volume 5, page 2-9

The deveiopment of a model for pressure dependent fracturing of anhydrite interbeds is
important and needs to be accomplished as soon as possible. Also, the degree of correiation
between permeabilities and porosities needs to be determined.

Response.
A shorter 5-year, start-up period is now used.

Admirtedly, the range of values chosen for initial brine saturation in the 1992 P4 was
“"somewhat arbitrary” [Vol. 5, page 2-8, line 35]. However, the estimated range of initial
brine saturation has since been reduced to between 0.004 and 0.032 based on recent
EG&G/INEL daita and transportation restriction on the amount of free liquid the waste can
contain.

A model for interbed fracture has been developed and implemented in PA. Although work is
underway, there have been no new developments on ascertaining the correlation, if any,
between permeability and porosity in the interbed alteration model. The model implemented in
BRAGFLO since the 1992 PA for pressure-dependent alteration of the anhydrite interbeds
contains a pressure at which alternation begins. At pressures above the alieration pressure,
permeability increases by the magnitude of porosity raised to a power (the so-called power-law
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assumption). Concerns about the power-law assumprion for correlating permeability and
porosiry resulted in a suggestion for an alternative approach (Memo form K. Larson and P.
Davies to M. Tierney, October 11, 1993, found at Appendix D, Salado Position Paper, March
17, 1995). This alternative approach correlates permeability changes directly with fracture
aperture, and for that reason has been termed the Aperture Model. Although not zmplemented
in performance assessment, the Aperture Model illustrates the uncertainty that exzsts m
astempting to correlate permeability with porosity. \. _ : Lo

|

92PA EPA Comment 160

Yolume 5. page 4-1. last paragraph

In the statement, "brine saturation in the waste rises steeply during the first 100-300 years as
creep closure reduces the pore volume of the waste more rapidly...," the assumption and the
mumbers that are being used should be supported.

Yolume 5. page 4-2. last paragraph
Based on what data or assumptions were used to corne-up with the numbers in this paragraph.

Response. The statement on page 4-1 in Volume 5 of the 1992 PA regarding brine saturation
in the waste was intended as a general introductory remark and is based on computer runs that
are reflected in Figures 4-2 and 4-3. This introductory statement is amplified on page 4-4,
lines 18-33. Model assumptions for the disposal room are set out on page 2-12 in Table 2-1
of Volume 4.

o~

Based on this and other comments, the DOE will identify the sources of data for input
parameters and to document the logic for derivation of parameter values in the final CCAina
straightforward and clear fashion.

EPA Comment 161
Vojume 5. page 4-10

a) It is not clear how the total iron content was calculated.

Yolume 5, page 4-14
b) Does the DOE design prevent fluids from bypassing the seais via the DRZ?

c) Drift seals as modeled do not prevent fluids from bypassing the seals by way of the DRZ.
This result should also be true of panel seals and has implications for the E1E2 scenario where
it is presently assumed that boreholes must be in the same panel to be hydraulically connected
(lines 11-12).
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d) The reference to plug flow at the bottom of the page is misleading since it suggests that this
is how the brine will move. There is no reason to believe that such flow will take place. It is
more likely that flow wiil occur by displacing portions of the brine already present in the pores
rather than all of it. Furthermore, paths may be selective (i.e., MB-139) and brine will only
move through a smail percentage of the units and, therefore, not nearly all of the brine at a
uniform radial distance would have to be displaced.

Volume 5, page 4-18
e) The resuits of the realizations have little meaning without the input parameters that went
into each realization. In the future, identify where this information is provided.

Response,
a) The total iron content for the 1992 PA was the same as for the 1991 PA. SANDS91-0893/3
Page 3-140 identifies iron from both the waste (Table 3.4-12 instead of Table 3.4-11) and the
metal containers (Table 3.4-10 instead of Table 3.4-8).

b) No. Panel and drift systems do not impede fluid flow in BRAGFLO.

¢j Panel and drift seals do not impede fluid flow in BRAGFLO.

d) Plug flow in the marker beds is currently one of several possible flow behaviors modelled in
PA.

e) The final CCA will include ail parameters for all realizations. ,

EPA Comment 162
. V -
BRSAT, Initiai brine saturation in waste: Does this refer to the starting time of saturation?

"The variable seiected in the analysis is BRSAT, the initial brine saturation in the waste, which
has a positive regression coefficient and can account for 49% of the variability in gas
generation by inundated corrosion.” What is the range of parameter values that account for the
49% of the variability?

Response. BRSAT refers 1o the initial water content of the waste gt the time of repository
closure. The initial water content is assumed to be a combination of liquid in the waste and
brine in the backfill. For the 1992 PA, BRSAT parameters ranged in value from 0 to 0.14 with
a median value of 0.07 [Table 3-1, Vol. 5; see also paragraph 3.4.3, Vol. 3].] This is the
range of parameter values that account for the 49 percent variability in gas generated by
inundated corrosion. Recent data has reduced the values and uncertam:y in this parameter.
See response 1o EPA comment #159.
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EPA Comment 163
Volume 3, page 5-9

The first paragraph needs rewording.

e

Response. DOE will ensure rhat the final CCA is worded in as clear a fashion as possible.

92PA EPA Comment 164

Volume 5. page 5-23, last paragraph

What is meant by last sentence? Based on what is written here, it is not clear that brine influx
has minor impact on gas generation.

Response. The intent of this discussion was to illustrate that corrosion of metals may be
sensitive 1o other factors (other than brine inflow from the interbeds). However, it would be
correct to say that anhydrite permeability does have an effect on corrosion rates and a higher
permeability would have a higher brine influx which provides more water for corrosion.

EPA Comment 165

Sensitivity Analysis P . Vol 5. o} 5

A more thorough explanation of the three analysis techniques; scatterplots, stepwise regression
analysis, and partial correiations analysis may be very useful to assist the reviewer. We
generally know how these techniques are used and applied, but how was each applied to the
PA data? For all of the cases/runs what variable(s) varied and what parameters held constant?
Was this procedure used in all cases, such as each major segment: "Brine Flow" or "Distance
Gas Flows Out Anhydrite Layers” for example. It would be useful to show complete
examples in an appendix of each technique.

Response. DOE will show complete examples with greater discussion in the compliance
certification application. '

EPA Comment 166

Volume 3, page 6-2
The most important parameter listed is the initial brine saturation. What is not listed and was

not tested, but is probably of equal importance, are the initial conditions for pressure and
saturations in the surrounding rocks.

Response. Initial pressure in surrounding rocks was in fact tested and was found to be less
important than initial brine content of waste. Initial pressure was set between 12 and 13 MPa
at MB-139, and adjusted by a hydrostatic gradient to other units accordingly. Saturation is
not varied.
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Santa Fe, New Mexico 87504-1508

505, 827-6000
Fax 505/827-5826

TOM UDALL MANUEL TIJERINA
Attorney General Deputy Attorney Genera!

September 13, 1995

Environmental Protection Agency
Docket No. A-92-56, Air Docket

Room M-1500 (6102} e Hatha i
401 M Street, S.W. L———n——*‘fTTJ |
Washington, D.C. 20460 . et =

To The Docket:

Enclosed is a report prepared for this office by Prof.
Zlisabeth Paté-Cornell, entitled Conservatism of the Performance
Assessment and Decision Criteria for WIPP. Prof. Paté-Cornell is
Professor of Industrial Engineering and Engineering Management at
Stanford University and is currently President of the Society for
Risk Analysis. She has written and lectured extensively on
probabilistic risk assessment and has testified in Congress on

. proposed liegislation on the subject.

The report constitutes further comments on the proposed
ccmpliance criteria, 40 CFR Part 194, and should be examined fully
and carefully. Briefly, Prof. Paté-Cornell concludes as follows:

1. Generally, the 1992 performance assessment ("PA") in fact
constitutes a conditional risk assessment, predicated on certain
fundamental assumptions (made by EPA) as to the linkage between
radionuclide releases and health effects and other assumptions
(made by DOE or its contractor, Sandia) as to the probability and
consequences of various release events. Whether the EPA...
assumptions or the DOE assumptions are conservative as judged by
the outcome of a full probabilistic risk assessment of the WIPP
repository is not known. ' )

2. In inquiring whether the PA curve deemed determinative of
compliance meets Prof. Paté-Cornell’s standard--that high fractiles
of the future frequency of exceedence of potential loss levels
should be required to meet the performance criteria with a high
level of confidence--it is important to know (a) what fractile of
the current CCDF distribution the suggested curve--the mean--
corresponds to, and {(b) what fractile would the mean correspond to
if some of the assumptions of the PA were instead treated
probabilistically? )



3. In pursuing the same inquiry, it is also important to
know where the mean would fall if methods other than the use of

expert op;nion were used to obtain probability distributions for
input variables.

4. Concerning the specific issue of the selection of experts
for purposes of expert judgment elicitation, such persons should be

required to meet a test of recognition by their peers in the
scientific community.

5. Concerning elicitation of expert opinions on parameter .

.

values, the process must include the elements of (a) clarity ot
question, (b) identification of desired central value--probably the

mean--and (¢} the description of the thought process leading tdftbé_

estimate.

6. Concerning the selection of variable parameters for PA, .

the test should be whether the variation of an input value across
the possible range could change the final decision.

7. DOE should justify its decision to treat variables whose
distribution is critical to the results through expert opinion
rather than through experiments or measurement where feasible.

8. Concerning elicitation of expert opinions as to
distributions of variable parameters, the process must include (a)
construction of a probability distribution for a set of possible
‘hypotheses, (b) identification of the appropriate distribution
model for an identified.model variable, and (¢} given such model,
identification of the distribution for the value of the variable.

9. Concerning aggregation of expert opinions of multiple
experts, the process must include methods to reduce the range of
disagreement, such as requirements that all experts (a) agree on
the substance of the question, (b) consider and account for all
available data, and (c)} articulate the relationship between the
data and their judgment as to the probability of the wvarious
models. Further, to aggregate different opinions, it is preferable
to employ an interactive process wherein the experts (1) discuss
the data, (2) explain their models, (3) discuss the probability of
each of the models, (4) assess such probabilities, and (5) generate
a composite distribution. Aggregation of multiple opinions must be
performed systematically as to all expert elicitations. The task
of quantifying the uncertainty of alternative assumptions cannot be
ignored. ’

10. The rationality of the mean as a relevant characteristic
of a probability distribution does not apply to collective
decisions (such as governmental decisions), in which the
administrator is concerned not only with the probability
distribution of the levels of release but also with the health and
safety of the most exposed members of the public, which involves
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the choice of a threshold based on prudence. The mean may or may

not reflect that tpreshold, depending on the fractile it represents
and the practicality .of so demonstrating.

11. A full uncertainty analysis includes (1) structuring
alternative hypotheses into realizations so that probability
distributions can be assigned to them, {2) aggregation of expert
probabilities for each set of assumptions, (3) identification of
the models and parameter values (with probabilistic treatment)
which correspond to each hypothesis, including interdependencies,
{4) propagation of uncertainties for each fundamental hypothesis,
and (5) aggregating the results of conditicnal analyses according
to the probabilities of the underlying hypotheses. Lo

“12. The full uncertainty analysis of WIPP has not been done“-.___ .-~
and would be extremely d&ifficult. In this situation, it is
sensible to apply a test of reasonable expectations to the results
of a conditional risk analysis based on fixed hypotheses, provided
(1) that the hypotheses are globally conservative and (2) that the
mean curves generally correspond to high fractiles of the CCDF
- families. In such situation the combination of hypotheses and
means may provide "reasonable assurance." It must be demonstrated
that the global model (health effects plus PA assumptions) is
conservative and that a £full uncertainty. analysis achieves
"reasonable assurance." It is appropriate for EPA to f£find a
"reasonable expectation" only if its assumptions as to health
effects (including its cancer risk model) provide the additicnal
level of safety consistent with the NRC language of "reasonable
assurance."

13. Such demonstration involves identifying the major
hypotheses from EPA and DOE and assessing, by analysis of their
probabilities and outcomes, their effect on the placement of the -~
current mean curves.

14. EPA cannot simply frame a conditional risk analysis based
on certain assumptions and then claim without checking that the
conditional means resulting from this analysis necessarily support
"reasonable expectation* of human safety. The effects of the
hypotheses as to health effects and release models or the mean
curves must be assessed. EPA must show that the combination of
"reasonable expectation® for the PA and conservatism (if it is so)
of the health effect model provides "reasonable assurance" of
actual safety. '

15. DOE, for its part, must identify the major hypotheses in ~
its PA and show the effects of those hypotheses on the family of
release curves. AsS an example, one can take the five or gix most
important assumptions of the PA (such as the hypotheses about the
frequency, means, and effects of drilling; borehole diameters;
groundwater flow model; solubility model; engineered barrier
model), generate a set of reasonable alternatives, and show that -
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- the mean curves generated with proper probabilistic analysis of the
alternatives show compliance and do not move the mean curves toward
lower fractiles of the CCDF families.

16. Depending on how far the current means are (assuming full
probabilistic treatment of hypotheses) from a reassuring (but not
sacred) 95% fractile, it may be appropriate to ask for additional
analysis or a change in risk management strategy.

17. The test of 95% confidence to account for sampling error
should be sufficient.

18. It is essential to deal with correlations among variable
parameters.

We have undertaken to draft proposed regulatory language for
. §§194 .26 and 194.34 following the analyses by Prof. Paté-Cornell,
and it is attached to our comments, filed today. We request that
the Agency consider and adopt the proposed regulatory language.

Very truly yours,

fuds foforsy & (hy )

Assistant Attorney General

LAL:mh



Dr. M. ELISABETH PATE-CORNELL
110 Coquito Way,

Portola Valley, CA 94028 .
Tel: (415) 723-3823
(418) 854-8052
Fax: (415) 725-8799
{415)854-8053
e-mail: ng.mep@forsythe.stanford.edu

Portola Valley, July 5th, 1995

Mr Lindsay Lovejoy

Assistant Attorney General

Office of the Aunomey General of New Mexico
P.O. Drawer 1508

Bataan Mermorial Building

Santa Fe, New Mexico 87504

Dear Lindsay:
You will find enclosed here my final report to the Attomey General of New Mexico entitled:

"Conservatism of the performance assessment and decision criteria for WIPP". 1 enjoyed my
. interaction with you in this work and | hope that we will have the opportunity to continue.

Sincerely yours,

"o —— \
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' C\._ o ’J\,
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Zlisaneth Paté-Cornel:

— CONSERVATISM OF THE PERPORMANCE ASSESSMENT AND DECISION

CRITERIA FOR WIPP
by
M. Elisabeth Paté-Cornell
July, 1995

1. BACKGROUND AND PROBLEMS
WIPP has been basically constructed and is scheduled to start
operating in 1998. At this time, the remaining operational
decisgions concern the'poténtial need for engineered barriers, the
management of the facility in the future, and thévtiming of the
start of operations. EPA has been reduired by Congress to certify
that WIPP will comply with Federal regulations for the storage of
ot hi%p-level wastes. A "performance assessment"(PA) has been done by
_—Sandia National Laboratories for the Department of Energy which is
in charge of the design, construction, and operation of the
facilicy.

(WA}

This performance analysis is in essence, a conditional
probabilistic analysis based on mixed methods involving both a set .
of fundamental assumptions provided by EPA and a probabilistic
release analysis conditional on these assumptions. (There is no
probabilistic risk analysis per se because the consequences have
been determined by EPA through a single-estimate method, presumably
using a conservative model.) ) ‘

1. The set of fundamental assumptions that have been adopted by the
EPA concern mostly the linkage between health effects and
radionucleide releases. The figures presented in Table 1, Appendix A
of 40 CFR 191 are based on a number of hypotheses that I could not
all identify. They involve, for instance, the assumption that the
different isotopgs are releaseg to a large stream of water. EPA's
assumptions also affect the framing of the risk analysis problem.
For example, EPA has set the requirements "in terms of ‘cumulative
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releases of radionucleides at the accessible environment, either at
the ground surface or anywhere at depth, 5 kms horizontally from
emplaced wastes, over 10,000 years" (Lee). These hypotheses can
generally be assumed to be conservative with respect to health
effects, but it may not be the case, and their effects on’ thei?i
overall result has to be checked. o

radignucleide release given the hvpotheses and constraints set bv
EPA. It includes an uncertainty analysis within this framework. This
analysis is restricted to uncertainties associated with the
distributions of the variables of the conditional release model

(such as A, the mean number of human intrusions in 10, 000 years per
km2). This uncertainty analysis does not involve the fundamental
assumptions originally set by EPA in the containment requirements:
these are taken for granted. Therefore, it does not reflect the
uncertainties about the outcome of interest: the health effects of
the potential release. A second set of assumptions were made by
Sandia in the performance analysis. For instance, some of these
distribution models were fixed, such as a Poisson model for human

intrusions and a uniform distribution for its mean A. The value of

the parameter(s) of these distribution were either based on past

data or on expert opinions (here 1=Uf0,30]). The propagation of
these uncertainties through the analysis has been performed using
simulation (Monte Carlo or Latine Hypercube sampling methods) to
obtain a description of the uncertainties about the release levels
given the uncertainties about the inputs of the analysis (e.qg.,
solubility factors).

The results of the performance assessment are thus families of
risk curves that represent, for each release level, a discretization
of the conditional probability of exceeding this value in a
specified time window (10,000 years in most cases) given the
analytxcal hypotheses specified by EPA. Note again that Sandia does
not address directly the uncertainties about the health effects.
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I do not know, given the way the performance analysis was done,
whether these conditional results and their implications for health
effects are conservative or not. In other terms, if instead of using
the EPA assumptions plus additional assumptions of their own about
the shape of the variable distributions, Sandia had done a complete
uncertainty analysis {(i.e., had assessed probabilities for these
assumptions), would the curves obtained by this full uncertainty
analysis about the release be above or under the current conditional
curves? (I recognize, of course, that the uncertainty analysis has
to stop somewhe:e). I can only presume that, in the EPA's generic
studies that led to the release criteria, the accumulation of
hypotheses that are generally intended to be conservative in the"

first place, lead to conservative results in specific analyéesféﬁgh_lfﬂ

£

as that of WIPP. ; a

The question is - thus whether the EPA hypotheses are in fact
conservative with respect to the WIPP site.. One of them, as
mentioned above, concerns the release of radionucleides to the
environment through a large stream, part of which will provide
drinking water to the population. Whether this large stream
assumption is conservative or not given that WIPP is in the desert,
I do not know. Also, the argument was made that the assessment of ---
cancer risk that led to this table was based on japanese
epidemiologic data and that they have been found to be
unconservative in later studies (EPA, background info, 1993, p 6€-5).

It is important to note that the results of this kind of
conditional PRA are not directly comparable to the results that one
would have obtained if the EPA and Sandia‘'s assumptions had been
incorporated and weighted along with alternative assumptions in a
fully probabilistic risk analysis of the health effects. Restricting
the scope to release levels alone and to the hypotheses that led to
Sandia's current results, Figure 1 shows a schematic representation
of the full uncertainty analysis of release (for one single
Hypothesis 1), and the restriction of Sandia's analyﬁis to one

particular realization of Hypothesis 1. -
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HYPOTHESIS 1

l

’ .
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-

Figure 1: Conditional risk curves

(CCDFs), and position of the

conditional mean in a full uncertainty analysis. z
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This would have required using probabilities for the different
possible realizations pf each hypothesis instead of adopting what is
probably {(but not necessarily) conservative assumptions. Clearly, a
full analysis ¢of this type is complex. It would alse involve much
larger uncertainties because it would require assessing the
probabilities of additional poorly known phencmena. Yet, it may be
possible once the conditional analysis is done for the chosen case,
to assess (even coarsely) the probable effects of alternative key
assumptions on the final results. Therefore, the conservatism of the
final safety levels achieved under the proposed criteria (e.g., ]
specifying that the risk curve corresponding to the mean must meet "~
the EPA release reguirement) has to be examined in the light of ﬁh&.
conservatism of the EPA (and later, Sandia's) assumptions.

EPA's compliance criteria involve several components: the’
assumptions behind the c¢ontainment c¢riteria, the c¢riteria
themselves, the CCDF characteristics (fractiles or moments) to be
used to show compliance (second order), and‘the confidence level
that the compliance criteria are met (third order). There are
infinite combinations of such choices that lead to the same level of
safety. EPA first made its own (single point, presumably

conservative) analysis of the link between health effects and ...

release levels. Then, they chose the mean CCDF for its robustness in
the face of large uncertainties for the 10,000-year horizon, a set
of analytical assumptions for the release model, and a high level of
confidence for the mean. The first question is whether the choice of
this combination is both prudent and practical. The second question
is whether it provides a sufficient level of safety in terms of
health effects.

In a 1986 paper, in the Journal of Nuclear Engineering and
Design, I wrote an article entitled "Probability and Uncertainty in
Nuclear Safety Decisions®". In that article, I argue that both
qualitative and quantitative safety goals are useful tools, and that
~high fractiles of the future frequency of exceedence of potential:
loss levels should be required to meet the performance criteria with
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a high level of confidence (hence the accumulation of two layers of
conservatism). I assumed in that discussion that the PRA results
came out of a full ﬁhcertainty analysis on the outcomes (here:
health effects). I did not specify that a designated fractile should
systematically be used (95% is one possibility). I believe that such
a goal should remain flexible, depending on the case, alternative
risk management options, and the difficulty of showing compliance
(uncertainties, time horizon, etc.).

Therefore, I think that you want to know which one(s) of the
real risk curves (that would result from a full uncertainty analysis
as shown in Figure 1) are tangent to the compliance criteria curve,
and possibly, what level of health safety do they represent; Tw§ \
questions thus arise: A E
° What fractiles of the current distributions (conditional on Sandia’f
and EPA hypotheses) do means correspond to in the current analysis?
The means are shown in Sandia‘'s results but, in each case, they do
not correspond to one single CCDF curve on the whole range of
release levels. Although the mean (predictably) appears to be in the
high fractiles, I cannot tell which ones.
° Where would these means be in the full (marginal) distributions if
some of the assumptions of the release model were treated
probabilistically? In other words, how do the current assumptions
affect the position of the current mean in the family of CCDFs?

The mean has several advantages in many PRA cases. First, it is
compatible with economic efficiency criteria. Second, in the face of
‘large uncertainties, the mean is relatively robust compared to
specified fractiles (fdr example, it can be estimated with smaller
sample size). Third, in PRAs as performed so far for nuclear power
plénts, the means are often among the high fractiles of the risk
curves (e.g., 70%, 80% or 90%)-. This is true because many of the
distributions that represent uncertainties in the results are skewed .
right. The position of the mean dqes reflect the’ level of -

—
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uncertainty. Typically, the distance between the mean and the median
is one measure of the uncertainty: the higher the level of
uncertainty, the higher the fractile corresponding to the mean.
Therefore, altogether, for studies involving a very high level of
uncertainty, the advantage of the mean is that it is a robust
estimate that generally corresponds to high fractiles. g

3

In a recent paper entitled *"A Perspective on the §Q92‘ _,:

Performance Assessment for the Waste Isolation Pilot Plant® (EEG,

1995}, William Lee argues that the analysis has been incomplete. I
concur with '‘him, to the degree that the Sandia conditional
performance analysis does not allow me to estimate the conservatism
of some of the basic hypotheses in the WIPP case. Eventually, the
issues are: (1) To what extent will additional uncertainty analysis
change the PA results? (2) Is it likely to make a difference in
policy decisions given the release criteria as set? And (3) what
combination of change in performance crite;ia and performance
analysis would result in a change of risk mitigation measures? Lee
also argues that expert opinions play a critical role in the Pa
results, that they may not have been encoded with sufficient care,
and that they may not be appropriate given that experimental data

could be reasonably obtained instead (e.g., for solubility). I tend -

to agree with Lee on this last point. Some parameters can be better
estimated. The decision to gather more data depends on the "value
of information" and on the difference that experimentation would
make in the final decision. I believe, however, that the use of
panels to assess what might happen in the distant future is
unavoidable and appropriate in a probabilistic framework. Clearly,
the results are subjective probabilities. There is nothing wrong
with that if the encoding is well done: they are the only ones
available for this kind of exercise.

At this point, the concern of the Office of the Attorney
General of New Mexico is that the combination of the release
criteria as set by EPA, the (conditional) performance analysis as
done by Sandia for the DoE, and the compliance requirements proposed
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by EPA may not provide sufficient conservatism to ensure the
long-term safety of the citizens of the state of New Mexico. The
central issues are thué

i. What was the level of conservatism used by EPA in its’ mode&:
linking health effects and release levels?

ii. What is the actual conservatism of Sandia's PA (conditionéilrisk
analysis) given the combination of EPA hypotheses and Sandia's
choice of distribution models and parameter values for the input
variables? In particular: What are the potential problems and
possible effects on the PA results of the procedures that were used
to obtain probability distributions for the input variables
including the choice of distribution models and parameter values,
based on expert opinions? '

iii. If the proposed compliance criteria are adopted and the case is
judged based on the combination of the existing analyses and these
criteria, what would be the actual level of safety and with what
level of confidence?

iv. Does the Office of the Attorney General of New Mexico want to
require (or can require) that EPA issue fractile-based compliance
criteria on the release level as a general numerical standard?

v. Does the Office of the Attorney General of New Mexico want to
require (or can reqguire) that EPA provide a full probabilistic
version of its model of the link between radionucleide,rélease and
health effects so that one can perform a probabilistic risk
analysis (complete with uncertainty analysis) of the final health
effects? '

{Since a large part of the problem relies on the treatment of
uncertainties in risk analysis in general and in the Sandia study in
particular, you will find in appendix of this report a discussion of
this problem based on a report that I recently wrote for the
Electric Power Research Institutel. ’
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Probabilities are understood in two different ways by different
people. For classical statisticians, probability means frequency in
very large samples. For the Bayesians, probability is a degree of
belief and is updated in a systematic way given each new piece of

information. ‘ o

o

Uncertainties themselves are also of two different types. &hg
first type is randomness in samples (or aleatory uncertainty toHV?
which you refer as stochastic). It can be treated by statistical
methods and the frequentists' definition of probability. The second
type reflects the limits of fundamental knowledge and can be called
epistemic uncertainty (you refer to it as subjective). It cannot be
addressed by the fregquentist approach toc probability. For this
second case, one needs Bayesian probability and expert opinions,
with the understanding that there are numerous problems associated
{l) with the encoding and the validity of this type of information
and (2) with the aggregation of expert opinions.

Because of the unavoidable subjectivity of Bayesian probability
and expert opinions, some government agencies (such as the EPA) have
used, since the late seventies, "plausible upper bounds*® of the
risks, for instance, for dose-response relationships for
carcinogens. These plausible upper bounds are single numbers meant
to provide conservative estimates based on an accumulation of
worst-case assumptions. This approach, however, has led in the past
to regulations that the present Congress found unacceptably costly.

Currently discussed {(or recently voted)'legislations such as HR
1022 require a *soft" cost-benefit analysis approach to regulation,
-and therefore, an estimate of central values and a description of _
uncertainties in addition to plausible upper bounds. EPA, as well
as many other governement agencies, is in a state of transition in
its apprcocach to risk assessment as they are trying to adapt their
methods to this new sensitivity to consistency in rule making.
There are several problems with a full probabilistic quantification
of health risks. First, the methods of risk analysis are not yet

W
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fully developed, especially in environmental and health risk
assessments. This is true, for instance, for cancer risk assessment,
for which there is no-full probabilistic analysis method. This is
why I think that it would be very difficult for EPA, at this time,
to provide a probabilistic version of the model that they used to
set the release criteria for WIPP, especially over 10,000 years.
This model would be necessary for Sandia to do a full probabilistic
risk analysis of health effects of radionucleide release at WIPP
which would be dominated by cancer risks. Second, there is not
enough consensus in the s-ientific community to base risk acceptance
and degree of confidence on analytical results alone. Furthermore.. ..
the acceptability of a particular risk level depends on many;ﬁére i
factors than its computed magnitude. o

.

As I shall discuss further, the issue of aggregation of exﬁért‘
opinions is still unresclved, i.e., there is no consensus about how
to do it. Therefore, the ééencies (such as the EPA)} tend to focus
their initial efforts about uncgrtainty analysis on the development
of methods for the quantification of randomness in parameter values.
As far as fundamental (epistemic) uncertainties, they are not
generally ready to incorporate them in a probabilistic risk analysis
and still tend to base their risk assessment on specified hypotheses
that are generally conservative. Therefore, for the moment, the
results tend to be conditional risk analyses of the type performed
by Sandia for WIPP and not the type of full PRA that is
state-of-the-art in the nuclear power industry.

As a result, the curves that are produced in that way are
difficult to interpret. This point is at the core of the problem
that you have with the WIPP analysis. Yet, Sandia had no choice: the
hypotheses had been set for them by the EPA in the generic studies
that led to the release criteria. The methods are still in flux and
criteria that one may want to adopt for complete probabilistic risk
analysis in which all uncertainties have been quantified are not the
same as criteria apéfopriate for‘mixed methodg. In any case, showing
that expert data have been gathered in a way that is as objective as . —

10
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possible, then properly aggregated is going to be both difficult ang
necessary.

2. QUESTIONS FROM THE OFFICE OF THE ATTORNEY GENERAL OF NEW MEXICO
It is against this background that I will address the five

questions posed to me by the Office of the Attorney General of New
Mexico. e

Question 1l:

How should expert judgment elicitations be conducted?
I interpret this question as: elicitation of *best estimates* and
elicitation of probability distributions for either a spectrum of
hypotheses or for the numerical value of an uncertain parameter.

Question 2 is made of two independent parts:

How should the judgments of multiple experts be combined?

How should the results (and the uncertainties) be incorporated
in the regulatory agency's decision making? (I will answer this
second question as part of qQuestion five).

Question 3: How should variable parameters be selected?

I interpret this question as: in which case should a parameter .

value be represented by a "best estimate" (i.e.,, some central value
of the distribution to be determined), and when should the
uncertainties about a parameter be represented by a full probability
distribution? | '

Question 4: How should probability distribution functions be
developed? ' '

Question 5: When a family of risk curves has been generated (by
propagating uncertainties about models and parameter values through
the risk analysis model), how should compliance with the containment
requirements be determined? i.e., what fractile or _other
characteristic of the CCDF family should be required to meet the:

criteria and with what level of'confidence?

11
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I shall address these questions from the point of the view of the
risk analyst. I will leave to the Office of the Attorney General of
New Mexico the task to translate the scientific answer into
regulatory language, which is out of my domain of expertise. It is
also important to note that some issues are objective (the
discussion of the soundness and the practicality of a methodology),
while others are purely subjective and reflect a desired degree of
prudence. There is no scientific basis for the latter and one can
only approach it from the point of view of gg_g;g;g_gx and
practicality. S

Q1. HOW SHOULD EXPERT JUDGMENT ELICITATION BE CONDUCTED? o

I will separate the question into two parts: choice of the experts,
and elicitation of individual expert opinions. Note. that the
encoding ©of a distribution for a single expert is fairly standard.
The difficulty -is in the aggregation ¢of the opinions of several
experts to obtain a composite distribution.

1.1 Choi e initi ise:
The choice of the experts should be limited to pecple who have
demonstrated scientific competence in the field, and have been

recognized by a substantial fraction of the corresponding peer ..

scientific group as part of the scientific expert commnity for this
particular domain. The notion of expertise includes knowledge and
understanding of the generally admited thecries and of the available
base of evidence, and capability to reason about the different
hypotheses given the evidence (i.e., mastering the scientific method
of reasoning about éxisting data). The demonstration of such

competence may have been achieved in different ways: publication in.
the refereed literature, reasoned suppocrt of one or several_

hypotheses, and contribution to research, development, or practice
in the field of interest.

In particular, the sole role of advocate, on political grounds

alone, of one view or another is not sufficient to constitute
expertise. A scientific understanding of the current evidence base

12
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and of the spectrum of possible hypotheses is an essential component
of the definition of expertise. Obviously, this definition is not
black and white. Theré is a spectrum of expertise levels based on
experience and the ability of an individual to reason scientifically
from the evidence base. Therefore, there remains an unavoidable
subjective element in the definition of the degree of expertise.

Other issues, such as "no conflict of interest®, seem to have
been adequatly addressed by EPA and in this respect, EPA languagég
(40 CFR 194.26) generally appears reasonable. S { §

Q1.2 Elicitation T inions for i in imate .

Clarity test

First of all, questions to the experts must be phrased in such a way
that a hypothetical individual who would know the variables with
certainty could immediately answer with a single number. This
requires that the input variable is clearly defined and that there
is no ambiguity such that given perfect information, different
values could be given in good faith {(in the literature, this is
called *the clarity test® Ref. Ron Howard).

Best estimate

Second, if the objective is to elicit a "best estimate®, one must
‘understand the thought process by which the expert is going to come
up with this figure. Suppose that there are several possible models
for this best estimate and several parameter values for each of
these models. A simple way for the expert to find a best estimate is
to take the most likely model, and for this model the maximum
likelihood estimate of the parameter value(s). Note that if the
expert does that, the result is unlikely to be equal (or even close)
to the mean, and one cannot use this figure as such. Indeed in some
cases, e.g., for a remote risk (low probability, high consequences),
" the most likely mechanism may well be "nothing happens®, which does
not require any further treatment of parameter values. This process
may thus vield an ‘"unconservative" answer which could be -
inappropriéte because of the pogsibility of severe consequénces.

13



Zlisabeth Pazé-Cornel .

Central values L
Central values of the distribution are generally what one wants frémln‘
the expert. ’ S

° The mode (the maximum of a probability density function) islgot
very helpful because it cannot be easily combined in a risk analysis
with other variables (treated either deterministically or by a
probability distribution). In other terms, one does not know what
the results mean at the end of computations where distributions,
means and modes have been mixed.

° The median is more helpful because the experts can think about it
relatively easily (variable X is as likely to be larger as smaller
than the revealed value). It is not easy, however, to include it in
the analysis (i.e., to combine it logically with other variables)
except for lognormal distributions of which it is a natural
characteristic. ‘

° The mean is the most robust of the central values. But for an
expert to come up with a mean sometimes requires a more
sophisticated thought process: what are the different possible
underlying models for that variable, what is the spectrum of
parameter values for each model, and given these, what is the mean
that one gets after combining models and parameter values. For
skewed distributions;_the mean may be driven by extreme values and
correspond to high fractiles; in that case, it may not be easy for
the expert to assess it directly without analytical support.

Note that for variables for which there is little uncertainty,
the mean, the mode, and the median are close enough and the
distinction does not matter much.

Elicjitati r inion

Assume first that the issue is to assign a probability distribution
to a spectrum of possible hypotheses. The £first step is to

14
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structure them as a set of exhaustive, mutually exclusive
possibilities. The second step is to get the expert to elicit a
probability distribution for this structured set of hypotheses. At
that stage, most experts require first some training and explanation
about probabilities, and for what the figures actually mean. To do
the actual encoding, one of the best tools is a *wheel of chance“.
The expert is asked to divide the wheel into *"pie portions®" whose
relative angles represent the relative probabilities of the
different hypotheses. Therefore, when the wheel is spinned, for any
hypothetical "lottery", the expert is indifferent between playing
the lottery with the wheel, and with the true nature of the
phenomenon of interest (as if it were to be revealed). The result
thus represents the expert's degree of belief in each hypothesis.

This method is adequate for relatively large probabilities.
Vary small ones must generally be either decomposed into a sequence
of conditional variables whose probablities can be more easily ™.
assessed, or based on revealed models. : ;a?g 5?“
; 3%1 i
Encoding a di i i ri _m
To encode the distribution for a model variable X, ohe
generally needs: (1) to identify the appropriate distribution model :
for X (e.g., normal), and (2) given this model, to encode a
distribution for the value of its parameter(s} (e.g., the mean and
standard deviation of X). The probability distribution for a
parameter value can be obtained in two ways: a non-parametric
approach based on the wheel of chance described above (e.g.,
interval by interval), or by a specified probability distribution
(e.g., Normal) for which the expert assesses secondary parameter

values (e.g., mean and standard deviation for the mean of X)._

It is clear that this process of embedded uncertainty analyses
has to stop somewhere. A general rule is to stop when additional
information is unlikely to influence the final choice given the

decision criteria.

15
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Q2. AGGREGATION OF EXPERT OPINIONS
How should ] n f multiple experts be gombined?

one of the greatest challenges of risk analysis is the
treatment of expert opinions when they disagree. Note again, that
there is no standard, widely accepted procedure to do it at this
time. First, one must understand why the experts disagree. One can
then proceed to obtain a family of risk curves that represent, for

each value on the consequence axis, a composite distribution ®

-

reflecting the spectrum of opinions.

2.1, r £

They can incliude semantic misunderstandings, differences in
experience and evidence base, fundamentally different mental models
to treat the evidence base, and disagreemen; about parameter values
(Ref. Bonduelle). Note that, of course, some of the experts may
also want to influence the decision to fit their own value system,
and may for instance, choose to ignore part of the evidence in their
assessment of probabiiities.

¢ Semantic disagreement is often overlooked. Therefore, one should
first check that the variables are precisely defined and understood
in the same way by all the experts.

° Baseg of evidence can differ entirely from expert to expert.
First, different experts may have observed the same phenomenon but
in different settings. In addition, someone who has seen only
“real-world* data (e.g., epidemioclogical data) may have gathered
information that differ significantly from laboratory results. This
is why, in the processing of real-world data, all relevant

confounding factors must be taken into account. For laboratory

experiments, it is their adaptability to the case in situ that has
to be questioned. In all instances, the experts should not be
allowed to arbitrarily truncate the evidence base to fit their views
of what should be done. i

—
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° Disagreements about models and parameter values are the mosg
difficult to resolve: The first thing to do is to examine the

relationship between the probability of the different models and the
complete set of data and evidence (e.g., by Bayesian methods). The
second is to decide what approach is required by the level of
complexity and the importance of the wvariable in the final decision.

Q2.2 Different approaches to aggregation of expert gpinions

There are three classical approaches to this problem.

e The iterative approach: for example, the Delphi technique, in
which the experts are required to elicit independently their
probabilistic opinions. These opinions are gathered and sent back to
the experts who then have the opportunity to revise their

. assessments in the light of the colleagues'estimates. The process

generally converges guickly, but perhaps towards the wrong figures
and for the wrong reasons. One ¢of the major problems is that the
experts do not have the opportunity to argue about their models, to
exchange their evidence bases, and to digcuss the probabilif?fbiw

each theory given the evidence. %

° The analytical approach:

An example of this type of approach is the Bayesian treatment .-
of the opinion of each expert by a *"super expert® (presumably the
decision maker). The super expert is supposed to compute the
probability of different values conditional on the opinion of each
expert treated as different pieces of evidence, with possible
dependences (Ref. Morris, Winkler). The_problem with this approach
is the role of the "super expert" who acts as an aggregator, adding
one more layer of subjectivity to the process. Besides, it is often
politically difficult to attribute different likelihood functions to
the opinions of different experts. A simplified version of this
proce&ure'is to simply weight the opinions of the different experts, -
often with equal weights as if they were independent. Unfortunately,
in such a case, the result is a direct product of the choice of the
group of experts, without a real chance for them to interact and
debate the problem. Hence my preference for the third appioach: -



Zlisabeth Paté-Cornell

° Interactiv 4

In an interactivé procedure, the experts meet (l) to share the
evidence and discuss the existing data, (2) to explain their models
and their reasonings of how théy conceived the model given the data,
{3} to structure the set of models so that they can begin to talk
about the probability of each of them, (4) to assess (individually)
the probabilities of the different models, and {5) to participate
actively and directly in a debate leading to the generatlon of the’
composite distribution. : f';g

It is important to note that there is currently no standhrﬁt&
procedure for the aggregation of expert opinions, and that thzs
exercise will remain subjective in nature. I believe that the key to
success {(matching the evidence and the distributions, and respect of
the internal consistency of the probabilistic logic) is to focus on
the probabilities of the models and assumptions as opposed to
weighting the experts. Having said that, I have to reccgnize that
the two are frequently linked and that the problem often involves
personalities and conflicts as well as a scientific issues.

One promising such procedure has been deéigned and implemented ...
by the Seismic Hazard Assessment Committee (SHAC) chaired by Robert
Budnitz. The work of this committee is now in the publication
process. Basically, the committee asked the experts to play
successive roles in the aggregation process (from proponent of their
own model, to technical integrator of the spectrum of opinions).
The result of this work is similar, in its form, to the family of
risk curves that S;ndia has obtained for potential release levels at
WIPP. For a given site, the SHAC committee modeled first the
different sources of seismic activity, then the propagation of
energy from the source to the site. They obtained a family of risk
curves representing a disgretization of the frequency of exceedence
of different peak grpﬁnd acceleration levels at the choosen site
{Ref. SHAC). Note that this analysis integrates uncertainties about
both the source model and the attenuation model (;s opposed to the
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use of conservative hypotheses). These curves are similar to the--..
CCDFs generated by Sandia for WIPP. . QS\

Y

L By
5 !

How the results {and the uncertainties) should be incorpofqﬁgcii:%:-;<‘
in the regulator's decision making is discussed in details in iy~

answer to the fifth question. This answer is based on the assuption
that the aggregation of expert opinions will be done systematically
for all fundamental assumptions, and that the resulting
distributions will be integrated in the risk analysis. Otherwise
(e.g., if the disagreement is simply represented by a set of
consequence distribution, one per expert), I do not know how to
recommend to a decision maker to systematically treat a collection
of results, or the results of a conditional risk analysis based on
unweighted assumptions. It becomes a matter of faith in the
conservatism of the assumptions.
Q3. SELECTION OF INPUT VARIABLES THAT REQUIRE PROBABILISTIC
TREATMENT: SENSITIVITY ANALYSIS

It is not necessary in many risk analysis problems to pﬁt a
probability distribution on all variables. In the decision analysis
cycle (Ref. Howard), the first step is to develop models by a
deterministic analysis of the link between the consequences and the
input variables. Second, a sensitivity analysis for each variable
reveals whether or not the variation of an input value across the
possible range can change by itself the final decision. Third, the
probabilistic analysis is performed: for the variables that do not
require full treatment of uncertainty, the mean value is encoded and
included in the model. For the variables that do require a
probability distribution, this distribution is encoded as described
above. The uncertainties are then "propagated* through the analysis
by different methods (closed-form solutions, relevant moments,
logic/event trees, or simulation, for example, using Monte Carlo or
Latin Hypercube sampling).

19
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Q4. DEVELOPMENT OF PROBABILITY DISTRIBUTIONS

Incorporating all uncertainties is a risk analysis is indeed a
challenge. Therefore, it is important to proceed first to the
sensitivity analysis discussed above so as not to lose sight of the
ultimate goal (to support a specific decision}.

The development of probability distributions is currentlyﬁgghﬁf o
topic within the EPA and the environmental/health risk analﬁ%dﬁf’

community. [Note, however, that for many years, it has been done
systematically for industrial facilities such as nucleér power
plants}. Because of the controversial nature of the treatment of
epistemic uncertainties by Bayesian probabilities, the solution 'is
often to do only what I consider a partial uncertainty analysis,
focusing on randomness in statistical samples and on distributions
for the variables explicitly included in the model. The default
solution is thus to focus on randomness and on some epistemic
uncertainties.

There is seldom any attempt to guantify systematically the
epistemic uncertainties (about partially knowﬁ fundamental
phenomena) because it requires quantifying explicitly the
probabilities of alternative assumptions and, in order to do that,
proceeding to an aggregation of expert opinions. For example, in a
recent expert-based study of global climate change, Granger Morgan
chose to simply present the range of results for each of the
different experts without any attempt to come up with a composite
distribution. I personally believe that one cannot escape this full
uncertainty analysis (i.e., to include the probabilities of
alternative hypotheses). Otherwise, the problem is exactly the one
that you are facing with WIPP: how to judge of the degree of
conservatism of a conditional risk analysis without looking at the
conservatism of the hypotheses.

The structure of a full uncertainty analysis is thus the following:

1. Structuring of the different hypotheses into sets of
alternative realizations so that probability distributidns can be

20
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attributed to these sets of assumptions.

2. Encoding and aggregation of expert probabilities for eacﬁ set_di
of assumptions. ) Wi Qj

" e
3. For each fundamental hypothesis, identification of the™”

subsequent models and parameter values (probabilistic treatment).
Conditional risk analyses of the type performed by Sandia, but one
for each possibility (e.g., each Hli in Figure 1) in a complete set
of assumptions, including a measure of possible dependencies through
¢conditional probabilities. .

4. Propagation of all relevant uncertainties for each hypothesis
{the results are the sets of risk curves shown in Figure 1 for each
realization of a given hypothesis).

S. Summing of the results of the conditional analyses weighted by
the probabilities of the fundamental underlying assumptions (one
then obtains an overall set of risk curves like those presented at
the bottom of Figure 1l).

(Alternatively, the overall set of risk curves can be obtained
directly through the -use of a logic tree).

Again, there are different methods for the propagation of
uncertainties through each model: closed-form solutions (which is
sometimes possible, for example, to treat lognormal distributions . -
and products of variables), computation of the relevant moments, use
of logic (event) trees that layout all possible combinations of
hypotheses, models, and parameter values, or full simulation (by
various methods including Monte Cﬁrlo and Latin Hypercube sampling)

Q5. COMPLIANCE CRITERIA GIVEN A FAMILY OF RISK CURVES

How this full uncertainty analysis is used by the decision
maker (DM) is a function of his or her own preferences (including
risk attitude). Therefore, it is by nature subjective. The
consistency of the process, however, can be treated somehow

B

cbjectively.

For individual decisions, these preferences are represented by
a utility function that allows ;epresent@ng risk aversion-by putting .
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higher weights (than linear functions would)} on the possibility of
higher losses. Note that by virtue of the axioms of rationality for
individual deCiSions,-it is the mean future freqguency that is the
relevant characteristic of the probability distribution for the
future frequency of the potential loss levels (in the WIPP case: the
release level as an intermediate déscriptor, but more importantly,
the helth effects). -n! 3%
This rationality paradigm does not apply to col;écfﬁbé%
decisions, except if one assumes that one elected decision maksr
(administrator) has been given complete power to make these
decisions according to his or her utility function (which,
presumably, would have to be revealed if it were to be uséd in an
analytical model). This is impractical because it does not fit our
pclitical process and because there are many attributes to each

decision that would require some adaptation of any revealed
- preferences.

The administrator is not only concerned about the probability
distribution of the levels of release and about the economic costs
of release (for which mean future frequencies would theoretically
suffice), but also about the health and safety of the most exposed ...
individuals in the public. The choice of a threshold and the way one -
demonstrates that it has not been exceeded should reflect directly a
concern for prudence. The mean may or may not do that depending on
the fractile(s) that it represents in the family of risk curves, and
the practicality of demonstrating by analytical means that the goal
has been achieved.

I would like, -at this point, to go back to what I wrote in my
1386 paper: ‘ :
* The next question is to ensure that the goals have been
satisfied with *reasonable certainty®". A common procedure
is to use "conservative estimates® at every step which
means to overestimate the probabilities of initiating
events, failures, accidents, etc. The overestimation of the
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final result, however, is impossible toc assess. It is a
wrong approacp that may lead to absurd figures and quite
possibly to suboptimal decisions, thus defeating the pupose
of conservatism itself. This is why the analysis of
uncertainties and their explicit treatment in the final
decision are critical.

Once this analysis has been done, safety decisions must
be made to ensure that with a high probability (e.g., 0.95)
the plant is in compliance with a the maximum acceptable
individual risk constraint and with the maximum allowable
frequency of failure. There is no compelling theoretical
reason to use one fractile Oor a mean value rather than
another criterion. In a framework involving numerical

safety goals, this certainty level must be specified by the

U.S. NRC along with the safety goal®

The example that I was using was safety of nuclear reactors for
which the time horizon is relatively short and the uncertainties can
pe approached systematically. Therefore, the Probabilistic Risk
Analyses that are performed for these plants do not involve the
types of uncertainties faced with WIPP. Hence the possibility of

"reasonable certainty* (which the USNRC c¢alls “"reasonable ...

assurance®”). In the case of WIPP, part of the analysis (the EPA
linkage of release and health effects) is non-probabilistic and
presumably, based on conservative modeling. Therefore, given the
time frame and the level of uncertainties (e.g., about the future of
civilizations in the next 10,000 years), the chosen approach has
been different: to start with a set of preliminary results and
framing hypotheses, then do a conditional performance analysis based

on a mixed method (probabilistic and pre-set health effects

estimates). First, one cannot judge directly which fractile(s) the
mean curves of the future release levels would actually represent if
Sandia had included in the analysis (1) the presumably conservative

hypotheses that EPA had specified (complete with alternative -

assumptions and their probabilities), and (2). the uncertainties
attached to the hypotheses that they generated themselves. Second,
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one cannot derive from this analysis a probabilistic distribution
for the health effeqts, The problem is that a full risk analysis of
this type would be extremely difficult given the state of the.art,
and that the uncertainties over the next 10,000 years wouig béﬂﬁo;
large that the results may not be very informative. B i
e

-t o

In this highly uncertain, long-term case, I believe th&E the
approach based on sdme fixed hypotheses, then on “reasonable
expectations® for the conditional risk results is generally sensible
provided (1) that the hypotheses are globally conservative (health
effects given release as well as assumptions in the release
computation) and (2) that the mean curves for the release of the
Zifferent radionucleides generally correspond to high fractiles of
the risk curve families (CCDFs). If that is the case, the
combination of hypotheses and means may indeed prcvide the level of
"reasonable assurance" that you wish and that is consistent with the
USNRC requirements for much shorter life facilities. To check that
the overall analysis is "globally conservative® you need to verify
that the global model (Health Effects + Performance Assessment)
vields conservative results and in particular that the hypothetical
health risk results that would have come out of a fully integrated
analysis meet the level of "reasonable assurance® that you want to
see. This requires that the combination of the health effect model
and the Sandia hypotheées provides a higher level of safety than the
one demonstrated by the position of the PA mean curves in the PA
alone. '

Therefore, you may want to examine the effects of hypotheses on
the position of the current means in the family of CCDFs (fractiles)
for release accounting for the EPA/DoE hypotheses as shown in Figure
1. Of course, you do not want to ask Sandia to redo the whole
uncertainty analysis, but to give you a feeling for the final degree
of conservatism of the release results after this accumulation of
assumptions. This involves listing the main hypotheses (both from

EPA and from the Sandia PA) and assessing (even coarsely! their

cumulative effects on the position of conditional (current) means in

d

—

.
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the CCDFs families. 1If it is the case that the EPA/DoE assumptions

are generally conservative, it is likely that what are now mean

curves in the current conditional performance analysis (Sandia‘'s PaA)

would ceorrespond to higher fractiles of distributions that would

account probabilistically for all hypotheses (Figure 1, bottom

left). If the set of assumptions turns out to be altogether

unconservative, introducing alternative assumptions will tend to
make the current means go down in the families of risk cdtveé

towards lower fractiles (Figure 1, bottom right). o

When you receive this information about the probabilities and“
the effects of alternatives to the main hypotheses on the position
of the mean curves, you want to examine whether the final levels of
fractiles that would correspond to the current means meet the level
of conservatism that you want. You may also want to go one step
further and look closely at the health effects themselves and at the
conservatism of the EPA model of cancer risk. I do not believe that
at that stage it would be realistic to require EPA to proceed to a
full probabilistic risk assessment (they do not have the methods as
far as I know). Yet, you can argue that their *reasonable
expectations® are reasonable only if their hypotheses and health

effects model provide the additional level of safety that is -

consistent with the NRC language of "reascnable assurance®". In other
terms, first their current means for the release of the different
radionucleides have to provide at least as much safety as the
overall "expected value®" of the release that one wogld from a
probabilistic analysis of the hypotheses. Second, the EPA heaith_
effect model should provide an additional layer of safety that
convinces you that you are indeed in the high fractiles of a
hypothetical full risk analysis.

Should you push EPA to specify a fractile level applicable
across the board to all cases? I don't believe so, simply because
each problem has to be replaced in its context (uncertainties,
existence of alternatives, economic and political context, etc.). I
believe, however, that examining carefully the range of fractiles
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corresponding to the mean in the consequence distribution is a
reasonable way to address the question of uncertainties. In the WIPP
case, the choice of the mean conditional on a set of hypotheses was
based on the long-term nature of the project, the fact that the
computation of the mean is more robust than that of specified
fractiles, and that the means {(given the uncertainties) are likely
to be among the high-fractiles anyway. And in any case, requiring
the EPA to make a general statement about a *high level'of
confidence" in the final health effects analysis including all
uncertainties would be helpful.

Requlatory lanquage : o
I think that you can require that EPA be more rigorous in its !
implementation of the *reasonable expectation® language. They cannot
just set hypotheses and models (as those leading to Figure 1,
Appendix A of 40CFR191), frame the conditional risk analysis for the
applicant, then claim without checking that the conditional means
(even with infinite sampling size) resulting from this analysis
necessarily support "reasonable expectation® of human safety.
Whereas it may be unreasonable {(and perhaps, even hazardous given
how uncertain the results would be) to leave the choice of
hypotheses and model .f:aming ‘to -the applicant, it is not
unreascnable to require that the effects of these hypotheses on the
mean curves be assessed (i.e., simply to check how they displace the
mean curve: up or down). In the WIPP case, I would focus on the
hypotheses of the intrusion model (frequency, means and effects of
drilling) which are the most likely to significantly affect the
release results. I would also examine very closely the EPA health
effect model.

I would want EPA to show that, in the end, the combination of
"“reasonable expectation*®* for the perforﬁance assessment and of the
conservatism (if it is the case) of the health effect model that
they have used to seE the release criteria provides "reasonable
assurance® of actual safety (i.e., for the ultimate health effects). —
Because EPA has done the health effects modeling, they ar€ in a goed -
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position to show the conservatism of their own results and of the
final health risks when these results are combined with those of the
performance assessment.

'“"‘\
oA
ey K

Therefore, you want to require EPA: R
(1) to fully reveal the models that they have used to comeiug-wiﬁh, ;

g
G

the release standards, v :
(2) to list all the major assumptions that they have made (Eas;é
that are likely to affect the risk analysis results), (3} then, to
ask the applicants to show that the combination of these models,
hypotheses and their own performance anélysis supports the
requirement that the current conditional mean is indeed "above* the
marginal (overall) mean, and that altogether, the assumptions are in

fact “conservative‘.

By comparison, the uncertainties that result from the sampling
are probably (1) cheap to reduce and (2) not very significant
compared to effects of the basic hypotheses. Therefore, you may
choose either to accept their 95% confidence language, or to require
a third level of confidence in the analysis. I do not think that it
will make much difference.

3. ADDITIONAL COMMENTS ON ISSUES RAISED IN YOUR LETTER

sampling gize

This issue is easy to resolve because it is cheap to require
additional combuter runs if you do not think that the level of
confidence achieved is what you want. Of course, the tail of the
distribution will not be often reached in the simulation by
definition of high consequence/low probability modeling. You may
want to press EPA to specify the confidence level in this process
(third order treatment of uncertainty, i.e., one level further than
what I describe as Level S5 in Figure 2 of the Appendix). But you
have to realize that the results will be somehow artificial given
_the variety of the sources of uncertainties. .So, I would not focus
so much on the uncertainties due to sampling size because they are ~—

©
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probably *“in the noise", as I would on the uncertainties about the
fundamental hypotheses.

3.2 Encoding of expert opinionsg
I agree that you may want EPA to specify better their encoding

procedures. Anyway, in the case of WIPP, you want to f£ind out how -

Sandia exactly did it (especially for parameter values).

3.3 Use of the mean

I generally agree with EPA that the mean does convey "a sense of Ehev““k

whole ensemble of the CCDF's generated". It represents an aggregated
description of the risk by a single probability distribution (Level
4 of Figure 2} without displaying the higher level of uncertainties
(Level 5 in Figure 2). I do not believe, as you do, . that the
‘applicant can vary the number of realizaticns and dilute at will the
effects of any particular CCDF. What is true, however, is that with
a small number of realizations (in the simulation) one may not reach
the tail of the distribution. You want Sandia to specify case by
case what level of assurance the mean represents (it varies, of
course, along the release axis).

3.4 Additional comments )

a. Specific guidance for the form of probability distribution
functions seems to me impractical. _

b. Need to deal with correlations: I agree, this is essential.

¢. Appropriateness of the mean: in the case of WIPP, I think that
the coupling of EPA assumptions (if they are globally conservative)
and mean release level (which is 1likely to be among the high
fractilés given the uncertainties) should provide the level of
safety that you want. This is what you want Sandia to demonstrate.

d. Calling explicitly for a 95% fractile with 99% confidence would

require a full probabilistic treatment of all EPA/DoE hypotheses
regarding the release, introducing still more uncertainties in the
analysis and probably producing highly questionable results. [I
would not suggest this kind of fractile on top of the EPA
hypotheses.] Again, I would start by checking what the current mean

28
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represents (roughly) in the full picture. To call for the 95%
fractile of the real risk curves (i.e., the health effects), would
require a whole new risk analysis including both the release model
and the health effect model. It is obviously not the direction that
was chosen a priori.

f. Of course, the process of sampling of 50 parameters, even with an
infinite sampling size would dilute the effects of the extremes. It
is the nature of probability: the extremes are much less likely than
the central range of the distribution. But you want sufficient
sample size to have confidence that you have given the extremes
their proper weight. )

h. Reducing uncertainties can be done in many different ways.
Increasing the sampling size of course is one of them; but again,
these uncertainties are probably minor compared with the
uncertainties involved in the fundamental assumptions.

j. No, it is not ‘easy to identify the various percentiles of crossed
curves. Indeed, any mean curve will represent different percentiles
in different release ranges. S

4. CONCLUSIONS:

I believe that the case of WIPP as it stands now raises issues
that are different from those that I addressed in my 1986 article
regarding nuclear power plants. But the fundamental concern is the
same: reaching an acceptable level of safety with reasonable
certainty {(or assurance). In the 1986 article, I proposed to do it
using high fractiles of the risk curves (which is often where the
means are anyway) based on full PRAs including the treatment of all-
identified and relevant uncertairities (as determined by sensitivity
analysis). For WIPP, we do not have risk curves (in the sense of
full probability distributions for the consequences,i.e., the health
effects). Because of the 10,000-year time horizon, the uncertainties
in the case of WIPP are such that this kind of analysis may be a
futile exercise. Instead, EPA has chosen to make some assumptions in
its performance criteria and to require a conditional performance
analysis given these assumptions. Then, EPA specified the use of .
the conditional means as the bagis for the compliance criteria.
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In order to verify that the conditional means (conditiocnal on
specified health models and hypotheses) provide 'indeed °"reasonable
expectation® of saféty once the effects of the hypotheses on
expected values are carefully considered, you want to ask Sandia to
provide additional information about what these conditional means
really represent for future release and what they imply for human
safety. In particular, you want to question assumptions regarding
engineered barriers and the hypotheses that have been made to
support the currently planned storage system. This is where you may
be able toc show that some of the assumptions are unconservative and
that the real mean curves are below the conditional ones. Therefore,
you may be able to conclude that the current analysis based on
conditional means does not meet, on the whole, the *reasonable
expectation® standard. I would not focus much on the effect of the
sampling size (although it probakly does not cost much) because
increasing it méy not provide large variations of the position of
the mean in the overall CCDF family. The hypotheses about the
frequency, the means and the effects of drilling are more likely to
provide significant variations.

To summarize my conclusions: ,
4.1 I do not know where the current means stand in terms of .
fractiles on the distribution of release curves presented by Sandia.
=> You may consider asking Sandia to specify which fractiles are
involved in the mean release curves that are presented in their
final PA report (these fractiles will vary along the release axis;
but Sandia may be able to bracket them) . ‘ h '

4.2 I cannot judge the degree of conservatism of the Performance
Assessment results because I do not know the effects of the EPA and_
DoE hypotheses on the release curves.
=> Ask Sandia to list the major hypotheses that have been taken for
granted in their PA and to give you an idea (if not a full analysis)
of the effects of these hypotheses on the results (i.e., the family
of release curves). For example take the five or six most important
assumptions of the PA {e.g., the Poisson model of human intrusions,
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the diameter of the bore holes, the water flow model, the solubility
factor of the main nucleides, etc). Ask Sandia to generate a set of
reasonable alternatives to these hypothese and to show you that the
mean curves that would be generated with proper probabilistic
analysis of these alternative assumptions actually meet the criteria
{and that they do¢ not pull the means towards lower fractiles of the
risk curve families). ¢
4.3 The expert opinion procedures of enceding could be made 'more
rigorous.
=> You may want to ask Sandia to identify the variables whose
distributions are critical for the results (could make WIPP violate
the performance criteria), to justify their decision to treat them
through expert opinions (as opposed to experiments or measurements
‘when feasible), to better justify their findings by describing
exactly how they have encoded and aggregated expert opinions, or to
redo the ehcoding and aggregation of these judgments if you conclude
that some of the variables have nor been properly treated.

4.4 The uncertainties about WIPP are such that full ﬁrobabilistic
treatment of all assumptions is likely to introduce large additional
uncertainties in the results if they were to be systematically ..
treated through probabilities.

=> You may want to find out what is the level of release risk
obtained given the combination of EPA and DoE assumptions and the
results of the corresponding conditional risk analysis, judge
whether it is reasonable, and if it is not, ask EPA to reveal how it
is going to inject additional levels of prudence in its decision.
Dependihg on how far the current means are (assuming full
probabilistic treatment of hypotheses) from a reassuring (but not
sacred) 95% fractile, you may want to ask for additional analysis or
for a change of risk management strategy.

4.5 If you really want to estimate the long-term health risks
associated with the possibility of release, you need a probabilistic
version of the EPA health effect model and a true risk analysis
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involving both release and health effects. I doubt that this is
feasible. But: )

=> You may want to ask EPA to better justify what they have done to
obtain Table 1 of 40CFR191 and DoE to show that the overali risk
of
safety. ,_?n

results (their model plus'the PA) provide “reasonable assurance"

5. APPENDIX

[What follows on this topic is based on a report that I récen@inJ

wrote for the Electric Power Research Institute].

ix levels of trea f rtainti i i a is:

The form under which one would like uncertainty analysis to be done
depends in large part on the use that one intends to make of the
results, i.e., what criteria will apply in the decision making. All
decisions do no& need full treatment of uncertainties. Different
degrees of sophistication in the assessment of the risks can be
envisioned depending on the management rule that one intends to
apply. Six different levels in the treatment of uncertainty (see
Figure 2) can be identified.

El

Ld

Level 0 simply involves the detection of a potential hazard ---

without attempt to assess the risk in any way. It is sufficient, in
theory, to support strict zero-risk policies, or to make risk
management decisions when the costs are low. '

Level 1 is the °*worst-case" approach. It does not involve any
notion of probability. It is based on the accumilation of worst-case
assumptions and yields, in theory, the maximum loss level. In
practice, however, whatever the worst-case scenario that has been
constructed, it is often possible to imagine still more unlikely
circumstances that could worsen the result. It is therefore
necessary to truncate the loss distribution.
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Figure 2: Six levels of treatment of uncertainties in risk analysis_

(Paté-Cornell, EPRI report, 1995).
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Level 2 involves *“plausible upper bounds* (or the "quasi-wors:t
case'). This analysis represents an attempt to obtain an evaluation
of the worst possible conditions that can be “reasonably* expected
{1) when there is some uncertainty as to what the worst case might
be, or (2) when the worst case is so unlikely that it is
meaningless. Examples of these approcaches include the Maximum
Credible Earthgquake or the Maximum Probable Flood used by the U.S.
Army Corps of Engineers in the construction and management of dams.

This peopular approach, however, presents major shortcomings.
First, there is no way to judge the “conservatism" of these point

estimates (the residual risk is unknown). Second, this approach does -

not allow a meaningful comparison of risks. Ranking among these
presumably extreme values may not be related to the ranking of the

mean values of the potential losses and there is no reason to

believe that priorities set on the basis of plausible upper bounds
will ensure maximum risk reduction for the money spent.

analysis.

Level 3 relies on °best es;imﬁtes' and/or on a search for a
central value {e.g., the mean, the median ox the mode) of the loss

distribution. Generally speaking, the advantage of central values is .-

to provide a reasonable balance to plausible upper bounds. The
disadvantage is that the risk is still characterized by a single
point estimate and that the uncertainties disappear from the
results. '

Level 4 relies on probabilistic risk assessment (PRA), also
known in engineering as quantitative risk assessment (QRA), or
probabilistic safety assessment (PSA). It permits representation of
a risk, not by a single point estimate, but by a complete
distribution of the potential losses to represent the uncertainties
involved. Still, the effects of all uncertainties being aggregated
into one risk curve, it is -impossible to extract from this
information the dispersion due, for example, to expert disagreements
about competing models for a fundamental.hypothesis. :
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Level 5 allows display of uncertaintizs about fundamental
mechanisms. This can bg done in several ways. QOne approach is to ask
each expert to provide an assessment of the risk based on their
favorite model and on their evaluation of the distribution of
parameter values, and to display this set of risk curves (one for
each expert) without attempting to aggregate the results or to
assess the probabilities of the fundamental assumptions on which
they rely. The problem is that one popular hypothesis may be favored
by a large proportion of experts for a combination of scientific and
other reasons. Therefore, if a composite distribution is needed, one
must sooner or later address sguarely the issue of the relative
probabilities of the different hyﬁotheses and proceed to an
aggregation of expert opinions. It is important at that stage, to
depoliticize the process if needed, and to put weights on;ﬁ;delsn

oo T

(given the evidence available] and not on the experts. 5“

- . “a\
Therefore, in order to reach its logical conclusion, Lével S
‘requires a full prcbabilistic treatment of epistemic uncertainties.
The result is a family cf risk curves. These curves provide, for
each value of the potential losses, a discretization of the

probability distribution of the future frequency of exceedence of

this loss value. Both aleatory and epistemic uncertainties are .

propagated through the analysis, for example, by Monte Carlo
simulation or other simulation models such as the Latine Hypercube

approach.

WIPP Performance assessment is a mixed case of some aspects of
level 2 (plausible upper bounds; conservative hypotheses) and level -
5 (full uncertainty analysis).

6. ANNOTATED BIBLIOGRAPHY
A. A40CFR1S1 .

1. Russo, September 1991: Updated Uncertainty Analysis of EPA River
Mode Pathways Model Used for 40CFR Part 191: Table 1 of 1985
40CFR191 Analysis of Curie release corresponding to 90% level of
certainty that effects will be less than or equal to 10 fatal
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cancers/10,000 years w~as completed by an uncertainty analysis in
which the probability distributions characterizing uncertainty about
model input parameters were based on discussions held with
radiological assessment experts taking into account theoretical
considerations, variability in published data, and insiﬁhtful‘

judgment [How was this done?) b

2. EPA 520/3-80-006. Population Risk %_ ‘

p. 150: "The expected frequency of human intrusion into a repoéitbry
ranges from a drilling event every 400 vyears €for granite to a
drilling event every 50 years for salt and shale (ADL 79d).*" |[This
is one of the assumptions whose effect on the results should be
checked]

3. Federal Register 1985. 40CFR1S591.

191-13 Containment Reguirement:

“Reasonable expectation* language. PA need not provide complete
assurance...etc.’ :

4. Response to comments; EPA 520/1-85-0242. p2-5: The median is
. insufficient. [I agree]. p.2-12: EPA states that the standards, as
they are written, will allow demonstrating compliance in a way that
will not be *"unreasonably difficult or expensive". [Fine].

5. Report of the Review of 40CFR1S1 by a subcommittee of the

SAB.1984. "The subcommittee supports the general form of the ..

proposed standard, including the use of a social cobjective as an
upper bound of acceptable health (cancer and genetic) effécts. [The
question is: how conservative is the societal risk target given the
assessment method. Could be very conservative or not. I don't know).
6. Working draft of final 40CFR191: 11/1/83 '
191.16: Guidance for implementation ‘

~determination of compliance should be based upen "best estimate*
predictions (e.g., the mean of the appropriate distribution
results).” [Best estimates is generally not a good term to use
without specification in regulatory language because it is too
vague] . '

7. Working Draft of final 40CFR191: 2/1/84

"Instead the implementing agency may determine compliance based upon
the part of the range of predictions that falls within orie standard
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deviaticon ©of the mean..." [That was an idea but it was not
implemented] .

8. working Draft of final 40CFR191: 4/23/84

Mean + one standard deviation =»> 85% for Normal distribution [Many
distributions are not normal but skewed right].

9. Working Draft of final 40CFR191: 3/21/85

191.13: Containment requirements Uncertainties are too large hiven
the time frame. => reasocnable expectation language [Intended to be:
the mean; actually here: conditional means]. '

Further: compliance with 191.13: Integrate all uncertainties into
one risk curve [i.e., the mean risk curve. This is the level four of
Figure 1. It is generally sufficient to support the choices of the
risk averse decision maker in rational individual decision maklng]
10. Working Draft of final 40CFR191: 6/15/85

191.13: same language about "reasonable expectation®.

11. Working Draft of final 40CFR191: 7/5/85

Uncertainties, and long term => reasonable expectation

12. Report of Meeting with extra-agency personnel concerning EPA
Pocket Number R-82-3. (with NRC staff personnel). *Subparagraph
181.16a requires that the standards be implemented in terms of the
upper 85% confidence level of the simulated cumulative release. In
view of the very very large number of judgmental factors that will _
have entered inte the calculation, the use of the specified
confidence level as a basis for deciding compliance is highly
susceptible to mischief during the licensing process{...]; in view
of uncertainties involved, confidence levels must be adressedd in
texms of qualitative (e.g., reasonable assurance terms) rather than

Quantitatively.* .
" Further: *Confidence level: DoE is concerned that the mention of an
85% confidence level will become the required level for all
analyses; this would be contrary to EPA's intention.®

Further: Guidance for implementation:

Suggestion again that mean + one standard deviation becomes the
standard (=>=85% for Normal distribution).

Further: "Paragraph 191.16.c unclear and calls for a precision level -
that may not be possible to demonstrate analytically.*® :
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13. EPA background information behind 40Q0CFR191 1985

EPA 520/1-85-023. )
p.6-3 Problem of uncertainties in EPA modeling of radiation risk

estimate (the risk per unit dose are likely to be low)

p 6-13 the risk estimates are not unduly conservative [Important to
check and to assess the effect on individual safety].

14. EBASCO study: Uncertainty and sensitivity analysis for the
exposure pathway models used in 40CFR191.

p. xiii: levels of certainty for each radiocnucleide in Table 1l.tryin
to evaluate the level of conservatisms {[Again, effects on
conservatism of Sandia's result?].

15. Background information: EPA 93. EPA cancer risks are based on
NAS study. Further (p.6-5): dose-response function was based on
japanese epidemiology after the Hiroshima bomb.. Perhaps
unconservative following subsequent studies (p.6-93). p.6-3i?ﬁj
estimates of cancer risks are NOT conservative.

16. EPA environmental pathway model, 1986

p.S9: Releases to a river [could be very conservative: WIPP is in
the desert; but assumption was based on large rivers; how about
small ones?].

17. Analysis of Uncertainties. Envirosphere, June 10, 1983. {problem
of the original ore body release and river mode exposure pathway). .-
Another set of uncertainty assessments for Table 2 of 40CFR191.

B. 40CFR1S4

1. Federal Register

2. 40CFR194 Proposed Rules: Criteria for the Certification and
determination of the Waste Isolation Plant's compliance.

p.81l: Expert Judgment °*should be used provided that it does not
substiotute for data that could be obtained through data collection
or implementation.® {An apparently reasonable set of requirements.
No conflict of interest. At least five experts. Not all from DoE].
P.113: results of performanée assessment :Risk curves. Monte Carlo of
Latin Hypercube. Not the median. Requirement that the number of risk
curves be large enough so that the maximum CCDF generated exceeds
the 99th percentile of the pépplation of CCDFs with at least 0.95
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probability. [Looks conservative. To be checked}

ptll4: the criterion itself: “demonstrate that there is at least a
95% level of statistical confidence that the mean of the population
of CCDFs meets the requirements of section 13{a) of 40CFR19" [The
mean is the most robust measure under the circumstances (smaller
sample size required} and it may already be in the 80 to 95%
fractile]. '

3. Background information: EPA 402-R-95002

p.3-7: Disposal systems shall be designed to provide reasonéblg
expectation based upon performance assessments that cumnlativé
releases of radionucleides to the accessible environment for 10,000
years after disposal from all significant processes and events that
may affect the disposal system shall:

{1} Rave a likelihood ©f less than one chance ip-ten of
exceeding the quantitties calculated according to table 1 (Appendix
a) and ) '

(2) Have a likelihood of less than one chance in 1,000 of
exceeding ten times the quantities calculated according to Table 1.
Table 1 defines a set of permissble releases ("normalized release”
for each isotope). [The question is; what were all the hypotheses
underlying Table 1). ' |
4. Compliance criteria: March 21, 1995
p.55: results of performance assessments.

5. EEG Comments. April 28, 1995.

p.5: the WIPP gite does not meet the there stated criteria of 40 CFR
191.149 (because it is in a resource rich area)=> unconservative
assumption. On the qgher hand, (p.6)EPA claims that the-hypotehse
are favorable because of the favorable characteristicas of the WIPP
(located in the desert). [net result??)

pP.1l1: Engineered barriers:

Arbumant for engineered barriers: unconservative assumptions
.regarding human intrusion in a resource rich environment. Also:
benefits will be small because it would only delay the arrival o§
actinides in the environment.,
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Introduction

This document contains the Department of Energy’s (DOE) responses to comments made
by the Environmental Protection Agency (EPA), the Environmental Evaluation Group
(EEG), the New Mexico Environment Department (NMED), and the New Mexico Attorney
General (NMAG) on the "Preliminary Performance Assessment for the Waste Isolation
Pilot Plant, December 1992, Volumes 1-3. Each comment and response is listed along with
the reference materials. The appendixes contain supportive figures and memos referenced
in the document. The subject document is referenced as the 1992 PA (Performance

Assessment).




Comment CL1

Cover Letter, Format and Content

"We reviewed this document with the idea that it should contain all of the information -
needed to allow us to review, understand and evaluate DOE’s approaches, and to
demonstrate that the approaches were sufficiently justified to support a reguest for
certification of compliance.”

Response

The DOE appreciates the perspective taken by the EPA for this review since it provides the
DOE with significant insight regarding what should be included in a compliance application.
In addition, the EPA’s perspective will help identify areas where the two agencies may
disagree regarding impiementation. It is important to seek resolution to these prior to the
preparation of a final application.

The DOE will use EPA’s comments and suggestions as a guide on formulating aspects of its
compliance program. In addition, the DOE will establish, as a priority, the resolution of any
issues or disagreements that have resulted from these comments.

— LY

Cover Letter, Format and Content

" Although the PA provides a large amount of information, it lacks a sufficient description of
the analyses that are discussed. The current PA is not a "stand alone” document that uses
references as supporting information. Rather, references are often provided as the proof of
the validity of DOE’s reasoning, with insufficient information presented in the PA to enable
the reader to follow that reasoning. ... While we understand that references and
accompanying documents will be needed, we feel that the PA (in all its volumes) needs to
tell a compiete story. In our view, the PA should start with the basic information and, step
by step, build up to a demonstration of compliance. *

Response

The DOE agrees that the PA is not a “stand alone® document for compliance purposes. In
fact, PA is only a tool used to determine compliance with quantitative limits and to
understand uncertainty. Numerous other topics are to be included in the compliance
application as indicated by the Format and Content Guide issued in May 1994.
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This not withstanding, the DOE appreciates the broad perspective used by the EPA in its
review as discussed above. The DOE will use this broad review as a guide in preparing the
final application.

Comment CL3

Cover Letter, Format and Content

"For example, it would be helpful if the PA presented a listing of scenarios considered, and
showed the analysis of probability and consequence for each separate scenario. The
presentation of separate analyses would help clarify how scenarios are combined to create a
final set of CCDFs.”

Response

This material will be included in the compliance application as appropriate. The DOE notes,
however, that separate analysis of both probability and consequences may not be appropriate
for all scenarios considered.. Some scenarios may be shown to be of sufficiently low
probability that consequence analyses are unnecessary. Other scenarios may be shown to be
of sufficiently low consequence that probability analyses are not required. In other cases,
different scenarios may have sufficiently similar consequences that results of a single
consequence analysis may be used in conjunction with different probabilities. AN
i A

o

Comment CL4 .
Cover Letter, Format and Content Guide

The outline in the November 1993 Format and Content Guide prepared by the DOE is a
significant improvement over the current PA organization.

Response
Comment noted.

Comment CLS
Cover Letter, Access to Information
"We are concerned that much of the information referenced or used as integral part of the

PA analyses is not available for review. The current PA cannot be thoroughly reviewed
because the supporting information is not accessible. This includes some references,
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computer codes, their documentation, laboratory and field data, and the data generated from
computer runs, such as the results of the Latin Hypercube Sampling that is used as input for
the computer runs. The computer codes and their documentation should be availabje for
public review.”

Response

The DOE is currently pursuing access to computer codes and training in their use with the
EPA and stakeholders. Documentation of codes is being completed, and will be complete
before PA analyses are used in a compliance application.

All source material cited in the 1992 PA, including primary documentation for laboratory
and field data, is on file at the WMT library at Sandia National Laboratories. For a
compliance application, reference materials will be dealt with in a significantly different
manner in order to assure timely access to information by the EPA.

Comment CL6
Cover Letter, Access to Information

"In addition, if they are incompatible with EPA’s computer system, they should be remotely
accessible on DOE’s computers to allow independent examination. I recognize that the codes
and their documentation are not in final form; however, our review of the codes will take a
long time, so we need the copies used to prepare a performance assessment along with the
results of that assessment. If we do not get the codes until the final application, it will
significantly slow our review of the application.”

Response

The DOE is as concerned as the EPA over the length of time that EPA may require to
review DOE’s codes. Consequently, the DOE has made code availability a priority. The
EPA and the DOE are successfully resolving this issue of access and training.

Computational efficiency is a complex topic and would be a welcome topic for the DOE/EPA
technical exchange meetings. Specific recommendations concerning resource allocation, ¢.g.,
model development versus collection of experimental data, are to be an integral part of the
systems prioritization methodology (SPM) effort. The SPM will have "outside scrutiny®

inherent in the process design.

EPA Comments 1-3 DOE/WIPP-95-2053



Comment CL7 o \}
Cover Letter, Repromuigation of 40 CFR 191 #

(a) "We realize that 40 CFR 191 had not been repromulgated when the analyses for this
version of the PA were being conducted, thus consistency with the rule was impossible.
However, the rule is now final, and changes in the PA will need to be made in order to
reflect the new 40 CFR 191. The main areas where changes are necessary are in the ground-
water and individual protection requirements, and the use of the committed effective dose.
The definitions relating to ground water have been changed to reflect EPA's policy of
protecting underground sources of drinking water. DOE will need to identify the potential
aquifers and their water quality (i.e., total dissolved solids)."

(b) "In addition, the undisturbed performance time frame calculations need to reflect the
10,000 year requirement. With the increase of the time frame from 1,000 years to 10,000
years, DOE may need o include scenarios that were previously omitted."

Response

All aspects of 40 CFR 191, including those portions repromulgated in December 1993, will
be incorporated into compliance documentation.

(a) The DOE has taken the position that a decision on when and if underground sources of
drinking water should be identified and characterized (i.e., whea such a characterization will
provide pertinent information for a compliance application) will be based on the expectation
of releases. Briefly, identification and characterization of USDWSs should not be required if
no radionuclide releases to the accessible environment are predicted for 10,000 years or if
10,000 year peak predicted releases to the accessible environment are less than or equal to
the applicable Maximum Contaminant Levels (MCLs). USDWs along the pathway should be
identified and characterized if peak predicted releases to the accessible environment for
10,000 years are greater than the MCLs.

(b) The DOE agrees that calculations for a compliance application must be performed for a
10,000 year compliance period as stated in 40 CFR 191.

Comment CL8

Cover Letter, Regulatory Issues

"The PA also needs to address both 191 and RCRA compliance.”

DOE/WIPP-95-2053 1-4 EPA Comments



Response

The DOE has implemented a PA program which examines two-phase flow. This allows the
determination of releases via both liquid and gas pathways. For the compliance
determination, appropriate transport calculations will be made using these PA models. These
calculations will include contaminant transport of interest to each of the regulations.

i
!Jl ’»1%,(\,
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Comment CL9 i
Cover Letter, Regulatory Issues (Guidance to 40 CFR 191) )

"The Guidance for 40 CFR 191 is generic in its application and it is non-binding to the
implementing agency. EPA is evaluating the Guidance’s suitability for use at the WIPP site.
However, deviations from the Guidance should be clearly explained. The compliance criteria
(40 CFR 194) will provide further clarification on this topic."

Response

The DOE agrees that any deviation from the guidance in 40 CFR 191 must be carefully and
clearly documented. The DOE realizes that EPA’s guidance, while non-binding, is not
arbitrary and is provided to assist the implementing agency in meeting EPA’s overall goal of
protecting human health and the environment. Since EPA’s guidance is established as the
result of the technical bases developed during rulemaking, the DOE realizes that any
significant deviation from this guidance must have equally in-depth technical justification.

Comment CL10 “
Cover Letter, Regulatory Issues

"The future applicability of the Guidance hotwithmnding, DOE did not correctly foilow the
Guidance in this PA. If DOE was going to follow the Guidance, the PA should have used a
constant drilling rate of 30 Boreholes/km? per 10,000 years for comparison with the
containment requirement. In addition, the PA incorporates credit for passive institutional
controls without proper justification. ®

Response

The maximum rate for human intrusion considered by DOE yielded an expected number of
boreholes equal to 30 per square kilometer. Smaller rate constants were also considered to
allow the evaluation of the sensitivity of disposal-system performance o uncertainty about
future drilling rates. Determining such sensitivities is important to capturing the most
significant parameters for the compliance calculations. These sensitivity analyses indicated
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that system performance is highly sensitive to the drilling rate and that it may be a very
important factor in the compliance decision.

The DOE agrees that any assumptions made regarding the guidance need adequate
justification as discussed previously. This appiies to the credit taken for passive controls,
drilling rates, and other factors.

Cover Letter, Use of Expert Panels and Peer Review cL

"There should be documentation of the process used to obtain expert opinion, and the process
should follow written procedures.”

Response

A formal QA procedure for the use of expert judgment by Sandia National Laboratories was
published in 1992 (Rechard et al., 1992). Further refinements of this QA procedure can and
have been incorporated into WIPP Procedure No. PAP06, Use of Expert Judgment Panel
Quality Assurance Procedures. Compliance documentation will contain documentation in
accordance with this or any other formal procedure used by the DOE and its contractors to
elicit expert judgment.

Comment CL12 |
Cover Letter, Use of Expert Panels and Peer Review

"Specifically, we do not agree with the approach taken by DOE to estimate a reduction of the
drilling rate from speculations on the use of markers. The markers aren’t yet designed;
therefore, the panel was asked to provide advise about the effectiveness of the markers at
WIPP on the basis of incomplete information. Nor did the panel include all the necessary
expertise, ¢.g., no petroleum engineers or drilling experts were included on the panel. The
information from the marker panel was then apparently provided as input to a computer
program that produces results in an unclear manner. EPA’s compliance criteria will contain
additional guidance on the use of expert panels.”

Response

Ihisissuchasbemmisednum«omﬁmbymeﬁﬁﬁandtheDOEhubeqlmsiﬁmqm
assuring proper care is taken in both establishing the scope of an expert panel and in using
the outcome. i
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With regard to the specific comment on the process used by the DOE, the following is
provided:

The process used by the Markers Panel was to first develop design guidelines for long-term
communicative markers based on the contributions from individuals in disparate related fieids . -
such as materials science, archaeology, and communications, Based on the design guidelines,
the two teams comprising the Markers Panel each developed a conceptual design for a system
of markers. Estimates of efficacy of the markers system over time were based on the
conceptual design. Implicit in the deliberations was the assumption that sufficient testing was
underzaken to determine, for example, the appropriate design of the foundation for stone
markers to withstand possible fluctuations in surface level and still remain stable. A second
assumption in the effort was to evaluate what was possible for a marker system (as a first
approximation) with no cost constraints. Cost constraints may come into play regarding the
definition of "practicable™ in 40 CFR 191. There is much evidence from the fields related to
marker design that suggest avenues to pursue to improve long-term survivability and
communication. |

A petroleum engineer was not included on the Markers Panel, because the thrust was geared
to long-term survivability of a marker system and continued interpretability. A petroleum
engineer’s skills are not such as to contribute to this effort. /—\

Comment CL13
Cover Letter, Use of Expert Panels and Peer Review

"In future performance assessments and interim documents, it would be helpful for DOE to
identify: 1) the areas where no data exist; 2) where expert panels and expert judgement will
be used in lieu of data; and 3) whether the expert judgement will be replaced with data by

- the time of the final application. We strongly recommend that DOE use data where it is
possible to obtain it, instead of relying on expert judgement.®

Response

The DOE agrees that the use of expert panels in lieu of data must be carefully documented
and justified. The DOE, however, does not agree with the concluding statement in this
comment since it is written so broadly. Instead, a level of "practicability” must be applied
when designing tests in lieu of expert judgment. This is particularly true when tests may
require unrealistically long time frames or represent unreasonable costs.
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Comment CL14

Cover letter, Models

"The development and implementation of conceptual, computational, and computer models is
one of the most important technical aspects of the performance assessment topics.

Therefore, it is imperative that we and the public have a good understanding about the
modeling process and the models themselves. In the current PA, a good discussion of
conceptual models and their alternatives are provided in only a few instances, such as the
porosity model for the Culebra Dolomite. The conceptual models for the potash mining
scenario are absent.”

Response

The DOE agrees that the development, documentation, and implementation of conceptual,
computational, and computer models is critical to a defensible performance assessment.
Documentation of models is facilitated by Sandia’s formal software Quality Assurance
Procedures. The mandatory guidelines and requirements contained in these procedures
ensure traceability and verification of computational and computer models, as well as
documentation of the underlying conceptual models.

The evaluation of computational-model uncertainty involves evaluation of various conceptual
models against relevant repository performance metrics. Current WIPP PA accomplishes
this in two ways:

1. An "all-other-things-being-equal® method, in which alternative conceptual models for one
component of the system are individually evaluated over the LHS sampling of
imprecisely known parameters, while maintaining the variability of parameters not
included in the tested sub-model constant.

2. Inclusion of the alternative conceptual models within the sampling of imprecisely known

[ sindiiad A

A K
p
parameters. oy
N . v

Examples of method (1) are inclusion of: a) muitiple transport and flow models ot‘the
Culebra dolomite (single-porosity vs. dual-porosity vs. fracture-flow only; chemical
retardation vs. no chemical retardation); and b) muitiple repository and Salado long-term
responses (with gas generation vs. without gas generation; with room consolidation vs.
without room consolidation; with a representation of fracturing in the Salado vs. with no
Salado fracturing).

The example of method (2) to date is inclusion of different two-phase-characteristic curves,
e.g. the Brooks/Corey and Van Genuchten/Parker sub-models, and sampling on each.

\
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The DOE believes it is important to evaluate the defensibility of all conceptual models
continually, both by examining their supporting experimental data and evidence and by
examining whether or not the different models have significantly different impacts on
expected performance. Ultimately, the defensibility of a performance assessment depends on
the belief of the regulators and major stakeholders that a reasonable conceptual model has
been used, and that there is sufficient evidence to support its use. In order to make this
evaluation, this history of the development and screening of alternative conceptual models
used in the performance assessment must be thoroughly documented.

Comment CL15 e ﬂ_‘ : ’ \& \
Cover Letter, Models U
“The next performance assessment iteration should contain a detaile‘t-ih&éé‘c;ipﬁon of all

conceptual models chosen and the alternative conceptual models that are or have been under

consideration. For those conceptual models no longer under consideration, DOE should
justify why they were discarded.”

Response

During the development of compliance documentation, a conceptual model screening process
that has the goal of examining all conceptual models put forward by Sandia, WID, DOE, and
stakeholders will be used to arrive at a prediction of reasonably expected system
performance, The screening process will include the reasoning by which the model is
accepted or rejected for use in the performance assessment. The compliance documentation
will provide the full description of the screening process and its application.

Comment CL16
Cover Letter, Models

"Before DOE submits an application for certification of compliance, there should be general
agreement between EPA and DOE on the conceptual models that will be used by DOE.®

Response
The DOE agrees that ongoing dialog regarding conceptual models will be very useful.
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Comment CL17

Cover Letter, Models

"The development of the computer codes will take time, especially since many of the
computer codes are 'state of the art.’ Because of the sophistication of the modeling, the peer
review and quality assurance of the code will also take time—the more complex the code, the
more time it is likely to take. They will also take more time to review. We recommend that
DOE takes the necessary time to ensure that the peer review and quality assurance is
implemented in a thorough manner, especially where there is uncertainty in the conceptual
models used in the codes.”

Response

The DOE agrees and has instituted a thorough review of the quality ot' the codes and data
used to implement conceptual models.

. \&‘
.

Comment CL18 - : S ‘&
Cover Letter, Quality Assurance TR
"...the PA does not seem to address data quality objectives or other related issues.”

Response

This was not a rigorous objective of the 92 PA. The DOE has recently initiated a quality
verification activity to assure data and code quality for compliance determinations.

Comment CL19
Cover Letter, Quality Assurance

(Restatement) EPA is concerned about the implementation of QA for the “old data®, such as
site characterization or completed laboratory studies,

Response

In 1993, the DOE began an extensive review of early and completed work. The assessment
is still in progress. Deficiencies identified in the assessment shall be documented and
appropriate corrective action taken. Before the final compliance application is brought to
EPA, data, analyses, and resulting conclusions shall be screened against appropriate QA
requirements.
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Comment TO0!1

Page 1: I. Technical Comments, A. General, Access to Information

Area in document General

"EPA should have access to source codes, code documentation, on-line help files and the
executable image. It is recognized that at an early stage of deveiopment, a code is a working
draft and shouid not be subjected to a critical outside review. However, if the computer
code, references, or other information is adequate for use in the PA, then it is appropriate to
have it accessible to EPA and to other interested parties.”

Response

The DOE is currently pursuing access to computei' codes and training in their use with the
EPA and stakeholders. Documentation of codes is being completed;” ancf mll be complete
before PA analyses are used in a compliance application.

Page 1: I. Technical Comments, A. General, Resource Allocation )
Area in document General

"Decisions regarding resource allocation (e.g., model development versus collection of
experimental data) should also be subjected to outside scrutiny. In the case of computer
resources, DOE should have its computer codes reviewed for their computational efficiency,

because of the potential for the algorithms themselves to be unnecessarily resource limiting to
the PA effort.”

Response
ZPA’s comment is noted and will be considered by the DOE.
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Comment TOO03 \
Page 1: I. Technical Comments, A. General, Limited Resources

Area in document Volume 2, Chapter 7, page 7-5, Line 17

"Direct solution of ’fully coupied equation’ is said to be unrealistic using present resources.
Why is this true? What resources staff, money, or computer capacity would be required?
Has DOE tried to use more efficient algorithms and computer program applications? "

The basis for this statement is discussed in Butcher and Mendenhall (1993, page 7-3 middle -
paragraph). An example of typical computer capacity requirements is given in the same
reference, page 6-5, third paragraph. In regard to algorithms and computer applications, the
codes used for these analyses have evolved over the past 30 years and represent the most
advanced state-of-the-art technology.

Reference
Butcher, B.M., and F. T. Mendenhall. 1993. A Swummary of the Models Used for the
Mechanical Response of Disposal Rooms in the Waste Isolation Pilot Plant with Regard to

Compliance with 40 CFR 191, Subpart B. SAND92-0427. Albuquerque, NM: Sandia
National Laboratories.

Comment TOO04
Page 2: 1. Technical Comments, A. General, Room Modeling
Area in docyment General

(a) "Has DOE developed a field theory for two-phase flow in a deformable porous media
with fractures that can undergo large deformation?”

(b) "Can DOE provide justification for separating (over the various time-and-space scales)
the two-phase flow, mechanical rock response, and gas generation models?”

Response

(a) While a single field theory for two-phase flow in a deformable porous media with
fractures that can undergo large deformation may be theoretically feasible, it is considered to
be technically infeasible because it would be too unwieldy to use in the global context of PA
(also see response (0 previous comment).
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(b) The justification for separation is discussed in Chapter 7 of Butcher and Mendenhall
(1993).

Reference

Butcher, B.M., and F. T. Mendenhall. 1993. A Summary of the Models Used for the
Mechanical Response of Disposal Rooms in the Waste Isolation Pilot Plans with Regard to
Compliance with 40 CFR 191, Subpart B. SAND92-0427. Albuquerque, NM: Sandia
National Laboratories.

Comment T005

Page 2: I. Technical Comments, A. General, Poor Referencing of Information: Shaft
Consolidation Example

Area in document Volume 3, Chapter #, Page 3-35, Line 7, A137, A140

It is stated that backfill in the lower is parts of the shafts will become consolidated due to salt
creep, with a final permeability comparable to that of the host rock of the Salado formation.
However, no calculations or modeling results are presented in the PA report to justify this
assumption. The 1992 PA cites the 1991 PA, which in tum cites two other reports without
discussion how the values were derived. This is but one case out of many in which the
reviewer must peruse a succession of documents to find the source of cited data.

Response

The Project is currently investigating the permeability likely to be achieved by the crushed
salt components placed in the shafts. The most current published information is summarized
in Van Sambeek et al. (1993). Current technical efforts are focused on evaluating the effects
of backstress, placement technique, and parameter variability on our ability to achieve an .-~
acceptably low permeability in each of the shafts; effective emplacement of the crushed salt =~
components is an important part of the proposed Large-Scale Seal Tests Program. )

Reference

Van Sambeek, L.L., D.D. Luo, M.S. Lin, W. Ostrowski, and D. Oyenuga. 1993. Seal
Design Alternatives Study. SAND92-7340. Albuquerque, NM: Sandia National
Laboratories.
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Comment T006

Page 2-3: 1. Technical Comments, A. General, Radionuclide Inventories

Area in docyment General, Volume 3

"The source of the radionuclide inventories is the memo from Andrew Peterson, which
appears on page A-135 of volume 3. The inventories for the various generator sites are
inconsistent: some include the short-lived daughter products of longer-lived parenats, while
others do not. For example, Y-90 is in secular equilibrium with Sr-9Q in the CH waste at
Hanford, while it is absent at INEL. ... Furthermore, INEL list[s] different activities of the
two nuclides in its RH wastes. The Peterson memo sums the reported activities, showing
significantly different totals for the two nuclides. Of greater import, Hanford lists a large CH
waste inventory of PU-241, but nothing for its daughter product, Am-241. In fact, ten years
after it is generated (for example), each curie of Pu-241 will be in equilibrium with 12.6 mCi
of Am-241."

"Steps should be taken to insure that all generator sites use a consistent methodology for

estimating their inventories. Absent such a practice, Sandia should obtain enough information
to enable it to evaluate the data and make the necessary corrections.”

Response

The Project is evaluating the sensitivity of compliance to this issue. Additional detail will be
included in Project Technical Baseline report.

The radionuclide inventory used in the 1992 PA was a hypothetical "design® inventory basﬁ Eﬁ\\

on the numbers given in the Peterson memo; inconsistencies in the way generator sites
quoted the inventories were ignored in forming the design inventory.

The DOE has recently published the Baseline Inventory Report (BIR) which is aimed at
achieving the consistency goal referred to in this comment. The BIR focuses on those
parameters believed to be the most important to performance assessment.

Comment T007
Page 3: 1. Technical Comments, A. General, Inventory and Release Limits

Area in document Volume 3, Chapter 3, Page 3-35, Line 7; A-137,140

"Why are the 1991 release limits presented instead of the 1992 limits used? The inventory in
1991 was 11.87 million Ci of waste. Thel992PAmventoryuhstedas4227m11honC1 (in
tables on pages A-137 and A-140). This is more than "slightly dsﬂ'e.tent, than the 1991

e
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release limits as stated in volume 3 of the PA, and it effects the release limit. What is the
reason for this discrepancy? What numbers were used for the analyses?®

Response
Possible reasons for this apparent discrepancy (i.e., editorial error, error in interpretation,
etc.) are being investigated. The release limits used in the 1992 PA analyses were based on

the 1992 PA inventory. Future compliance documents will base inventory information on the
BIR which combines information from numerous sources.

Comment TOO8
Page 3: 1. Technical Comments, A. General, Inventory and Release Limits
Area in document Volume 3, Chapter 3, Page 3-35, Line 7; A-137, A-140

"What is the estimate of uncertainty in the waste inventory and the estimate of the release
limits? What is being done to decrease this uncertainty? Will bounding values be used?”
Response

Uncertainties in all waste characteristics (e.g., the composition of the waste as well as its
radionuclide inventory) are presently unknown. The radionuclide inventory used in the
1992 PA was a fixed, hypothetical "design” inventory based on estimates given by Peterson
(see response to preceding Comment T006); uncertainty was arbitrarily added to certain
waste characteristics aiso estimated by Peterson (volumes of cellulosics and corrodible

metallics) in order to test the sensitivity of performance measures to variations in thue
characteristics.

Comment T009
Page 3: I. Technical Comments, A. General, Colloid Transport

Area in document Volume 2, Chapter 2, Page 2-39, Line 9

"EPA strongly agrees with the State of New Mexico that distribution coefficients (K,’s) be
based on ‘experimentally justified data’ and not based solely on expert panel judgment.”

Response S
TheDOEhasplampd@mentalpmmmtopmdeﬂmedaﬂnfneeded
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Comment TO10
Page 3. [. Technical Comments, A. General, Uncertainty

Arez in document Volume 1, Chapter 3, Page 3-13, Line 44

"Please provide a detailed explanation of all methods used to reduce uncertainty and methods
used to evaluate uncertainty.”

Response

The line referred to in the text references Table 3-1 on the following pages of Volume i.
This table contains approximately 48 references and internal cross-references to examples of
techniques used to assess or reduce uncertainty. The reviewer is referred to the table for
more detail than the text provides and to the cited documents for additional detail. The DOE
will include the information in these references in the final compliance application to a level
deemed appropriate.

Comment TO11
Page 3: 1. Technical Comments, A. General, Uncertainty R4

Area in document Volume 2, Chapter 3, Page 3-22, Line 1
"Please provide more discussion on how uncertainty is 'propagated through a model’."

Response

The referenced line of text refers to the propagation of a sample through a model. That step
of the analysis is briefly explained in the previous section on the previous page, and is
explained in detail in later chapters of Volume 2 and in Volumes 4 and 5. Propagation of
the sample through the model simply refers to the calculation of consequences for each Latin
hypercube sample, using each of the consequence models in the system.

As discussed in general terms in Section 3.5 of Volume 2, and in extensive detail in the
references cited therein, the WIPP PA has selected a Monte Carlo methodology to allow
estimation of the uncertainty in model outcomes that results from uncertainty in input
parameters.
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Comment TO12
Page 3: [ Technical Comments, A. General, Grout Seal in MB-139

Area in document Volume 1, Chapter 4, Page 44 (Figure 4-2a)
How does the "Grout Seal” get into Marker Bed 1397

Response

Effective placement of grout into Marker Bed 139 has been part of the technology
development activities performed at the WIPP facility. Specifically, as indicated in the test
plan for the Smali-Scale Seal Performance Test-Series F (Ahrens, 1992), this underground
test at the WIPP was “intended to demonstrate equipment and techniques for producing,
injecting, and evaluating microfine cementitious grout.” The grouting was completed in /f""'
March, 1993, and the final report is currently being prepared. {; A
Reference -

Ahrens, Emst H. 1992. Test Plan - Sealing of the Disturbed Rock Zone (DRZ), Including =~
Marker Bed 139 (MB139) and the Overlying Halite, Below the Repository Horizon, at the
Waste Isolation Pilot Plant - Smail-Scale Seal Performance Test - Series F. Albuquerque,
NM: Sandia National Laboratories.

Comment TO13
Page 4: 1. Technical Comments, A. General, Grout Seal in MB-139

- Area in document Volume 1, Chapter 4, Page 4-4 (Figure 4-22)
How will the seal location be selected?

Response

Tentative locations for the seal componeats have been identified in the reference seal design
report (Nowak et al., 1990) and the logic for the locations is identified. In general, locations
were selected on the basis of the sealing strategy (combination of long- and short-term
components with some desirable redundancy) and needed function (e.g., limit water flow into
the shaft) of a particular component. Locations have been slightly modified in a recent update
of the reference seal design; documentation of the updated design is in progress. Additional
information related to the intended seal locations will be included in design reports on the
various components that will be primary references for compliance documents. At the time

‘l
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of actual placement of the seals, it is likely that location-specific factors such as degree of
fracturing or observed water inflow will influence the final placement.

Reference

Nowak, E.J., J.R. Tillerson, and T.M. Torres. 1990. Initial Reference Seal System Design.
Waste Isolation Pilot Plane. SAND90-0355. Albuquerque, NM: Sandia National
Laboratonies.

Comment T014 ;
H :
Page 4: L Technical Comments, A. General, Beli Canyon Formation Characteritidh
% . 3
Area of document Volume 2, Chapter 2, Page 2-10, Lines 20-22

"If the Bell Canyon aquifers can possibly act as a source of groundwater into the repository
due to exploration activity, then it would be prudent to know more about the hydrostatic head
gradient of the formation. If there is data on this topic, it was not presented in the PA."

Response

The regional potentiometric surface of the Bell Canyon Formation is presented in Figure 9 of
Mercer (1983) and extrapolated static bottomhole pressures in the Bell Canyon in three -
boreholes(AECH7, AEC-8, and ERDA-10) tested by the WIPP project are given in Table 4

of the samreference. Pressure and hydraulic head data from the Bell Canyon in two

additidnal figreholes (Cabin Baby-1 and DOE-2) tested by the WIPP project are given in
Bcauheim et al. (1983) and Beauheim (1986). Data from all five holes indicate that Bell

Canyon heads are sufficient to drive brine to the level of the repository in an open borehole;

whether flow would be upwards or downwards in this borehole would depend on the pressure
conditions existing in the repository at the time.

References

Mercer, I.W, 1983. Geohydrology of the Proposed Waste Isolation Pilot Plamt Site, Los
Medanos Area, Southeastern New Mexico. U.S. Geological Survey Water-Resources
Investigations Report 83-4016. Albuquerque, NM: U.S. Geological Survey.

Beauheim, R.L., B.W. Hassinger, and J.A. Klaiber. 1983. Basic Data Report for Borehole
Cabin Baby-1 Deepening and Hydrologic Testing, Waste Isolation Pilot Plant (WIPP)
Project, Southeastern New Mexico. WTSD-TME-020. Albuquerque, NM: U.S. Department
of Energy.

, o
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Beauheim, R.L. 1986. Hydraulic-Test Interpretations for Well DOE-2 at the Waste Isolation
Pilot Plant (WIPP) Site. SANDS86-1364. Albuquerque, NM: Sandia National Laboratories.

Comment TO15

Page 4: I. Technical Comments, A. General, Area of Drifts, Waste Panels

Area in document Volume 3, Chapter 5

"Please clarify the size of the area of the drifts, waste panels and the repository as a whole.
The PA uses different numbers for area: 0.5 sq. km and 109,354 sq. meters. What is used in
estimating the number of boreholes?”

Response

The areas of the drifts, waste panels, and other features of the repository are given in Table
3.1-1 (which is also keyed to Figure 3.1-2) on page 3-4 of Volume 3. The total excavated
area of the disposal region is 111,520 meters® but the total area of the disposal region
(including pillars and room separators) is 0.5069 kilometers?. The area used in the 1992 PA
to compute the drilling intensity into the repository includes the 111,520 meters’ of area for
CH TRU waste and 14,480 meters? hypothetically occupied by RH waste ¢ g the
walls of the waste-emplacement panels (total target area of 126,000

Comment TO16
Page 4: 1. Technical Comments, A. General, Crushed Salt

Area in document Volume 2, Chapter 2, Page 2-48, Line 19

'What process was used to prove that crushed salt will compact to 95% of initial density
within 100 years?

Response

Creep modeling activities, supported by laboratory measurements on crushed salt and host
rock salt, have led to the belief that sufficient deformation will be attained to achieve
compaction to about 95%. The most recent modeling efforts are summarized in Van
Sambeek et al. (1993). The timing for when the degree of compaction reaches about 95% is
directly dependent upon numerous factors such as the steady-state creep rate of the host rock,
the initial or empiacement density of the crushed salt, the backstress exerted on the formation
by the crushed sait, glo:stme content of the crushed salt, etc.

-
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Reference

Van Sambeek, L.L., D.D. Luo, M.S. Lin, W. Ostrowski, and D. Oyenuga. 1993. Seal
Design Alternatives Study. SAND92-7340. Albuquerque, NM: Sandia National
Laboratories.

Comment TO17
Page 4: 1. Technical Comments, A. General, Colloid Transport

Area in docyment Volume 2, Chapter 2, Page 2-54

radionuclides; they could have a noticeable effect on solubility and sorption of the

"Colloids could potentiaily have a large impact on the migration or retardation of the =~ -~~~
radionuclides. When will data on colloid formation and transport be collected?" Fa wﬁ

4 —‘""-
Response L Ry
L

A laboratory program to determine important information about colloid formation and
transport in Salado and Rustler brines is in progress. Some qualitative information from this
program fas diready been transferred to PA for inclusion in future calculations; other
informatigm will be provided for the compliance analysis.

Two colldid laboratory programs address the two major types of radiocolloids. Actinide
intrinsic colloids, which form by condensation reactions from dissolved radionuclides, are
being investigated by a series of screen experiments. Potential carrier colloids, which are
ordinarily non-radioactive particles that may act as a substrate for sorption, are being
investigated separately, by a series of screening experiments that focuses on evaluating their
stability in brines. Results from those two laboratory programs will be incorporated into a
model that describes the concentrations of colloid-borne actinides in the disposal room
environment. Predictions made with the model will be compared with results from the
Source-Term Test Program (STTP) being conducted as part of the Actinide Source-Term

Program (see Phillips and Molecke, 1993).
Reference

Phillips, M.L.F., and M.A. Molecke. 1993. Technical Requirements for the Actinide
Source-Term Waste Test Program. SAND91-2111. Albuquerque, NM: Sandia National
Laboratories.

|
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Comment TO18
Page 5: 1. Technical Comments. A. General, Colloid Transport

Area in document Volume 2, Chapter 2, Page 2-54, Line 29 . L

SRR
"When will it [colloid formation and transport] be modeled in future PAs?* = - 13
Response

Transport of colloids will be considered for inclusion in the SPM. Any decision on how *»
incorporate it in PA for a compliance application will depend on the outcome.

Comment TO19 §

Page 5: I. Technical Comments, A. General, Colloid Transport

Area in docyment Volume 2, Chapter 2, Page 2-54, Line 29

"How does the lack of information on colloids affect the geochemical and hydrology models
developed or under development?”

Response

Colloids may impact current PA modeling in two places: by affecting total concentrations of
radionuclides transported in disposal-room brine, and by affecting transport of radionuclides
in the Culebra;

Disposal-room actinide concentrations are presently based on values for solubility limits
derived-from an expert panel (Trauth et al., 1992). The "solubility” panel recognized that
suspeaded forms could contribute to the total concentrations, but concluded that they lacked
the information to make any estimate of what that contribution could be.

The distribution coefficients used to describe actinide sorption are also based on expert panei
judgment (Trauth et al., 1992), and aiso do not include colloidal effects. The 1992 PA
reported releases into the Culebra and releases transported in fractures only without any
sorption. These calculations do not consider the effects of colloids in the disposal room.
With regard to colloid-facilitated radionuclide transport in the Culebra, it has been argued
that colloids may increase transport rates relative to dissolved species, because colloids may
have little retardation and may be preferentially transported in the center of channels where
velocities are greater.
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Reference

Trauth, K.M., §.C. Hora, R.P. Rechard, and D.R. Anderson. 1992. The Use of Expert

Judgment to Quantify Uncertainty in Solubility and Sorption Parameters for Waste Isolation
Pilot Plant Performance Assessment. SAND92-0479, Albuquerque, NM: Sandia National
Laboratories. .

Comment T020
Page 5: I. Technical Comments, A. General, Room Closure -vs- Constant Pore Space

Area in document Volume 2, Chapter 7, Page 7-8, Line 13

"If the *total pore space ... is constant’ then room closure (creep compression is not taken
into account. However, it is stated on page (7-5) Line 25 room closure is accounted for 'in
an indirect way’. This appears to be inconsistent. If you have closure the pore space must
decrease. The model appears to be deficient on this point.®

Response

The statements referring to constant volume and constant porosity in Volume 2 page 7-7,
lines 20 to 24 refer to how the repository was conceptualized prior to 1992. In 1992 the
porosity and volume in a disposal room varied in time according to0 the SANCHO predicted
consolidation results, as described in Volume 2, page 7-5.

Page 5: 1. Technical Comments, A. General, Boundary Conditions

Area in document Volume 2, Chapter 7, Page 7-16

"How are values transferred between the regional and the local grids? What is the
data/information loss across these boundaries?"

Response

The data between regional and the local grids is transferred by interpolation of heads using

cither bilinear or integral-preserving (Dukowitz) interpolation. For a locally linear variation
of head in the regional grid, no information is lost, neither on heads, gradients, nor fluxes.

The motivation for the regional and local grid domain decomposition is to provide improved
far-field boundary conditions for the local grid. The compatibility of the interpolation
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procedure is demonstrated by overlaid contour plots of head, gradients, and fluxes obtained
from both regional and local grids.

Comment T022
Page 5: 1. Technical Comments, A. General, Boundary Conditions

Area in document Volume 2, Chapter 7, Page 7-16

"What source (e.g., data and investigator judgment) is used to establish the initial boundary
conditions in DOE’s modeling efforts?”

Response

The specification of boundary conditions is discussed on page 7-16 in general terms. The
sources of boundary condition information for the regional groundwater flow dormain are
described in more detail in Volume 4, page 6-9 through 6-11.

Comment T023
Page 5: 1. Technical Comments, A. General, Boundary Conditions B
Area in docyment Volume 2, Chapter 7, Page 7-16 PR
"How are the initial boundary conditions peer reviewed?"

Response

There was no formal review limited only to model boundary conditions. Boundary
conditions are discussed on page 7-16 only in general terms. Specific boundary conditions
for the regional groundwater flow domain are in Volume 4 of the 1992 PA, pages 6-9
through 6-11. Boundary conditions received the same peer review as other aspects of the
1992 PA: internal reviews were performed prior to publication by coauthors and coworkers,
by formal SNL technical reviewers, Dy the Performance Assessment Peer Review Panel, and
by SNL and DOE management.
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Comment T024

Page 5: 1. Technical Comments, A. General, Categories of Distributions and Parameter
Selection .

Area in document Volume 1, Chapter 4, Page 4-13; Volume 3, Chapter 1, Page 1-7;
Volume 3, Chapter 2, Page 2-11

*The PA discusses categories of distributions for different parameter types: continuous,
discrete, constructed based on experiments, constructed based on expert Judgement and
miscellaneous categories.”

"The process used to select a distribution for each parameter needs to be discussed. How Isa
distribution chosen for a particular set of parameters?”

Response

For more detailed discussions of the ways in which distributions of uncertain parameters
were constructed in.the 1990, 1991 and 1992 PAs, see Tierney (1990, in particular, Figure
E-1) and Tierney (1994).

References

Tiemey, M.S. 1990. Constructing Probability Distributions of Uncertain Variables in the
Models of the Performance of the Waste Isolation Pilot Plans (WIPP). SAND90-2510.
Albuquerque, NM: Sandia National Laboratories.

Tierney, M.S. 1994, "Using Data and Information to Form Distributions of Model
Parameters in Stochastic Simulations of Performance of the Waste Isolation Pilot Plant

- (WIPP)*", Proceedings of PSAM-IlI, San Diego, California, U.S.A., March 20-25, 1994.
051-9 to 051-16.

Comment T02S

Page 5: 1. Technical Comments, A. General, Categories of Distributions and Parameter
Selection

Area in document Volume 1, Chapter 4, Page 4-13, Volume 3, Chapter 1, Page 1-7,
Volume 3, Chapter 2, Page 2-11

"How representative m\ﬂm’e distributions of actual data?"
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Response

Of the distributions of the 49 parameters sampled for human intrusion analyses in the 1992
PA (Volume 3): five were histograms of actual field measurements; three were distributions
inferred from actual measurements (e.g., Culebra transmissivities); 18 were constructed by
formal elicitation of expert opinion, which may indirectly be linked to data; and the
remainder (23) were constructed on the basis of informal expert judgment using the five-step
procedure described in Figure E-1 of Tierney (1990). It is not known at this time how well
subjectively determined distributions reflect the true uncertainty in a model parameter or how
well these distributions represent actual WIPP-specific conditions.

Reference

Tierney, M.S. 1990. Constructing Probability Distributions of Uncertain Variables in the
Models of the Performance of the Waste Isolation Pilot Plant (WIPP). SAND90-2510.
Albuquerque, NM: Sandia National Laboratories.

Comment T026

Page 5-6: 1. Technical Comments, A. General, Categories of Distributions and Parameter
Selection

Area in document Volume !, Chapter 4, Page 4-13, Volume 3, Chapter 1, Page 1-7,
Volume 3, Chapter 2, Page 2-11

"The constructed distribution type should differentiate between values derived from
measurements and those derived from expert judgement.”

"How were the input parameters chosen? How many are there, and how many are variable?
Which ones are important?® rar

Response {

In theory, expert judgment is founded in measurements and other data collection activities =~
albeit not necessarily WIPP specific. Consequently, to use the general rule indicated here

may not be reasonable. Instead, some rationale should be provided for the combination of

the two sources of parameter values.

Input parameters are dictated by the nature of the mathematical models used in the PA (see
Section 1.4 of Volume 3). There were nearly 400 input parameters in the 1992 PA; 49 of
them were treated as uncertain (variable) for the purposes of sensitivity/uncertainty analyses
for human intrusion analjdesi(see sections 6.1 and 6.2 of Volume 3). The most sensitive

Nk
: \*% ,
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(important?) parameters in the 1992 PA are described in Table 9-3 of Volume 4, and
Table 6-1 of Volume §,

Comment TO27
Page 6: I. Technical Comments, A. General, Assignment of Probability Distributions

Area in document Volume 3, Chapter 1, Page 1-18, Line 37

"Very general procedures are described for assigning probability distributions, but these
procedures are incomplete and do not answer critical questions.”

"Please clarify the review process used for assigning probability distributions? How do you
determine confidence in the probabilities?”

“What are the constructed distributions and which does DOE expect will be replaced by data?
(Volume 2, page 6-4)."

Response

The "replacement of constructed distributions by data” is an activity that will be considered
for inclusion in the SPM, i.e., the addition of experimental data where required to support a
compliance application.

The review process used to assign probability distributions in the 1992 PA is briefly
described in Section 1.3.1 of Volume 3; evidence of the implementation of this process is
shown in the many memos of Appendix A of the latter document. All parameters used in the
1992 PA were classified as "X" among the three quality-assurance categories of ascending
confidence, X, C, and A. To be classified as "C", a parameter would have to have
documentation of the line of reasoning that established its distribution and the sources of any
data used in constructing the distribution. An'A'classpanmetermustalsohavereceweda
documented peer review. )

Constructed distributions are explained on page 1-10 of Volume 3. This category of
distributions is characterized by direct use of data to form an empirical cumulative
distribution function; the "data® may be measurements of real quantities or the set of
percentiles obtained from an elicitation of subjective opinion. Ideally, all constructed
distributions would be based on real measurements; however, the Project must focus on
sensitive parameters.

Additional detail on the construction and use of distributions will be included in the final
compliance application.
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Page 6; I. Technical Comments, A. General, Heterogeneous Reservoirs

Area in document Volume 3, Chapter 1, Page 1-21 - Line 60

"What is meant by ’reservoirs’ in the context of the BRAGFLO model?”

Response

The term reservoir is used in the context of formation, host rock, and porous media, etc.,
not in the context of brine reservoir per se. The predecessor to BRAGFLQ was a multi-
phase flow code used in the petroleum field -- thus the use of the term ’oil reservoir’ or
‘reservoir’ model.

Comment T029
Page 6: 1. Technical Comments, A. General, Brine Reservoirs

ArIea in document Volume 3, Chapter 1, Page 1-30, Line 15

"Why is the "sample intensity function’ multiplied by the 'fraction of the repository area that
is underlain by brine reservoirs'?”

Response

This question arises in the context of the brief description of the model for computing
computational scenario probabilities given in Section 1.4.2 of Volume 3. A more thorough
. treatment of the same subject, models used to compute human-intrusion probabilities for
different summary scenarios, is given in Section 5.2 of Volume 2; the answer to the present
question is given by lines 10 thru 28 of page 54, including Equation (5-13), in the latter

reference.

Thecnedtextxssmplyaneumplebanggwenwwand:eﬁacuonofrepoatoryara
underlain by brine reservoirs is of interest for a particular intrusion event, El (El is an event

in which one or more boreholes pass through a waste panel and into a brine reservoir).
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Comment T030 . 2.1 Yo g

Page 6: I. Technical Comments, A. General, V{scosity

Area in docyment Volume 3, Chapter 1, Page 1-34, Line 9

"DOE states that 'viscosity measurements for an oil-based, 1.7 - kg/m’ mud’. Why would an
oil-based mud be used to drill through the Salado Salt Beds instead of a high-salt water-based
mud?”

Response

A high-salt, water based mud is assumed to be the drilling mud used when drilling through
the Salado. The Oldroyd model requires a value for the ratio of the initial viscosity (at zero
shear rate) to the plastic viscosity, to fully define the model in the low shear regime. This
ratio was not available for a high-salt, water-based mud in 1992 so a ratio based on an oil
based mud was chosen. Since high shear rates occur at the borehole wall the value chosen
for the ratip was expected to have little impact on the final model diameter. The Project is
evaluatimg) nsitivity of eroded diameter to this issue.
: -,

= A
L F

Page 7: 1. Technical Comments, A. General, "Dual Porosity" Model
Area in document Volume 3, Chapter I, Page 3-39, Line 1

"The way the 'dual porosity’ model is described generates confusion. Does the model really
allow diffusion through the rock matrix?"

Response

Yes, the PA’s dual porosity model allows diffusion through the rock matrix. In this
transport model fluid only flows (advects) along fractures. In this way, solutes (i.e., -
dissolved actinides) are advectively transported in the fracture void volume and diffuse into
the much larger matrix void volume. The SECOTP transport code numerically simulates the
diffusion process with a mass transfer term. This term incorporates the free water molecular
diffusion of each solute, the tortuosity of the matrix, and the solute concentration gradient
between the fractures and the matrix.

References

Jones, T.L., V.A. Kelley, J.F. Pickens, D.T. Upton, R.L. Beauheim, and P.B. Davies.
1992. [ntegration of Interpretation Results of Tracer Tests Performed in the Culebra
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Dolomite ar the Waste Isolation Pilor Planr Site. SAND92-1579. Albuquerque, NM: Sandia
National Laboratories.

Beauheim, R.L., and P.B. Davies. 1992. Experimental Plan for Tracer Testing in the
Culebra Dolomite ar the WIPP Site. Revision A. Albuquerque, NM: Sandia National
Laboratories.

Comment T032 ;
Page 7: 1. Technical Comments, A. General, "Dual Porosity” Moder‘ W

m’dm_gm Volume 3, Chapter 1, Page 1-39, Line !

""How doe.;’ the flow model (SECO2D) compare with laboratory results? Is it verifiable?"

Response

Results from the SECO2D code have not been compared to laboratory results. This code is
designed to simulate flow that occurs at a scale that is larger than what could be represented
in a laboratory experiment. The SECO2D flow code solves the partial differential flow
equation for heads in a 2D, confined, heterogeneous aquifer that obeys Darcy’s Law. The
flow code has been benchmarked, tested and verified for freedom from coding errors, order
of convergence, and discretization consistency (Roache et al., 1990).

Reference

Roache, P., P.M. Knupp, S. Steinberg, and R.L. Blaine. 1990. “Experience with
Benchmark Test Cases for Groundwater Flow," Forum on Benchmark Test Cases for
Compuwational Fluid Dynamics, ASME Fluid Engineering Division Spring Conference,
Toromio, Onsario, Canada., June 4-7, 1990.

Comment T033

Page 7: L. Technical Comments, A. General, Base of Anhydrite III

Area in document Volume 3, Chapter 2, Page 2-4, Line 14

“If the base of the Anhydrite III is so important it would seem more accurate, to create a

regional contour map of the base of the Anhydrite Ill. The North-South geologic cross-
section may not account for all unknowns.,”
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Response

The point is well taken. The exact elevation of the base of Anhydrite III beneath the WIPP
is not weil constrained. Well data are not available for the region immediately beneath the
panels. Other methods, including the construction of regional contour maps on the base of
the unit could have been used to estimate its eievation. Regional dips are small, however,
and the untertainty introduced locally by a limited stratigraphic data base may be small
compared to the uncertainty in the interpretation of the depth to the conducting layer and the
interpretation of the conducting layer as brine (see page 5-2 and following text in Volume 3
L g,

of the 1992 PA). )
T g\ ‘;"] »?{1‘ & % i
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Page 7: 1. Technical Comments, A. General, Top of BellCanyon

Area in docyment Volume 3, Chapter 2, Page 2-10 -~

*A more accurate value for the Top of Bell Canyon can be found by the method outline- in
the comment for the Base of Anhydrite III (above)."

Response

The point is valid. The exact elevation of the top of the Bell Canyon Formation beneath the
WIPP is not well constrained. Well data are not available for the region beneath the panels.
Other methods, including the construction of regional contour maps on the base of the unit,
couid have been used to estimate its elevation. As seen in well and seismic data, however,
regional dips are small, and the uncertainty introduced by limited stratigraphic control may
be small compared to the uncertainty in the interpretation of the depth to the conducting layer
and the interpretation of the conducting layer as brine (see page 5-2 and following text in
Volume 3 of the 1992 PA).

e

Comment TO3S

Page 7: 1. Technical Comments, A. General, Natural-Analog Data

Area in document Vol 3, Chapier 2, Page 2-12

“It would scem using parameters of sandstones and substituting them for salt is inappropriate

because the stress characteristics, the permeability and the porosities are quite different. The
performance of salt does not compare to sandstone.”
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Response

Two-phase characteristics of salt (capillary pressure, relative permeability) have not been
measured experimentaily for WIPP-specific materials. Very little research has been done on
the two-phase properties of very low permeability rock. A search failed to produce data
and/or curves that are directly applicable to WIPP. Therefore, an approximate analog
approach was taken, based on the lowest permeability rock for which capillary pressure and
relative permeability data have actually been measured. A tight gas sand core (Sample
MWX 67-35) from the multi-well experiment (Morrow et al., 1986) was selected as the best
analog material. This sample is a fine-grained sandstone with bedding and 12 percent
porosity. The dominant pore geometry consists of intergranular cracks between abutting
quartz grains and solution pores partially filled with dolomite. The permeability of this
sample to brine is 43 microdarcies (~43. x 10" m? at 3.4 MPa confining pressure and 24
microdarcies (~24. x 10"* m? at 34 MPa confining pressure. Based on these results, and a
study of threshold pressure (Davies, 1991), two-phase flow in pure or impure halite units is
not anticipated. Two-phase flow is confined to the various anhydrite marker beds within the
Salado Formation, making the selection of two-phase properties in the halite units (except for
threshold pressure) unimportant.

References i

Morrow, N.R., J.S. Ward, and K.R. Brower. 1986. "Rock Matrix and Fracture Analysis
of Flow in Western Tight Gas Sands,” 1985 Annual Report, New Mexico Institute of Mining
and Technology, DOE/MC/21179-2032.

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt of the Waste Isolation Pilot Plant. SAND90-3246.
Albuquerque, NM: Sandia National Laboratories.

Comment T036

Page 8: I Technical Comments, A. General, Lack of Halite and Polyhalite Chemical - . . -
Interaction

Area in document Volume 3, Chapter 2, Page 2-28, Line 42,

"What justification or data is there to support the comment that *halite and polyhalite ... are
assumed ... not to interact chemically with any contaminants’? This is a very important

assumption.”
“ DOE/WIPP-95-2053
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Response -

This statement is misleading. The statement should say that the saits have limited sorption
potential, and therefore do not provide a significant retardation mechanism. A conservative
assumption of O for the partition coefficient is used.

Comment T037
Page 8: 1. Technical Comments, A. General, Radionuclides for Transport Modeling

Area in docyment Volume 3, Chapter 3, Page 3-29, Line 31

"Why were only nine radionuclides considered in the 1992 PA transport calculations (and
solubility estimates) for CH-TRU waste? This needs to be more clearly explained.”

Response

The answer can be.found in Section 7.3 of Volume 4 of the 1992 PA. Figure 7.3-1 (page 7-
12 of Volume 4) shows plots of radionuclide inventory through time in normalized EPA
units. With the exception of Pu-238, only those radionuclides that exist at 1,000 years or
later in activities greater than 102 EPA units were included in transport modeling. The
reason for excluding the others is straightforward: they cannot contribute to exceeding o,
regulatory limits even if their entire inventory is released. Pu-238 was omitted from
groundwater transport calculations in error and will be included in future analyses—it is a
major factor in total inventory before 1,000 years, but rapidly drops out of the inventory
after 1,000 years. However, for the fracture-only transport model travel times are
sufficiently short that some Pu-238 could reach the accessible environment boundary. The
effect on fracture-only transport releases could be significant for intrusions occurring before
1,000 years.

Note that the use of the cutoff of 102 EPA units is cautious; the total release limit is 1 EPA
unit.

Note also that a total of 23 radionuclides were included in cuttings releases, allowing for the
full consideration of short-lived species in the cuttings releases.

See Appendix D of Volume 4 for memoranda describing the use of this reasoning in - “
designing actinide and transport experimental programs. o

-,
-
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Comment TO38

I. Technical Comments, A. General, Excavated Area Underlain by Brine Reservoir

Area in docyment Volume 3, Chapter 5, Pages 5-2 to 5-11

(a) "What is the accuracy of Transient Electromagnetic Methods? The depth precision 'may
be + 75 m,’ but what about the accuracy of the process itself to *see’ fluids?
Electromagnetic (EM) methods tend to be gross estimators at best. Why was the data not
extended to the ERDA-9 borehole to calibrate the measurements?”®

() "Has DOE investigated the use of a High-Frequency Three-Dimensional (3D) Common
Depth-Point Seismic Survey over the WIPP disposal panels with extended coverage of one-
half mile around the panels? The survey should include the ERDA-9 borehole as a reality
check. If these pressurized brine reservoirs are associated with anticlinal structures in the
upper anhydrite layer then a 3D Survey will clearly, with high confidence, define even a
small closure at this depth.”

Response ) )

We believe that the geophysical studies are complete and adequately documented. At ..
present, we believe that the resistivity characterization of possible brine distribution beneath
the waste panels has provided information to a level of detail exceeding that provided by on-
site/near-site stratigraphic data presently available. However, we believe that the assumption
that any conductor identified within the Castile is due to the presence of brine is reasonably
conservative for purposes of PA.

The Project has investigated and resolved these issues as follows:

1. The validation (accuracy) of the transient electromagnetic method to detect brine was
done at the same time as the panel survey by running the same survey over the WIPP-12
area (brine reservoir present known from drilling) and the DOE-1 area (brine reservoirs
absent known from drilling) (Reference SAND87-7144, p. 14, Fig. 3-8). Additional
validation work with several methods was done prior to the panel survey using the
known brine reservoir at WIPP-12 and an artificial target placed in the underground
WIPP facility. ERDA-9 was not drilled deep enough into the Castile for most brine
occurrences. However, the results of the dual-induction log of hole ERDA-9 was used
directly to constrain the resistivity of brine-free Salado/Castile halites and anhydrites.

2. Seismic methods were not the method of choice for brine reservoir delineation after the
Project’s experience with the original seismic reflection lines for several reasons: a)
While seismic studies delineate deformed areas within the Castile (called deformation
zone, DZ, in Borns agg others, 1993), not all anticlines contain brine reservoirs.
Drillholes, such as WIPP-12, inareas of moderately deformed™€astile, as well as
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drillholes in severely deformed Castile both encounter brine and; b) Lateral velocity
structures produce false anticlines. In 1982, drillhole DOE-1 was drilted into an
apparent anticline that was based on the seismic surveys. This structure was nonexistent,
and the original interpretation was due to the lateral velocity variations; ¢) it has proven
difficuit to propagate high frequency signals in the portion of the basin; d) brine
reservoirs are characterized by a low fracture porosity (1%), which does not result in a
change in velocity much above background variation in velocity. The contrast between
the resistivity of a brine reservoir (1 ohm-m) and the background anhydrite (100 -

1000 ohm-m) is significant. Several early Project conclusions were that (1) seismic
methods alone are not sufficient to answer whether brine reservoirs are under the site
and (2) gravity methods were not effective in mapping deformation.

Considerable development and review went into the selection of methods. Specifically
for the brine reservoirs in the early 1980s, WIPP began to study methods based on the
measurement of electrical conductivity or resistivity (for example, Controlled Source
Audio Magneto Telluric—-CSAMT and charged body--mis-a-la-masse) (Elliot, 1982).

The basic assumption is that the brine-charged fractures of a brine reservoir will
represent a significant conductivity contrast within the Castile. CSAMT was the method
most extensively tried at WIPP during this period (Bartel and others, 1983) to delineate
the brine reservoirs in the Castile. The EEG sponsored review of the Sandia program
for delineating brine reservoirs and the CSAMT method by J. Waite (U or A) and Peter
Hoekstra (Geophysicon). This review suggested that WIPP consider other
electromagnetic methods specifically the transient electromagnetic method (TEM) a.k.a.
time domain electromagnetic methods (TDEM). In 1985, SNL conducted validation
surveys in an area around a known brine occurrence (WIPP 12) using several methods
(CSAMT, TEM, and Frequency Domain Electromagnetic methods [FEM]) with the
Colorado School of Mines and Phoenix Geophysics. Some of the surveys also delineated
an artificial target placed in the WIPP underground. Analyses of survey results concur
with EEG review recommendations that transient (or time-domain) electromagnetic >
methods are best suited for delineation of brine reservoirs at the WIPP site. -~~~ &%

Comment TO39 X s
Page 8: 1. Technical Comments, A. General, Organic Containers
Area in document Volume 3, Chapter 3, Page 3-9

"The text on page 3-9 [ of Volume 3] states that containers are 55 gallon drums or SWBs,
yet on page 4-11 [of Volume 2] it states that some *waste containers’ will be composed of
organic material. Please explain this discrepancy.”

-~

DOE/WIPP-95.2053 o 1-34 EPA Comments




Response

This is an editorial error;: The words "and some waste containers” should be deleted in lines
11-12 on page 4-11 (Volume 2) .

Comment T040
Page 9: 1. Technical Comments, A. General Comments, [deal Gas Law

Area in document Volume 2, Chapter 2, Page 2-34

"How valid is the use of the ideal gas law at lithostatic or hydrostatic pressures? How
sensitive a parameter is it? Assumptions of this nature should be explained and justified.”

Response

A set of comparative calculations were made using the ideal gas law and several non-ideal
equations of state. These calculations showed very little variation in the calculated properties
(< 10%). This amount of uncertainty has very little effect on PA calculations, smccother
sources of uncertainty are much more important. ‘

Comment T0O41 \ "
Page 9: 1. Technical Comments, A. General, Screening Process

Area in document Volume 1, Chapter 4, Page 4-2, Line 13

"The screening process described in detail in the 1991 documentation should be included in
the EPA PA."

Response

The 1992 PA was not intended to be interpreted as a compliance application. Additional
material will be included as needed in the compliance application.
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Comment T042

Page 9: I. Technical Comments, A. General, Screening Process

Area in document Volume 1, Chapter 4, Page 4-2, Line 13

"The possibility of nuclear criticality should be investigated further before it is screened out.”
Response

The DOE has initiated further evaluation of nuclear criticality.

Comment T043
Page 9: 1. Technical Comments, A. General, Screening Process
Area in document Volume 1, Chapter 4, Page 4-2, Line 13

“How will the changes in the repromulgated 40 CFR 191 effect the scenarios that are
included?”

Response

This question is still under evaluation. No changes in scenarios specific to the
repromulgation of 191.15 and Subpart C are identified at this time. Clearly, the time
interval that must be considered for 191.15 and Subpart C has changed. However, 10,000 yr
undisturbed performance was already included in the scenario development process as the
base case for 191.13.

Comment TO44 f;j;
Page 9: I. Technical Comments, A. General, Screening Process ‘

Area in document Volume 1, Chapter 4, Page 4-2, Line 13

"How are scenario uncertainties propagated through the analyses; if scenario uncertainties
were included in the screening process, would more scenarios be included?”

Response

As discussed in Chapter 4 of Volume 2, Section 4.2, scenarios are constructed from the
eveats and processes that may affect the system in the future. Uncertainties about these
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events and processes are explicitly considered in the screening process. Those events and
processes that survive the screening process (based on the criteria discussed in the previous
section of Chapter 4 of Volume 2) are used to construct the scenarios for consideration.
Uncertainty about the occurrence of those events is reflected in the estimation of the
probability of their occurrence, which in turn is reflected in the estimation of scenario
probabilities.

Comment T045

Page 9: I. Technical Comments, A. General, Screening Proc:ess‘b “{;‘*%3 ﬂa ’
-S4

Area in document Volume 1, Chapter 4, Page 4-2, 4-19

"DOE says that the ’effect of subsidence of potash mining will be added in future PAs’.
How is the WIPP site influenced by potash mining and its associated water use? When will
the effect of subsidence due to potash mining be added?”

"The mining scenario should consider mining in the potash zone in the controlled area, but
above the repository.”

Response

The text in question has been paraphrased, rather than quoted exactly, in the comment. The
relevant phrase occurs on line 21, and states “...the impact of subsidence events will be
examined in future analyses.” A decision to add consequence modeling of subsidence
effects to the full PA cannot be made until these analyses are available. As noted elsewhere
in this volume, “consequences of such potash mining ... will be addressed in future analyses
when a three-dimensional modei for regional groundwater flow is available® (Volume 1,

- page 3-11, lines 16-19; see also page 6-3, lines 19-22). A three-dimensional flow model is
now operational and ready for preliminary analyses.

As discussed in the event and process screening text in Volume 1 of the 1991 PA (SANDS91-
0893/1, page 4-35, lines 7-13), subsidence over mines has the potential to affect regional
groundwater flow both by creating catchment basins at the surface (changing recharge) and
by fracturing hydrostratigraphic units (altering hydraulic conductivity).

The final point here, that mining should be considered within the controlled area, is a point
of regulatory interpretation. The wording of Appendix C of 40 CFR 191 indicates that
systematic exploitation can be effectively deferred by controls. Mining is such a systematic
process and does not occur inadvertently and intermittently.
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Comment T046
Page 10: I. Technical Comments, A. General, Probabilities

Area in document Volume 1, Chapter 4, Page 4-2

"How are the probabilities used in the cutoff comparison found, caiculated, etc. This
explanation should be within the PA.”

Response

As the text on page 4-2 of Volume | notes, this information is summarized in Chapter 4 of
Volume 2 and described in detail in Volume 1 of the 1991 PA (SAND91-0893).

Comment TO47
Page 10: 1. Technical Comments, A. General, Probabilities
Area in document Volume i, Chapter 4, Page 4-2 \MMM"

"What are the expected probabilities for each scenario? They should be stated on the same
page as the event tree or on the event tree.”

Response

The event tree displays summary scenarios, as described in more detail in Section 3.2.2 of
Volume 2. These summary scenarios are further subdivided into computational scenarios on
the basis of time and number of intrusions, as discussed in detail in Chapter 2 of Volume 4
of the 1992 PA. Probabilities estimated using the Poisson model for intrusion are assigned to
computational scenarios, rather than to the summary scenarios, and therefore cannot be
displayed on Figure 4-1 as requested. Probabilities for selected computational scenarios are
given in table form in Chapter 2 of Volume 4 for specific values of the Poisson rate constant.

Comment T048

Page 10: 1. Technical Comments, A. General, Base Case Explanation

Area in document Volume 1, Chapter 4, Page 4-2, Line 40

"All of the events placed in the ’base case’ need to be described in detail with an explanation

of how the event probability was developed and provide justification for placing these
scenarios in the base case.”
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Response

As discussed in more detail in Volume 2 and in Volume 1 of the 1991 PA (SAND91-0893),
all events placed in the base case were assigned a probability of 1.- In compliance
documentation, a rationale for the assignment of probabilities will be given.

Comment T049

Page 10: [. Technical Comments, A. General, Nearby Boreholes as Communication
Pathways

Area in document Volume 1, Page 4-4; Volume 2, Page 2-16

"Have you considered transport to and through borehoies that don't hit the repository, but
which could increase the transport of radionuclides?”

"Would current and future boreholes alter the vertical flow regime between units?
(Volume 2, page 2-30)" s

B

"TIs it possible for the high drilling density around the WIPP site to cause salt dxssg{luhon Dk ‘
much like in oil and gas fields in Pecos County, Texas? Should this scenario be ® :° =~ ~

considered?"

Response

The issue of the consequences of "near misses* potentially affects the compliance analysis
and will be reexamined and evaluated. Rates of brine flow from the repository to a "near
miss" were examined quantitatively in 1991 in response to comments by the EEG on the
1990 PA. Results of these analyses are reported in pages B-18 through B-26 of Volume 1 of
the 1991 PA (SAND91-0893/1). For the assumptions of these analyses (including no lateral
development of the DRZ), flow rates were shown to decrease more than two orders of
magnitude 0.25 m from the waste. Flow was decreased further at greater distances. Based
on these analyses, PA conciuded that radionuclide releases up a borehole that directly
penetrated the waste would be greater than those from a "near miss.*®

The Project is currently investigating the issue of existing and future boreholes that could
alter the vertical flow regime. Three-dimensional regional flow modeling is in progress to
permit evaluation of possible consequences.

The Project has already investigated and resolved the issue of dissolution of salt by oil field
drilling and work is complete. Dissolution of salt by oil field drilling has been considered

quantitatively in the past by the WIPP Project (see Christensen et al., 1983), although not on
the scale proposed here. Previous ‘work has indicated that dissolution by freshwater flowing
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through a single weil does not pose a threat to the WIPP. Possible effects of high-density
drilling outside the controlled area can be evaluated for inclusion in the system prioritization.
High-density drilling within the controlled area constitutes an intrusion scenario more severe
than "inadvertent and intermittent...expiloratory drilling, * .

Reference

Christensen, C.L., C.W. Gulick, and S.J. Lambert. 1983. Sealing Concepts for the Waste
Isolation Pilot Plans (WIPP) Site. SANDS81-2195. Albuquerque, NM: Sandia National
Laboratories.

Comment T050
Page 10: Section: I. Technical Comments, A. General, Thermal Effect of Pu-238

Area in document General

“Has the thermal effect of Pu-238 been taken into account in PA Analyses? What would its
effect be?"

Response

It is assumed that the comment refers to the thermal load of radicactive waste, Justification
for ignoring radioactive induced thermal effects is given in Butcher and Mendenhall (1993,
Section 3.7, page 3-26).

In addition, the Performance Assessment Department looked into this issue and concluded a

maximum temperature rise of 2° C in the repository falling to 1° C after 80 years (Volumew

1, page 4-50 of the 1991 PA [SAND91-0893/1]). S

Reference Y

Butcher, B.M., and F. T. Mendenhall. 1993. A Swmmary of the Models Used for the
Mechmcdmwmq'pwmmmmmmmmmmmmm
Compliance with 40 CFR 191, Subpant B. SAND92-0427. Albuquerque, NM: Sandia
National Laboratories.
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Comment TO51
Page 11: I. Technical Comments, A. General, Shaft Seals and Salt Backfill

Area in document General

".sat issue is the behavior of the clay (bentonite) units "sandwiched” between concrete
plugy”-

e
m
In the reference seal design report (Nowak et al., 1990), the reasons for using swelling clay
components are summarized and references to more detailed discussions are provided. In
response to the specific questions regarding the clay, it is believed that the clay units may
become fully saturated. Clay is not likely to intrude into all exposed fractures and voids
although it is obvious that flow through many of these will be limited by the clay. It is

intended that the swelling pressure will be controlled (via the initial density of the material)
to preclude significant, deleterious fracturing due to the swelling.

Reference

Nowak, E.J., J.R. Tillerson, and T.M. Torres. 1990. Inirial Reference Seal System Design:
Waste Isolation Pilot Plant. SAND90-0355. Albuquerque, NM: Sandia National
Laboratories.

Comment T052
Page 11: I. Technical Comments, A. General, Shaft Seals and Salt Backfiil

Area in document General

(Paraphrase) Numerous specific questions are offered related to the removal of shaft liners.
The essence of the questions is captured by: Is it necessary to remove the liner? Can this be
done safely? What are the consequences?

Response

The question of whether or not to remove the shaft liners (or portions of them) remains an

active question within the WIPP sealing program. It is clear that if the liners need to be

removed in order to assure effective seals, they can and will be removed. Safe removal of

portions of shaft liners has been accomplished in the Carlsbad area in nearby potash mine

shafts. Onlysmauamountsofwamrmﬂowhavebeenammtemddmngconstmcaon

operations and drilling operations conducted in the WIPP shafts. Design and performance
4
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considerations for the WIPP shaft seals generally stress reliance upon the components placed
within the Salado formation below the current shaft liner and key; if the final designs
maintain this reliance, it may not be necessary to remove any significant portions of the
existing liners. Detailed design descriptions to be included in compliance documentation
describe whether or not removal is intended and (if needed) procedum for the safe removal
of this material.

L
\"1'l ' :/’r'
Comment TO53 T

Page 11-12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill
Area in document General -

"Compaction details have not been provided which may further impact on the method in
which the backfill is emplaced and the effectiveness of the backfill as a seal.”

Response

This.is an ongoing area of significant effort. While the Small-Scale Seal Test Program in
Test Series C and D have provided (see summary in Finley and Tillerson [1992]) an
indication that an initial relative density of about 80% can be achieved, additional
demonstrations are planned to determine if a relative density of at least 85% can be achieved.
These additional demonstrations are part of the planned Large-Scale Seal Tests proposed for
the WIPP. Results of the demonstrations are intended to be part of the compliance
documentation.

Reference

Finley, R.E., and J.R. Tillerson. 1992. WIPP Small Scale Seal Performance Tests - Status
and Impacts. SAND91-2247. Albuquerque, NM: Sandia Nanonal Laboratories.

Comment TOS54
Page 12: 1. Technical Comments, A. General, Shaft Seals and Sait Backfill
Area in document General

"Small amounts of water are considered beneficial in the consolidation of the salt backfill (St
88), but the effects of channelling on individual blocks of salt is uncertain. Channelling of
water from upper aquifers seems more likely than a uniform dispersion throughout the
backfill. This potential problem needs to be addressed in the PA.

£
-
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Response

At the present time, efforts are focusing on evaluating methods for in-place compaction of
crushed salt. The use of salt blocks is at present considered a backup technology. If in-
place compaction of the crushed salt is successful, there will be no reason to do further
evaluation of the behavior of blocks. On the other hand, if the use of precompacted blocks
of crushed salt becomes the preferred technology, evaluations of phenomena such as this will
be completed.

Comment TOSS e
o
Page 12: L Technical Comments, A. General, Shaft Seals and Salt Backfil & k
g #
Area in docyment General e

"...to insure conformance with the circular shaft walls, blocks must be specially milled and
placed. No estimate to the amount of time required to fill each shaft by carefully placing
blocks has been provided. Such information is necessary to establish the practicality of the
approach.”

Response

If blocks are to be used in the shafts as part of the sealing approach, there is no question but
that the practicality of their emplacement must be established. In the Small-Scale Seal
Performance tests, the feasibility of making and emplacing blocks was demonstrated. At the
present time however, efforts are focusing on evaluating methods for in-place compaction of
crushed salt. If this technology can be demonstrated to achieve the desired degree of
compaction, it offers advantages related to cost and safety, Demonstration tests are currently
being planned which will evaluate the degree of compaction that can be achieved. If in-place
compaction of the crushed salt is successful, there will be no reason to further evaluate the
behavior of blocks. On the other hand, if the use of precompacted blocks of crushed sait
becomes the preferred technology, evaluations of the practicality of full-scale placement of
blocks will be initiated. Because of the planned sequence of evaluations, the use of salt
blocks is at present considered a backup technology and very little resources are being
expended to evaluate phenomena specific to this technology.



Comment T056
Page 12: I. Technical Comments, A. General, Shaft Seals and Sait Backfill

Area in document Volume 1, Page 5-20

"It is stated that the repository will use bentonite and crushed-salt backfill as a barrier in
waste emplacement panels. Isn’t it more correct to say that SNL has recommended this
backfill but that DOE has made no commitment to use it?"

Response

The EPA suggested statement is correct. SAND90-3074 discusses the scientific aspects of
crushed salt/bentonite backfill but no determination has yet been made. BackS1l will be
considered in the SPM.

Reference

Butcher, B. M.,1991, The Advantages of Salt/Bentonite Backfill for the WIPP Disposal
Rooms, SANDS0-3(0'74, Albuquerque, NM: Sandia National Laboratories.

Comment TO57
Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill

Area in document Volume 2, Page 2-48

(Restatement) What data are there to support the assumed long-term permeabilities in the
shaft seals?

Response

Numerous laboratory studies have been completed which document the permeability of
compacted, crushed salt samples. These data are summarized in Figure 4 of Hansen et al.
(1993). The relationship is shown between the permeability of the crushed salt samples and
the relative/fractional density of the sample. This paper also references the numerous reports
in which the data svere first documented. In addition, the small-scale seals and the thermal-
structural interaction tests aze providing some useful information regarding the transfer of the
lab studies and analysis resiilts to field situations.
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Reference

Hansen, F.D., G.D. Callahan, and L.L. Van Sambeek. 1993, "Reconsolidation of Salt as
Applied to Permanent Seals for the Waste Isolation Pilot Plant,” 3rd Conference on the
Mechanical Behavior of Salt, September 14-16, 1993, Ecole Polytechnique, 91129 Palaiseau,
Cedex-France.

Comment TO58
Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill

Area in docyment Volume 2, Page 2-48

"What is the likelihood that the panel and shaft seals will be able to prevent migration
through MB-139, both under the excavation and away from the excavation in the Disturbed
Rock Zone?"

Response

The shaft seals are not designed to prevent lateral migration through MB-139: flow up the
shafts from MB-139 would be very limited by the combination of short and long term
components included in the shaft system.

The sealing concepts for the WIPP panel seals (see Nowak et al. [1990]) include provisions
for grouting of the Marker Beds or the DRZ in the halite as necessary to limit flow.
Effective placement of grout into Marker Bed 139 has been part of the technology
development activities performed under the direction of Sandia National Laboratories.
Specifically, as indicated in the test plan for the Small-Scale Seal Performance Test-Series F
(Ahrens, 1992), this underground test at the WIPP was "intended to demonstrate equipment
and techniques for producing, injecting, and evaluating microfine cementitious grout." The
grouting was completed in March, 1993, and the final report is currently being prepared.

From the standpoint of long-term performance of the disposal system, the sealing of the
marker bed in the immediate vicinity of the waste rooms is of little consequence since virgin
conditions will exist within the near vicinity of the excavation. It is these virgin conditions
that provide the robust natural barrier to contaminant transport. The project is currently
evaluating the advantages of sealing these units, however, from an operational standpoint. -

“\
.and T.M} Torres. 1990, Initial Reference Seal System Design:
55. Albuquerque, NM: Sandia National

Nowak, E.J., I.R. Ti
Waste Isolation Pilot Plant. [
Laboratories. + 1%
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Ahrens, Ernst H. 1992. Test Plan - Sealing of the Disturbed Rock Zone (DRZ), Including
Marker Bed 139 (MB139) and the Overlying Haii:z, Below the Repository Horizon, at the
Waste Isolation Pilot Plant - Small-Scale Seal Performance Test - Series F. Albuquerque,
NM: Sandia National Laboratories.

Comment TO59
Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill

Area in document Volume 2, Pages 2-48 and 2-50

"It is correctly stated that the current backfill design (which i used in the 1992 PA
calculations) is "pure, unconsolidated crushed salt with a relatively high permeability that
provides little resistance to fluid fiow." Salt and bentonite backfill have been studied and said
to be available if needed. However, the PA has not yet reported any analyses to indicate the
benefits this mixture might provide."

Response ]

ThebackﬁncondiﬁonsmedhaewuaPAassumpﬁonfmthelmm&om.In
actuality, the backfill is expected to rapidly consolidate to a dense, low permeable state as
described in Butcher (1991, Figure 4-4, page 28).

Optimization analyses have not been performed. Preliminary sensitivity analyses showing the
potential benefits of reducing porosity and permeability within the waste-disposal area were
performed using the 1989 PA modeling system and reported in Bertram-Howery and Swift
(1990).

References

Butcher, B.M. 1991. The Advaniages of a Salt/Bentonite Backfill for Waste Isolasion Pilot
Plant Disposal Rooms. SAND90-3074. Albuquerque, NM: Sandia National Laboratories.

Bertram-Howery, S.G., and P.N. Swift. 1990. Stanus Report: Potential for Long-Term

Isolation by the Waste Lrolatiou Pilot Plant Disposal System. SAND90-0616. Albuquerque,
NM: Sandia National Laboratories. ,
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Comment T060
Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfiil

Area in document Volume 2, Pages 2-48 and 2-50

"Neither have analyses been performed to determine the benefit of reducing the initial void
space in the backfill."

Response

Analyses have not been performed, but backfill consolidation is estimated to occur so rapidly
that reduction of the initial void space would correspond o accelerating closure by no more
than 10 years. Crushed-salt porosities are estimated to decrease to less than 10% within 40
years. For this reason, control of initial empiacement density is considered unimportant, as
discussed in Butcher and Mendenhall (1993, page 42).

Reference

Butcher, B.M., and F. T. Mendenhall. 1993. A Summary of the Models Used for the
Mechanical Response of Disposal Rooms in the Waste Isolation Pilot Plant with Regard to
Compliance with 40 CFR 191, Subpart B. SAND92-0427. Albuquerque, NM: Sandia
National Laboratories.

Comment TO61
Page 12-13: L. Technical Comments, A. General, Shaft Seals and Salt Backfill *

Area in document Volume 2, Pages 2-48 and 2-50 3 T

"The design of backfill is part of the engineered alternatives (engineered barriers) issue and
evaluations of relative benefits should be included.”

Response
Crushed salt backfill with additives is an engineered alternative that DOE will evaluate for

consideration in the SPM. These will also be part of the engineered alternatives
benefit/detriment study being performed by the DOE.
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Comment T062
Page 13: [. Technical Comments, B. Additional General Comments
Area in document Volume 1, Page 6-1, Line 9

"The statement that the PA Department has a high level of confidence, etc., is perhaps
premature. "

Response

The 1992 PA was not intended as a compliance application. The sentence in question does
not say that the PA Department is confident that compliance has been demonstrated. Rather,
the statement was made that PA Department is confident that "the WIPP will be able to
comply with the quantitative requirements of the Standard...."

Comment T063
Page 13: I Technical Comments, B. Additional General Comments

Area in document Volume 1, Page 6-2, Lines 20-28

"More documentation is needed before it can be concluded 'that no radionuclides will reach
the accessible environment from the undisturbed repository for 10,000 years.'*

Response

The 1992 PA was not intended to be a compliance application. More documentation will be
- provided in the compliance application. The Format and Content Guide provides a snapshot
of the comprehensive nature of the application.

Comment TO064

Page 13: 1. Technical Comments, B. Additional General Comments
Area in document Volume 1, Chapter 6, Page 6-2, Line 37-44

*Any conclusions about meeting the Groundwater Protection Requirements are premature
since these requirements have been changed in the repromuilgated standard.*”

A
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Response

Conclusions for the 1992 PA were based on 40 CFR 191 as it existed at that time. All
aspects of 40 CFR 191, including those portions repromulgated in December 1993, will be
incorporated in future performance assessments. The specific conclusion about the ability to
meet the Groundwater Protection Requirements depended only on the reported resuits (i.e.,
no releases to the accessible environment).

As was stated in the 1992 PA (Volume 1, Chapter 3, p. 3-23, 1. 25-31), "One of the
products of scenario development for the Containment Requirements is a base-case scenario
for the WIPP that describes undisturbed conditions. The undisturbed performance of the
repository is its design-basis behavior, including variations in that behavior resulting from
uncertainties in the 10,000-year performance of natural and engineered barriers and
excluding human intrusion and unlikely natural events, as defined in §191.12(p).” Thus, the
10,000 year issue has already been addressed for the undisturbed case, i.e., Groundwater
Protection Requirements and Individual Protection Requirements. Future performance
assessment calculations, if conducted similarly to those in 1992, will not cause a change in
the conclusions since nothing has yet to be shown to be released from the disposal system for
undisturbed performance. The results of any future performance assessment calculations
conducted using different conceptual models, probability distributions, etc., will of course be
evaluated for compliance with the Groundwater Protection Requirements.

The concentration limits for the Groundwater Protection Requirements have not changed
between the 1985 and 1993 versions of 40 CFR 191. While not called such, the limits in the
1985 version were the Maximum Contaminant Levels (MCLs) from 40 CFR 141 (5 pCi/1 for
Ra-226 and Ra-228; 15 pCi/ for gross alpha particle activity; 4 mrem/yr for beta particles
and photon radioactivity). Those MCLs have not been changed since, and are now officially
incorporated into 40 CFR 191. The definition of the groundwater that is to be protected did
change between the 1985 (special sources of groundwater) and 1993 (underground sources of
drinking water) versions of 40 CFR 191. The revised definition may cause programmatic
changes if DOE is required to identify all potential underground sources of drinking water.
As stated in a paper receatly presented at the Waste Management *94 conference (Trauth et
al., 1994), weproposetodetemnnewhenandlfundergromdsourwofdnnhngwamr
shouldbeldenuﬁeda.ndcharactenzed(le when such 3 characterization will provide f )
pertinent information for a compliance application). Briefly, identification and o
characterization of USDWSs should not be required if no radionuclide releases to the ‘x o
accessible environment are predicted for 10,000 years or if 10,000 year peak predicted
releases to the accessible environment are less than or equal to the applicable Maximum
Contaminant Levels (MCLs). USDWs along the pathway should be identified and
characterized if peak predicted releases to the accessible environment for 10,000 years are
greater than the MCLs,
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Reference

Trauth, K.M., S.G, Bertram, and B. Bower. 1994. “"Considerations for Guidance for
Radioactive Waste Disposal Arising from Rules Under 40 CFR 191 and 40 CFR 194,
Proceedings of Waste Managemens '94 Conference, Tucson, AZ, February 27-March 3, 1994.

Comment TO065

Page 13: 1. Technical Comments, B. Additional General Comments
Area in document  Volume 1, Page 8-2 (first paragraph)

*The following needs in performance assessment should be added to those mentioned: |

(1) the determination of the extent that expert judgment should be used in PA and
development of an acceptable procedure to incorporate this expert judgment into
distributions in the various parameters;”

Response

The referenced page does not exist. The answer is given assuming the question refers to
page 6-3 of Volume 1.

The concern is appropriate and the DOE looks forward to discussions with the EPA in this
matter.

T
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Comment T066 ; _
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Page 13: L. Technical Comments, B. Additional General Comments
Area in document Volume 1, Page 8-2 (first paragraph)

*The following needs in performance assessment should be added to those mentioned:
(2) the inclusion of the scenarios recommended elsewhere in these comments;*®

Response

The referenced page does not exist. The following response is given assuming the question
refers to page 6-3 of Volume 1.
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Scenario development is an ongoing process and the suggested events will be considered for
inclusion.

Comment TO67
Page 13: 1. Technical Comments, B. Additional General Comments

Area in docyment Volume 1, Page 8-2 (first paragraph)
"The following needs in performance assessment should be added to those mentioned:

(3) the use of plausible radionuclide inventories (including radionuclide composition and
specific activity) and their uncertainty in the performance assessment. (To date, the
inventory has not been treated as an uncertain variable, even though the PA states that
uncertainty in this invenatory is large [Volume 2, page 2-51])."

Response

The referenced page does riot exist. The following response i3 given assuming the question
refers to page 6-3 of Volume 1.

Because 40 CFR 191 sets limits on the probability of radionuclide releases that have been
normalized to the total transuranic inventory in the system, performance is not likely to be
strongly sensitive to uncertainty in the radionuclide. This observation has not been tested by
formal sensitivity analyses, but can be partiaily supported by comparison of the 1991 and
1992 preliminary PAs, which used different inventories. Uncertainty in the radionuclide
inventory will be considered in future evaluations.

Comment TO68
Page 13: 1. Technical Comments, B. Additional General Comments
Arca in document, Volume 2 Page 3-18, (Line 5)

S e

"Is temperaturg a variable in BRAGFLO?"

Response

Tempemisnotnutedasanunmﬂnvaﬁablc—therepodmisamnu}wbe
isothermal. Temperature is used to calculate the physical properties of the fluid 5o
temperature is a parameter, i.e., ayaluemumndeonmntforthepurposuof computation.
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Reference

Butcher, B.M., and F. T. Mendenhall. 1993. A Summary of the Models Used for the
Mechanical Response of Disposal Rooms in the Waste Isolation Pilor Plant with Regard to
Compliance with 40 CFR 191, Subpart B. SAND92-0427. Albuquerque, NM: Sandia
National Laboratories.

Comment TO069
Page 14: I. Technical Comments, C. General Geology and Hydrology

Area in document Volume 2, Chapter 2, Page 2-38, Line 12

"How will the 'location and amount of future’ groundwater flow be dealt with in future PAs?
How will DOE deal with such vast uncertainties?”

Response

A three-dimensional computer model of regional groundwater flow is being developed. This
model uses a free surface/seepage face as the upper boundary. This model is designed to
simulate areas of discharge and recharge, and patterns of groundwater flow for assumed

spatial and temporal distributions of maximum potential infiltration to the water table. The .
Project is using this model to evaluate the seasitivity of compliance to this issue. - ;
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Page 14: I. Technical Comments, C. General Geology and Hydrology, Low Values of Total
Dissolved Solids

Area in document Volume 2, Chapter 2, Page 2-34
(a) "What is the explanation for the wells with the low TDS?"

®) 'Whatismen@_iﬂaumepomm aquifers?” g
N

(a) Hypothuacmwenungthepomblehckofconmmybetwmmfmednonh-msoum
flow in the Culebra and hydrochemical facies are discussed on page 2-36, lines 11 - 20. Also
see response to the comment from the EPA document, page 19 ( I. Technical Commeats, C.
General Geology and Hydrology, Groundwater Flow and Hydrogeochemical Facies
Differences).

Afe = b oo s e
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(b) For this response, "potential aquifers” is assumed to mean Potential Underground
Sources of Drinking Water, as defined in Subpart C to 40 CFR Part 191, in strata above the
Salado Formation. The principal stratigraphic units known to be able to produce sufficient
amounts of water are the Culebra and Magenta dolomites. The TDS of waters in these units
is summarized on page 2-34, lines 24 - 31 in Volume 2 of the 1992 PA. Measured TDS
values from drill holes in the vicinity of WIPP are given in Table 2-2 of Siegel et al. (1991).
Furthermore, TDS values are measured routinely as part of the WIPP Groundwater Quality
and Sampling Program.

As stated in a paper recently presented at the Waste Management '94 conference (Trauth et
al., 1994), we propose to determine when and if underground sources of drinking water
should be identified and characterized (i.e., when such a characterization will provide
pertinent information for a compliance appiication). Briefly, identification and "
characterization of USDWs should not be required if no radionuclide reieases to the
accessible environment are predicted for 10,000 years or if 10,000 year peak predicted
releases to the accessible environment are less than or equal to the applicable Maximum
Contaminant Levels (MCLs). USDWs along the pathway should be identified and
characterized if peak predicted releases to the accessible environment for 10,000 years are
greater than the MCLs.

References

Siegel, M.D., S.J. Lambert, and K.L. Robinson, eds. 1991. Hydrogeochemical Studies of
the Rustler Formation and Related Rocks in the Waste Isolation Pilot Plant Area,
Southeasiern New Mexico. SAND88-0196. Albuquerque, NM: Sandia National
Laboratories.

Trauth, K.M., S.G, Bertram, and B. Bower. 1994. "Considerations for Guidance for
Radioactive Waste Disposal Arising from Rules Under 40 CFR 191 and 40 CFR 194,
- Proceedings of Waste Management '94 Conference, Tucson, AZ, February 27-March 3, 1994.

Comment TO71 e,

Page 14: 1. Technical Comments, C. General Geology and Hydrology, Low Valuei (ﬁ E

Total Dissolved Solids L
N

Area in document Volume 2, Chapter 2, Page 2-34,

"How much uncertainty reduction in aquifer characteristics would there be if DOE drilled
more test wells near the controlled area?”

EPA Comnn{ ‘ 1-53
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Response

The Project requests clarification of this question to insure that the response is appropriate.
We are unclear whether the reviewer is concerned about: 1) the errors of estimation of total
dissolved solids at unmeasured locations near the controlled area, or 2) the effect of the
uncertainty in total dissoived solids on estimates of transmissivity or other aquifer properties.

The Project believes that there will always be uncertainty in aquifer characteristics, and that
the acceptable level of uncertainty is related to the effect of that uncertainty on regulatory
performance measures.

Comment T072

Page 14: I. Technical Comments, C. General Geology and Hydrology, Groundwater Flow
above the Salado Formation

Area of document General

"Current and historical head measurements of the wells penetrating post-Salado strata would
be helpful in interpreting the significance of seasonal or annual fluctuations in the reported
potentiometric surface.”

Response

Hydrographs for all wells at the WIPP site are presented in Hydrologic Data Reports #1-8
(Hydro Geo Chem, Inc., 1985; Intera Technologies, Inc. and Hydro Geo Chem, Inc
1985a,b; Saulnier et al., 1987; Stensrud et al., 1988a,b; Stensrud et al., 1990), Richey
(1987), and Cauffman et al. (1990). No fluctuations related to seasonal or annual cycles .-
have ever been identified nor, given the depth and degree of confinement of Rustler f’
Formation units at the WIPP site, are any expected to occur. PR

References

v

Hydro Geo Chem, Inc. 1985. WIPP Hydrology Program Waste Isolation Pilot Plant, SENM
Hydrologic Data Report #1. SAND85-7206. Albuquerque, NM: Sandia National
Laboratories.

Intera Technologies, Inc., and Hydro Geo Chem, Inc. 1985a. WIPP Hydrology Program
Waste Isolation Pilot Plans, Southeasiern New Mexico Hydrologic Data Report #2.

SANDS5-7263. Albuquerque, NM: Sandia National Laboratories.
Intera Technologies, Inc., and Hydro Geo Chem, Inc. 1985b. WIPP Hydrology Program
Waste Isolarion Pilot Plam Sontheastern New Mexico Hydrologic Data Report #3.
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SAND86-7109. Albuquerque, NM: Sandia National Laboratories.

Saulnier, G.J., Ir.,, G.A. Freeze, and W.A. Stensrud. 1987. WIPP Hydrology Program,
Waste Isolation Pilot Plant, Southeastern New Mexico, Hydrologic Data Report #4.
SANDS86-7166. Albuquerque, NM: Sandia National Laboratories.

Stensrud, W.A., M.A. Bame, K.D. Lantz, A.M. LaVenue, J.B. Palmer, and G.J. Saulnier,
Jr. 1987. WIPP Hydrology Program, Waste Isolation Pilot Plant, Southeastern New Mexico,
Hydrologic Data Report #5. SAND87-7125. Albuquerque, NM: Sandia National
Laboratories.

Stensrud, W.A., M.A. Bame, K.D. Lantz, T.L. Cauffman, J.B. Palmer, and G.J. Saulnier,
Jr. 1988a. WIPP Hydrology Program, Waste Isolation Pilot Plant, Southeastern New
Mexico, Hydrologic Data Report #6. SANDS87-7166. Albuquerque, NM: Sandia National
Laboratories. WIPP

Stensrud, W.A., M.A. Bame, K.D. Lantz, J.B. Palmer, and G.J. Saulnier, Jr. 1988b.
WIPP Hydrology Program, Waste Isolation Pilot Plant, Southeastern New Mexico,
Hydrologic Data Report #7. SAND88-7014. Albuquerque, NM: Sandia National
Laboratories.

Stensrud, W.A., M.A. Bame, K.D. Lantz, J.B. Palmer, and G.J. Saulnier, Jr. 1990. WIPP
Hydrology Program, Waste Isolation Pilot Plant, Southeastern New Mexico, Hydrologic Dasa
Report #8. SAND89-7056. Albuquerque, NM: Sandia National Laboratories.

Richey, S.F. 1987, Water-Level Data from Wells in the Vicinity of the Waste Isolation Pilot
Plant, Southeastern New Mexico. Open-File Rpt 87-120. Albuquerque, NM: USGS.

Cauffman, T.L., A.M. LaVenue, and J.P. McCord. 1990. Ground-Water Flow Modeling of
the Culebra Dolam:e Volumne II: Data Base. SAND89-706812 Albuquerque, NM NM: Sandia

National Laboratories. -

Page 14-15: I. Technical Comments, C. General Geology and Hydrology, Groundwater
Flow above the Salado Formation, Groundwater geochemistry

Area in document Volume 2, Chapter 2, Page 2-34

*Inferred north to south groundwater flow directions in the Culebra Dolomite (based on the
potentiometric surface in the Culebra Dolomite) are inconsistent with the distribution of
geochemical facies in the Culebra groundwaters (salinities decrease from north to south).
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Attempts are made to explain this apparent discrepancy, but alternative working hypotheses
should be explored, including the possibility that the potentiometric surface is inaccurate.*

Response

The comment notes that several hypotheses have been advanced to explain the apparent
discrepancy, but that additional (aiternative) hypotheses should be explored. This issue affects
the compliance analysis in that it relates to alternative conceptual models of groundwater
flow in the Culebra. Additional work to evaluate alternative hypotheses concerning Culebra
geochemistry will be considered for inclusion in the systems prioritization.

The Project will record the issue that the potentiometric surface might be inaccurate. Pending
the outcome of the systems prioritization, the Project may consider this issue. It should be
noted that, because of variations in fluid density, the potentiometric surface is not the best
indicator of flow directions. Instead, calculated velocity fields should be used. These depend
on measured values of pressure, fluid density, and transmissivity, as well as the assumptions
of the model used to calculate them.

See also responses to comments in the EPA document, p. 14 ( I. Technical Comments, C.
General Geology and Hydrology, Low Values of Total Dissolved Solids); p. 18 (L.
Technical Comments, C. General Geology and Hydrology, Groundwater Transmissivity

Fields); and p. 19 ( I. Technical Comments, C. General Geology and Hydrology,
Groundwater Flow and Hydrogeochemical Facies Differences ).

Comment T074
Page 15: 1. Technical Comments, C. General Geology and Hydrology | B
Arca in docyment Volume 2, Chapter 2, Page 2-34

"Points of groundwater recharge and discharge into post-Salado strata are very poorly

constrained. Further study is needed to document these important aspects of the hydrology

across the WIPP site.”
Response

A three-dimensional computer model of regional groundwater flow is being developed. This
model uses a free surface/seepage face as the upper boundary. This model is designed to
simulate areas of discharge and recharge, and patterns of groundwater flow for assumed
spatial and temporal distributions of maximum potential infiltration to the water table. The
Project is using this model to evaluate the sensitivity of this issue to compliance.
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Comment TO75

Page 15: I. Technical Comments, C. General Geology and Hydrology, Hydrologic
Parameters

Area in document General

(a) "It is not clear why only horizontal fractures were used in PA models for the Culebra
Dolomite member (Volume 3, p. 2-85), as vertical fractures are more likely to have greater
connectivity in most subsurface environments.”

(b) "More data need to be acquired for all reievant stratigraphic units at the WIPP site (i.e.,
Castile through Dewey Lake Redbeds.”

Response

(a) When modeling a formation as a dual-porosity continuum, the actual orientations of
fractures are unimportant. The modeled fractures are not used to provide connections
between points. The important fracture parameters to be captured in the models are the
fracture porosity, which will control the flow velocity, and the surface area of the fractures,
which will control the amount of matrix diffusion that occurs. As long as the fracture
porosity and surface area are kept constant, it does not matter if the fractures are modeled as
single sets of horizontal or vertical fractures or as three orthogonal sets of fractures. Single
sets of horizontal fractures are the simplest to model, so that is what PA has used.

(b) The need for additional hydrologic data for various stratigraphic units may be considered
for inclusion in the SP.

Comment T076 o

Page 16: 1. Technical Comments, C. General Geology and Hydrology, Ground
Transmissivity Fields

Area in document Volume 2, Section 7.5 and Appendix D

(Summary) This paragraph follows the introductory comment that many problems associated
with the transmissivity fields are related to calibration to fresh-water heads. The second
paragraph points out that neglecting spatial variations in density of Culebra groundwaters
could potentiaily cause significant esrors in the calibrated transmissivity fields, as weil as
predicted flow directions.
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Response

The transmissivity fields are actually calibrated to pressure rather than fresh-water head
(Volume 2 of the 1992 PA, Section 7.5, p. 7-10, 1. 14-17). However, given that the
elevations of the measuring points are known, it really does not matter which parameter,
pressure or fresh-water head, is used for calibration. The important point is that the flow
portion of the code (SWIFT II) used for the calibration solves differential equations
formulated in terms of pressure, Variations in density are fully accounted for in the code. In
these calibrations, it is assumed that the density of water varies with position but is fixed in
time. The evolution of the chemistry of Culebra waters is not sufficiently well understood to
determine if the assumption that the density distribution does not change over long periods of
time is valid.

Comment TO77

Page 16: I. Technical Comments, C. General Geology and Hydrology, Groundwater
Transmissivity Fields

Area in document Volume 2, Section 7.5 and Appendix D

*...Simulations which are based on equivalent freshwater head may produce erroneous
velocity magnitudes and flow directions in this critical area.®

Response

See preceding response. Transmissivity fields calibration accounts for variable density. The
SECO-FLOW calculations in the 1992 PA used the calibrated transmissivity fields but

assumed constant fluid density. Modifications to SECO-FLOW now permit variable-density
flow calculations in PA.

Comment TO78
Page 16: 1. Technical Comments, General Geology and Hydrology, Groundwater

Transmissivity Fields .
Area of document General L
*The means by which the aquifer test results were incorporated as known values into the

calibration of the transmissivity fields is unclear. Howem,ﬂwaqnﬁ_fawnanﬂysisshould
have considered density effects on pumping responses in the monitoring wells.*
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Response

Transmissivities derived from single-well hydraulic tests or from interference (pumping) test
responses over distances less than 50 m formed the data base for kriging of the transmissivity
fieid. The measured transmissivities were preserved in the kriged transmissivity fields,
within the estimated error bounds of the measurements. When the model domain was
discretized into grid blocks, however, average values of the kriged field were calculated for
and assigned to each grid block. Therefore, the average value assigned to a particular grid
block need not coincide with the transmissivity determined at an individual well lying within
. that grid block. The process of defining transmissivity fields using aquifer-test results is
discussed in LaVenue et al. (1990).

The aquifer-test analyses did take density effects into account. All analyses were done in
terms of pressure changes, not water-level changes, providing results in the form of
permeability-thickness products, not transmissivities. Transmissivities were then caiculated
based on, the brine density at each location. Aquifer-test analysis procedures are discussed in
Beauheim (1989).

References

LaVenue, A.M., T.L. Cauffman, and J.F. Pickens. 1990. Ground-Water Flow Modeling of
the Culebra Dolomite. Volume I: Model Calibration. SAND89-7068/1. Albuquerque, NM:
Sandia National Laboratories.

Beauheim, R.L. 1989. Imerpretation of H-11b4 Hydraulic Tests and the H-11 Multipad
Pumping Test of the Culebra Dolomite at the Waste Isolation Pilot Plant (WIPP) Site.
SANDS89-0536. Albuquerque, NM: Sandia National Laboratories.

Comment TO079

Page 16-17: 1. Technical Comments, C. General Geology and Hydrology, Culebra
Transmissivity £

Area in document Volume 2, Chapter 2, Page 2-34

"Transmissivity values obtained from the tests should also have been converted to hydraulic
conductivities due to the assumption of a uniform thickness over the area, If transmissivity
values were used as calibration points directly, they would have been in error by a factor of
the effective thickness versus the assumed model thickness of 7.7 meters.®

4
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Response

The hydraulic tests within the Culebra were interpreted using the full thickness of the
Culebra because the wells are fully screened across the Culebra. Given the uncertainty of
the effective thickness across the site, the average thickness of the Culebra was used in the
numerical model. The thickness of 7.7 m is smaller than the actual thickness in the
southwestern portion of the model area where the transmissivities are the largest. However,
the small difference in the conductivity that the uniform thickness assumption would make
would have no appreciable difference in the model results since the transmissivity field is
significantly changed through the process of calibrating the modcl o the measured steady-
state and transient pressures. !

: k)
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Comment T080 %%‘a i
¥
Page 17: 1. Technical Comments, C. General Geology and Hydrology, Culebra
Transmissivity, Grid Sensitivity

Area in document Volume 2, Chapter 2, Page 2-34

"A sensitivity analysis on the finite-difference grid that was used to generate the 70
transmissivity fields should be performed. ...A finer grid may lead to significantly different
transmissivity fields and should be evaluated.”

Response

The Project has recently begun a local scale modeling effort with a much finer grid to
investigate the transmissivity distribution within the near field (i.e., within the WIPP site).
However, the numerical grid used in the 1992 PA flow modeling was designed to represent
the regional groundwater flow surrounding the WIPP site and the transient events which have
been conducted within the WIPP-site boundary. The 50 x 57 x 1 grid used in the model has
larger grid blocks (e.g., 1,000 m to 2,500 m) away from the WIPP site and smaller grid
blocks (e.g., 75 m to 250 m ) within the WIPP-site boundary where the transient tests have
been conducted. The grid resolution is believed acceptable given the objectives of the
modeling study (i.e., to determine plausible regional transmissivity distributions within the
Culebra).

Different grids (either coarser or finer) may lead to different transmissivity fields because the
inverse procedure identifies effective or average transmissivity values at the scale of the grid.
Differences in transmissivity values using grids with different resolution may reflect a scaling
property of transmissivity, rather than indicating non-convergence of the inverse problem.
Convergence of the travel time distribution is important, but that convergence of
transmissivity estimates thémselves may not be expected, and is not essential by itself.
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Comment TO81

Page 18: 1. Technical Comments, C. General Geology and Hydrology, Culebra
transmissivity, Boundary condition uncertainty

Area in document Volume 2, Chapter 2, Page 2-34

"The uncertainty with which the system boundary conditions are understood has serious
implications ... the current approach that has been taken to obtain the 70 transmissivity fields
does not evaluate the sensitivity of the overall model resuits to the boundary conditions. "

Response

The Project is currently investigating this issue through the development of a three-
dimensional model to assess vertical recharge into the Culebra. In addition, elicitation and
examination of other conceptual models is an important part of the SP. The boundary
conditions used in the 1992 Culebra flow model werc: estimated from regional water-level
measurements and by specifying Nash Draw as 2 no-flow boundary condition. The south-
western boundary condition has some uncertainty due to the variation in water-level
measurements in this area.

Note that the horizontal boundary conditions may not produce significant changes to
transmissivities within the WIPP-site boundary given the conceptual model used in 1992.
This is because of the significant influence :hat the transient pumping tests have had upon the
Culebra. These tests have stressed the Culebra to the extent that the effect of boundary
conditions is small.

Comment TO82 ‘ o
Page 18: 1. Technical Comments, C. General Geology and ﬁydmlogy, Groundwater
Transmissivity Fields

Area in document Volume 2, Section 7.5 and Appendix D

(Summary) This paragraph contains two points:

If the area along the Pecos River south of the WIPP site acts as recharge area and
groundwater flow is to the east, the low ionic strength water could be dissolving
doiomite, thereby creating secondary permeability.

It is unclear why more emphasis in the performance assessment has not been placed on
integrating the geochemical data with the hydrogeological data to form a cohesive
conceptual model(s).

EPA Comments 1-61 . DOE/WTPP-95-2053



Response

It is possible that regions of higher transmissivity are due to dolomite dissolution. However a
few points should be clarified. There is no indication that flow is presently toward the east
from the Pecos River. The possibility that eastward flow occurred in the late Pleistocene has
been proposed by Lambert and Carter (1987) and Lambert (1991). While dolomite
dissolution might play a role, the distribution of fracture density and the degree to which
gypsum and halite presently fill fractures have been proposed as more important controls on
the transmissivity distribution (Holt and Powers, 1988). Circulation of low ionic strength
water would likely dissolve gypsum and halite from the fractures.

The Project has placed a strong emphasis on integrating geochemical and hydrogeological
data. The Siegel et al. (1991) report is an exampie. Additional work to integrate
geochemical and hydrogeological data will be considered for inciusion in the systems
prioritization.

See also responses to comments in the EPA document, p. 14 ( I. Technical Comments, C.
General Geology and Hydrology, Low Values of Total Dissolved Solids); p. 14-15 (1.
Technical Comments, C. General Geology and Hydrology, Groundwater Flow above the
Salado Formation, Groundwater Geochemistry); and p. 19 ( I. Technical Comments, C.
General Geology and Hydrology, Groundwater Flow and Hydrogeochemical Facies
Differences ). | T

References
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Comment TO83

Page 18-19: I. Technical Comments, C. General Geology and Hydrology, Culebra
Transmissivity, Recharge Uncertainty

Area in document Volume 2, Chapter 2, Page 2-34

"In addition to LaVenue’s suggestion (SAND 92-7306) that recharge to the Culebra may be
occurring in the vicinity of the Pecos River, at least one other alternative conceptual mode}
has been proposed which also involves vertical recharge to the Culebra. This alternative
model considers significant vertical recharge to the Culebra over the entire southern region of
the modeled area (SAND 88-0196). In either case, if vertical recharge occurs, the 70
transmissivity fields calibrated to the aquifer tests and equivalent fresh-water heads would be
lower (i.e. slower velocities) than those which would be calculated with the present model.
Vertical recharge should be evaluated in the sensitivity analysis."”

Response ¢

The Project is currently investigating this issue through the development of a three- ‘
dimensional model to assess vertical recharge into the Culebra. Future modeling studies may
include these estimates in the calibration process. It should be recognized that the exclusion
of vertical recharge in the region upgradient of the WIPP site leads to higher transmissivity
estimates and higher groundwater velocities as noted by the EPA reviewer. This is
conservative from a groundwater travel time viewpoint.

Comment TO084

Page 19: 1. Technical Comments, C. General Geology and Hydrology, Groundwater Flow
. and Hydrogeochemical Facies Differences

Area in document Volume 2, Chapter 2, Page 2-36, Lines 11-20

"What is being done to examine the differences between the north-to south flow in the
Culebra and the hydrogeochemical facies data? How does this discrepancy impact the
confidence of the flow modeling?®

Response

Itmomdbeemphsmdmuummnmaamwymemﬂowdimﬁomgﬁi--
hydrochemical facies actually exists. Theappamtducrepancymghtmstudbeduan
incomplete understanding of the hydrogeochemical system.
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Several hypotheses have been advanced to explain the apparent discrepancy, as referenced in
lines 11-20 in Volume 2 of the 1992 PA. Also, lines 32-35 on page 2-33 and lines 1-3 on
page 2-36 reference the strong correlation between the region of high molality sodium-
chloride water and the presence of halite in adjacent strata (see Figure 1-13 in Siegel et al.,
1991). It is anticipated that a three-dimensional computer model of regional groundwater
flow that is being developed (EPP study 5.1.1.2, p. 5-8) will provide information that could
be used to evaluate and/or modify the existing hypotheses. Additional work to integrate
hypotheses concerning Culebra geochemistry with the results of the regional model will be
considered in the systems prioritization.

This apparent discrepancy affects confidence in the flow modeling in that it suggests the need
to consider alternative conceptual models of groundwater flow in the Culebra. Consideration
of alternative conceptual models is an objective of the SP.

See also responses to comments from the EPA document, p. 14 (I. Technical Comments, C.
General Geology and Hydrology); p. 14-15 (I. Technical Comments, C. General Geology
and Hydrology, Groundwater Fiow above the Salado Formation, Groundwater geochemistry);
p. 15 (I. Technical Comments, C. General Geology and Hydrology); and p. 18 ( I. Technical
Comments, C. General Geology and Hydrology, Groundwater Transmissivity Fields).

Reference

Siegel, M.D., S.J. Lambert, and K.L. Robinson, eds. 1991. Hydrogeochemical Studies of
the Rustler Formation and Related Rocks in the Waste Isolation Pilot Plant Area,
Southeastern New Mexico. SAND88-0196. Albuquerque, NM: Sandia National
Laboratories.
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Page 19: I. Technical Comments, C. General Geology and Hydrology, Fracture Density

Area of document Volume 2, Chapter 2, Page 2-19

*Since good information on Culebra fracture density is lacking, please explain why you do
not use the higher fracture density where it can be observed.®

Response

As the comment states, good information on Culebra fracture density is lacking. It is not
clear what is meant by "use the higher fracture density where it can be observed” because
fracture density can’t be observed in the subsurface except in shafts (Holt and Powers,
1990). Also, all fractures, whether observed or not, are not hydraulically significant.
Through tracer tests, we seek to determine the fracture density that is important for transport
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through the Culebra (see Jones et al., 1992). The interpreted *effective” fracture density is
always less than observed fracture densnues Were we 10 use observed fracture densities in
our models, much more physical retardation would occur as a result of matrix diffusion than
our tracer tests show to be realistic.

References

Holt, R.M., and D.W. Powers. 1990. Geologic Mapping of the Air Intake Shaft at the
Waste Isolarion Pilot Plans. DOE/WIPP-90-051. Carisbad, NM: Westinghouse Electric
Corporation.

Jones, T.L., V.A. Kelley, J.F. Pickens, D.T. Upton, R.L. Beauheim, and P.B. Davies.
1992. Imtegrarion of Interpretation Results of Tracer Tests Performed in the Culebra
Dolomite at the Waste Isolation Pilot Plant Sire. SAND92-1579. Albuquerque, NM: Sandia
National Laboratories.

Comment TO86
Page 19: 1. Technical Comments, C. General Geology and Hydrology, Vertical Fractures

Area of document Volume 2, Chapter 2, Page 2-19

"In volume 3 (1-39) it states that vertical fractures in the Culebra are not used in the
calculations. Why? How are vertical fractures handled or what assumptions are used?’

] .
e .
s T

When modeling a formation as a double-porosity continuum, the actual orientations of
fractures are unimportant. The modeled fractures are not used to provide connections
between points. The important fracture parameters to be captured in the models are the
fracture porosity, which will control the flow velocity, and the surface area of the fractures,
which will control the amount of matrix diffusion that occurs. As long as the fracture
porosity and surface area are kept constant, it does not matter if the fractures are modeled as
single sets of horizontal or vertical fractures or as three orthogonal sets of fractures. Single
sets of horizontal fractures are the simplest to model, so that is what PA has used.
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Comment TO87

Page 20: I. Technical Comments, C. General Geology and Hydrology, Effects of the
Magenta Dolomite in Transport Calculations

Area in document Volume 2, Chapter 2, Page 2-23 to 2-24

"Most of the focus is on the Culebra for transport because it has the highest transmissivity.
What is the effect on the release when the Magenta and Culebra Dolomites are combined in
the calculatons?”

Response

The Project is using a three-dimensional computer model of regional groundwater flow (EPP
Study 5.1.1.2, p. 5-8) to evaluate the sensitivity of releases into other hydrologic units to
compliance.

A three-dimensional computer model of regional groundwater “low is being developed. This
model uses a free surface/seepage face as the upper boundary. This model is designed to
simulate areas of discharge and recharge, and patterns of groundwater flow for assumed
spatial and temporal distributions of maximum potential infiltration to the water table. The
Project is using this model to evaluate the sensitivity of this issue to compliance.

Comment TO088

Page 20: 1. Technical Comments, C. General Geology and Hydrology, Use of Cmshed
Culebra Rock

Area in document Volume 2, Chapter 2, Page 2-40/41 |

'Plaseexpandthedisumionon[how]theminvolvingcmshedCulebnrockwillhelp“‘;
determine Ks? Is this to simulate the effect of clays? If many of the fractures are clay
lined, are any tests being conducted on the clay?*®

Response

Early laboratory investigations of chemical retardation in the Rustler Formation were
conducted using traditional batch sorption experiments with crushed rock. The early
experiments were largely mmedtobescopmgexpenmtstomnwhethercheunml
mmdaumwungmﬁmtandmeywemconductedmdaspwﬁcexpenmmtalmum
Results of those experiments are expected to be valuable, however, in providing independent
checks on results from the present experimental approaches (see, for example, Lynch and
Dosch [1980] and the review by Novak [1992]). Currently, mechanistic adsorption
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experiments coupled with surface complexation modeling are in progress on very carefully
prepared ground mineral constituents of the Culebra, dolomite and corrensite, the primary
clay mineral constituent. The resulting surface complexation model will predict values for
K, as a function of mineralogy, fluid composition, and adsorbates. On the basis of published
information in peer-reviewed journals (see also Siegel et al., 1990), we have strong evidence
that resuits from mechanistic experiments will be representative of the phenomena occurring
in the intact Culebra rock. To confirm this, comparisons will be made with the column
experiments and sorption experiments with thin slabs or ground samples of Culebra rock.

References

Lynch, A.W., and R.G. Dosch. 1980. Sorption Coefficients for Radionuclides on Samples
from the Wazer-Bearing Magenza and Culebra Members of the Rustler Formation. SANDS0-
1064. Albuquerque, NM: Sandia National Laboratories.

Novak, C.F. 1992. An Evaluation of Radionuclide Batch Sorption Data on Culebra
Dolomite for Aqueous Compositions Relevant to the Human Intrusion Scenario for the Waste
Isolation Pilot Plant. SANDS1-1299. Albuquerque, NM: Sandia National Laboratories.

Siegel, M.D., J.0. Leckie, S.W. Park, S.L. Phillips, and T. Sewards. 1990. “Studies of
Radionuclide Sorption by Clays in the Culebra Dolomite at the WIPP Site, Southeastern New
Mexico," Waste Managemens '90, Waste Processing, Transportation, Storage and Disposal,
Technical Programs and Public Education, Tucson, AZ, February 25-March 1, 1990. Ed.
R.G. Post. SAND#89-2387. Tucson, AZ: University of Arizona. Vol. 2, 893-900.

Comment TO89

Page 20: 1. Technical Comments, B. Additional General Comments, Groundwater Age
Discussion

Area in document Volume 2., Chapter 2, Page 2-37, Lines 22-32

“The section on the isotopic and tritium data is confusing. DOE states that tritium leveis
indicate minimal contributions from the atmosphere since 1950. If the waters have even
'minimal’ contributions, then that would indicate the waters are not that old. Please clarify
what is meant. In addition, what is being done to resolve uncertainty about groundwater
age?"

Response

For a discussion of the isotopic data, including tritium, see Chapter 5 of Siegel et al. (1?91)
and the references cited therein. The statement quoted from Volume 2 of the 1992 PA is
consistent with the observed data. Meaningful nonzero tritium measurements suggest either
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contamination during drilling or sampling or some degree of mixing with modern surface
water in the hydrostratigraphic unit. For the WIPP, these measurements indicate that the
amount of mixing has been either zero or extremely small. As stated in the text in Volume
2, this in turn suggests that groundwater travel time (i.e., the mean travel time) from the
surface to the sampled units is long. The presence of some "younger” water from the
surface does not imply that all water is "young,” nor does it imply that recharge is rapid.

Effects on disposal-system performance about the rates of vertical flow, and therefore about
groundwater age, are being examined through regional 3D modeling.

Reference

Siegel, M.D., S.J. Lambert, and K.L. Robinson, eds. 1991. Hydrogeochemical Studies of
the Rustler Formation and Related Rocks in the Waste Isolation Pilot Plant Area,
Southeastern New Mexico. SAND88-0196. Albuquerque, NM: Sandia National
Laboratories.

Comment T090

Page 21: I. Technical Comments, C. General Geology and Hydrology, Porosity of
Anhydrite Interbeds

Area in document Volume 2, Chapter 2, Page 2-42, Lines 15-21

"Are the porosities of the anhydrite interbeds matrix porosity, fracture porosity or both?
Will DOE assume that anhydrite fracturing continues to the accessible environment?”

Response

Porosities for the anhydrite reference in the cited area of Volume 2 are presented in

Volume 3, Chapter 2, p. 2-65 of the 1992 PA. The porosities given are estimates, not
measurements, and are intended to represent the total porosity of the anhydrite. No
distinction between fracture and matrix porosity is necessary because PA treats the anhydrite
as a porous, not fractured, medium. A laboratory program is underway to measure anhydrite
porosity, both in an unloaded state and as a function of stress (Howarth, 1994).

PA assumes that the fracturing naturaily present in the anhydrites continues to the accessible
environment. The 1992 PA did not explicitly include induced fracturing outside of the
disturbed rock zone around the repository. It is planned that future PAs will include a
relationship between pressure in the fractures and fracture porosity and permeability.
Whether or not the pressure in the fractures, and hence the porosity and permeability,
changes at the accessible environment boundary will depend on the conditions in the model.
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Reference

Howarth, S.M. 1994. Test Plan: Two-Phase Flow Laboratory Program for the Waste
Isolation Pilot Planz (WIPP). Albuquerque, NM: Sandia National Laboratories.

Comment TO91

Page 21: 1. Technical Comments, C. General Geology and Hydrology, Average
Undisturbed Pore P in Anhvdsi

Area in docyment Volume 3, Chapter 2, Page 2-63

"It is unclear how the average undisturbed pore pressure in the anhydrite was developed.
Table 2.3-2 (p 2-33) does not have any measurements greater than 9.5 MPa, yet the mean
and median pressures are between 12 and 13 MPa.”

Response

Table 2.3-2 shows only halite pore pressure data. Anhydrite data are presented in Table 2.4-
2 on p. 2-59. The three values between 12.4 and 12.6 MPa are considered to provide the
best representation of anhydrite pore pressures undisturbed by the excavations,

Comment T092

Page 21: 1. Technical Comments, C. General Geology and Hydrology, Culebra Matrix
Porosity

Area in document Volume 3, Chapter 2, Page 2-83

"If only intact rock was measured for porosity and there was a large amount of core lost in
porous (vuggy) and/or fractured portions of the Culebra, is the matrix porosity used in the
models: 1) adjusted upward to reflect the higher bulk matrix porosity; or 2) is the data
indicating the vugs and fracturing considered as part of the fractured porosity? It is not clear
if the Culebra matrix porosity values include these features or not.”

Response

The matrix porosity used in the models has not been adjusted to compensate for unsampled,
presumably higher porosity, portions of the Culebra. The data include vugs and fractures
only to the extent that they were present in the core samples tested. Both fractures and vugs
could be included in the “fracture” porosities determined from tracer tests (e.g., Jones et al.,
1992), which represent what might be called the effective flow porosity of the Culebra. The
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matrix porosity might, in turn, be called the diffusion porosity. If matrix porosity is being
underesti~ated, the potendal for matrix diffusion is also being underestimated. See also
response 0 comment in EPA's document, p. 25 (I. Technical Comments, D. Additional
Comments on General Geology and Hydrology).

Reference

Jones, T.L., V.A. Kelley, J.F. Pickens, D.T. Upton, R.L. Beauheim, and P.B. Davies.
1992. Integration of Interpretation Results of Tracer Tests Performed in the Culebra
Dolomite at the Waste Isolation Pilot Plant Site. SAND92-1579. Albuquerque, NM: Sandm
National Laboratories. BN

I
v

Page 22: I. Technical Comments, C. General Geology and Hydrology, Data on pH and B

Area in document Volume 3, Chapter 3, Page 341

"What are the cunuitda.taof expected values of the pH and Eh in the Culebra under existing
conditions? If the data exist, they could not be found in the PA."

Response

Ranges for pH conditions in the Culebra Dolomite have been well defined and range between
about 6.5 and 8.0 (see Siegel, 1991, Chapter 2). The pH of the Culebra is expected to be
narrowly constrained because of the tremendous buffering capacity of carbonate minerals.
Any artificially induced perturbation in pH would rapidly be eliminated by
dissolution/precipitation reactions.

Ranges for Eh in Culebra Dolomite groundwaters were investigated by Myers et al. (see
Siegel, 1991, Chapter 6 and Appendix 6A). Myers et al. attempted to characterize Eh by
evaluating four redox couples (As, N, I, and Se) with measurements with a platinum
electrode (refer to Table 6-4 and Figure 6-2 of Siegel, 1991). Unfortunately, many of the
measurements for individual redox species were below the analytical detection limits.
Consequently, Myers et al. were only able to bound the Eh conditions and were not able to
decisively quantify values. Myers et al. did speculate that groundwaters south of the site
boundary are more oxidizing relative to groundwaters to the north (see Figure 6-1 and
discussion on p. 6-22 of Siegel, 1991).
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Reference

Siegei, M.D., S.J. Lambert, and X.L. Robinson, eds. 1991. Hydrogeochemical Studies of
the Rustler Formation and Related Rocks in the Waste Isolarion Pilot Plans Area,
Sowtheastern New Mexico. SAND88-0196. Albuquerque, NM: Sandia National
Laboratories.

Comment T094

Page 22: 1. Technical Comments. D. Additional Comments on General Geology and
Hydrology o

Area in document Volume 2, Page 2-6 (Figure 2-3) ;%:I:'

& E
*
'E\

"The generalized stratigraphy of the Delaware Basin is inaccurate on several account} S

e Castile formation onlaps the terminal platform margin of the Capitan Limestone and
extends further onto inner parts of the Capitan platform. Figure 2-3 shows the top of
the Castile formation being located stratigraphically lower than the top of the Capitan
Limestone. Figure 2-5 on p. 2-8 more accurately depicts the relationship of the
Capitan and Castile formations.

e The Dewey Lake Red Beds are Ochoan in age and should be included in this stage,
along with the Castile, Salado, and Rustler formations.®

Response

Both points in the comment are correct as stated by the EPA reviewer. Edntonalcorrecaons
in future documents are appropriate.

Comment T095

Page 22: 1. Technical Comments, D. Additional Comments on General Geol
Hydrology

Area in document Volume 2, Page 2-10 (Section 2.2.2.2)

"No mention is made of the wide variety of depositional facies that actually comprise the
Capitan Limestone. A potentially important lithofacies, at least with regard to the hydrologic
characteristics of the Capitan Limestone, is the forereef or foreslope facies, which consists of
poorly sorted carbonate clasts shed from the high relief Capitan margin. This facies is
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poorly mapped, may have very different flow characteristics than for other facies in the
Capitan Limestone, and tongues of this facies may extend close to or beneath the WIPP site. "

Response

The first sentence of the comment is plainly correct. We are unaware of evidence for
forereef deposits extending 10 to 15 km into the basin for very different flow characteristics
within these deposits. We would be willing to discuss this topic with the EPA during
technical exchange meetings.

Comment T096

Page 22-23: 1. Technical Comments, D. Additional Comments on General Geology and
Hydrology

Area in document Volume 2, Page 2-10, Line 35 "é;

.“F&

e, W'sh 4.
b AT

"*Lateral variations in depositional environments (in the Culebra Dolormte) were small wi
the mapped region...” What is the evidence for this statement? Detailed lithologic columns
for the Culebra Dolomite with lithologies and sedimentary structures should be shown."

Response

Additional detail in the level of referencing will be included as appropriate in the PTB/draft
compliance application. It is not clear that inclusion of stratigraphic columns is relevant to
compliance, except along possible radionuclide-release paths.

pageS-llofHoltandPowm(IQBS) states: "The bulk of the Culebra is microlaminated to
thinty-laminated. The strata may be flat to wavy to locally contorted and discontinuous.
/pms of the Culebra appear macroscopically devoid of depositional fabric. The dolomite
in some zones. With the exception of the upper and lower contact zones, there is
ion of depositional sedimentary features throughout most of the Culebra.”
_Ada'fuony,:‘meﬁﬂnfmmthesamememcluda "The lowermost foot (30 cm) of the Culebra
Tocally 13 thinly laminated to laminated, with alternating light and dark brown laminae.*
"The uppermost few inches to 1 ft (30 cm) of the Culebra often differs radically from the
underlying dolomite. The gamma ray signature of this zone is unique and is present
throughout the Delaware Basin.” We agree that the detail of referencing needs to be
increased; generalized referencing in important areas, is inappropriate,

A large number of detailed correlations, cross-sections, and stratigraphic columns of the
Rustler Formation are contained in Holt and Powers (1988).
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Elisabeth Pateé-~Cornel:
use of conservative hypotheses). These curves are similar to the--..
CCDFs generated by Sandia for WIPP. . QS\

Y

L By
5 !

How the results {and the uncertainties) should be incorpofqﬁgcii:%:-;<‘
in the regulator's decision making is discussed in details in iy~

answer to the fifth question. This answer is based on the assuption
that the aggregation of expert opinions will be done systematically
for all fundamental assumptions, and that the resulting
distributions will be integrated in the risk analysis. Otherwise
(e.g., if the disagreement is simply represented by a set of
consequence distribution, one per expert), I do not know how to
recommend to a decision maker to systematically treat a collection
of results, or the results of a conditional risk analysis based on
unweighted assumptions. It becomes a matter of faith in the
conservatism of the assumptions.
Q3. SELECTION OF INPUT VARIABLES THAT REQUIRE PROBABILISTIC
TREATMENT: SENSITIVITY ANALYSIS

It is not necessary in many risk analysis problems to pﬁt a
probability distribution on all variables. In the decision analysis
cycle (Ref. Howard), the first step is to develop models by a
deterministic analysis of the link between the consequences and the
input variables. Second, a sensitivity analysis for each variable
reveals whether or not the variation of an input value across the
possible range can change by itself the final decision. Third, the
probabilistic analysis is performed: for the variables that do not
require full treatment of uncertainty, the mean value is encoded and
included in the model. For the variables that do require a
probability distribution, this distribution is encoded as described
above. The uncertainties are then "propagated* through the analysis
by different methods (closed-form solutions, relevant moments,
logic/event trees, or simulation, for example, using Monte Carlo or
Latin Hypercube sampling).
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Elisabeth Paté-Cornmell

Q4. DEVELOPMENT OF PROBABILITY DISTRIBUTIONS

Incorporating all uncertainties is a risk analysis is indeed a
challenge. Therefore, it is important to proceed first to the
sensitivity analysis discussed above so as not to lose sight of the
ultimate goal (to support a specific decision}.

The development of probability distributions is currentlyﬁgghﬁf o
topic within the EPA and the environmental/health risk analﬁ%dﬁf’

community. [Note, however, that for many years, it has been done
systematically for industrial facilities such as nucleér power
plants}. Because of the controversial nature of the treatment of
epistemic uncertainties by Bayesian probabilities, the solution 'is
often to do only what I consider a partial uncertainty analysis,
focusing on randomness in statistical samples and on distributions
for the variables explicitly included in the model. The default
solution is thus to focus on randomness and on some epistemic
uncertainties.

There is seldom any attempt to guantify systematically the
epistemic uncertainties (about partially knowﬁ fundamental
phenomena) because it requires quantifying explicitly the
probabilities of alternative assumptions and, in order to do that,
proceeding to an aggregation of expert opinions. For example, in a
recent expert-based study of global climate change, Granger Morgan
chose to simply present the range of results for each of the
different experts without any attempt to come up with a composite
distribution. I personally believe that one cannot escape this full
uncertainty analysis (i.e., to include the probabilities of
alternative hypotheses). Otherwise, the problem is exactly the one
that you are facing with WIPP: how to judge of the degree of
conservatism of a conditional risk analysis without looking at the
conservatism of the hypotheses.

The structure of a full uncertainty analysis is thus the following:

1. Structuring of the different hypotheses into sets of
alternative realizations so that probability distributidns can be
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Zlisabeth Paté-Correll

attributed to these sets of assumptions.

2. Encoding and aggregation of expert probabilities for eacﬁ set_di
of assumptions. ) Wi Qj

" e
3. For each fundamental hypothesis, identification of the™”

subsequent models and parameter values (probabilistic treatment).
Conditional risk analyses of the type performed by Sandia, but one
for each possibility (e.g., each Hli in Figure 1) in a complete set
of assumptions, including a measure of possible dependencies through
¢conditional probabilities. .

4. Propagation of all relevant uncertainties for each hypothesis
{the results are the sets of risk curves shown in Figure 1 for each
realization of a given hypothesis).

S. Summing of the results of the conditional analyses weighted by
the probabilities of the fundamental underlying assumptions (one
then obtains an overall set of risk curves like those presented at
the bottom of Figure 1l).

(Alternatively, the overall set of risk curves can be obtained
directly through the -use of a logic tree).

Again, there are different methods for the propagation of
uncertainties through each model: closed-form solutions (which is
sometimes possible, for example, to treat lognormal distributions . -
and products of variables), computation of the relevant moments, use
of logic (event) trees that layout all possible combinations of
hypotheses, models, and parameter values, or full simulation (by
various methods including Monte Cﬁrlo and Latin Hypercube sampling)

Q5. COMPLIANCE CRITERIA GIVEN A FAMILY OF RISK CURVES

How this full uncertainty analysis is used by the decision
maker (DM) is a function of his or her own preferences (including
risk attitude). Therefore, it is by nature subjective. The
consistency of the process, however, can be treated somehow

B

cbjectively.

For individual decisions, these preferences are represented by
a utility function that allows ;epresent@ng risk aversion-by putting .
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Zlisapech Paté-Cornell

higher weights (than linear functions would)} on the possibility of
higher losses. Note that by virtue of the axioms of rationality for
individual deCiSions,-it is the mean future freqguency that is the
relevant characteristic of the probability distribution for the
future frequency of the potential loss levels (in the WIPP case: the
release level as an intermediate déscriptor, but more importantly,
the helth effects). -n! 3%
This rationality paradigm does not apply to col;écfﬁbé%
decisions, except if one assumes that one elected decision maksr
(administrator) has been given complete power to make these
decisions according to his or her utility function (which,
presumably, would have to be revealed if it were to be uséd in an
analytical model). This is impractical because it does not fit our
pclitical process and because there are many attributes to each

decision that would require some adaptation of any revealed
- preferences.

The administrator is not only concerned about the probability
distribution of the levels of release and about the economic costs
of release (for which mean future frequencies would theoretically
suffice), but also about the health and safety of the most exposed ...
individuals in the public. The choice of a threshold and the way one -
demonstrates that it has not been exceeded should reflect directly a
concern for prudence. The mean may or may not do that depending on
the fractile(s) that it represents in the family of risk curves, and
the practicality of demonstrating by analytical means that the goal
has been achieved.

I would like, -at this point, to go back to what I wrote in my
1386 paper: ‘ :
* The next question is to ensure that the goals have been
satisfied with *reasonable certainty®". A common procedure
is to use "conservative estimates® at every step which
means to overestimate the probabilities of initiating
events, failures, accidents, etc. The overestimation of the
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Slisabeth Paté-Corrnel]

final result, however, is impossible toc assess. It is a
wrong approacp that may lead to absurd figures and quite
possibly to suboptimal decisions, thus defeating the pupose
of conservatism itself. This is why the analysis of
uncertainties and their explicit treatment in the final
decision are critical.

Once this analysis has been done, safety decisions must
be made to ensure that with a high probability (e.g., 0.95)
the plant is in compliance with a the maximum acceptable
individual risk constraint and with the maximum allowable
frequency of failure. There is no compelling theoretical
reason to use one fractile Oor a mean value rather than
another criterion. In a framework involving numerical

safety goals, this certainty level must be specified by the

U.S. NRC along with the safety goal®

The example that I was using was safety of nuclear reactors for
which the time horizon is relatively short and the uncertainties can
pe approached systematically. Therefore, the Probabilistic Risk
Analyses that are performed for these plants do not involve the
types of uncertainties faced with WIPP. Hence the possibility of

"reasonable certainty* (which the USNRC c¢alls “"reasonable ...

assurance®”). In the case of WIPP, part of the analysis (the EPA
linkage of release and health effects) is non-probabilistic and
presumably, based on conservative modeling. Therefore, given the
time frame and the level of uncertainties (e.g., about the future of
civilizations in the next 10,000 years), the chosen approach has
been different: to start with a set of preliminary results and
framing hypotheses, then do a conditional performance analysis based

on a mixed method (probabilistic and pre-set health effects

estimates). First, one cannot judge directly which fractile(s) the
mean curves of the future release levels would actually represent if
Sandia had included in the analysis (1) the presumably conservative

hypotheses that EPA had specified (complete with alternative -

assumptions and their probabilities), and (2). the uncertainties
attached to the hypotheses that they generated themselves. Second,
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Elisabeth Paté-Cornell

one cannot derive from this analysis a probabilistic distribution
for the health effeqts, The problem is that a full risk analysis of
this type would be extremely difficult given the state of the.art,
and that the uncertainties over the next 10,000 years wouig béﬂﬁo;
large that the results may not be very informative. B i
e

-t o

In this highly uncertain, long-term case, I believe th&E the
approach based on sdme fixed hypotheses, then on “reasonable
expectations® for the conditional risk results is generally sensible
provided (1) that the hypotheses are globally conservative (health
effects given release as well as assumptions in the release
computation) and (2) that the mean curves for the release of the
Zifferent radionucleides generally correspond to high fractiles of
the risk curve families (CCDFs). If that is the case, the
combination of hypotheses and means may indeed prcvide the level of
"reasonable assurance" that you wish and that is consistent with the
USNRC requirements for much shorter life facilities. To check that
the overall analysis is "globally conservative® you need to verify
that the global model (Health Effects + Performance Assessment)
vields conservative results and in particular that the hypothetical
health risk results that would have come out of a fully integrated
analysis meet the level of "reasonable assurance® that you want to
see. This requires that the combination of the health effect model
and the Sandia hypotheées provides a higher level of safety than the
one demonstrated by the position of the PA mean curves in the PA
alone. '

Therefore, you may want to examine the effects of hypotheses on
the position of the current means in the family of CCDFs (fractiles)
for release accounting for the EPA/DoE hypotheses as shown in Figure
1. Of course, you do not want to ask Sandia to redo the whole
uncertainty analysis, but to give you a feeling for the final degree
of conservatism of the release results after this accumulation of
assumptions. This involves listing the main hypotheses (both from

EPA and from the Sandia PA) and assessing (even coarsely! their

cumulative effects on the position of conditional (current) means in

d

—

.

——,
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the CCDFs families. 1If it is the case that the EPA/DoE assumptions

are generally conservative, it is likely that what are now mean

curves in the current conditional performance analysis (Sandia‘'s PaA)

would ceorrespond to higher fractiles of distributions that would

account probabilistically for all hypotheses (Figure 1, bottom

left). If the set of assumptions turns out to be altogether

unconservative, introducing alternative assumptions will tend to
make the current means go down in the families of risk cdtveé

towards lower fractiles (Figure 1, bottom right). o

When you receive this information about the probabilities and“
the effects of alternatives to the main hypotheses on the position
of the mean curves, you want to examine whether the final levels of
fractiles that would correspond to the current means meet the level
of conservatism that you want. You may also want to go one step
further and look closely at the health effects themselves and at the
conservatism of the EPA model of cancer risk. I do not believe that
at that stage it would be realistic to require EPA to proceed to a
full probabilistic risk assessment (they do not have the methods as
far as I know). Yet, you can argue that their *reasonable
expectations® are reasonable only if their hypotheses and health

effects model provide the additional level of safety that is -

consistent with the NRC language of "reascnable assurance®". In other
terms, first their current means for the release of the different
radionucleides have to provide at least as much safety as the
overall "expected value®" of the release that one wogld from a
probabilistic analysis of the hypotheses. Second, the EPA heaith_
effect model should provide an additional layer of safety that
convinces you that you are indeed in the high fractiles of a
hypothetical full risk analysis.

Should you push EPA to specify a fractile level applicable
across the board to all cases? I don't believe so, simply because
each problem has to be replaced in its context (uncertainties,
existence of alternatives, economic and political context, etc.). I
believe, however, that examining carefully the range of fractiles
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corresponding to the mean in the consequence distribution is a
reasonable way to address the question of uncertainties. In the WIPP
case, the choice of the mean conditional on a set of hypotheses was
based on the long-term nature of the project, the fact that the
computation of the mean is more robust than that of specified
fractiles, and that the means {(given the uncertainties) are likely
to be among the high-fractiles anyway. And in any case, requiring
the EPA to make a general statement about a *high level'of
confidence" in the final health effects analysis including all
uncertainties would be helpful.

Requlatory lanquage : o
I think that you can require that EPA be more rigorous in its !
implementation of the *reasonable expectation® language. They cannot
just set hypotheses and models (as those leading to Figure 1,
Appendix A of 40CFR191), frame the conditional risk analysis for the
applicant, then claim without checking that the conditional means
(even with infinite sampling size) resulting from this analysis
necessarily support "reasonable expectation® of human safety.
Whereas it may be unreasonable {(and perhaps, even hazardous given
how uncertain the results would be) to leave the choice of
hypotheses and model .f:aming ‘to -the applicant, it is not
unreascnable to require that the effects of these hypotheses on the
mean curves be assessed (i.e., simply to check how they displace the
mean curve: up or down). In the WIPP case, I would focus on the
hypotheses of the intrusion model (frequency, means and effects of
drilling) which are the most likely to significantly affect the
release results. I would also examine very closely the EPA health
effect model.

I would want EPA to show that, in the end, the combination of
"“reasonable expectation*®* for the perforﬁance assessment and of the
conservatism (if it is the case) of the health effect model that
they have used to seE the release criteria provides "reasonable
assurance® of actual safety (i.e., for the ultimate health effects). —
Because EPA has done the health effects modeling, they ar€ in a goed -
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position to show the conservatism of their own results and of the
final health risks when these results are combined with those of the
performance assessment.

'“"‘\
oA
ey K

Therefore, you want to require EPA: R
(1) to fully reveal the models that they have used to comeiug-wiﬁh, ;

g
G

the release standards, v :
(2) to list all the major assumptions that they have made (Eas;é
that are likely to affect the risk analysis results), (3} then, to
ask the applicants to show that the combination of these models,
hypotheses and their own performance anélysis supports the
requirement that the current conditional mean is indeed "above* the
marginal (overall) mean, and that altogether, the assumptions are in

fact “conservative‘.

By comparison, the uncertainties that result from the sampling
are probably (1) cheap to reduce and (2) not very significant
compared to effects of the basic hypotheses. Therefore, you may
choose either to accept their 95% confidence language, or to require
a third level of confidence in the analysis. I do not think that it
will make much difference.

3. ADDITIONAL COMMENTS ON ISSUES RAISED IN YOUR LETTER

sampling gize

This issue is easy to resolve because it is cheap to require
additional combuter runs if you do not think that the level of
confidence achieved is what you want. Of course, the tail of the
distribution will not be often reached in the simulation by
definition of high consequence/low probability modeling. You may
want to press EPA to specify the confidence level in this process
(third order treatment of uncertainty, i.e., one level further than
what I describe as Level S5 in Figure 2 of the Appendix). But you
have to realize that the results will be somehow artificial given
_the variety of the sources of uncertainties. .So, I would not focus
so much on the uncertainties due to sampling size because they are ~—

©
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probably *“in the noise", as I would on the uncertainties about the
fundamental hypotheses.

3.2 Encoding of expert opinionsg
I agree that you may want EPA to specify better their encoding

procedures. Anyway, in the case of WIPP, you want to f£ind out how -

Sandia exactly did it (especially for parameter values).

3.3 Use of the mean

I generally agree with EPA that the mean does convey "a sense of Ehev““k

whole ensemble of the CCDF's generated". It represents an aggregated
description of the risk by a single probability distribution (Level
4 of Figure 2} without displaying the higher level of uncertainties
(Level 5 in Figure 2). I do not believe, as you do, . that the
‘applicant can vary the number of realizaticns and dilute at will the
effects of any particular CCDF. What is true, however, is that with
a small number of realizations (in the simulation) one may not reach
the tail of the distribution. You want Sandia to specify case by
case what level of assurance the mean represents (it varies, of
course, along the release axis).

3.4 Additional comments )

a. Specific guidance for the form of probability distribution
functions seems to me impractical. _

b. Need to deal with correlations: I agree, this is essential.

¢. Appropriateness of the mean: in the case of WIPP, I think that
the coupling of EPA assumptions (if they are globally conservative)
and mean release level (which is 1likely to be among the high
fractilés given the uncertainties) should provide the level of
safety that you want. This is what you want Sandia to demonstrate.

d. Calling explicitly for a 95% fractile with 99% confidence would

require a full probabilistic treatment of all EPA/DoE hypotheses
regarding the release, introducing still more uncertainties in the
analysis and probably producing highly questionable results. [I
would not suggest this kind of fractile on top of the EPA
hypotheses.] Again, I would start by checking what the current mean
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represents (roughly) in the full picture. To call for the 95%
fractile of the real risk curves (i.e., the health effects), would
require a whole new risk analysis including both the release model
and the health effect model. It is obviously not the direction that
was chosen a priori.

f. Of course, the process of sampling of 50 parameters, even with an
infinite sampling size would dilute the effects of the extremes. It
is the nature of probability: the extremes are much less likely than
the central range of the distribution. But you want sufficient
sample size to have confidence that you have given the extremes
their proper weight. )

h. Reducing uncertainties can be done in many different ways.
Increasing the sampling size of course is one of them; but again,
these uncertainties are probably minor compared with the
uncertainties involved in the fundamental assumptions.

j. No, it is not ‘easy to identify the various percentiles of crossed
curves. Indeed, any mean curve will represent different percentiles
in different release ranges. S

4. CONCLUSIONS:

I believe that the case of WIPP as it stands now raises issues
that are different from those that I addressed in my 1986 article
regarding nuclear power plants. But the fundamental concern is the
same: reaching an acceptable level of safety with reasonable
certainty {(or assurance). In the 1986 article, I proposed to do it
using high fractiles of the risk curves (which is often where the
means are anyway) based on full PRAs including the treatment of all-
identified and relevant uncertairities (as determined by sensitivity
analysis). For WIPP, we do not have risk curves (in the sense of
full probability distributions for the consequences,i.e., the health
effects). Because of the 10,000-year time horizon, the uncertainties
in the case of WIPP are such that this kind of analysis may be a
futile exercise. Instead, EPA has chosen to make some assumptions in
its performance criteria and to require a conditional performance
analysis given these assumptions. Then, EPA specified the use of .
the conditional means as the bagis for the compliance criteria.
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In order to verify that the conditional means (conditiocnal on
specified health models and hypotheses) provide 'indeed °"reasonable
expectation® of saféty once the effects of the hypotheses on
expected values are carefully considered, you want to ask Sandia to
provide additional information about what these conditional means
really represent for future release and what they imply for human
safety. In particular, you want to question assumptions regarding
engineered barriers and the hypotheses that have been made to
support the currently planned storage system. This is where you may
be able toc show that some of the assumptions are unconservative and
that the real mean curves are below the conditional ones. Therefore,
you may be able to conclude that the current analysis based on
conditional means does not meet, on the whole, the *reasonable
expectation® standard. I would not focus much on the effect of the
sampling size (although it probakly does not cost much) because
increasing it méy not provide large variations of the position of
the mean in the overall CCDF family. The hypotheses about the
frequency, the means and the effects of drilling are more likely to
provide significant variations.

To summarize my conclusions: ,
4.1 I do not know where the current means stand in terms of .
fractiles on the distribution of release curves presented by Sandia.
=> You may consider asking Sandia to specify which fractiles are
involved in the mean release curves that are presented in their
final PA report (these fractiles will vary along the release axis;
but Sandia may be able to bracket them) . ‘ h '

4.2 I cannot judge the degree of conservatism of the Performance
Assessment results because I do not know the effects of the EPA and_
DoE hypotheses on the release curves.
=> Ask Sandia to list the major hypotheses that have been taken for
granted in their PA and to give you an idea (if not a full analysis)
of the effects of these hypotheses on the results (i.e., the family
of release curves). For example take the five or six most important
assumptions of the PA {e.g., the Poisson model of human intrusions,
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the diameter of the bore holes, the water flow model, the solubility
factor of the main nucleides, etc). Ask Sandia to generate a set of
reasonable alternatives to these hypothese and to show you that the
mean curves that would be generated with proper probabilistic
analysis of these alternative assumptions actually meet the criteria
{and that they do¢ not pull the means towards lower fractiles of the
risk curve families). ¢
4.3 The expert opinion procedures of enceding could be made 'more
rigorous.
=> You may want to ask Sandia to identify the variables whose
distributions are critical for the results (could make WIPP violate
the performance criteria), to justify their decision to treat them
through expert opinions (as opposed to experiments or measurements
‘when feasible), to better justify their findings by describing
exactly how they have encoded and aggregated expert opinions, or to
redo the ehcoding and aggregation of these judgments if you conclude
that some of the variables have nor been properly treated.

4.4 The uncertainties about WIPP are such that full ﬁrobabilistic
treatment of all assumptions is likely to introduce large additional
uncertainties in the results if they were to be systematically ..
treated through probabilities.

=> You may want to find out what is the level of release risk
obtained given the combination of EPA and DoE assumptions and the
results of the corresponding conditional risk analysis, judge
whether it is reasonable, and if it is not, ask EPA to reveal how it
is going to inject additional levels of prudence in its decision.
Dependihg on how far the current means are (assuming full
probabilistic treatment of hypotheses) from a reassuring (but not
sacred) 95% fractile, you may want to ask for additional analysis or
for a change of risk management strategy.

4.5 If you really want to estimate the long-term health risks
associated with the possibility of release, you need a probabilistic
version of the EPA health effect model and a true risk analysis
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involving both release and health effects. I doubt that this is
feasible. But: )

=> You may want to ask EPA to better justify what they have done to
obtain Table 1 of 40CFR191 and DoE to show that the overali risk
of
safety. ,_?n

results (their model plus'the PA) provide “reasonable assurance"

5. APPENDIX

[What follows on this topic is based on a report that I récen@inJ

wrote for the Electric Power Research Institute].

ix levels of trea f rtainti i i a is:

The form under which one would like uncertainty analysis to be done
depends in large part on the use that one intends to make of the
results, i.e., what criteria will apply in the decision making. All
decisions do no& need full treatment of uncertainties. Different
degrees of sophistication in the assessment of the risks can be
envisioned depending on the management rule that one intends to
apply. Six different levels in the treatment of uncertainty (see
Figure 2) can be identified.

El

Ld

Level 0 simply involves the detection of a potential hazard ---

without attempt to assess the risk in any way. It is sufficient, in
theory, to support strict zero-risk policies, or to make risk
management decisions when the costs are low. '

Level 1 is the °*worst-case" approach. It does not involve any
notion of probability. It is based on the accumilation of worst-case
assumptions and yields, in theory, the maximum loss level. In
practice, however, whatever the worst-case scenario that has been
constructed, it is often possible to imagine still more unlikely
circumstances that could worsen the result. It is therefore
necessary to truncate the loss distribution.
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Figure 2: Six levels of treatment of uncertainties in risk analysis_

(Paté-Cornell, EPRI report, 1995).
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Level 2 involves *“plausible upper bounds* (or the "quasi-wors:t
case'). This analysis represents an attempt to obtain an evaluation
of the worst possible conditions that can be “reasonably* expected
{1) when there is some uncertainty as to what the worst case might
be, or (2) when the worst case is so unlikely that it is
meaningless. Examples of these approcaches include the Maximum
Credible Earthgquake or the Maximum Probable Flood used by the U.S.
Army Corps of Engineers in the construction and management of dams.

This peopular approach, however, presents major shortcomings.
First, there is no way to judge the “conservatism" of these point

estimates (the residual risk is unknown). Second, this approach does -

not allow a meaningful comparison of risks. Ranking among these
presumably extreme values may not be related to the ranking of the

mean values of the potential losses and there is no reason to

believe that priorities set on the basis of plausible upper bounds
will ensure maximum risk reduction for the money spent.

analysis.

Level 3 relies on °best es;imﬁtes' and/or on a search for a
central value {e.g., the mean, the median ox the mode) of the loss

distribution. Generally speaking, the advantage of central values is .-

to provide a reasonable balance to plausible upper bounds. The
disadvantage is that the risk is still characterized by a single
point estimate and that the uncertainties disappear from the
results. '

Level 4 relies on probabilistic risk assessment (PRA), also
known in engineering as quantitative risk assessment (QRA), or
probabilistic safety assessment (PSA). It permits representation of
a risk, not by a single point estimate, but by a complete
distribution of the potential losses to represent the uncertainties
involved. Still, the effects of all uncertainties being aggregated
into one risk curve, it is -impossible to extract from this
information the dispersion due, for example, to expert disagreements
about competing models for a fundamental.hypothesis. :
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Level 5 allows display of uncertaintizs about fundamental
mechanisms. This can bg done in several ways. QOne approach is to ask
each expert to provide an assessment of the risk based on their
favorite model and on their evaluation of the distribution of
parameter values, and to display this set of risk curves (one for
each expert) without attempting to aggregate the results or to
assess the probabilities of the fundamental assumptions on which
they rely. The problem is that one popular hypothesis may be favored
by a large proportion of experts for a combination of scientific and
other reasons. Therefore, if a composite distribution is needed, one
must sooner or later address sguarely the issue of the relative
probabilities of the different hyﬁotheses and proceed to an
aggregation of expert opinions. It is important at that stage, to
depoliticize the process if needed, and to put weights on;ﬁ;delsn

oo T

(given the evidence available] and not on the experts. 5“

- . “a\
Therefore, in order to reach its logical conclusion, Lével S
‘requires a full prcbabilistic treatment of epistemic uncertainties.
The result is a family cf risk curves. These curves provide, for
each value of the potential losses, a discretization of the

probability distribution of the future frequency of exceedence of

this loss value. Both aleatory and epistemic uncertainties are .

propagated through the analysis, for example, by Monte Carlo
simulation or other simulation models such as the Latine Hypercube

approach.

WIPP Performance assessment is a mixed case of some aspects of
level 2 (plausible upper bounds; conservative hypotheses) and level -
5 (full uncertainty analysis).

6. ANNOTATED BIBLIOGRAPHY
A. A40CFR1S1 .

1. Russo, September 1991: Updated Uncertainty Analysis of EPA River
Mode Pathways Model Used for 40CFR Part 191: Table 1 of 1985
40CFR191 Analysis of Curie release corresponding to 90% level of
certainty that effects will be less than or equal to 10 fatal
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cancers/10,000 years w~as completed by an uncertainty analysis in
which the probability distributions characterizing uncertainty about
model input parameters were based on discussions held with
radiological assessment experts taking into account theoretical
considerations, variability in published data, and insiﬁhtful‘

judgment [How was this done?) b

2. EPA 520/3-80-006. Population Risk %_ ‘

p. 150: "The expected frequency of human intrusion into a repoéitbry
ranges from a drilling event every 400 vyears €for granite to a
drilling event every 50 years for salt and shale (ADL 79d).*" |[This
is one of the assumptions whose effect on the results should be
checked]

3. Federal Register 1985. 40CFR1S591.

191-13 Containment Reguirement:

“Reasonable expectation* language. PA need not provide complete
assurance...etc.’ :

4. Response to comments; EPA 520/1-85-0242. p2-5: The median is
. insufficient. [I agree]. p.2-12: EPA states that the standards, as
they are written, will allow demonstrating compliance in a way that
will not be *"unreasonably difficult or expensive". [Fine].

5. Report of the Review of 40CFR1S1 by a subcommittee of the

SAB.1984. "The subcommittee supports the general form of the ..

proposed standard, including the use of a social cobjective as an
upper bound of acceptable health (cancer and genetic) effécts. [The
question is: how conservative is the societal risk target given the
assessment method. Could be very conservative or not. I don't know).
6. Working draft of final 40CFR191: 11/1/83 '
191.16: Guidance for implementation ‘

~determination of compliance should be based upen "best estimate*
predictions (e.g., the mean of the appropriate distribution
results).” [Best estimates is generally not a good term to use
without specification in regulatory language because it is too
vague] . '

7. Working Draft of final 40CFR191: 2/1/84

"Instead the implementing agency may determine compliance based upon
the part of the range of predictions that falls within orie standard
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deviaticon ©of the mean..." [That was an idea but it was not
implemented] .

8. working Draft of final 40CFR191: 4/23/84

Mean + one standard deviation =»> 85% for Normal distribution [Many
distributions are not normal but skewed right].

9. Working Draft of final 40CFR191: 3/21/85

191.13: Containment requirements Uncertainties are too large hiven
the time frame. => reasocnable expectation language [Intended to be:
the mean; actually here: conditional means]. '

Further: compliance with 191.13: Integrate all uncertainties into
one risk curve [i.e., the mean risk curve. This is the level four of
Figure 1. It is generally sufficient to support the choices of the
risk averse decision maker in rational individual decision maklng]
10. Working Draft of final 40CFR191: 6/15/85

191.13: same language about "reasonable expectation®.

11. Working Draft of final 40CFR191: 7/5/85

Uncertainties, and long term => reasonable expectation

12. Report of Meeting with extra-agency personnel concerning EPA
Pocket Number R-82-3. (with NRC staff personnel). *Subparagraph
181.16a requires that the standards be implemented in terms of the
upper 85% confidence level of the simulated cumulative release. In
view of the very very large number of judgmental factors that will _
have entered inte the calculation, the use of the specified
confidence level as a basis for deciding compliance is highly
susceptible to mischief during the licensing process{...]; in view
of uncertainties involved, confidence levels must be adressedd in
texms of qualitative (e.g., reasonable assurance terms) rather than

Quantitatively.* .
" Further: *Confidence level: DoE is concerned that the mention of an
85% confidence level will become the required level for all
analyses; this would be contrary to EPA's intention.®

Further: Guidance for implementation:

Suggestion again that mean + one standard deviation becomes the
standard (=>=85% for Normal distribution).

Further: "Paragraph 191.16.c unclear and calls for a precision level -
that may not be possible to demonstrate analytically.*® :
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13. EPA background information behind 40Q0CFR191 1985

EPA 520/1-85-023. )
p.6-3 Problem of uncertainties in EPA modeling of radiation risk

estimate (the risk per unit dose are likely to be low)

p 6-13 the risk estimates are not unduly conservative [Important to
check and to assess the effect on individual safety].

14. EBASCO study: Uncertainty and sensitivity analysis for the
exposure pathway models used in 40CFR191.

p. xiii: levels of certainty for each radiocnucleide in Table 1l.tryin
to evaluate the level of conservatisms {[Again, effects on
conservatism of Sandia's result?].

15. Background information: EPA 93. EPA cancer risks are based on
NAS study. Further (p.6-5): dose-response function was based on
japanese epidemiology after the Hiroshima bomb.. Perhaps
unconservative following subsequent studies (p.6-93). p.6-3i?ﬁj
estimates of cancer risks are NOT conservative.

16. EPA environmental pathway model, 1986

p.S9: Releases to a river [could be very conservative: WIPP is in
the desert; but assumption was based on large rivers; how about
small ones?].

17. Analysis of Uncertainties. Envirosphere, June 10, 1983. {problem
of the original ore body release and river mode exposure pathway). .-
Another set of uncertainty assessments for Table 2 of 40CFR191.

B. 40CFR1S4

1. Federal Register

2. 40CFR194 Proposed Rules: Criteria for the Certification and
determination of the Waste Isolation Plant's compliance.

p.81l: Expert Judgment °*should be used provided that it does not
substiotute for data that could be obtained through data collection
or implementation.® {An apparently reasonable set of requirements.
No conflict of interest. At least five experts. Not all from DoE].
P.113: results of performanée assessment :Risk curves. Monte Carlo of
Latin Hypercube. Not the median. Requirement that the number of risk
curves be large enough so that the maximum CCDF generated exceeds
the 99th percentile of the pépplation of CCDFs with at least 0.95
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probability. [Looks conservative. To be checked}

ptll4: the criterion itself: “demonstrate that there is at least a
95% level of statistical confidence that the mean of the population
of CCDFs meets the requirements of section 13{a) of 40CFR19" [The
mean is the most robust measure under the circumstances (smaller
sample size required} and it may already be in the 80 to 95%
fractile]. '

3. Background information: EPA 402-R-95002

p.3-7: Disposal systems shall be designed to provide reasonéblg
expectation based upon performance assessments that cumnlativé
releases of radionucleides to the accessible environment for 10,000
years after disposal from all significant processes and events that
may affect the disposal system shall:

{1} Rave a likelihood ©f less than one chance ip-ten of
exceeding the quantitties calculated according to table 1 (Appendix
a) and ) '

(2) Have a likelihood of less than one chance in 1,000 of
exceeding ten times the quantities calculated according to Table 1.
Table 1 defines a set of permissble releases ("normalized release”
for each isotope). [The question is; what were all the hypotheses
underlying Table 1). ' |
4. Compliance criteria: March 21, 1995
p.55: results of performance assessments.

5. EEG Comments. April 28, 1995.

p.5: the WIPP gite does not meet the there stated criteria of 40 CFR
191.149 (because it is in a resource rich area)=> unconservative
assumption. On the qgher hand, (p.6)EPA claims that the-hypotehse
are favorable because of the favorable characteristicas of the WIPP
(located in the desert). [net result??)

pP.1l1: Engineered barriers:

Arbumant for engineered barriers: unconservative assumptions
.regarding human intrusion in a resource rich environment. Also:
benefits will be small because it would only delay the arrival o§
actinides in the environment.,

39



1992 PERFORMANCE ASSESSMENT REPORT
COMMENTS AND RESPONSES
EPA/EEG/NMAG/NMED



DOE/WIPP-95-2053

Responses to Comments
on the !
1992 Preliminary Performance
Assessment Report
for the
Waste Isolation Pilot Plant

June 1995

United States Department of Energy
Waste Isolation Pilot Plant

Carlsbad Area Office
Carlsbad, New Mexico




Table of Contents

Introduction ....... Cereseresresscarene tedreenans eesicesuanens |
Environmental Protection Agency Comments ........ sesseneesas 1-1-1-148
Environmental Evaluation Group Comments ............00c0000. 2-1-2-62
New Mexico Attorney General Comments ............. IEERECRRY 3-1-3.58
New Mexico Environment Department Comments .. .. q - cee 41.4-14
Appendix A EEG Supportive Figures |

Appendix B NMAG Supportive Memos



Introduction

This document contains the Department of Energy’s (DOE) responses to comments made
by the Environmental Protection Agency (EPA), the Environmental Evaluation Group
(EEG), the New Mexico Environment Department (NMED), and the New Mexico Attorney
General (NMAG) on the "Preliminary Performance Assessment for the Waste Isolation
Pilot Plant, December 1992, Volumes 1-3. Each comment and response is listed along with
the reference materials. The appendixes contain supportive figures and memos referenced
in the document. The subject document is referenced as the 1992 PA (Performance

Assessment).




Comment CL1

Cover Letter, Format and Content

"We reviewed this document with the idea that it should contain all of the information -
needed to allow us to review, understand and evaluate DOE’s approaches, and to
demonstrate that the approaches were sufficiently justified to support a reguest for
certification of compliance.”

Response

The DOE appreciates the perspective taken by the EPA for this review since it provides the
DOE with significant insight regarding what should be included in a compliance application.
In addition, the EPA’s perspective will help identify areas where the two agencies may
disagree regarding impiementation. It is important to seek resolution to these prior to the
preparation of a final application.

The DOE will use EPA’s comments and suggestions as a guide on formulating aspects of its
compliance program. In addition, the DOE will establish, as a priority, the resolution of any
issues or disagreements that have resulted from these comments.

— LY

Cover Letter, Format and Content

" Although the PA provides a large amount of information, it lacks a sufficient description of
the analyses that are discussed. The current PA is not a "stand alone” document that uses
references as supporting information. Rather, references are often provided as the proof of
the validity of DOE’s reasoning, with insufficient information presented in the PA to enable
the reader to follow that reasoning. ... While we understand that references and
accompanying documents will be needed, we feel that the PA (in all its volumes) needs to
tell a compiete story. In our view, the PA should start with the basic information and, step
by step, build up to a demonstration of compliance. *

Response

The DOE agrees that the PA is not a “stand alone® document for compliance purposes. In
fact, PA is only a tool used to determine compliance with quantitative limits and to
understand uncertainty. Numerous other topics are to be included in the compliance
application as indicated by the Format and Content Guide issued in May 1994.
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This not withstanding, the DOE appreciates the broad perspective used by the EPA in its
review as discussed above. The DOE will use this broad review as a guide in preparing the
final application.

Comment CL3

Cover Letter, Format and Content

"For example, it would be helpful if the PA presented a listing of scenarios considered, and
showed the analysis of probability and consequence for each separate scenario. The
presentation of separate analyses would help clarify how scenarios are combined to create a
final set of CCDFs.”

Response

This material will be included in the compliance application as appropriate. The DOE notes,
however, that separate analysis of both probability and consequences may not be appropriate
for all scenarios considered.. Some scenarios may be shown to be of sufficiently low
probability that consequence analyses are unnecessary. Other scenarios may be shown to be
of sufficiently low consequence that probability analyses are not required. In other cases,
different scenarios may have sufficiently similar consequences that results of a single
consequence analysis may be used in conjunction with different probabilities. AN
i A

o

Comment CL4 .
Cover Letter, Format and Content Guide

The outline in the November 1993 Format and Content Guide prepared by the DOE is a
significant improvement over the current PA organization.

Response
Comment noted.

Comment CLS
Cover Letter, Access to Information
"We are concerned that much of the information referenced or used as integral part of the

PA analyses is not available for review. The current PA cannot be thoroughly reviewed
because the supporting information is not accessible. This includes some references,
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computer codes, their documentation, laboratory and field data, and the data generated from
computer runs, such as the results of the Latin Hypercube Sampling that is used as input for
the computer runs. The computer codes and their documentation should be availabje for
public review.”

Response

The DOE is currently pursuing access to computer codes and training in their use with the
EPA and stakeholders. Documentation of codes is being completed, and will be complete
before PA analyses are used in a compliance application.

All source material cited in the 1992 PA, including primary documentation for laboratory
and field data, is on file at the WMT library at Sandia National Laboratories. For a
compliance application, reference materials will be dealt with in a significantly different
manner in order to assure timely access to information by the EPA.

Comment CL6
Cover Letter, Access to Information

"In addition, if they are incompatible with EPA’s computer system, they should be remotely
accessible on DOE’s computers to allow independent examination. I recognize that the codes
and their documentation are not in final form; however, our review of the codes will take a
long time, so we need the copies used to prepare a performance assessment along with the
results of that assessment. If we do not get the codes until the final application, it will
significantly slow our review of the application.”

Response

The DOE is as concerned as the EPA over the length of time that EPA may require to
review DOE’s codes. Consequently, the DOE has made code availability a priority. The
EPA and the DOE are successfully resolving this issue of access and training.

Computational efficiency is a complex topic and would be a welcome topic for the DOE/EPA
technical exchange meetings. Specific recommendations concerning resource allocation, ¢.g.,
model development versus collection of experimental data, are to be an integral part of the
systems prioritization methodology (SPM) effort. The SPM will have "outside scrutiny®

inherent in the process design.
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Comment CL7 o \}
Cover Letter, Repromuigation of 40 CFR 191 #

(a) "We realize that 40 CFR 191 had not been repromulgated when the analyses for this
version of the PA were being conducted, thus consistency with the rule was impossible.
However, the rule is now final, and changes in the PA will need to be made in order to
reflect the new 40 CFR 191. The main areas where changes are necessary are in the ground-
water and individual protection requirements, and the use of the committed effective dose.
The definitions relating to ground water have been changed to reflect EPA's policy of
protecting underground sources of drinking water. DOE will need to identify the potential
aquifers and their water quality (i.e., total dissolved solids)."

(b) "In addition, the undisturbed performance time frame calculations need to reflect the
10,000 year requirement. With the increase of the time frame from 1,000 years to 10,000
years, DOE may need o include scenarios that were previously omitted."

Response

All aspects of 40 CFR 191, including those portions repromulgated in December 1993, will
be incorporated into compliance documentation.

(a) The DOE has taken the position that a decision on when and if underground sources of
drinking water should be identified and characterized (i.e., whea such a characterization will
provide pertinent information for a compliance application) will be based on the expectation
of releases. Briefly, identification and characterization of USDWSs should not be required if
no radionuclide releases to the accessible environment are predicted for 10,000 years or if
10,000 year peak predicted releases to the accessible environment are less than or equal to
the applicable Maximum Contaminant Levels (MCLs). USDWs along the pathway should be
identified and characterized if peak predicted releases to the accessible environment for
10,000 years are greater than the MCLs.

(b) The DOE agrees that calculations for a compliance application must be performed for a
10,000 year compliance period as stated in 40 CFR 191.

Comment CL8

Cover Letter, Regulatory Issues

"The PA also needs to address both 191 and RCRA compliance.”
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Response

The DOE has implemented a PA program which examines two-phase flow. This allows the
determination of releases via both liquid and gas pathways. For the compliance
determination, appropriate transport calculations will be made using these PA models. These
calculations will include contaminant transport of interest to each of the regulations.

i
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Comment CL9 i
Cover Letter, Regulatory Issues (Guidance to 40 CFR 191) )

"The Guidance for 40 CFR 191 is generic in its application and it is non-binding to the
implementing agency. EPA is evaluating the Guidance’s suitability for use at the WIPP site.
However, deviations from the Guidance should be clearly explained. The compliance criteria
(40 CFR 194) will provide further clarification on this topic."

Response

The DOE agrees that any deviation from the guidance in 40 CFR 191 must be carefully and
clearly documented. The DOE realizes that EPA’s guidance, while non-binding, is not
arbitrary and is provided to assist the implementing agency in meeting EPA’s overall goal of
protecting human health and the environment. Since EPA’s guidance is established as the
result of the technical bases developed during rulemaking, the DOE realizes that any
significant deviation from this guidance must have equally in-depth technical justification.

Comment CL10 “
Cover Letter, Regulatory Issues

"The future applicability of the Guidance hotwithmnding, DOE did not correctly foilow the
Guidance in this PA. If DOE was going to follow the Guidance, the PA should have used a
constant drilling rate of 30 Boreholes/km? per 10,000 years for comparison with the
containment requirement. In addition, the PA incorporates credit for passive institutional
controls without proper justification. ®

Response

The maximum rate for human intrusion considered by DOE yielded an expected number of
boreholes equal to 30 per square kilometer. Smaller rate constants were also considered to
allow the evaluation of the sensitivity of disposal-system performance o uncertainty about
future drilling rates. Determining such sensitivities is important to capturing the most
significant parameters for the compliance calculations. These sensitivity analyses indicated
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that system performance is highly sensitive to the drilling rate and that it may be a very
important factor in the compliance decision.

The DOE agrees that any assumptions made regarding the guidance need adequate
justification as discussed previously. This appiies to the credit taken for passive controls,
drilling rates, and other factors.

Cover Letter, Use of Expert Panels and Peer Review cL

"There should be documentation of the process used to obtain expert opinion, and the process
should follow written procedures.”

Response

A formal QA procedure for the use of expert judgment by Sandia National Laboratories was
published in 1992 (Rechard et al., 1992). Further refinements of this QA procedure can and
have been incorporated into WIPP Procedure No. PAP06, Use of Expert Judgment Panel
Quality Assurance Procedures. Compliance documentation will contain documentation in
accordance with this or any other formal procedure used by the DOE and its contractors to
elicit expert judgment.

Comment CL12 |
Cover Letter, Use of Expert Panels and Peer Review

"Specifically, we do not agree with the approach taken by DOE to estimate a reduction of the
drilling rate from speculations on the use of markers. The markers aren’t yet designed;
therefore, the panel was asked to provide advise about the effectiveness of the markers at
WIPP on the basis of incomplete information. Nor did the panel include all the necessary
expertise, ¢.g., no petroleum engineers or drilling experts were included on the panel. The
information from the marker panel was then apparently provided as input to a computer
program that produces results in an unclear manner. EPA’s compliance criteria will contain
additional guidance on the use of expert panels.”

Response

Ihisissuchasbemmisednum«omﬁmbymeﬁﬁﬁandtheDOEhubeqlmsiﬁmqm
assuring proper care is taken in both establishing the scope of an expert panel and in using
the outcome. i
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With regard to the specific comment on the process used by the DOE, the following is
provided:

The process used by the Markers Panel was to first develop design guidelines for long-term
communicative markers based on the contributions from individuals in disparate related fieids . -
such as materials science, archaeology, and communications, Based on the design guidelines,
the two teams comprising the Markers Panel each developed a conceptual design for a system
of markers. Estimates of efficacy of the markers system over time were based on the
conceptual design. Implicit in the deliberations was the assumption that sufficient testing was
underzaken to determine, for example, the appropriate design of the foundation for stone
markers to withstand possible fluctuations in surface level and still remain stable. A second
assumption in the effort was to evaluate what was possible for a marker system (as a first
approximation) with no cost constraints. Cost constraints may come into play regarding the
definition of "practicable™ in 40 CFR 191. There is much evidence from the fields related to
marker design that suggest avenues to pursue to improve long-term survivability and
communication. |

A petroleum engineer was not included on the Markers Panel, because the thrust was geared
to long-term survivability of a marker system and continued interpretability. A petroleum
engineer’s skills are not such as to contribute to this effort. /—\

Comment CL13
Cover Letter, Use of Expert Panels and Peer Review

"In future performance assessments and interim documents, it would be helpful for DOE to
identify: 1) the areas where no data exist; 2) where expert panels and expert judgement will
be used in lieu of data; and 3) whether the expert judgement will be replaced with data by

- the time of the final application. We strongly recommend that DOE use data where it is
possible to obtain it, instead of relying on expert judgement.®

Response

The DOE agrees that the use of expert panels in lieu of data must be carefully documented
and justified. The DOE, however, does not agree with the concluding statement in this
comment since it is written so broadly. Instead, a level of "practicability” must be applied
when designing tests in lieu of expert judgment. This is particularly true when tests may
require unrealistically long time frames or represent unreasonable costs.
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Comment CL14

Cover letter, Models

"The development and implementation of conceptual, computational, and computer models is
one of the most important technical aspects of the performance assessment topics.

Therefore, it is imperative that we and the public have a good understanding about the
modeling process and the models themselves. In the current PA, a good discussion of
conceptual models and their alternatives are provided in only a few instances, such as the
porosity model for the Culebra Dolomite. The conceptual models for the potash mining
scenario are absent.”

Response

The DOE agrees that the development, documentation, and implementation of conceptual,
computational, and computer models is critical to a defensible performance assessment.
Documentation of models is facilitated by Sandia’s formal software Quality Assurance
Procedures. The mandatory guidelines and requirements contained in these procedures
ensure traceability and verification of computational and computer models, as well as
documentation of the underlying conceptual models.

The evaluation of computational-model uncertainty involves evaluation of various conceptual
models against relevant repository performance metrics. Current WIPP PA accomplishes
this in two ways:

1. An "all-other-things-being-equal® method, in which alternative conceptual models for one
component of the system are individually evaluated over the LHS sampling of
imprecisely known parameters, while maintaining the variability of parameters not
included in the tested sub-model constant.

2. Inclusion of the alternative conceptual models within the sampling of imprecisely known

[ sindiiad A

A K
p
parameters. oy
N . v

Examples of method (1) are inclusion of: a) muitiple transport and flow models ot‘the
Culebra dolomite (single-porosity vs. dual-porosity vs. fracture-flow only; chemical
retardation vs. no chemical retardation); and b) muitiple repository and Salado long-term
responses (with gas generation vs. without gas generation; with room consolidation vs.
without room consolidation; with a representation of fracturing in the Salado vs. with no
Salado fracturing).

The example of method (2) to date is inclusion of different two-phase-characteristic curves,
e.g. the Brooks/Corey and Van Genuchten/Parker sub-models, and sampling on each.

\

DOE/WIPP-95-2053 EPA Comments



The DOE believes it is important to evaluate the defensibility of all conceptual models
continually, both by examining their supporting experimental data and evidence and by
examining whether or not the different models have significantly different impacts on
expected performance. Ultimately, the defensibility of a performance assessment depends on
the belief of the regulators and major stakeholders that a reasonable conceptual model has
been used, and that there is sufficient evidence to support its use. In order to make this
evaluation, this history of the development and screening of alternative conceptual models
used in the performance assessment must be thoroughly documented.

Comment CL15 e ﬂ_‘ : ’ \& \
Cover Letter, Models U
“The next performance assessment iteration should contain a detaile‘t-ih&éé‘c;ipﬁon of all

conceptual models chosen and the alternative conceptual models that are or have been under

consideration. For those conceptual models no longer under consideration, DOE should
justify why they were discarded.”

Response

During the development of compliance documentation, a conceptual model screening process
that has the goal of examining all conceptual models put forward by Sandia, WID, DOE, and
stakeholders will be used to arrive at a prediction of reasonably expected system
performance, The screening process will include the reasoning by which the model is
accepted or rejected for use in the performance assessment. The compliance documentation
will provide the full description of the screening process and its application.

Comment CL16
Cover Letter, Models

"Before DOE submits an application for certification of compliance, there should be general
agreement between EPA and DOE on the conceptual models that will be used by DOE.®

Response
The DOE agrees that ongoing dialog regarding conceptual models will be very useful.
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Comment CL17

Cover Letter, Models

"The development of the computer codes will take time, especially since many of the
computer codes are 'state of the art.’ Because of the sophistication of the modeling, the peer
review and quality assurance of the code will also take time—the more complex the code, the
more time it is likely to take. They will also take more time to review. We recommend that
DOE takes the necessary time to ensure that the peer review and quality assurance is
implemented in a thorough manner, especially where there is uncertainty in the conceptual
models used in the codes.”

Response

The DOE agrees and has instituted a thorough review of the quality ot' the codes and data
used to implement conceptual models.

. \&‘
.

Comment CL18 - : S ‘&
Cover Letter, Quality Assurance TR
"...the PA does not seem to address data quality objectives or other related issues.”

Response

This was not a rigorous objective of the 92 PA. The DOE has recently initiated a quality
verification activity to assure data and code quality for compliance determinations.

Comment CL19
Cover Letter, Quality Assurance

(Restatement) EPA is concerned about the implementation of QA for the “old data®, such as
site characterization or completed laboratory studies,

Response

In 1993, the DOE began an extensive review of early and completed work. The assessment
is still in progress. Deficiencies identified in the assessment shall be documented and
appropriate corrective action taken. Before the final compliance application is brought to
EPA, data, analyses, and resulting conclusions shall be screened against appropriate QA
requirements.
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Comment TO0!1

Page 1: I. Technical Comments, A. General, Access to Information

Area in document General

"EPA should have access to source codes, code documentation, on-line help files and the
executable image. It is recognized that at an early stage of deveiopment, a code is a working
draft and shouid not be subjected to a critical outside review. However, if the computer
code, references, or other information is adequate for use in the PA, then it is appropriate to
have it accessible to EPA and to other interested parties.”

Response

The DOE is currently pursuing access to computei' codes and training in their use with the
EPA and stakeholders. Documentation of codes is being completed;” ancf mll be complete
before PA analyses are used in a compliance application.

Page 1: I. Technical Comments, A. General, Resource Allocation )
Area in document General

"Decisions regarding resource allocation (e.g., model development versus collection of
experimental data) should also be subjected to outside scrutiny. In the case of computer
resources, DOE should have its computer codes reviewed for their computational efficiency,

because of the potential for the algorithms themselves to be unnecessarily resource limiting to
the PA effort.”

Response
ZPA’s comment is noted and will be considered by the DOE.
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Comment TOO03 \
Page 1: I. Technical Comments, A. General, Limited Resources

Area in document Volume 2, Chapter 7, page 7-5, Line 17

"Direct solution of ’fully coupied equation’ is said to be unrealistic using present resources.
Why is this true? What resources staff, money, or computer capacity would be required?
Has DOE tried to use more efficient algorithms and computer program applications? "

The basis for this statement is discussed in Butcher and Mendenhall (1993, page 7-3 middle -
paragraph). An example of typical computer capacity requirements is given in the same
reference, page 6-5, third paragraph. In regard to algorithms and computer applications, the
codes used for these analyses have evolved over the past 30 years and represent the most
advanced state-of-the-art technology.

Reference
Butcher, B.M., and F. T. Mendenhall. 1993. A Swummary of the Models Used for the
Mechanical Response of Disposal Rooms in the Waste Isolation Pilot Plant with Regard to

Compliance with 40 CFR 191, Subpart B. SAND92-0427. Albuquerque, NM: Sandia
National Laboratories.

Comment TOO04
Page 2: 1. Technical Comments, A. General, Room Modeling
Area in docyment General

(a) "Has DOE developed a field theory for two-phase flow in a deformable porous media
with fractures that can undergo large deformation?”

(b) "Can DOE provide justification for separating (over the various time-and-space scales)
the two-phase flow, mechanical rock response, and gas generation models?”

Response

(a) While a single field theory for two-phase flow in a deformable porous media with
fractures that can undergo large deformation may be theoretically feasible, it is considered to
be technically infeasible because it would be too unwieldy to use in the global context of PA
(also see response (0 previous comment).

DOE/WIPP-95-2053 1-12 EPA Comments



(b) The justification for separation is discussed in Chapter 7 of Butcher and Mendenhall
(1993).

Reference

Butcher, B.M., and F. T. Mendenhall. 1993. A Summary of the Models Used for the
Mechanical Response of Disposal Rooms in the Waste Isolation Pilot Plans with Regard to
Compliance with 40 CFR 191, Subpart B. SAND92-0427. Albuquerque, NM: Sandia
National Laboratories.

Comment T005

Page 2: I. Technical Comments, A. General, Poor Referencing of Information: Shaft
Consolidation Example

Area in document Volume 3, Chapter #, Page 3-35, Line 7, A137, A140

It is stated that backfill in the lower is parts of the shafts will become consolidated due to salt
creep, with a final permeability comparable to that of the host rock of the Salado formation.
However, no calculations or modeling results are presented in the PA report to justify this
assumption. The 1992 PA cites the 1991 PA, which in tum cites two other reports without
discussion how the values were derived. This is but one case out of many in which the
reviewer must peruse a succession of documents to find the source of cited data.

Response

The Project is currently investigating the permeability likely to be achieved by the crushed
salt components placed in the shafts. The most current published information is summarized
in Van Sambeek et al. (1993). Current technical efforts are focused on evaluating the effects
of backstress, placement technique, and parameter variability on our ability to achieve an .-~
acceptably low permeability in each of the shafts; effective emplacement of the crushed salt =~
components is an important part of the proposed Large-Scale Seal Tests Program. )

Reference

Van Sambeek, L.L., D.D. Luo, M.S. Lin, W. Ostrowski, and D. Oyenuga. 1993. Seal
Design Alternatives Study. SAND92-7340. Albuquerque, NM: Sandia National
Laboratories.
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Comment T006

Page 2-3: 1. Technical Comments, A. General, Radionuclide Inventories

Area in docyment General, Volume 3

"The source of the radionuclide inventories is the memo from Andrew Peterson, which
appears on page A-135 of volume 3. The inventories for the various generator sites are
inconsistent: some include the short-lived daughter products of longer-lived parenats, while
others do not. For example, Y-90 is in secular equilibrium with Sr-9Q in the CH waste at
Hanford, while it is absent at INEL. ... Furthermore, INEL list[s] different activities of the
two nuclides in its RH wastes. The Peterson memo sums the reported activities, showing
significantly different totals for the two nuclides. Of greater import, Hanford lists a large CH
waste inventory of PU-241, but nothing for its daughter product, Am-241. In fact, ten years
after it is generated (for example), each curie of Pu-241 will be in equilibrium with 12.6 mCi
of Am-241."

"Steps should be taken to insure that all generator sites use a consistent methodology for

estimating their inventories. Absent such a practice, Sandia should obtain enough information
to enable it to evaluate the data and make the necessary corrections.”

Response

The Project is evaluating the sensitivity of compliance to this issue. Additional detail will be
included in Project Technical Baseline report.

The radionuclide inventory used in the 1992 PA was a hypothetical "design® inventory basﬁ Eﬁ\\

on the numbers given in the Peterson memo; inconsistencies in the way generator sites
quoted the inventories were ignored in forming the design inventory.

The DOE has recently published the Baseline Inventory Report (BIR) which is aimed at
achieving the consistency goal referred to in this comment. The BIR focuses on those
parameters believed to be the most important to performance assessment.

Comment T007
Page 3: 1. Technical Comments, A. General, Inventory and Release Limits

Area in document Volume 3, Chapter 3, Page 3-35, Line 7; A-137,140

"Why are the 1991 release limits presented instead of the 1992 limits used? The inventory in
1991 was 11.87 million Ci of waste. Thel992PAmventoryuhstedas4227m11honC1 (in
tables on pages A-137 and A-140). This is more than "slightly dsﬂ'e.tent, than the 1991

e
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release limits as stated in volume 3 of the PA, and it effects the release limit. What is the
reason for this discrepancy? What numbers were used for the analyses?®

Response
Possible reasons for this apparent discrepancy (i.e., editorial error, error in interpretation,
etc.) are being investigated. The release limits used in the 1992 PA analyses were based on

the 1992 PA inventory. Future compliance documents will base inventory information on the
BIR which combines information from numerous sources.

Comment TOO8
Page 3: 1. Technical Comments, A. General, Inventory and Release Limits
Area in document Volume 3, Chapter 3, Page 3-35, Line 7; A-137, A-140

"What is the estimate of uncertainty in the waste inventory and the estimate of the release
limits? What is being done to decrease this uncertainty? Will bounding values be used?”
Response

Uncertainties in all waste characteristics (e.g., the composition of the waste as well as its
radionuclide inventory) are presently unknown. The radionuclide inventory used in the
1992 PA was a fixed, hypothetical "design” inventory based on estimates given by Peterson
(see response to preceding Comment T006); uncertainty was arbitrarily added to certain
waste characteristics aiso estimated by Peterson (volumes of cellulosics and corrodible

metallics) in order to test the sensitivity of performance measures to variations in thue
characteristics.

Comment T009
Page 3: I. Technical Comments, A. General, Colloid Transport

Area in document Volume 2, Chapter 2, Page 2-39, Line 9

"EPA strongly agrees with the State of New Mexico that distribution coefficients (K,’s) be
based on ‘experimentally justified data’ and not based solely on expert panel judgment.”

Response S
TheDOEhasplampd@mentalpmmmtopmdeﬂmedaﬂnfneeded
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Comment TO10
Page 3. [. Technical Comments, A. General, Uncertainty

Arez in document Volume 1, Chapter 3, Page 3-13, Line 44

"Please provide a detailed explanation of all methods used to reduce uncertainty and methods
used to evaluate uncertainty.”

Response

The line referred to in the text references Table 3-1 on the following pages of Volume i.
This table contains approximately 48 references and internal cross-references to examples of
techniques used to assess or reduce uncertainty. The reviewer is referred to the table for
more detail than the text provides and to the cited documents for additional detail. The DOE
will include the information in these references in the final compliance application to a level
deemed appropriate.

Comment TO11
Page 3: 1. Technical Comments, A. General, Uncertainty R4

Area in document Volume 2, Chapter 3, Page 3-22, Line 1
"Please provide more discussion on how uncertainty is 'propagated through a model’."

Response

The referenced line of text refers to the propagation of a sample through a model. That step
of the analysis is briefly explained in the previous section on the previous page, and is
explained in detail in later chapters of Volume 2 and in Volumes 4 and 5. Propagation of
the sample through the model simply refers to the calculation of consequences for each Latin
hypercube sample, using each of the consequence models in the system.

As discussed in general terms in Section 3.5 of Volume 2, and in extensive detail in the
references cited therein, the WIPP PA has selected a Monte Carlo methodology to allow
estimation of the uncertainty in model outcomes that results from uncertainty in input
parameters.
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Comment TO12
Page 3: [ Technical Comments, A. General, Grout Seal in MB-139

Area in document Volume 1, Chapter 4, Page 44 (Figure 4-2a)
How does the "Grout Seal” get into Marker Bed 1397

Response

Effective placement of grout into Marker Bed 139 has been part of the technology
development activities performed at the WIPP facility. Specifically, as indicated in the test
plan for the Smali-Scale Seal Performance Test-Series F (Ahrens, 1992), this underground
test at the WIPP was “intended to demonstrate equipment and techniques for producing,
injecting, and evaluating microfine cementitious grout.” The grouting was completed in /f""'
March, 1993, and the final report is currently being prepared. {; A
Reference -

Ahrens, Emst H. 1992. Test Plan - Sealing of the Disturbed Rock Zone (DRZ), Including =~
Marker Bed 139 (MB139) and the Overlying Halite, Below the Repository Horizon, at the
Waste Isolation Pilot Plant - Smail-Scale Seal Performance Test - Series F. Albuquerque,
NM: Sandia National Laboratories.

Comment TO13
Page 4: 1. Technical Comments, A. General, Grout Seal in MB-139

- Area in document Volume 1, Chapter 4, Page 4-4 (Figure 4-22)
How will the seal location be selected?

Response

Tentative locations for the seal componeats have been identified in the reference seal design
report (Nowak et al., 1990) and the logic for the locations is identified. In general, locations
were selected on the basis of the sealing strategy (combination of long- and short-term
components with some desirable redundancy) and needed function (e.g., limit water flow into
the shaft) of a particular component. Locations have been slightly modified in a recent update
of the reference seal design; documentation of the updated design is in progress. Additional
information related to the intended seal locations will be included in design reports on the
various components that will be primary references for compliance documents. At the time

‘l
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of actual placement of the seals, it is likely that location-specific factors such as degree of
fracturing or observed water inflow will influence the final placement.

Reference

Nowak, E.J., J.R. Tillerson, and T.M. Torres. 1990. Initial Reference Seal System Design.
Waste Isolation Pilot Plane. SAND90-0355. Albuquerque, NM: Sandia National
Laboratonies.

Comment T014 ;
H :
Page 4: L Technical Comments, A. General, Beli Canyon Formation Characteritidh
% . 3
Area of document Volume 2, Chapter 2, Page 2-10, Lines 20-22

"If the Bell Canyon aquifers can possibly act as a source of groundwater into the repository
due to exploration activity, then it would be prudent to know more about the hydrostatic head
gradient of the formation. If there is data on this topic, it was not presented in the PA."

Response

The regional potentiometric surface of the Bell Canyon Formation is presented in Figure 9 of
Mercer (1983) and extrapolated static bottomhole pressures in the Bell Canyon in three -
boreholes(AECH7, AEC-8, and ERDA-10) tested by the WIPP project are given in Table 4

of the samreference. Pressure and hydraulic head data from the Bell Canyon in two

additidnal figreholes (Cabin Baby-1 and DOE-2) tested by the WIPP project are given in
Bcauheim et al. (1983) and Beauheim (1986). Data from all five holes indicate that Bell

Canyon heads are sufficient to drive brine to the level of the repository in an open borehole;

whether flow would be upwards or downwards in this borehole would depend on the pressure
conditions existing in the repository at the time.

References

Mercer, I.W, 1983. Geohydrology of the Proposed Waste Isolation Pilot Plamt Site, Los
Medanos Area, Southeastern New Mexico. U.S. Geological Survey Water-Resources
Investigations Report 83-4016. Albuquerque, NM: U.S. Geological Survey.

Beauheim, R.L., B.W. Hassinger, and J.A. Klaiber. 1983. Basic Data Report for Borehole
Cabin Baby-1 Deepening and Hydrologic Testing, Waste Isolation Pilot Plant (WIPP)
Project, Southeastern New Mexico. WTSD-TME-020. Albuquerque, NM: U.S. Department
of Energy.

, o
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Beauheim, R.L. 1986. Hydraulic-Test Interpretations for Well DOE-2 at the Waste Isolation
Pilot Plant (WIPP) Site. SANDS86-1364. Albuquerque, NM: Sandia National Laboratories.

Comment TO15

Page 4: I. Technical Comments, A. General, Area of Drifts, Waste Panels

Area in document Volume 3, Chapter 5

"Please clarify the size of the area of the drifts, waste panels and the repository as a whole.
The PA uses different numbers for area: 0.5 sq. km and 109,354 sq. meters. What is used in
estimating the number of boreholes?”

Response

The areas of the drifts, waste panels, and other features of the repository are given in Table
3.1-1 (which is also keyed to Figure 3.1-2) on page 3-4 of Volume 3. The total excavated
area of the disposal region is 111,520 meters® but the total area of the disposal region
(including pillars and room separators) is 0.5069 kilometers?. The area used in the 1992 PA
to compute the drilling intensity into the repository includes the 111,520 meters’ of area for
CH TRU waste and 14,480 meters? hypothetically occupied by RH waste ¢ g the
walls of the waste-emplacement panels (total target area of 126,000

Comment TO16
Page 4: 1. Technical Comments, A. General, Crushed Salt

Area in document Volume 2, Chapter 2, Page 2-48, Line 19

'What process was used to prove that crushed salt will compact to 95% of initial density
within 100 years?

Response

Creep modeling activities, supported by laboratory measurements on crushed salt and host
rock salt, have led to the belief that sufficient deformation will be attained to achieve
compaction to about 95%. The most recent modeling efforts are summarized in Van
Sambeek et al. (1993). The timing for when the degree of compaction reaches about 95% is
directly dependent upon numerous factors such as the steady-state creep rate of the host rock,
the initial or empiacement density of the crushed salt, the backstress exerted on the formation
by the crushed sait, glo:stme content of the crushed salt, etc.

-
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Reference

Van Sambeek, L.L., D.D. Luo, M.S. Lin, W. Ostrowski, and D. Oyenuga. 1993. Seal
Design Alternatives Study. SAND92-7340. Albuquerque, NM: Sandia National
Laboratories.

Comment TO17
Page 4: 1. Technical Comments, A. General, Colloid Transport

Area in docyment Volume 2, Chapter 2, Page 2-54

radionuclides; they could have a noticeable effect on solubility and sorption of the

"Colloids could potentiaily have a large impact on the migration or retardation of the =~ -~~~
radionuclides. When will data on colloid formation and transport be collected?" Fa wﬁ

4 —‘""-
Response L Ry
L

A laboratory program to determine important information about colloid formation and
transport in Salado and Rustler brines is in progress. Some qualitative information from this
program fas diready been transferred to PA for inclusion in future calculations; other
informatigm will be provided for the compliance analysis.

Two colldid laboratory programs address the two major types of radiocolloids. Actinide
intrinsic colloids, which form by condensation reactions from dissolved radionuclides, are
being investigated by a series of screen experiments. Potential carrier colloids, which are
ordinarily non-radioactive particles that may act as a substrate for sorption, are being
investigated separately, by a series of screening experiments that focuses on evaluating their
stability in brines. Results from those two laboratory programs will be incorporated into a
model that describes the concentrations of colloid-borne actinides in the disposal room
environment. Predictions made with the model will be compared with results from the
Source-Term Test Program (STTP) being conducted as part of the Actinide Source-Term

Program (see Phillips and Molecke, 1993).
Reference

Phillips, M.L.F., and M.A. Molecke. 1993. Technical Requirements for the Actinide
Source-Term Waste Test Program. SAND91-2111. Albuquerque, NM: Sandia National
Laboratories.

|
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Comment TO18
Page 5: 1. Technical Comments. A. General, Colloid Transport

Area in document Volume 2, Chapter 2, Page 2-54, Line 29 . L

SRR
"When will it [colloid formation and transport] be modeled in future PAs?* = - 13
Response

Transport of colloids will be considered for inclusion in the SPM. Any decision on how *»
incorporate it in PA for a compliance application will depend on the outcome.

Comment TO19 §

Page 5: I. Technical Comments, A. General, Colloid Transport

Area in docyment Volume 2, Chapter 2, Page 2-54, Line 29

"How does the lack of information on colloids affect the geochemical and hydrology models
developed or under development?”

Response

Colloids may impact current PA modeling in two places: by affecting total concentrations of
radionuclides transported in disposal-room brine, and by affecting transport of radionuclides
in the Culebra;

Disposal-room actinide concentrations are presently based on values for solubility limits
derived-from an expert panel (Trauth et al., 1992). The "solubility” panel recognized that
suspeaded forms could contribute to the total concentrations, but concluded that they lacked
the information to make any estimate of what that contribution could be.

The distribution coefficients used to describe actinide sorption are also based on expert panei
judgment (Trauth et al., 1992), and aiso do not include colloidal effects. The 1992 PA
reported releases into the Culebra and releases transported in fractures only without any
sorption. These calculations do not consider the effects of colloids in the disposal room.
With regard to colloid-facilitated radionuclide transport in the Culebra, it has been argued
that colloids may increase transport rates relative to dissolved species, because colloids may
have little retardation and may be preferentially transported in the center of channels where
velocities are greater.
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Reference

Trauth, K.M., §.C. Hora, R.P. Rechard, and D.R. Anderson. 1992. The Use of Expert

Judgment to Quantify Uncertainty in Solubility and Sorption Parameters for Waste Isolation
Pilot Plant Performance Assessment. SAND92-0479, Albuquerque, NM: Sandia National
Laboratories. .

Comment T020
Page 5: I. Technical Comments, A. General, Room Closure -vs- Constant Pore Space

Area in document Volume 2, Chapter 7, Page 7-8, Line 13

"If the *total pore space ... is constant’ then room closure (creep compression is not taken
into account. However, it is stated on page (7-5) Line 25 room closure is accounted for 'in
an indirect way’. This appears to be inconsistent. If you have closure the pore space must
decrease. The model appears to be deficient on this point.®

Response

The statements referring to constant volume and constant porosity in Volume 2 page 7-7,
lines 20 to 24 refer to how the repository was conceptualized prior to 1992. In 1992 the
porosity and volume in a disposal room varied in time according to0 the SANCHO predicted
consolidation results, as described in Volume 2, page 7-5.

Page 5: 1. Technical Comments, A. General, Boundary Conditions

Area in document Volume 2, Chapter 7, Page 7-16

"How are values transferred between the regional and the local grids? What is the
data/information loss across these boundaries?"

Response

The data between regional and the local grids is transferred by interpolation of heads using

cither bilinear or integral-preserving (Dukowitz) interpolation. For a locally linear variation
of head in the regional grid, no information is lost, neither on heads, gradients, nor fluxes.

The motivation for the regional and local grid domain decomposition is to provide improved
far-field boundary conditions for the local grid. The compatibility of the interpolation
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procedure is demonstrated by overlaid contour plots of head, gradients, and fluxes obtained
from both regional and local grids.

Comment T022
Page 5: 1. Technical Comments, A. General, Boundary Conditions

Area in document Volume 2, Chapter 7, Page 7-16

"What source (e.g., data and investigator judgment) is used to establish the initial boundary
conditions in DOE’s modeling efforts?”

Response

The specification of boundary conditions is discussed on page 7-16 in general terms. The
sources of boundary condition information for the regional groundwater flow dormain are
described in more detail in Volume 4, page 6-9 through 6-11.

Comment T023
Page 5: 1. Technical Comments, A. General, Boundary Conditions B
Area in docyment Volume 2, Chapter 7, Page 7-16 PR
"How are the initial boundary conditions peer reviewed?"

Response

There was no formal review limited only to model boundary conditions. Boundary
conditions are discussed on page 7-16 only in general terms. Specific boundary conditions
for the regional groundwater flow domain are in Volume 4 of the 1992 PA, pages 6-9
through 6-11. Boundary conditions received the same peer review as other aspects of the
1992 PA: internal reviews were performed prior to publication by coauthors and coworkers,
by formal SNL technical reviewers, Dy the Performance Assessment Peer Review Panel, and
by SNL and DOE management.
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Comment T024

Page 5: 1. Technical Comments, A. General, Categories of Distributions and Parameter
Selection .

Area in document Volume 1, Chapter 4, Page 4-13; Volume 3, Chapter 1, Page 1-7;
Volume 3, Chapter 2, Page 2-11

*The PA discusses categories of distributions for different parameter types: continuous,
discrete, constructed based on experiments, constructed based on expert Judgement and
miscellaneous categories.”

"The process used to select a distribution for each parameter needs to be discussed. How Isa
distribution chosen for a particular set of parameters?”

Response

For more detailed discussions of the ways in which distributions of uncertain parameters
were constructed in.the 1990, 1991 and 1992 PAs, see Tierney (1990, in particular, Figure
E-1) and Tierney (1994).

References

Tiemey, M.S. 1990. Constructing Probability Distributions of Uncertain Variables in the
Models of the Performance of the Waste Isolation Pilot Plans (WIPP). SAND90-2510.
Albuquerque, NM: Sandia National Laboratories.

Tierney, M.S. 1994, "Using Data and Information to Form Distributions of Model
Parameters in Stochastic Simulations of Performance of the Waste Isolation Pilot Plant

- (WIPP)*", Proceedings of PSAM-IlI, San Diego, California, U.S.A., March 20-25, 1994.
051-9 to 051-16.

Comment T02S

Page 5: 1. Technical Comments, A. General, Categories of Distributions and Parameter
Selection

Area in document Volume 1, Chapter 4, Page 4-13, Volume 3, Chapter 1, Page 1-7,
Volume 3, Chapter 2, Page 2-11

"How representative m\ﬂm’e distributions of actual data?"
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Response

Of the distributions of the 49 parameters sampled for human intrusion analyses in the 1992
PA (Volume 3): five were histograms of actual field measurements; three were distributions
inferred from actual measurements (e.g., Culebra transmissivities); 18 were constructed by
formal elicitation of expert opinion, which may indirectly be linked to data; and the
remainder (23) were constructed on the basis of informal expert judgment using the five-step
procedure described in Figure E-1 of Tierney (1990). It is not known at this time how well
subjectively determined distributions reflect the true uncertainty in a model parameter or how
well these distributions represent actual WIPP-specific conditions.

Reference

Tierney, M.S. 1990. Constructing Probability Distributions of Uncertain Variables in the
Models of the Performance of the Waste Isolation Pilot Plant (WIPP). SAND90-2510.
Albuquerque, NM: Sandia National Laboratories.

Comment T026

Page 5-6: 1. Technical Comments, A. General, Categories of Distributions and Parameter
Selection

Area in document Volume !, Chapter 4, Page 4-13, Volume 3, Chapter 1, Page 1-7,
Volume 3, Chapter 2, Page 2-11

"The constructed distribution type should differentiate between values derived from
measurements and those derived from expert judgement.”

"How were the input parameters chosen? How many are there, and how many are variable?
Which ones are important?® rar

Response {

In theory, expert judgment is founded in measurements and other data collection activities =~
albeit not necessarily WIPP specific. Consequently, to use the general rule indicated here

may not be reasonable. Instead, some rationale should be provided for the combination of

the two sources of parameter values.

Input parameters are dictated by the nature of the mathematical models used in the PA (see
Section 1.4 of Volume 3). There were nearly 400 input parameters in the 1992 PA; 49 of
them were treated as uncertain (variable) for the purposes of sensitivity/uncertainty analyses
for human intrusion analjdesi(see sections 6.1 and 6.2 of Volume 3). The most sensitive

Nk
: \*% ,
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(important?) parameters in the 1992 PA are described in Table 9-3 of Volume 4, and
Table 6-1 of Volume §,

Comment TO27
Page 6: I. Technical Comments, A. General, Assignment of Probability Distributions

Area in document Volume 3, Chapter 1, Page 1-18, Line 37

"Very general procedures are described for assigning probability distributions, but these
procedures are incomplete and do not answer critical questions.”

"Please clarify the review process used for assigning probability distributions? How do you
determine confidence in the probabilities?”

“What are the constructed distributions and which does DOE expect will be replaced by data?
(Volume 2, page 6-4)."

Response

The "replacement of constructed distributions by data” is an activity that will be considered
for inclusion in the SPM, i.e., the addition of experimental data where required to support a
compliance application.

The review process used to assign probability distributions in the 1992 PA is briefly
described in Section 1.3.1 of Volume 3; evidence of the implementation of this process is
shown in the many memos of Appendix A of the latter document. All parameters used in the
1992 PA were classified as "X" among the three quality-assurance categories of ascending
confidence, X, C, and A. To be classified as "C", a parameter would have to have
documentation of the line of reasoning that established its distribution and the sources of any
data used in constructing the distribution. An'A'classpanmetermustalsohavereceweda
documented peer review. )

Constructed distributions are explained on page 1-10 of Volume 3. This category of
distributions is characterized by direct use of data to form an empirical cumulative
distribution function; the "data® may be measurements of real quantities or the set of
percentiles obtained from an elicitation of subjective opinion. Ideally, all constructed
distributions would be based on real measurements; however, the Project must focus on
sensitive parameters.

Additional detail on the construction and use of distributions will be included in the final
compliance application.
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Page 6; I. Technical Comments, A. General, Heterogeneous Reservoirs

Area in document Volume 3, Chapter 1, Page 1-21 - Line 60

"What is meant by ’reservoirs’ in the context of the BRAGFLO model?”

Response

The term reservoir is used in the context of formation, host rock, and porous media, etc.,
not in the context of brine reservoir per se. The predecessor to BRAGFLQ was a multi-
phase flow code used in the petroleum field -- thus the use of the term ’oil reservoir’ or
‘reservoir’ model.

Comment T029
Page 6: 1. Technical Comments, A. General, Brine Reservoirs

ArIea in document Volume 3, Chapter 1, Page 1-30, Line 15

"Why is the "sample intensity function’ multiplied by the 'fraction of the repository area that
is underlain by brine reservoirs'?”

Response

This question arises in the context of the brief description of the model for computing
computational scenario probabilities given in Section 1.4.2 of Volume 3. A more thorough
. treatment of the same subject, models used to compute human-intrusion probabilities for
different summary scenarios, is given in Section 5.2 of Volume 2; the answer to the present
question is given by lines 10 thru 28 of page 54, including Equation (5-13), in the latter

reference.

Thecnedtextxssmplyaneumplebanggwenwwand:eﬁacuonofrepoatoryara
underlain by brine reservoirs is of interest for a particular intrusion event, El (El is an event

in which one or more boreholes pass through a waste panel and into a brine reservoir).
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Page 6: I. Technical Comments, A. General, V{scosity

Area in docyment Volume 3, Chapter 1, Page 1-34, Line 9

"DOE states that 'viscosity measurements for an oil-based, 1.7 - kg/m’ mud’. Why would an
oil-based mud be used to drill through the Salado Salt Beds instead of a high-salt water-based
mud?”

Response

A high-salt, water based mud is assumed to be the drilling mud used when drilling through
the Salado. The Oldroyd model requires a value for the ratio of the initial viscosity (at zero
shear rate) to the plastic viscosity, to fully define the model in the low shear regime. This
ratio was not available for a high-salt, water-based mud in 1992 so a ratio based on an oil
based mud was chosen. Since high shear rates occur at the borehole wall the value chosen
for the ratip was expected to have little impact on the final model diameter. The Project is
evaluatimg) nsitivity of eroded diameter to this issue.
: -,

= A
L F

Page 7: 1. Technical Comments, A. General, "Dual Porosity" Model
Area in document Volume 3, Chapter I, Page 3-39, Line 1

"The way the 'dual porosity’ model is described generates confusion. Does the model really
allow diffusion through the rock matrix?"

Response

Yes, the PA’s dual porosity model allows diffusion through the rock matrix. In this
transport model fluid only flows (advects) along fractures. In this way, solutes (i.e., -
dissolved actinides) are advectively transported in the fracture void volume and diffuse into
the much larger matrix void volume. The SECOTP transport code numerically simulates the
diffusion process with a mass transfer term. This term incorporates the free water molecular
diffusion of each solute, the tortuosity of the matrix, and the solute concentration gradient
between the fractures and the matrix.

References

Jones, T.L., V.A. Kelley, J.F. Pickens, D.T. Upton, R.L. Beauheim, and P.B. Davies.
1992. [ntegration of Interpretation Results of Tracer Tests Performed in the Culebra
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Dolomite ar the Waste Isolation Pilor Planr Site. SAND92-1579. Albuquerque, NM: Sandia
National Laboratories.

Beauheim, R.L., and P.B. Davies. 1992. Experimental Plan for Tracer Testing in the
Culebra Dolomite ar the WIPP Site. Revision A. Albuquerque, NM: Sandia National
Laboratories.

Comment T032 ;
Page 7: 1. Technical Comments, A. General, "Dual Porosity” Moder‘ W

m’dm_gm Volume 3, Chapter 1, Page 1-39, Line !

""How doe.;’ the flow model (SECO2D) compare with laboratory results? Is it verifiable?"

Response

Results from the SECO2D code have not been compared to laboratory results. This code is
designed to simulate flow that occurs at a scale that is larger than what could be represented
in a laboratory experiment. The SECO2D flow code solves the partial differential flow
equation for heads in a 2D, confined, heterogeneous aquifer that obeys Darcy’s Law. The
flow code has been benchmarked, tested and verified for freedom from coding errors, order
of convergence, and discretization consistency (Roache et al., 1990).

Reference

Roache, P., P.M. Knupp, S. Steinberg, and R.L. Blaine. 1990. “Experience with
Benchmark Test Cases for Groundwater Flow," Forum on Benchmark Test Cases for
Compuwational Fluid Dynamics, ASME Fluid Engineering Division Spring Conference,
Toromio, Onsario, Canada., June 4-7, 1990.

Comment T033

Page 7: L. Technical Comments, A. General, Base of Anhydrite III

Area in document Volume 3, Chapter 2, Page 2-4, Line 14

“If the base of the Anhydrite III is so important it would seem more accurate, to create a

regional contour map of the base of the Anhydrite Ill. The North-South geologic cross-
section may not account for all unknowns.,”
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Response

The point is well taken. The exact elevation of the base of Anhydrite III beneath the WIPP
is not weil constrained. Well data are not available for the region immediately beneath the
panels. Other methods, including the construction of regional contour maps on the base of
the unit could have been used to estimate its eievation. Regional dips are small, however,
and the untertainty introduced locally by a limited stratigraphic data base may be small
compared to the uncertainty in the interpretation of the depth to the conducting layer and the
interpretation of the conducting layer as brine (see page 5-2 and following text in Volume 3
L g,

of the 1992 PA). )
T g\ ‘;"] »?{1‘ & % i
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Page 7: 1. Technical Comments, A. General, Top of BellCanyon

Area in docyment Volume 3, Chapter 2, Page 2-10 -~

*A more accurate value for the Top of Bell Canyon can be found by the method outline- in
the comment for the Base of Anhydrite III (above)."

Response

The point is valid. The exact elevation of the top of the Bell Canyon Formation beneath the
WIPP is not well constrained. Well data are not available for the region beneath the panels.
Other methods, including the construction of regional contour maps on the base of the unit,
couid have been used to estimate its elevation. As seen in well and seismic data, however,
regional dips are small, and the uncertainty introduced by limited stratigraphic control may
be small compared to the uncertainty in the interpretation of the depth to the conducting layer
and the interpretation of the conducting layer as brine (see page 5-2 and following text in
Volume 3 of the 1992 PA).

e

Comment TO3S

Page 7: 1. Technical Comments, A. General, Natural-Analog Data

Area in document Vol 3, Chapier 2, Page 2-12

“It would scem using parameters of sandstones and substituting them for salt is inappropriate

because the stress characteristics, the permeability and the porosities are quite different. The
performance of salt does not compare to sandstone.”
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Response

Two-phase characteristics of salt (capillary pressure, relative permeability) have not been
measured experimentaily for WIPP-specific materials. Very little research has been done on
the two-phase properties of very low permeability rock. A search failed to produce data
and/or curves that are directly applicable to WIPP. Therefore, an approximate analog
approach was taken, based on the lowest permeability rock for which capillary pressure and
relative permeability data have actually been measured. A tight gas sand core (Sample
MWX 67-35) from the multi-well experiment (Morrow et al., 1986) was selected as the best
analog material. This sample is a fine-grained sandstone with bedding and 12 percent
porosity. The dominant pore geometry consists of intergranular cracks between abutting
quartz grains and solution pores partially filled with dolomite. The permeability of this
sample to brine is 43 microdarcies (~43. x 10" m? at 3.4 MPa confining pressure and 24
microdarcies (~24. x 10"* m? at 34 MPa confining pressure. Based on these results, and a
study of threshold pressure (Davies, 1991), two-phase flow in pure or impure halite units is
not anticipated. Two-phase flow is confined to the various anhydrite marker beds within the
Salado Formation, making the selection of two-phase properties in the halite units (except for
threshold pressure) unimportant.

References i

Morrow, N.R., J.S. Ward, and K.R. Brower. 1986. "Rock Matrix and Fracture Analysis
of Flow in Western Tight Gas Sands,” 1985 Annual Report, New Mexico Institute of Mining
and Technology, DOE/MC/21179-2032.

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt of the Waste Isolation Pilot Plant. SAND90-3246.
Albuquerque, NM: Sandia National Laboratories.

Comment T036

Page 8: I Technical Comments, A. General, Lack of Halite and Polyhalite Chemical - . . -
Interaction

Area in document Volume 3, Chapter 2, Page 2-28, Line 42,

"What justification or data is there to support the comment that *halite and polyhalite ... are
assumed ... not to interact chemically with any contaminants’? This is a very important

assumption.”
“ DOE/WIPP-95-2053
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Response -

This statement is misleading. The statement should say that the saits have limited sorption
potential, and therefore do not provide a significant retardation mechanism. A conservative
assumption of O for the partition coefficient is used.

Comment T037
Page 8: 1. Technical Comments, A. General, Radionuclides for Transport Modeling

Area in docyment Volume 3, Chapter 3, Page 3-29, Line 31

"Why were only nine radionuclides considered in the 1992 PA transport calculations (and
solubility estimates) for CH-TRU waste? This needs to be more clearly explained.”

Response

The answer can be.found in Section 7.3 of Volume 4 of the 1992 PA. Figure 7.3-1 (page 7-
12 of Volume 4) shows plots of radionuclide inventory through time in normalized EPA
units. With the exception of Pu-238, only those radionuclides that exist at 1,000 years or
later in activities greater than 102 EPA units were included in transport modeling. The
reason for excluding the others is straightforward: they cannot contribute to exceeding o,
regulatory limits even if their entire inventory is released. Pu-238 was omitted from
groundwater transport calculations in error and will be included in future analyses—it is a
major factor in total inventory before 1,000 years, but rapidly drops out of the inventory
after 1,000 years. However, for the fracture-only transport model travel times are
sufficiently short that some Pu-238 could reach the accessible environment boundary. The
effect on fracture-only transport releases could be significant for intrusions occurring before
1,000 years.

Note that the use of the cutoff of 102 EPA units is cautious; the total release limit is 1 EPA
unit.

Note also that a total of 23 radionuclides were included in cuttings releases, allowing for the
full consideration of short-lived species in the cuttings releases.

See Appendix D of Volume 4 for memoranda describing the use of this reasoning in - “
designing actinide and transport experimental programs. o

-,
-
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Comment TO38

I. Technical Comments, A. General, Excavated Area Underlain by Brine Reservoir

Area in docyment Volume 3, Chapter 5, Pages 5-2 to 5-11

(a) "What is the accuracy of Transient Electromagnetic Methods? The depth precision 'may
be + 75 m,’ but what about the accuracy of the process itself to *see’ fluids?
Electromagnetic (EM) methods tend to be gross estimators at best. Why was the data not
extended to the ERDA-9 borehole to calibrate the measurements?”®

() "Has DOE investigated the use of a High-Frequency Three-Dimensional (3D) Common
Depth-Point Seismic Survey over the WIPP disposal panels with extended coverage of one-
half mile around the panels? The survey should include the ERDA-9 borehole as a reality
check. If these pressurized brine reservoirs are associated with anticlinal structures in the
upper anhydrite layer then a 3D Survey will clearly, with high confidence, define even a
small closure at this depth.”

Response ) )

We believe that the geophysical studies are complete and adequately documented. At ..
present, we believe that the resistivity characterization of possible brine distribution beneath
the waste panels has provided information to a level of detail exceeding that provided by on-
site/near-site stratigraphic data presently available. However, we believe that the assumption
that any conductor identified within the Castile is due to the presence of brine is reasonably
conservative for purposes of PA.

The Project has investigated and resolved these issues as follows:

1. The validation (accuracy) of the transient electromagnetic method to detect brine was
done at the same time as the panel survey by running the same survey over the WIPP-12
area (brine reservoir present known from drilling) and the DOE-1 area (brine reservoirs
absent known from drilling) (Reference SAND87-7144, p. 14, Fig. 3-8). Additional
validation work with several methods was done prior to the panel survey using the
known brine reservoir at WIPP-12 and an artificial target placed in the underground
WIPP facility. ERDA-9 was not drilled deep enough into the Castile for most brine
occurrences. However, the results of the dual-induction log of hole ERDA-9 was used
directly to constrain the resistivity of brine-free Salado/Castile halites and anhydrites.

2. Seismic methods were not the method of choice for brine reservoir delineation after the
Project’s experience with the original seismic reflection lines for several reasons: a)
While seismic studies delineate deformed areas within the Castile (called deformation
zone, DZ, in Borns agg others, 1993), not all anticlines contain brine reservoirs.
Drillholes, such as WIPP-12, inareas of moderately deformed™€astile, as well as
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drillholes in severely deformed Castile both encounter brine and; b) Lateral velocity
structures produce false anticlines. In 1982, drillhole DOE-1 was drilted into an
apparent anticline that was based on the seismic surveys. This structure was nonexistent,
and the original interpretation was due to the lateral velocity variations; ¢) it has proven
difficuit to propagate high frequency signals in the portion of the basin; d) brine
reservoirs are characterized by a low fracture porosity (1%), which does not result in a
change in velocity much above background variation in velocity. The contrast between
the resistivity of a brine reservoir (1 ohm-m) and the background anhydrite (100 -

1000 ohm-m) is significant. Several early Project conclusions were that (1) seismic
methods alone are not sufficient to answer whether brine reservoirs are under the site
and (2) gravity methods were not effective in mapping deformation.

Considerable development and review went into the selection of methods. Specifically
for the brine reservoirs in the early 1980s, WIPP began to study methods based on the
measurement of electrical conductivity or resistivity (for example, Controlled Source
Audio Magneto Telluric—-CSAMT and charged body--mis-a-la-masse) (Elliot, 1982).

The basic assumption is that the brine-charged fractures of a brine reservoir will
represent a significant conductivity contrast within the Castile. CSAMT was the method
most extensively tried at WIPP during this period (Bartel and others, 1983) to delineate
the brine reservoirs in the Castile. The EEG sponsored review of the Sandia program
for delineating brine reservoirs and the CSAMT method by J. Waite (U or A) and Peter
Hoekstra (Geophysicon). This review suggested that WIPP consider other
electromagnetic methods specifically the transient electromagnetic method (TEM) a.k.a.
time domain electromagnetic methods (TDEM). In 1985, SNL conducted validation
surveys in an area around a known brine occurrence (WIPP 12) using several methods
(CSAMT, TEM, and Frequency Domain Electromagnetic methods [FEM]) with the
Colorado School of Mines and Phoenix Geophysics. Some of the surveys also delineated
an artificial target placed in the WIPP underground. Analyses of survey results concur
with EEG review recommendations that transient (or time-domain) electromagnetic >
methods are best suited for delineation of brine reservoirs at the WIPP site. -~~~ &%

Comment TO39 X s
Page 8: 1. Technical Comments, A. General, Organic Containers
Area in document Volume 3, Chapter 3, Page 3-9

"The text on page 3-9 [ of Volume 3] states that containers are 55 gallon drums or SWBs,
yet on page 4-11 [of Volume 2] it states that some *waste containers’ will be composed of
organic material. Please explain this discrepancy.”

-~
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Response

This is an editorial error;: The words "and some waste containers” should be deleted in lines
11-12 on page 4-11 (Volume 2) .

Comment T040
Page 9: 1. Technical Comments, A. General Comments, [deal Gas Law

Area in document Volume 2, Chapter 2, Page 2-34

"How valid is the use of the ideal gas law at lithostatic or hydrostatic pressures? How
sensitive a parameter is it? Assumptions of this nature should be explained and justified.”

Response

A set of comparative calculations were made using the ideal gas law and several non-ideal
equations of state. These calculations showed very little variation in the calculated properties
(< 10%). This amount of uncertainty has very little effect on PA calculations, smccother
sources of uncertainty are much more important. ‘

Comment T0O41 \ "
Page 9: 1. Technical Comments, A. General, Screening Process

Area in document Volume 1, Chapter 4, Page 4-2, Line 13

"The screening process described in detail in the 1991 documentation should be included in
the EPA PA."

Response

The 1992 PA was not intended to be interpreted as a compliance application. Additional
material will be included as needed in the compliance application.
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Comment T042

Page 9: I. Technical Comments, A. General, Screening Process

Area in document Volume 1, Chapter 4, Page 4-2, Line 13

"The possibility of nuclear criticality should be investigated further before it is screened out.”
Response

The DOE has initiated further evaluation of nuclear criticality.

Comment T043
Page 9: 1. Technical Comments, A. General, Screening Process
Area in document Volume 1, Chapter 4, Page 4-2, Line 13

“How will the changes in the repromulgated 40 CFR 191 effect the scenarios that are
included?”

Response

This question is still under evaluation. No changes in scenarios specific to the
repromulgation of 191.15 and Subpart C are identified at this time. Clearly, the time
interval that must be considered for 191.15 and Subpart C has changed. However, 10,000 yr
undisturbed performance was already included in the scenario development process as the
base case for 191.13.

Comment TO44 f;j;
Page 9: I. Technical Comments, A. General, Screening Process ‘

Area in document Volume 1, Chapter 4, Page 4-2, Line 13

"How are scenario uncertainties propagated through the analyses; if scenario uncertainties
were included in the screening process, would more scenarios be included?”

Response

As discussed in Chapter 4 of Volume 2, Section 4.2, scenarios are constructed from the
eveats and processes that may affect the system in the future. Uncertainties about these
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events and processes are explicitly considered in the screening process. Those events and
processes that survive the screening process (based on the criteria discussed in the previous
section of Chapter 4 of Volume 2) are used to construct the scenarios for consideration.
Uncertainty about the occurrence of those events is reflected in the estimation of the
probability of their occurrence, which in turn is reflected in the estimation of scenario
probabilities.

Comment T045

Page 9: I. Technical Comments, A. General, Screening Proc:ess‘b “{;‘*%3 ﬂa ’
-S4

Area in document Volume 1, Chapter 4, Page 4-2, 4-19

"DOE says that the ’effect of subsidence of potash mining will be added in future PAs’.
How is the WIPP site influenced by potash mining and its associated water use? When will
the effect of subsidence due to potash mining be added?”

"The mining scenario should consider mining in the potash zone in the controlled area, but
above the repository.”

Response

The text in question has been paraphrased, rather than quoted exactly, in the comment. The
relevant phrase occurs on line 21, and states “...the impact of subsidence events will be
examined in future analyses.” A decision to add consequence modeling of subsidence
effects to the full PA cannot be made until these analyses are available. As noted elsewhere
in this volume, “consequences of such potash mining ... will be addressed in future analyses
when a three-dimensional modei for regional groundwater flow is available® (Volume 1,

- page 3-11, lines 16-19; see also page 6-3, lines 19-22). A three-dimensional flow model is
now operational and ready for preliminary analyses.

As discussed in the event and process screening text in Volume 1 of the 1991 PA (SANDS91-
0893/1, page 4-35, lines 7-13), subsidence over mines has the potential to affect regional
groundwater flow both by creating catchment basins at the surface (changing recharge) and
by fracturing hydrostratigraphic units (altering hydraulic conductivity).

The final point here, that mining should be considered within the controlled area, is a point
of regulatory interpretation. The wording of Appendix C of 40 CFR 191 indicates that
systematic exploitation can be effectively deferred by controls. Mining is such a systematic
process and does not occur inadvertently and intermittently.
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Comment T046
Page 10: I. Technical Comments, A. General, Probabilities

Area in document Volume 1, Chapter 4, Page 4-2

"How are the probabilities used in the cutoff comparison found, caiculated, etc. This
explanation should be within the PA.”

Response

As the text on page 4-2 of Volume | notes, this information is summarized in Chapter 4 of
Volume 2 and described in detail in Volume 1 of the 1991 PA (SAND91-0893).

Comment TO47
Page 10: 1. Technical Comments, A. General, Probabilities
Area in document Volume i, Chapter 4, Page 4-2 \MMM"

"What are the expected probabilities for each scenario? They should be stated on the same
page as the event tree or on the event tree.”

Response

The event tree displays summary scenarios, as described in more detail in Section 3.2.2 of
Volume 2. These summary scenarios are further subdivided into computational scenarios on
the basis of time and number of intrusions, as discussed in detail in Chapter 2 of Volume 4
of the 1992 PA. Probabilities estimated using the Poisson model for intrusion are assigned to
computational scenarios, rather than to the summary scenarios, and therefore cannot be
displayed on Figure 4-1 as requested. Probabilities for selected computational scenarios are
given in table form in Chapter 2 of Volume 4 for specific values of the Poisson rate constant.

Comment T048

Page 10: 1. Technical Comments, A. General, Base Case Explanation

Area in document Volume 1, Chapter 4, Page 4-2, Line 40

"All of the events placed in the ’base case’ need to be described in detail with an explanation

of how the event probability was developed and provide justification for placing these
scenarios in the base case.”
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Response

As discussed in more detail in Volume 2 and in Volume 1 of the 1991 PA (SAND91-0893),
all events placed in the base case were assigned a probability of 1.- In compliance
documentation, a rationale for the assignment of probabilities will be given.

Comment T049

Page 10: [. Technical Comments, A. General, Nearby Boreholes as Communication
Pathways

Area in document Volume 1, Page 4-4; Volume 2, Page 2-16

"Have you considered transport to and through borehoies that don't hit the repository, but
which could increase the transport of radionuclides?”

"Would current and future boreholes alter the vertical flow regime between units?
(Volume 2, page 2-30)" s

B

"TIs it possible for the high drilling density around the WIPP site to cause salt dxssg{luhon Dk ‘
much like in oil and gas fields in Pecos County, Texas? Should this scenario be ® :° =~ ~

considered?"

Response

The issue of the consequences of "near misses* potentially affects the compliance analysis
and will be reexamined and evaluated. Rates of brine flow from the repository to a "near
miss" were examined quantitatively in 1991 in response to comments by the EEG on the
1990 PA. Results of these analyses are reported in pages B-18 through B-26 of Volume 1 of
the 1991 PA (SAND91-0893/1). For the assumptions of these analyses (including no lateral
development of the DRZ), flow rates were shown to decrease more than two orders of
magnitude 0.25 m from the waste. Flow was decreased further at greater distances. Based
on these analyses, PA conciuded that radionuclide releases up a borehole that directly
penetrated the waste would be greater than those from a "near miss.*®

The Project is currently investigating the issue of existing and future boreholes that could
alter the vertical flow regime. Three-dimensional regional flow modeling is in progress to
permit evaluation of possible consequences.

The Project has already investigated and resolved the issue of dissolution of salt by oil field
drilling and work is complete. Dissolution of salt by oil field drilling has been considered

quantitatively in the past by the WIPP Project (see Christensen et al., 1983), although not on
the scale proposed here. Previous ‘work has indicated that dissolution by freshwater flowing
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through a single weil does not pose a threat to the WIPP. Possible effects of high-density
drilling outside the controlled area can be evaluated for inclusion in the system prioritization.
High-density drilling within the controlled area constitutes an intrusion scenario more severe
than "inadvertent and intermittent...expiloratory drilling, * .

Reference

Christensen, C.L., C.W. Gulick, and S.J. Lambert. 1983. Sealing Concepts for the Waste
Isolation Pilot Plans (WIPP) Site. SANDS81-2195. Albuquerque, NM: Sandia National
Laboratories.

Comment T050
Page 10: Section: I. Technical Comments, A. General, Thermal Effect of Pu-238

Area in document General

“Has the thermal effect of Pu-238 been taken into account in PA Analyses? What would its
effect be?"

Response

It is assumed that the comment refers to the thermal load of radicactive waste, Justification
for ignoring radioactive induced thermal effects is given in Butcher and Mendenhall (1993,
Section 3.7, page 3-26).

In addition, the Performance Assessment Department looked into this issue and concluded a

maximum temperature rise of 2° C in the repository falling to 1° C after 80 years (Volumew

1, page 4-50 of the 1991 PA [SAND91-0893/1]). S

Reference Y

Butcher, B.M., and F. T. Mendenhall. 1993. A Swmmary of the Models Used for the
Mechmcdmwmq'pwmmmmmmmmmmmmm
Compliance with 40 CFR 191, Subpant B. SAND92-0427. Albuquerque, NM: Sandia
National Laboratories.
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Comment TO51
Page 11: I. Technical Comments, A. General, Shaft Seals and Salt Backfill

Area in document General

".sat issue is the behavior of the clay (bentonite) units "sandwiched” between concrete
plugy”-

e
m
In the reference seal design report (Nowak et al., 1990), the reasons for using swelling clay
components are summarized and references to more detailed discussions are provided. In
response to the specific questions regarding the clay, it is believed that the clay units may
become fully saturated. Clay is not likely to intrude into all exposed fractures and voids
although it is obvious that flow through many of these will be limited by the clay. It is

intended that the swelling pressure will be controlled (via the initial density of the material)
to preclude significant, deleterious fracturing due to the swelling.

Reference

Nowak, E.J., J.R. Tillerson, and T.M. Torres. 1990. Inirial Reference Seal System Design:
Waste Isolation Pilot Plant. SAND90-0355. Albuquerque, NM: Sandia National
Laboratories.

Comment T052
Page 11: I. Technical Comments, A. General, Shaft Seals and Salt Backfiil

Area in document General

(Paraphrase) Numerous specific questions are offered related to the removal of shaft liners.
The essence of the questions is captured by: Is it necessary to remove the liner? Can this be
done safely? What are the consequences?

Response

The question of whether or not to remove the shaft liners (or portions of them) remains an

active question within the WIPP sealing program. It is clear that if the liners need to be

removed in order to assure effective seals, they can and will be removed. Safe removal of

portions of shaft liners has been accomplished in the Carlsbad area in nearby potash mine

shafts. Onlysmauamountsofwamrmﬂowhavebeenammtemddmngconstmcaon

operations and drilling operations conducted in the WIPP shafts. Design and performance
4
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considerations for the WIPP shaft seals generally stress reliance upon the components placed
within the Salado formation below the current shaft liner and key; if the final designs
maintain this reliance, it may not be necessary to remove any significant portions of the
existing liners. Detailed design descriptions to be included in compliance documentation
describe whether or not removal is intended and (if needed) procedum for the safe removal
of this material.

L
\"1'l ' :/’r'
Comment TO53 T

Page 11-12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill
Area in document General -

"Compaction details have not been provided which may further impact on the method in
which the backfill is emplaced and the effectiveness of the backfill as a seal.”

Response

This.is an ongoing area of significant effort. While the Small-Scale Seal Test Program in
Test Series C and D have provided (see summary in Finley and Tillerson [1992]) an
indication that an initial relative density of about 80% can be achieved, additional
demonstrations are planned to determine if a relative density of at least 85% can be achieved.
These additional demonstrations are part of the planned Large-Scale Seal Tests proposed for
the WIPP. Results of the demonstrations are intended to be part of the compliance
documentation.

Reference

Finley, R.E., and J.R. Tillerson. 1992. WIPP Small Scale Seal Performance Tests - Status
and Impacts. SAND91-2247. Albuquerque, NM: Sandia Nanonal Laboratories.

Comment TOS54
Page 12: 1. Technical Comments, A. General, Shaft Seals and Sait Backfill
Area in document General

"Small amounts of water are considered beneficial in the consolidation of the salt backfill (St
88), but the effects of channelling on individual blocks of salt is uncertain. Channelling of
water from upper aquifers seems more likely than a uniform dispersion throughout the
backfill. This potential problem needs to be addressed in the PA.

£
-
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Response

At the present time, efforts are focusing on evaluating methods for in-place compaction of
crushed salt. The use of salt blocks is at present considered a backup technology. If in-
place compaction of the crushed salt is successful, there will be no reason to do further
evaluation of the behavior of blocks. On the other hand, if the use of precompacted blocks
of crushed salt becomes the preferred technology, evaluations of phenomena such as this will
be completed.

Comment TOSS e
o
Page 12: L Technical Comments, A. General, Shaft Seals and Salt Backfil & k
g #
Area in docyment General e

"...to insure conformance with the circular shaft walls, blocks must be specially milled and
placed. No estimate to the amount of time required to fill each shaft by carefully placing
blocks has been provided. Such information is necessary to establish the practicality of the
approach.”

Response

If blocks are to be used in the shafts as part of the sealing approach, there is no question but
that the practicality of their emplacement must be established. In the Small-Scale Seal
Performance tests, the feasibility of making and emplacing blocks was demonstrated. At the
present time however, efforts are focusing on evaluating methods for in-place compaction of
crushed salt. If this technology can be demonstrated to achieve the desired degree of
compaction, it offers advantages related to cost and safety, Demonstration tests are currently
being planned which will evaluate the degree of compaction that can be achieved. If in-place
compaction of the crushed salt is successful, there will be no reason to further evaluate the
behavior of blocks. On the other hand, if the use of precompacted blocks of crushed sait
becomes the preferred technology, evaluations of the practicality of full-scale placement of
blocks will be initiated. Because of the planned sequence of evaluations, the use of salt
blocks is at present considered a backup technology and very little resources are being
expended to evaluate phenomena specific to this technology.



Comment T056
Page 12: I. Technical Comments, A. General, Shaft Seals and Sait Backfill

Area in document Volume 1, Page 5-20

"It is stated that the repository will use bentonite and crushed-salt backfill as a barrier in
waste emplacement panels. Isn’t it more correct to say that SNL has recommended this
backfill but that DOE has made no commitment to use it?"

Response

The EPA suggested statement is correct. SAND90-3074 discusses the scientific aspects of
crushed salt/bentonite backfill but no determination has yet been made. BackS1l will be
considered in the SPM.

Reference

Butcher, B. M.,1991, The Advantages of Salt/Bentonite Backfill for the WIPP Disposal
Rooms, SANDS0-3(0'74, Albuquerque, NM: Sandia National Laboratories.

Comment TO57
Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill

Area in document Volume 2, Page 2-48

(Restatement) What data are there to support the assumed long-term permeabilities in the
shaft seals?

Response

Numerous laboratory studies have been completed which document the permeability of
compacted, crushed salt samples. These data are summarized in Figure 4 of Hansen et al.
(1993). The relationship is shown between the permeability of the crushed salt samples and
the relative/fractional density of the sample. This paper also references the numerous reports
in which the data svere first documented. In addition, the small-scale seals and the thermal-
structural interaction tests aze providing some useful information regarding the transfer of the
lab studies and analysis resiilts to field situations.
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Reference

Hansen, F.D., G.D. Callahan, and L.L. Van Sambeek. 1993, "Reconsolidation of Salt as
Applied to Permanent Seals for the Waste Isolation Pilot Plant,” 3rd Conference on the
Mechanical Behavior of Salt, September 14-16, 1993, Ecole Polytechnique, 91129 Palaiseau,
Cedex-France.

Comment TO58
Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill

Area in docyment Volume 2, Page 2-48

"What is the likelihood that the panel and shaft seals will be able to prevent migration
through MB-139, both under the excavation and away from the excavation in the Disturbed
Rock Zone?"

Response

The shaft seals are not designed to prevent lateral migration through MB-139: flow up the
shafts from MB-139 would be very limited by the combination of short and long term
components included in the shaft system.

The sealing concepts for the WIPP panel seals (see Nowak et al. [1990]) include provisions
for grouting of the Marker Beds or the DRZ in the halite as necessary to limit flow.
Effective placement of grout into Marker Bed 139 has been part of the technology
development activities performed under the direction of Sandia National Laboratories.
Specifically, as indicated in the test plan for the Small-Scale Seal Performance Test-Series F
(Ahrens, 1992), this underground test at the WIPP was "intended to demonstrate equipment
and techniques for producing, injecting, and evaluating microfine cementitious grout." The
grouting was completed in March, 1993, and the final report is currently being prepared.

From the standpoint of long-term performance of the disposal system, the sealing of the
marker bed in the immediate vicinity of the waste rooms is of little consequence since virgin
conditions will exist within the near vicinity of the excavation. It is these virgin conditions
that provide the robust natural barrier to contaminant transport. The project is currently
evaluating the advantages of sealing these units, however, from an operational standpoint. -

“\
.and T.M} Torres. 1990, Initial Reference Seal System Design:
55. Albuquerque, NM: Sandia National

Nowak, E.J., I.R. Ti
Waste Isolation Pilot Plant. [
Laboratories. + 1%
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Ahrens, Ernst H. 1992. Test Plan - Sealing of the Disturbed Rock Zone (DRZ), Including
Marker Bed 139 (MB139) and the Overlying Haii:z, Below the Repository Horizon, at the
Waste Isolation Pilot Plant - Small-Scale Seal Performance Test - Series F. Albuquerque,
NM: Sandia National Laboratories.

Comment TO59
Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill

Area in document Volume 2, Pages 2-48 and 2-50

"It is correctly stated that the current backfill design (which i used in the 1992 PA
calculations) is "pure, unconsolidated crushed salt with a relatively high permeability that
provides little resistance to fluid fiow." Salt and bentonite backfill have been studied and said
to be available if needed. However, the PA has not yet reported any analyses to indicate the
benefits this mixture might provide."

Response ]

ThebackﬁncondiﬁonsmedhaewuaPAassumpﬁonfmthelmm&om.In
actuality, the backfill is expected to rapidly consolidate to a dense, low permeable state as
described in Butcher (1991, Figure 4-4, page 28).

Optimization analyses have not been performed. Preliminary sensitivity analyses showing the
potential benefits of reducing porosity and permeability within the waste-disposal area were
performed using the 1989 PA modeling system and reported in Bertram-Howery and Swift
(1990).

References

Butcher, B.M. 1991. The Advaniages of a Salt/Bentonite Backfill for Waste Isolasion Pilot
Plant Disposal Rooms. SAND90-3074. Albuquerque, NM: Sandia National Laboratories.

Bertram-Howery, S.G., and P.N. Swift. 1990. Stanus Report: Potential for Long-Term

Isolation by the Waste Lrolatiou Pilot Plant Disposal System. SAND90-0616. Albuquerque,
NM: Sandia National Laboratories. ,
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Comment T060
Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfiil

Area in document Volume 2, Pages 2-48 and 2-50

"Neither have analyses been performed to determine the benefit of reducing the initial void
space in the backfill."

Response

Analyses have not been performed, but backfill consolidation is estimated to occur so rapidly
that reduction of the initial void space would correspond o accelerating closure by no more
than 10 years. Crushed-salt porosities are estimated to decrease to less than 10% within 40
years. For this reason, control of initial empiacement density is considered unimportant, as
discussed in Butcher and Mendenhall (1993, page 42).

Reference

Butcher, B.M., and F. T. Mendenhall. 1993. A Summary of the Models Used for the
Mechanical Response of Disposal Rooms in the Waste Isolation Pilot Plant with Regard to
Compliance with 40 CFR 191, Subpart B. SAND92-0427. Albuquerque, NM: Sandia
National Laboratories.

Comment TO61
Page 12-13: L. Technical Comments, A. General, Shaft Seals and Salt Backfill *

Area in document Volume 2, Pages 2-48 and 2-50 3 T

"The design of backfill is part of the engineered alternatives (engineered barriers) issue and
evaluations of relative benefits should be included.”

Response
Crushed salt backfill with additives is an engineered alternative that DOE will evaluate for

consideration in the SPM. These will also be part of the engineered alternatives
benefit/detriment study being performed by the DOE.
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Comment T062
Page 13: [. Technical Comments, B. Additional General Comments
Area in document Volume 1, Page 6-1, Line 9

"The statement that the PA Department has a high level of confidence, etc., is perhaps
premature. "

Response

The 1992 PA was not intended as a compliance application. The sentence in question does
not say that the PA Department is confident that compliance has been demonstrated. Rather,
the statement was made that PA Department is confident that "the WIPP will be able to
comply with the quantitative requirements of the Standard...."

Comment T063
Page 13: I Technical Comments, B. Additional General Comments

Area in document Volume 1, Page 6-2, Lines 20-28

"More documentation is needed before it can be concluded 'that no radionuclides will reach
the accessible environment from the undisturbed repository for 10,000 years.'*

Response

The 1992 PA was not intended to be a compliance application. More documentation will be
- provided in the compliance application. The Format and Content Guide provides a snapshot
of the comprehensive nature of the application.

Comment TO064

Page 13: 1. Technical Comments, B. Additional General Comments
Area in document Volume 1, Chapter 6, Page 6-2, Line 37-44

*Any conclusions about meeting the Groundwater Protection Requirements are premature
since these requirements have been changed in the repromuilgated standard.*”

A
..
oo s
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Response

Conclusions for the 1992 PA were based on 40 CFR 191 as it existed at that time. All
aspects of 40 CFR 191, including those portions repromulgated in December 1993, will be
incorporated in future performance assessments. The specific conclusion about the ability to
meet the Groundwater Protection Requirements depended only on the reported resuits (i.e.,
no releases to the accessible environment).

As was stated in the 1992 PA (Volume 1, Chapter 3, p. 3-23, 1. 25-31), "One of the
products of scenario development for the Containment Requirements is a base-case scenario
for the WIPP that describes undisturbed conditions. The undisturbed performance of the
repository is its design-basis behavior, including variations in that behavior resulting from
uncertainties in the 10,000-year performance of natural and engineered barriers and
excluding human intrusion and unlikely natural events, as defined in §191.12(p).” Thus, the
10,000 year issue has already been addressed for the undisturbed case, i.e., Groundwater
Protection Requirements and Individual Protection Requirements. Future performance
assessment calculations, if conducted similarly to those in 1992, will not cause a change in
the conclusions since nothing has yet to be shown to be released from the disposal system for
undisturbed performance. The results of any future performance assessment calculations
conducted using different conceptual models, probability distributions, etc., will of course be
evaluated for compliance with the Groundwater Protection Requirements.

The concentration limits for the Groundwater Protection Requirements have not changed
between the 1985 and 1993 versions of 40 CFR 191. While not called such, the limits in the
1985 version were the Maximum Contaminant Levels (MCLs) from 40 CFR 141 (5 pCi/1 for
Ra-226 and Ra-228; 15 pCi/ for gross alpha particle activity; 4 mrem/yr for beta particles
and photon radioactivity). Those MCLs have not been changed since, and are now officially
incorporated into 40 CFR 191. The definition of the groundwater that is to be protected did
change between the 1985 (special sources of groundwater) and 1993 (underground sources of
drinking water) versions of 40 CFR 191. The revised definition may cause programmatic
changes if DOE is required to identify all potential underground sources of drinking water.
As stated in a paper receatly presented at the Waste Management *94 conference (Trauth et
al., 1994), weproposetodetemnnewhenandlfundergromdsourwofdnnhngwamr
shouldbeldenuﬁeda.ndcharactenzed(le when such 3 characterization will provide f )
pertinent information for a compliance application). Briefly, identification and o
characterization of USDWSs should not be required if no radionuclide releases to the ‘x o
accessible environment are predicted for 10,000 years or if 10,000 year peak predicted
releases to the accessible environment are less than or equal to the applicable Maximum
Contaminant Levels (MCLs). USDWs along the pathway should be identified and
characterized if peak predicted releases to the accessible environment for 10,000 years are
greater than the MCLs,
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Reference

Trauth, K.M., S.G, Bertram, and B. Bower. 1994. “"Considerations for Guidance for
Radioactive Waste Disposal Arising from Rules Under 40 CFR 191 and 40 CFR 194,
Proceedings of Waste Managemens '94 Conference, Tucson, AZ, February 27-March 3, 1994.

Comment TO065

Page 13: 1. Technical Comments, B. Additional General Comments
Area in document  Volume 1, Page 8-2 (first paragraph)

*The following needs in performance assessment should be added to those mentioned: |

(1) the determination of the extent that expert judgment should be used in PA and
development of an acceptable procedure to incorporate this expert judgment into
distributions in the various parameters;”

Response

The referenced page does not exist. The answer is given assuming the question refers to
page 6-3 of Volume 1.

The concern is appropriate and the DOE looks forward to discussions with the EPA in this
matter.

T
o Y
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Comment T066 ; _
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Page 13: L. Technical Comments, B. Additional General Comments
Area in document Volume 1, Page 8-2 (first paragraph)

*The following needs in performance assessment should be added to those mentioned:
(2) the inclusion of the scenarios recommended elsewhere in these comments;*®

Response

The referenced page does not exist. The following response is given assuming the question
refers to page 6-3 of Volume 1.

\:.‘
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Scenario development is an ongoing process and the suggested events will be considered for
inclusion.

Comment TO67
Page 13: 1. Technical Comments, B. Additional General Comments

Area in docyment Volume 1, Page 8-2 (first paragraph)
"The following needs in performance assessment should be added to those mentioned:

(3) the use of plausible radionuclide inventories (including radionuclide composition and
specific activity) and their uncertainty in the performance assessment. (To date, the
inventory has not been treated as an uncertain variable, even though the PA states that
uncertainty in this invenatory is large [Volume 2, page 2-51])."

Response

The referenced page does riot exist. The following response i3 given assuming the question
refers to page 6-3 of Volume 1.

Because 40 CFR 191 sets limits on the probability of radionuclide releases that have been
normalized to the total transuranic inventory in the system, performance is not likely to be
strongly sensitive to uncertainty in the radionuclide. This observation has not been tested by
formal sensitivity analyses, but can be partiaily supported by comparison of the 1991 and
1992 preliminary PAs, which used different inventories. Uncertainty in the radionuclide
inventory will be considered in future evaluations.

Comment TO68
Page 13: 1. Technical Comments, B. Additional General Comments
Arca in document, Volume 2 Page 3-18, (Line 5)

S e

"Is temperaturg a variable in BRAGFLO?"

Response

Tempemisnotnutedasanunmﬂnvaﬁablc—therepodmisamnu}wbe
isothermal. Temperature is used to calculate the physical properties of the fluid 5o
temperature is a parameter, i.e., ayaluemumndeonmntforthepurposuof computation.
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Reference

Butcher, B.M., and F. T. Mendenhall. 1993. A Summary of the Models Used for the
Mechanical Response of Disposal Rooms in the Waste Isolation Pilor Plant with Regard to
Compliance with 40 CFR 191, Subpart B. SAND92-0427. Albuquerque, NM: Sandia
National Laboratories.

Comment TO069
Page 14: I. Technical Comments, C. General Geology and Hydrology

Area in document Volume 2, Chapter 2, Page 2-38, Line 12

"How will the 'location and amount of future’ groundwater flow be dealt with in future PAs?
How will DOE deal with such vast uncertainties?”

Response

A three-dimensional computer model of regional groundwater flow is being developed. This
model uses a free surface/seepage face as the upper boundary. This model is designed to
simulate areas of discharge and recharge, and patterns of groundwater flow for assumed

spatial and temporal distributions of maximum potential infiltration to the water table. The .
Project is using this model to evaluate the seasitivity of compliance to this issue. - ;

SV,
e
%

.' [ PR ':?}l
%, M' ”?.--:a >
Comment TO70 o B

i P

Page 14: I. Technical Comments, C. General Geology and Hydrology, Low Values of Total
Dissolved Solids

Area in document Volume 2, Chapter 2, Page 2-34
(a) "What is the explanation for the wells with the low TDS?"

®) 'Whatismen@_iﬂaumepomm aquifers?” g
N

(a) Hypothuacmwenungthepomblehckofconmmybetwmmfmednonh-msoum
flow in the Culebra and hydrochemical facies are discussed on page 2-36, lines 11 - 20. Also
see response to the comment from the EPA document, page 19 ( I. Technical Commeats, C.
General Geology and Hydrology, Groundwater Flow and Hydrogeochemical Facies
Differences).

Afe = b oo s e
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(b) For this response, "potential aquifers” is assumed to mean Potential Underground
Sources of Drinking Water, as defined in Subpart C to 40 CFR Part 191, in strata above the
Salado Formation. The principal stratigraphic units known to be able to produce sufficient
amounts of water are the Culebra and Magenta dolomites. The TDS of waters in these units
is summarized on page 2-34, lines 24 - 31 in Volume 2 of the 1992 PA. Measured TDS
values from drill holes in the vicinity of WIPP are given in Table 2-2 of Siegel et al. (1991).
Furthermore, TDS values are measured routinely as part of the WIPP Groundwater Quality
and Sampling Program.

As stated in a paper recently presented at the Waste Management '94 conference (Trauth et
al., 1994), we propose to determine when and if underground sources of drinking water
should be identified and characterized (i.e., when such a characterization will provide
pertinent information for a compliance appiication). Briefly, identification and "
characterization of USDWs should not be required if no radionuclide reieases to the
accessible environment are predicted for 10,000 years or if 10,000 year peak predicted
releases to the accessible environment are less than or equal to the applicable Maximum
Contaminant Levels (MCLs). USDWs along the pathway should be identified and
characterized if peak predicted releases to the accessible environment for 10,000 years are
greater than the MCLs.

References

Siegel, M.D., S.J. Lambert, and K.L. Robinson, eds. 1991. Hydrogeochemical Studies of
the Rustler Formation and Related Rocks in the Waste Isolation Pilot Plant Area,
Southeasiern New Mexico. SAND88-0196. Albuquerque, NM: Sandia National
Laboratories.

Trauth, K.M., S.G, Bertram, and B. Bower. 1994. "Considerations for Guidance for
Radioactive Waste Disposal Arising from Rules Under 40 CFR 191 and 40 CFR 194,
- Proceedings of Waste Management '94 Conference, Tucson, AZ, February 27-March 3, 1994.

Comment TO71 e,

Page 14: 1. Technical Comments, C. General Geology and Hydrology, Low Valuei (ﬁ E

Total Dissolved Solids L
N

Area in document Volume 2, Chapter 2, Page 2-34,

"How much uncertainty reduction in aquifer characteristics would there be if DOE drilled
more test wells near the controlled area?”

EPA Comnn{ ‘ 1-53
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Response

The Project requests clarification of this question to insure that the response is appropriate.
We are unclear whether the reviewer is concerned about: 1) the errors of estimation of total
dissolved solids at unmeasured locations near the controlled area, or 2) the effect of the
uncertainty in total dissoived solids on estimates of transmissivity or other aquifer properties.

The Project believes that there will always be uncertainty in aquifer characteristics, and that
the acceptable level of uncertainty is related to the effect of that uncertainty on regulatory
performance measures.

Comment T072

Page 14: I. Technical Comments, C. General Geology and Hydrology, Groundwater Flow
above the Salado Formation

Area of document General

"Current and historical head measurements of the wells penetrating post-Salado strata would
be helpful in interpreting the significance of seasonal or annual fluctuations in the reported
potentiometric surface.”

Response

Hydrographs for all wells at the WIPP site are presented in Hydrologic Data Reports #1-8
(Hydro Geo Chem, Inc., 1985; Intera Technologies, Inc. and Hydro Geo Chem, Inc
1985a,b; Saulnier et al., 1987; Stensrud et al., 1988a,b; Stensrud et al., 1990), Richey
(1987), and Cauffman et al. (1990). No fluctuations related to seasonal or annual cycles .-
have ever been identified nor, given the depth and degree of confinement of Rustler f’
Formation units at the WIPP site, are any expected to occur. PR

References

v

Hydro Geo Chem, Inc. 1985. WIPP Hydrology Program Waste Isolation Pilot Plant, SENM
Hydrologic Data Report #1. SAND85-7206. Albuquerque, NM: Sandia National
Laboratories.

Intera Technologies, Inc., and Hydro Geo Chem, Inc. 1985a. WIPP Hydrology Program
Waste Isolation Pilot Plans, Southeasiern New Mexico Hydrologic Data Report #2.

SANDS5-7263. Albuquerque, NM: Sandia National Laboratories.
Intera Technologies, Inc., and Hydro Geo Chem, Inc. 1985b. WIPP Hydrology Program
Waste Isolarion Pilot Plam Sontheastern New Mexico Hydrologic Data Report #3.
f.‘ .
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SAND86-7109. Albuquerque, NM: Sandia National Laboratories.

Saulnier, G.J., Ir.,, G.A. Freeze, and W.A. Stensrud. 1987. WIPP Hydrology Program,
Waste Isolation Pilot Plant, Southeastern New Mexico, Hydrologic Data Report #4.
SANDS86-7166. Albuquerque, NM: Sandia National Laboratories.

Stensrud, W.A., M.A. Bame, K.D. Lantz, A.M. LaVenue, J.B. Palmer, and G.J. Saulnier,
Jr. 1987. WIPP Hydrology Program, Waste Isolation Pilot Plant, Southeastern New Mexico,
Hydrologic Data Report #5. SAND87-7125. Albuquerque, NM: Sandia National
Laboratories.

Stensrud, W.A., M.A. Bame, K.D. Lantz, T.L. Cauffman, J.B. Palmer, and G.J. Saulnier,
Jr. 1988a. WIPP Hydrology Program, Waste Isolation Pilot Plant, Southeastern New
Mexico, Hydrologic Data Report #6. SANDS87-7166. Albuquerque, NM: Sandia National
Laboratories. WIPP

Stensrud, W.A., M.A. Bame, K.D. Lantz, J.B. Palmer, and G.J. Saulnier, Jr. 1988b.
WIPP Hydrology Program, Waste Isolation Pilot Plant, Southeastern New Mexico,
Hydrologic Data Report #7. SAND88-7014. Albuquerque, NM: Sandia National
Laboratories.

Stensrud, W.A., M.A. Bame, K.D. Lantz, J.B. Palmer, and G.J. Saulnier, Jr. 1990. WIPP
Hydrology Program, Waste Isolation Pilot Plant, Southeastern New Mexico, Hydrologic Dasa
Report #8. SAND89-7056. Albuquerque, NM: Sandia National Laboratories.

Richey, S.F. 1987, Water-Level Data from Wells in the Vicinity of the Waste Isolation Pilot
Plant, Southeastern New Mexico. Open-File Rpt 87-120. Albuquerque, NM: USGS.

Cauffman, T.L., A.M. LaVenue, and J.P. McCord. 1990. Ground-Water Flow Modeling of
the Culebra Dolam:e Volumne II: Data Base. SAND89-706812 Albuquerque, NM NM: Sandia

National Laboratories. -

Page 14-15: I. Technical Comments, C. General Geology and Hydrology, Groundwater
Flow above the Salado Formation, Groundwater geochemistry

Area in document Volume 2, Chapter 2, Page 2-34

*Inferred north to south groundwater flow directions in the Culebra Dolomite (based on the
potentiometric surface in the Culebra Dolomite) are inconsistent with the distribution of
geochemical facies in the Culebra groundwaters (salinities decrease from north to south).
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Attempts are made to explain this apparent discrepancy, but alternative working hypotheses
should be explored, including the possibility that the potentiometric surface is inaccurate.*

Response

The comment notes that several hypotheses have been advanced to explain the apparent
discrepancy, but that additional (aiternative) hypotheses should be explored. This issue affects
the compliance analysis in that it relates to alternative conceptual models of groundwater
flow in the Culebra. Additional work to evaluate alternative hypotheses concerning Culebra
geochemistry will be considered for inclusion in the systems prioritization.

The Project will record the issue that the potentiometric surface might be inaccurate. Pending
the outcome of the systems prioritization, the Project may consider this issue. It should be
noted that, because of variations in fluid density, the potentiometric surface is not the best
indicator of flow directions. Instead, calculated velocity fields should be used. These depend
on measured values of pressure, fluid density, and transmissivity, as well as the assumptions
of the model used to calculate them.

See also responses to comments in the EPA document, p. 14 ( I. Technical Comments, C.
General Geology and Hydrology, Low Values of Total Dissolved Solids); p. 18 (L.
Technical Comments, C. General Geology and Hydrology, Groundwater Transmissivity

Fields); and p. 19 ( I. Technical Comments, C. General Geology and Hydrology,
Groundwater Flow and Hydrogeochemical Facies Differences ).

Comment T074
Page 15: 1. Technical Comments, C. General Geology and Hydrology | B
Arca in docyment Volume 2, Chapter 2, Page 2-34

"Points of groundwater recharge and discharge into post-Salado strata are very poorly

constrained. Further study is needed to document these important aspects of the hydrology

across the WIPP site.”
Response

A three-dimensional computer model of regional groundwater flow is being developed. This
model uses a free surface/seepage face as the upper boundary. This model is designed to
simulate areas of discharge and recharge, and patterns of groundwater flow for assumed
spatial and temporal distributions of maximum potential infiltration to the water table. The
Project is using this model to evaluate the sensitivity of this issue to compliance.
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Comment TO75

Page 15: I. Technical Comments, C. General Geology and Hydrology, Hydrologic
Parameters

Area in document General

(a) "It is not clear why only horizontal fractures were used in PA models for the Culebra
Dolomite member (Volume 3, p. 2-85), as vertical fractures are more likely to have greater
connectivity in most subsurface environments.”

(b) "More data need to be acquired for all reievant stratigraphic units at the WIPP site (i.e.,
Castile through Dewey Lake Redbeds.”

Response

(a) When modeling a formation as a dual-porosity continuum, the actual orientations of
fractures are unimportant. The modeled fractures are not used to provide connections
between points. The important fracture parameters to be captured in the models are the
fracture porosity, which will control the flow velocity, and the surface area of the fractures,
which will control the amount of matrix diffusion that occurs. As long as the fracture
porosity and surface area are kept constant, it does not matter if the fractures are modeled as
single sets of horizontal or vertical fractures or as three orthogonal sets of fractures. Single
sets of horizontal fractures are the simplest to model, so that is what PA has used.

(b) The need for additional hydrologic data for various stratigraphic units may be considered
for inclusion in the SP.

Comment T076 o

Page 16: 1. Technical Comments, C. General Geology and Hydrology, Ground
Transmissivity Fields

Area in document Volume 2, Section 7.5 and Appendix D

(Summary) This paragraph follows the introductory comment that many problems associated
with the transmissivity fields are related to calibration to fresh-water heads. The second
paragraph points out that neglecting spatial variations in density of Culebra groundwaters
could potentiaily cause significant esrors in the calibrated transmissivity fields, as weil as
predicted flow directions.
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Response

The transmissivity fields are actually calibrated to pressure rather than fresh-water head
(Volume 2 of the 1992 PA, Section 7.5, p. 7-10, 1. 14-17). However, given that the
elevations of the measuring points are known, it really does not matter which parameter,
pressure or fresh-water head, is used for calibration. The important point is that the flow
portion of the code (SWIFT II) used for the calibration solves differential equations
formulated in terms of pressure, Variations in density are fully accounted for in the code. In
these calibrations, it is assumed that the density of water varies with position but is fixed in
time. The evolution of the chemistry of Culebra waters is not sufficiently well understood to
determine if the assumption that the density distribution does not change over long periods of
time is valid.

Comment TO77

Page 16: I. Technical Comments, C. General Geology and Hydrology, Groundwater
Transmissivity Fields

Area in document Volume 2, Section 7.5 and Appendix D

*...Simulations which are based on equivalent freshwater head may produce erroneous
velocity magnitudes and flow directions in this critical area.®

Response

See preceding response. Transmissivity fields calibration accounts for variable density. The
SECO-FLOW calculations in the 1992 PA used the calibrated transmissivity fields but

assumed constant fluid density. Modifications to SECO-FLOW now permit variable-density
flow calculations in PA.

Comment TO78
Page 16: 1. Technical Comments, General Geology and Hydrology, Groundwater

Transmissivity Fields .
Area of document General L
*The means by which the aquifer test results were incorporated as known values into the

calibration of the transmissivity fields is unclear. Howem,ﬂwaqnﬁ_fawnanﬂysisshould
have considered density effects on pumping responses in the monitoring wells.*

AP
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Response

Transmissivities derived from single-well hydraulic tests or from interference (pumping) test
responses over distances less than 50 m formed the data base for kriging of the transmissivity
fieid. The measured transmissivities were preserved in the kriged transmissivity fields,
within the estimated error bounds of the measurements. When the model domain was
discretized into grid blocks, however, average values of the kriged field were calculated for
and assigned to each grid block. Therefore, the average value assigned to a particular grid
block need not coincide with the transmissivity determined at an individual well lying within
. that grid block. The process of defining transmissivity fields using aquifer-test results is
discussed in LaVenue et al. (1990).

The aquifer-test analyses did take density effects into account. All analyses were done in
terms of pressure changes, not water-level changes, providing results in the form of
permeability-thickness products, not transmissivities. Transmissivities were then caiculated
based on, the brine density at each location. Aquifer-test analysis procedures are discussed in
Beauheim (1989).

References

LaVenue, A.M., T.L. Cauffman, and J.F. Pickens. 1990. Ground-Water Flow Modeling of
the Culebra Dolomite. Volume I: Model Calibration. SAND89-7068/1. Albuquerque, NM:
Sandia National Laboratories.

Beauheim, R.L. 1989. Imerpretation of H-11b4 Hydraulic Tests and the H-11 Multipad
Pumping Test of the Culebra Dolomite at the Waste Isolation Pilot Plant (WIPP) Site.
SANDS89-0536. Albuquerque, NM: Sandia National Laboratories.

Comment TO079

Page 16-17: 1. Technical Comments, C. General Geology and Hydrology, Culebra
Transmissivity £

Area in document Volume 2, Chapter 2, Page 2-34

"Transmissivity values obtained from the tests should also have been converted to hydraulic
conductivities due to the assumption of a uniform thickness over the area, If transmissivity
values were used as calibration points directly, they would have been in error by a factor of
the effective thickness versus the assumed model thickness of 7.7 meters.®

4
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Response

The hydraulic tests within the Culebra were interpreted using the full thickness of the
Culebra because the wells are fully screened across the Culebra. Given the uncertainty of
the effective thickness across the site, the average thickness of the Culebra was used in the
numerical model. The thickness of 7.7 m is smaller than the actual thickness in the
southwestern portion of the model area where the transmissivities are the largest. However,
the small difference in the conductivity that the uniform thickness assumption would make
would have no appreciable difference in the model results since the transmissivity field is
significantly changed through the process of calibrating the modcl o the measured steady-
state and transient pressures. !

: k)
Y
Comment T080 %%‘a i
¥
Page 17: 1. Technical Comments, C. General Geology and Hydrology, Culebra
Transmissivity, Grid Sensitivity

Area in document Volume 2, Chapter 2, Page 2-34

"A sensitivity analysis on the finite-difference grid that was used to generate the 70
transmissivity fields should be performed. ...A finer grid may lead to significantly different
transmissivity fields and should be evaluated.”

Response

The Project has recently begun a local scale modeling effort with a much finer grid to
investigate the transmissivity distribution within the near field (i.e., within the WIPP site).
However, the numerical grid used in the 1992 PA flow modeling was designed to represent
the regional groundwater flow surrounding the WIPP site and the transient events which have
been conducted within the WIPP-site boundary. The 50 x 57 x 1 grid used in the model has
larger grid blocks (e.g., 1,000 m to 2,500 m) away from the WIPP site and smaller grid
blocks (e.g., 75 m to 250 m ) within the WIPP-site boundary where the transient tests have
been conducted. The grid resolution is believed acceptable given the objectives of the
modeling study (i.e., to determine plausible regional transmissivity distributions within the
Culebra).

Different grids (either coarser or finer) may lead to different transmissivity fields because the
inverse procedure identifies effective or average transmissivity values at the scale of the grid.
Differences in transmissivity values using grids with different resolution may reflect a scaling
property of transmissivity, rather than indicating non-convergence of the inverse problem.
Convergence of the travel time distribution is important, but that convergence of
transmissivity estimates thémselves may not be expected, and is not essential by itself.
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Comment TO81

Page 18: 1. Technical Comments, C. General Geology and Hydrology, Culebra
transmissivity, Boundary condition uncertainty

Area in document Volume 2, Chapter 2, Page 2-34

"The uncertainty with which the system boundary conditions are understood has serious
implications ... the current approach that has been taken to obtain the 70 transmissivity fields
does not evaluate the sensitivity of the overall model resuits to the boundary conditions. "

Response

The Project is currently investigating this issue through the development of a three-
dimensional model to assess vertical recharge into the Culebra. In addition, elicitation and
examination of other conceptual models is an important part of the SP. The boundary
conditions used in the 1992 Culebra flow model werc: estimated from regional water-level
measurements and by specifying Nash Draw as 2 no-flow boundary condition. The south-
western boundary condition has some uncertainty due to the variation in water-level
measurements in this area.

Note that the horizontal boundary conditions may not produce significant changes to
transmissivities within the WIPP-site boundary given the conceptual model used in 1992.
This is because of the significant influence :hat the transient pumping tests have had upon the
Culebra. These tests have stressed the Culebra to the extent that the effect of boundary
conditions is small.

Comment TO82 ‘ o
Page 18: 1. Technical Comments, C. General Geology and ﬁydmlogy, Groundwater
Transmissivity Fields

Area in document Volume 2, Section 7.5 and Appendix D

(Summary) This paragraph contains two points:

If the area along the Pecos River south of the WIPP site acts as recharge area and
groundwater flow is to the east, the low ionic strength water could be dissolving
doiomite, thereby creating secondary permeability.

It is unclear why more emphasis in the performance assessment has not been placed on
integrating the geochemical data with the hydrogeological data to form a cohesive
conceptual model(s).
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Response

It is possible that regions of higher transmissivity are due to dolomite dissolution. However a
few points should be clarified. There is no indication that flow is presently toward the east
from the Pecos River. The possibility that eastward flow occurred in the late Pleistocene has
been proposed by Lambert and Carter (1987) and Lambert (1991). While dolomite
dissolution might play a role, the distribution of fracture density and the degree to which
gypsum and halite presently fill fractures have been proposed as more important controls on
the transmissivity distribution (Holt and Powers, 1988). Circulation of low ionic strength
water would likely dissolve gypsum and halite from the fractures.

The Project has placed a strong emphasis on integrating geochemical and hydrogeological
data. The Siegel et al. (1991) report is an exampie. Additional work to integrate
geochemical and hydrogeological data will be considered for inciusion in the systems
prioritization.

See also responses to comments in the EPA document, p. 14 ( I. Technical Comments, C.
General Geology and Hydrology, Low Values of Total Dissolved Solids); p. 14-15 (1.
Technical Comments, C. General Geology and Hydrology, Groundwater Flow above the
Salado Formation, Groundwater Geochemistry); and p. 19 ( I. Technical Comments, C.
General Geology and Hydrology, Groundwater Flow and Hydrogeochemical Facies
Differences ). | T

References
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Jr., 1.R. O’Neil, and L.R. Kaplan. Special Publication No. 3. SANDS89-2660. San
Antonio, TX: Geochemical Society. 135-156.

Holt, R.M., and D.W. Powers. 1988. Facies Variability and Post-Depositional Alteration
Within the Rustler Formation in the Vicinity of the Waste Isolation Pilot Plant, Southeastern
New Mexico. DOE/WIPP-88-004. Carlshad, NM: Westinghouse Electric Corporation.
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Comment TO83

Page 18-19: I. Technical Comments, C. General Geology and Hydrology, Culebra
Transmissivity, Recharge Uncertainty

Area in document Volume 2, Chapter 2, Page 2-34

"In addition to LaVenue’s suggestion (SAND 92-7306) that recharge to the Culebra may be
occurring in the vicinity of the Pecos River, at least one other alternative conceptual mode}
has been proposed which also involves vertical recharge to the Culebra. This alternative
model considers significant vertical recharge to the Culebra over the entire southern region of
the modeled area (SAND 88-0196). In either case, if vertical recharge occurs, the 70
transmissivity fields calibrated to the aquifer tests and equivalent fresh-water heads would be
lower (i.e. slower velocities) than those which would be calculated with the present model.
Vertical recharge should be evaluated in the sensitivity analysis."”

Response ¢

The Project is currently investigating this issue through the development of a three- ‘
dimensional model to assess vertical recharge into the Culebra. Future modeling studies may
include these estimates in the calibration process. It should be recognized that the exclusion
of vertical recharge in the region upgradient of the WIPP site leads to higher transmissivity
estimates and higher groundwater velocities as noted by the EPA reviewer. This is
conservative from a groundwater travel time viewpoint.

Comment TO084

Page 19: 1. Technical Comments, C. General Geology and Hydrology, Groundwater Flow
. and Hydrogeochemical Facies Differences

Area in document Volume 2, Chapter 2, Page 2-36, Lines 11-20

"What is being done to examine the differences between the north-to south flow in the
Culebra and the hydrogeochemical facies data? How does this discrepancy impact the
confidence of the flow modeling?®

Response

Itmomdbeemphsmdmuummnmaamwymemﬂowdimﬁomgﬁi--
hydrochemical facies actually exists. Theappamtducrepancymghtmstudbeduan
incomplete understanding of the hydrogeochemical system.
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Several hypotheses have been advanced to explain the apparent discrepancy, as referenced in
lines 11-20 in Volume 2 of the 1992 PA. Also, lines 32-35 on page 2-33 and lines 1-3 on
page 2-36 reference the strong correlation between the region of high molality sodium-
chloride water and the presence of halite in adjacent strata (see Figure 1-13 in Siegel et al.,
1991). It is anticipated that a three-dimensional computer model of regional groundwater
flow that is being developed (EPP study 5.1.1.2, p. 5-8) will provide information that could
be used to evaluate and/or modify the existing hypotheses. Additional work to integrate
hypotheses concerning Culebra geochemistry with the results of the regional model will be
considered in the systems prioritization.

This apparent discrepancy affects confidence in the flow modeling in that it suggests the need
to consider alternative conceptual models of groundwater flow in the Culebra. Consideration
of alternative conceptual models is an objective of the SP.

See also responses to comments from the EPA document, p. 14 (I. Technical Comments, C.
General Geology and Hydrology); p. 14-15 (I. Technical Comments, C. General Geology
and Hydrology, Groundwater Fiow above the Salado Formation, Groundwater geochemistry);
p. 15 (I. Technical Comments, C. General Geology and Hydrology); and p. 18 ( I. Technical
Comments, C. General Geology and Hydrology, Groundwater Transmissivity Fields).

Reference

Siegel, M.D., S.J. Lambert, and K.L. Robinson, eds. 1991. Hydrogeochemical Studies of
the Rustler Formation and Related Rocks in the Waste Isolation Pilot Plant Area,
Southeastern New Mexico. SAND88-0196. Albuquerque, NM: Sandia National
Laboratories.
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Page 19: I. Technical Comments, C. General Geology and Hydrology, Fracture Density

Area of document Volume 2, Chapter 2, Page 2-19

*Since good information on Culebra fracture density is lacking, please explain why you do
not use the higher fracture density where it can be observed.®

Response

As the comment states, good information on Culebra fracture density is lacking. It is not
clear what is meant by "use the higher fracture density where it can be observed” because
fracture density can’t be observed in the subsurface except in shafts (Holt and Powers,
1990). Also, all fractures, whether observed or not, are not hydraulically significant.
Through tracer tests, we seek to determine the fracture density that is important for transport
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through the Culebra (see Jones et al., 1992). The interpreted *effective” fracture density is
always less than observed fracture densnues Were we 10 use observed fracture densities in
our models, much more physical retardation would occur as a result of matrix diffusion than
our tracer tests show to be realistic.

References

Holt, R.M., and D.W. Powers. 1990. Geologic Mapping of the Air Intake Shaft at the
Waste Isolarion Pilot Plans. DOE/WIPP-90-051. Carisbad, NM: Westinghouse Electric
Corporation.

Jones, T.L., V.A. Kelley, J.F. Pickens, D.T. Upton, R.L. Beauheim, and P.B. Davies.
1992. Imtegrarion of Interpretation Results of Tracer Tests Performed in the Culebra
Dolomite at the Waste Isolation Pilot Plant Sire. SAND92-1579. Albuquerque, NM: Sandia
National Laboratories.

Comment TO86
Page 19: 1. Technical Comments, C. General Geology and Hydrology, Vertical Fractures

Area of document Volume 2, Chapter 2, Page 2-19

"In volume 3 (1-39) it states that vertical fractures in the Culebra are not used in the
calculations. Why? How are vertical fractures handled or what assumptions are used?’

] .
e .
s T

When modeling a formation as a double-porosity continuum, the actual orientations of
fractures are unimportant. The modeled fractures are not used to provide connections
between points. The important fracture parameters to be captured in the models are the
fracture porosity, which will control the flow velocity, and the surface area of the fractures,
which will control the amount of matrix diffusion that occurs. As long as the fracture
porosity and surface area are kept constant, it does not matter if the fractures are modeled as
single sets of horizontal or vertical fractures or as three orthogonal sets of fractures. Single
sets of horizontal fractures are the simplest to model, so that is what PA has used.
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Comment TO87

Page 20: I. Technical Comments, C. General Geology and Hydrology, Effects of the
Magenta Dolomite in Transport Calculations

Area in document Volume 2, Chapter 2, Page 2-23 to 2-24

"Most of the focus is on the Culebra for transport because it has the highest transmissivity.
What is the effect on the release when the Magenta and Culebra Dolomites are combined in
the calculatons?”

Response

The Project is using a three-dimensional computer model of regional groundwater flow (EPP
Study 5.1.1.2, p. 5-8) to evaluate the sensitivity of releases into other hydrologic units to
compliance.

A three-dimensional computer model of regional groundwater “low is being developed. This
model uses a free surface/seepage face as the upper boundary. This model is designed to
simulate areas of discharge and recharge, and patterns of groundwater flow for assumed
spatial and temporal distributions of maximum potential infiltration to the water table. The
Project is using this model to evaluate the sensitivity of this issue to compliance.

Comment TO088

Page 20: 1. Technical Comments, C. General Geology and Hydrology, Use of Cmshed
Culebra Rock

Area in document Volume 2, Chapter 2, Page 2-40/41 |

'Plaseexpandthedisumionon[how]theminvolvingcmshedCulebnrockwillhelp“‘;
determine Ks? Is this to simulate the effect of clays? If many of the fractures are clay
lined, are any tests being conducted on the clay?*®

Response

Early laboratory investigations of chemical retardation in the Rustler Formation were
conducted using traditional batch sorption experiments with crushed rock. The early
experiments were largely mmedtobescopmgexpenmtstomnwhethercheunml
mmdaumwungmﬁmtandmeywemconductedmdaspwﬁcexpenmmtalmum
Results of those experiments are expected to be valuable, however, in providing independent
checks on results from the present experimental approaches (see, for example, Lynch and
Dosch [1980] and the review by Novak [1992]). Currently, mechanistic adsorption
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experiments coupled with surface complexation modeling are in progress on very carefully
prepared ground mineral constituents of the Culebra, dolomite and corrensite, the primary
clay mineral constituent. The resulting surface complexation model will predict values for
K, as a function of mineralogy, fluid composition, and adsorbates. On the basis of published
information in peer-reviewed journals (see also Siegel et al., 1990), we have strong evidence
that resuits from mechanistic experiments will be representative of the phenomena occurring
in the intact Culebra rock. To confirm this, comparisons will be made with the column
experiments and sorption experiments with thin slabs or ground samples of Culebra rock.

References

Lynch, A.W., and R.G. Dosch. 1980. Sorption Coefficients for Radionuclides on Samples
from the Wazer-Bearing Magenza and Culebra Members of the Rustler Formation. SANDS0-
1064. Albuquerque, NM: Sandia National Laboratories.

Novak, C.F. 1992. An Evaluation of Radionuclide Batch Sorption Data on Culebra
Dolomite for Aqueous Compositions Relevant to the Human Intrusion Scenario for the Waste
Isolation Pilot Plant. SANDS1-1299. Albuquerque, NM: Sandia National Laboratories.

Siegel, M.D., J.0. Leckie, S.W. Park, S.L. Phillips, and T. Sewards. 1990. “Studies of
Radionuclide Sorption by Clays in the Culebra Dolomite at the WIPP Site, Southeastern New
Mexico," Waste Managemens '90, Waste Processing, Transportation, Storage and Disposal,
Technical Programs and Public Education, Tucson, AZ, February 25-March 1, 1990. Ed.
R.G. Post. SAND#89-2387. Tucson, AZ: University of Arizona. Vol. 2, 893-900.

Comment TO89

Page 20: 1. Technical Comments, B. Additional General Comments, Groundwater Age
Discussion

Area in document Volume 2., Chapter 2, Page 2-37, Lines 22-32

“The section on the isotopic and tritium data is confusing. DOE states that tritium leveis
indicate minimal contributions from the atmosphere since 1950. If the waters have even
'minimal’ contributions, then that would indicate the waters are not that old. Please clarify
what is meant. In addition, what is being done to resolve uncertainty about groundwater
age?"

Response

For a discussion of the isotopic data, including tritium, see Chapter 5 of Siegel et al. (1?91)
and the references cited therein. The statement quoted from Volume 2 of the 1992 PA is
consistent with the observed data. Meaningful nonzero tritium measurements suggest either
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contamination during drilling or sampling or some degree of mixing with modern surface
water in the hydrostratigraphic unit. For the WIPP, these measurements indicate that the
amount of mixing has been either zero or extremely small. As stated in the text in Volume
2, this in turn suggests that groundwater travel time (i.e., the mean travel time) from the
surface to the sampled units is long. The presence of some "younger” water from the
surface does not imply that all water is "young,” nor does it imply that recharge is rapid.

Effects on disposal-system performance about the rates of vertical flow, and therefore about
groundwater age, are being examined through regional 3D modeling.

Reference

Siegel, M.D., S.J. Lambert, and K.L. Robinson, eds. 1991. Hydrogeochemical Studies of
the Rustler Formation and Related Rocks in the Waste Isolation Pilot Plant Area,
Southeastern New Mexico. SAND88-0196. Albuquerque, NM: Sandia National
Laboratories.

Comment T090

Page 21: I. Technical Comments, C. General Geology and Hydrology, Porosity of
Anhydrite Interbeds

Area in document Volume 2, Chapter 2, Page 2-42, Lines 15-21

"Are the porosities of the anhydrite interbeds matrix porosity, fracture porosity or both?
Will DOE assume that anhydrite fracturing continues to the accessible environment?”

Response

Porosities for the anhydrite reference in the cited area of Volume 2 are presented in

Volume 3, Chapter 2, p. 2-65 of the 1992 PA. The porosities given are estimates, not
measurements, and are intended to represent the total porosity of the anhydrite. No
distinction between fracture and matrix porosity is necessary because PA treats the anhydrite
as a porous, not fractured, medium. A laboratory program is underway to measure anhydrite
porosity, both in an unloaded state and as a function of stress (Howarth, 1994).

PA assumes that the fracturing naturaily present in the anhydrites continues to the accessible
environment. The 1992 PA did not explicitly include induced fracturing outside of the
disturbed rock zone around the repository. It is planned that future PAs will include a
relationship between pressure in the fractures and fracture porosity and permeability.
Whether or not the pressure in the fractures, and hence the porosity and permeability,
changes at the accessible environment boundary will depend on the conditions in the model.
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Reference

Howarth, S.M. 1994. Test Plan: Two-Phase Flow Laboratory Program for the Waste
Isolation Pilot Planz (WIPP). Albuquerque, NM: Sandia National Laboratories.

Comment TO91

Page 21: 1. Technical Comments, C. General Geology and Hydrology, Average
Undisturbed Pore P in Anhvdsi

Area in docyment Volume 3, Chapter 2, Page 2-63

"It is unclear how the average undisturbed pore pressure in the anhydrite was developed.
Table 2.3-2 (p 2-33) does not have any measurements greater than 9.5 MPa, yet the mean
and median pressures are between 12 and 13 MPa.”

Response

Table 2.3-2 shows only halite pore pressure data. Anhydrite data are presented in Table 2.4-
2 on p. 2-59. The three values between 12.4 and 12.6 MPa are considered to provide the
best representation of anhydrite pore pressures undisturbed by the excavations,

Comment T092

Page 21: 1. Technical Comments, C. General Geology and Hydrology, Culebra Matrix
Porosity

Area in document Volume 3, Chapter 2, Page 2-83

"If only intact rock was measured for porosity and there was a large amount of core lost in
porous (vuggy) and/or fractured portions of the Culebra, is the matrix porosity used in the
models: 1) adjusted upward to reflect the higher bulk matrix porosity; or 2) is the data
indicating the vugs and fracturing considered as part of the fractured porosity? It is not clear
if the Culebra matrix porosity values include these features or not.”

Response

The matrix porosity used in the models has not been adjusted to compensate for unsampled,
presumably higher porosity, portions of the Culebra. The data include vugs and fractures
only to the extent that they were present in the core samples tested. Both fractures and vugs
could be included in the “fracture” porosities determined from tracer tests (e.g., Jones et al.,
1992), which represent what might be called the effective flow porosity of the Culebra. The
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matrix porosity might, in turn, be called the diffusion porosity. If matrix porosity is being
underesti~ated, the potendal for matrix diffusion is also being underestimated. See also
response 0 comment in EPA's document, p. 25 (I. Technical Comments, D. Additional
Comments on General Geology and Hydrology).

Reference

Jones, T.L., V.A. Kelley, J.F. Pickens, D.T. Upton, R.L. Beauheim, and P.B. Davies.
1992. Integration of Interpretation Results of Tracer Tests Performed in the Culebra
Dolomite at the Waste Isolation Pilot Plant Site. SAND92-1579. Albuquerque, NM: Sandm
National Laboratories. BN
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Page 22: I. Technical Comments, C. General Geology and Hydrology, Data on pH and B

Area in document Volume 3, Chapter 3, Page 341

"What are the cunuitda.taof expected values of the pH and Eh in the Culebra under existing
conditions? If the data exist, they could not be found in the PA."

Response

Ranges for pH conditions in the Culebra Dolomite have been well defined and range between
about 6.5 and 8.0 (see Siegel, 1991, Chapter 2). The pH of the Culebra is expected to be
narrowly constrained because of the tremendous buffering capacity of carbonate minerals.
Any artificially induced perturbation in pH would rapidly be eliminated by
dissolution/precipitation reactions.

Ranges for Eh in Culebra Dolomite groundwaters were investigated by Myers et al. (see
Siegel, 1991, Chapter 6 and Appendix 6A). Myers et al. attempted to characterize Eh by
evaluating four redox couples (As, N, I, and Se) with measurements with a platinum
electrode (refer to Table 6-4 and Figure 6-2 of Siegel, 1991). Unfortunately, many of the
measurements for individual redox species were below the analytical detection limits.
Consequently, Myers et al. were only able to bound the Eh conditions and were not able to
decisively quantify values. Myers et al. did speculate that groundwaters south of the site
boundary are more oxidizing relative to groundwaters to the north (see Figure 6-1 and
discussion on p. 6-22 of Siegel, 1991).
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Reference

Siegei, M.D., S.J. Lambert, and X.L. Robinson, eds. 1991. Hydrogeochemical Studies of
the Rustler Formation and Related Rocks in the Waste Isolarion Pilot Plans Area,
Sowtheastern New Mexico. SAND88-0196. Albuquerque, NM: Sandia National
Laboratories.

Comment T094

Page 22: 1. Technical Comments. D. Additional Comments on General Geology and
Hydrology o

Area in document Volume 2, Page 2-6 (Figure 2-3) ;%:I:'

& E
*
'E\

"The generalized stratigraphy of the Delaware Basin is inaccurate on several account} S

e Castile formation onlaps the terminal platform margin of the Capitan Limestone and
extends further onto inner parts of the Capitan platform. Figure 2-3 shows the top of
the Castile formation being located stratigraphically lower than the top of the Capitan
Limestone. Figure 2-5 on p. 2-8 more accurately depicts the relationship of the
Capitan and Castile formations.

e The Dewey Lake Red Beds are Ochoan in age and should be included in this stage,
along with the Castile, Salado, and Rustler formations.®

Response

Both points in the comment are correct as stated by the EPA reviewer. Edntonalcorrecaons
in future documents are appropriate.

Comment T095

Page 22: 1. Technical Comments, D. Additional Comments on General Geol
Hydrology

Area in document Volume 2, Page 2-10 (Section 2.2.2.2)

"No mention is made of the wide variety of depositional facies that actually comprise the
Capitan Limestone. A potentially important lithofacies, at least with regard to the hydrologic
characteristics of the Capitan Limestone, is the forereef or foreslope facies, which consists of
poorly sorted carbonate clasts shed from the high relief Capitan margin. This facies is
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poorly mapped, may have very different flow characteristics than for other facies in the
Capitan Limestone, and tongues of this facies may extend close to or beneath the WIPP site. "

Response

The first sentence of the comment is plainly correct. We are unaware of evidence for
forereef deposits extending 10 to 15 km into the basin for very different flow characteristics
within these deposits. We would be willing to discuss this topic with the EPA during
technical exchange meetings.

Comment T096

Page 22-23: 1. Technical Comments, D. Additional Comments on General Geology and
Hydrology

Area in document Volume 2, Page 2-10, Line 35 "é;

.“F&
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"*Lateral variations in depositional environments (in the Culebra Dolormte) were small wi
the mapped region...” What is the evidence for this statement? Detailed lithologic columns
for the Culebra Dolomite with lithologies and sedimentary structures should be shown."

Response

Additional detail in the level of referencing will be included as appropriate in the PTB/draft
compliance application. It is not clear that inclusion of stratigraphic columns is relevant to
compliance, except along possible radionuclide-release paths.

pageS-llofHoltandPowm(IQBS) states: "The bulk of the Culebra is microlaminated to
thinty-laminated. The strata may be flat to wavy to locally contorted and discontinuous.
/pms of the Culebra appear macroscopically devoid of depositional fabric. The dolomite
in some zones. With the exception of the upper and lower contact zones, there is
ion of depositional sedimentary features throughout most of the Culebra.”
_Ada'fuony,:‘meﬁﬂnfmmthesamememcluda "The lowermost foot (30 cm) of the Culebra
Tocally 13 thinly laminated to laminated, with alternating light and dark brown laminae.*
"The uppermost few inches to 1 ft (30 cm) of the Culebra often differs radically from the
underlying dolomite. The gamma ray signature of this zone is unique and is present
throughout the Delaware Basin.” We agree that the detail of referencing needs to be
increased; generalized referencing in important areas, is inappropriate,

A large number of detailed correlations, cross-sections, and stratigraphic columns of the
Rustler Formation are contained in Holt and Powers (1988).
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Reference
Holt, R.M., and D.W. Powers. 1988. Facies Variability and Post-Depositional Alteration

Within the Rustler Formatsion in the Vicinity of the Waste Isolation Pilot Plant, Southeastern
New Mexico. DOE/WIPP-88-004. Carlsbad, NM: Westinghouse Electric Corporation.

Comment TO097

Page 23: 1. Technical Comments, D. Additional Comments on General Geology and
Hydrology, General

Area of documnent Volume 2, Chapter 2, Page 2-19

"Use of tools like Schiumberger’s Formation MicroScanner may help to characterizeir. Situ
fractures in most stratigraphic units at the WIPP.*

Response

New geophysical tool.swchasmSarebemg evaluated for their potential usedunngt&ts
associated with new tracer tests in the Culebra dolomite (Beauheim and Saulnier, 1994).

Comment TO98

Page 23: 1. Technical Comments, D. Additionali Comments on General Geology and
Hydrology

Area in document Volume 2, Page 2-24, Line 27

"'These rocks are absent...” Which rocks are absent: the Dewey Lake Red Beds? or the
Dockum Group?”

Response

The Dockum Group (which includes the Santa Rosa sandstone). We recognize that the
subject sentence had an unclear antecedent.
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Comment T099

Page 23. I Technical Comments, D. Additional Comments on General Geology and
Hydrology

Area in document Volume 2, Page 2-39, Line 26

"Will the effect of gases on Ks for radionuclides be considered in experiments?”

Response

Gases produced in the WIPP disposal room may include hydrogen, methane, carbon dioxide,
hydrogen sulfide, nitrogen, and ammonia from corrosion and microbial processes (see Brush,
1990). The primary gasses produced, however, are likely to be hydrogen, carbon dioxide,
and methane. Quantification of the gases produced by corrosion and microbial degradation is
currently being investigated. The disposal room is expected to become anoxic in a relatively
short period of time. In the event of a human intrusion, an influx of radionuclides into the
Culebra Dolomite would be accomplished by some of those disposal-room gases.

Theeffectuexpectedtobeneghglble In order for gases to affect sorption processes
(includes adsorption and ion exchange), the dissolved gas must interact with either the
dissolved radionuclides or with species on mineral surfaces. Methane is got recognized as a
strong complexant for dissolved ions, nor is it likely to interact with mineral surface species.
The effect of hydrogen is indirect, in that it affects pH, which plays a strong role in
controlling the reactivity of mineral surface species and the extent of complexation in
solution. As mentioned in the response to an ecarlier comment, however, pH is constrained
by the presence of vast quantities of carbonate minerals in the Culebra Dolomite. An influx
of hydrogen from the disposal room cannot significantly perturb the natural equilibrium in
the Culebra, unless massive quantities are introduced in a short time. Like hydrogen, the
concentration of carbon dioxide is strongly tied to pH, which is constrained in the Culebra
Dolomite. The range of pCO, is limited to between about 10°2 atm (atmospheric pCO,) and
about 10 atm (10x atmospheric) based on equilibrium calculations (see Siegel et al, 1991,
Chapter 2). However, both pH and pCO, are experimental parameters in the mechamsuc
adsorption experiments being conducted on dolomite and corrensite.

Reference

Siegel, M.D., S.J. Lambert, and K.L. Robinson, eds. 1991. Hydrogeochemical Studies of
the Rustler Formation and Related Rocks in the Waste Isolation Pilot Plant Area,
Southeastern New Mexico. SAND88-0196 Albuquerque, NM: Sandia National
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Comment TI00

Page 23: I. Technical Comments, D. Additional Comments on General Geology and
Hydrology

Area in document Volume 2, Page 4-4, Lines 17-19

"The wording suggests that the effects of pluvial periods (which would increase recharge and
thereby increase the hydraulic gradient and shorten transport time to the accessible
environment), although incorporated into the base case scenario, are not used in transport
calculations in the disturbed scenario. The reasons for the differing treatment should be
explained.”

Response

The sentence in question is badly worded and is misleading. All events and processes
included in the base case are also included in all disturbed-performance scenarios. The
intended point was that because they are included in all scenarios, they are not used in the
process of distinguishing between the disturbed-performance scenarios.

Note that the parenthetical observation in the comment, although logical, is in part
unsupported speculation. Increased precipitation would very likely lead to an increase in
recharge (dependent on other factors such as temperature, topography, and plant cover).
However, increased recharge need not lead to an increase in hydraulic gradient and shorter
transport times. Three-d:menmmalmodehngoftheregmnalﬂowsym:;mpmymto
provide the basis for observations of this sort.

Comment T101

Page 23: 1. Technical Comments, D. Additional Comments on General Geology and
Hydrology

Area in document Volume 2, Page 4-7, Lines 18-20, and Figure 4-1
(Paraphrase) The EPA notes that the water quality in the Culebra may be adequate for dust
control, oil field injection, and fire control. "A requirement that the water be potable for

human or stock use (which is implied by this statement) is not necessarily a prerequisite for
all water-well development.®

Response
This suggestion will be considered for inclusion in the systems prioritization.

-
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The statement does not imply a requirement of potability; the E3 event is withdrawal for any
use (see the reference on page 4-4, line 12 of Volume 2).

Comment T102

Page 23: L. Technical Comments, D. Additional Comments on General Geology and
Hydrology

Area in document Volume 2, Page 7-5, Line 4

"The solubility of gas in brine is assumed to be negligible. This requires justification.
Abundant experimental and theoretical data exist for gas solubilities in water and brines and
should be used to form a basis for this claim. Transport of gas out of the repository as
dissoived species may turn out to be the most important means of gas transport in the WIPP
environment, particularly as pressures increase from atmospheric to near lithostatic as the salt

collapses on the waste panels.”

Response -

Information on the solubility of gases in NaCl brines has been evaluated and published by
Cygan (1991). The transport of gas out of the repository as dissolved gas is not curreatly
modeled in PA. The PA model (BRAGFLO) has the capability to consider gas solubility in
brine, but preliminary evaluation suggests this to be a minor secondary effect. A more
systematic analysis needs to be performed and is planned to better evaluate the assumption of
_ negligible gas solubility. The issue will be considered for inclusion in the SP.

Reference

Cygan, R.T. 1991. The Solubility of Gases in NaCl Brine and a Critical Evaluation of
Available Dasa. SAND90-2848. Albuquerque, NM: Sandia National Laboratories.

uuuuuuuuuu

Comment T103 =N

Page 17: L Technical Comments, C. General Geology and Hydrology

Area in document Volume 2, Chapter 7, Page 7-1

"The last sentence on this page indicates that the storage coefficients and the Culebra
thickness were treated as constants (as opposed to functions of position) in the 1992 series of
calculations. How was the scnmmty of the storage coefficient evaluated in the transient
transmissivity caiculations described in Section 4.3 of LaVenue (SAND 92-7306)?"

IS
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Response

The storage coefficient used in the model was taken from averaging the log,, of the
measurements taken from the Culebra tests. The sensitivity of the model results to the
storage coefficient has not been investigated thus far. We believe that assigning a fixed value
for storage coefficient leads to smaller travel times than would result from calibrating on
storage coefficient as well as transmissivity, based on the foillowing argument:

Calibration of the response of wells H-15 and DOE-1 to the H-11 pumping test provides
critical information on aquifer properties along potential Culebra flow paths. The
drawdown at well H-15 is not well matched using transmissivity fields calibrated from
steady-state data alone (LaVenue et al., 1990 SAND89-7068/1 Figure 5.6a). Simulated
drawdown at H-15 might be increased by increasing transmissivity between H-11 and H-
15, or by lowering the storage coefficient. The effect of adjusting only the
transmissivity can be seen in Figure 4-32 of LaVenue 1992 (SAND92-7306) which
shows a significant reduction in travel time due to inciuding transient data in the
calibration. If storage coefficients were also adjusted in the calibration, a smailer
increase in transmissivity would be required to match the critical drawdown observations
during the H-11 pumping test. The resuiting travel times would therefore be larger than
the travel time3s produced by adjusting transmissivity alone. We therefore believe that
excluding storage coefficients from the calibration produces a conservative estimate for
travel time.

References

LaVenue, A.M., T.L. Cauffman, and J.F. Pickens. 1990. Ground-Water Flow Modeling of
the Culebra Dolomite. Volume I: Model Calibration. SAND89-7068/1. Albuquerque, NM
Sandia National Laboratories.

LaVenue, A.M., and B.S. RamaRao. 1992. A Modeling Approach To Address Spatial
Variability wuhm the Culebra Dolomite Transmissivity Field. SAND92-7306. Albuqm:rque
NM: Sandia National Laboratories.

Comment T104 o
Page 24: 1. Technical Comments, D. Additional Comment on General Geology and
Hydrology

Area in document Volume 3, Pages 1-36

*The nature of the post-closure repository will probably resemble a fracture network more
closely than a porous media, the equation for calculating retardation factors in PANEL
should perhaps be based on surface area as is described in Section 7.6.2.2 of [Volume 2].*
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Response

Comment acknowledged; the discussion of the waste-mobilization model (PANEL) in
Section 1.4.4 of Volume 3 is a general discussion, allowing for non-zero K,s. In actual
calculations with PANEL, the K8 have so far been set to zero, thus simulating the
retardation in a fracture network.

Comment T105

Page 24: 1. Technical Comments, D. Additional Comments on General Geology and
Hydrology

Area in documeni Volume 3, Page 1-47, Lines 30 - 32; Volume 3, Page 1-47, Lines 36-37

(lines 30 - 32) "’Geologic history of the Delaware Basin ...began...during the Ordovician
period...’ This is inaccurate because at least part of the Bliss Formation and lower
Ellenburger Group are Cambrian in age.”

(lines 36-37) *"...the Central Basin Platform uplifted during the Pennsylvanian Period..’
Subtle uplift of the Central Basin Platform probably began as early as the Mississippian (WU
86) and continued on into the Wolfcampian (early Permian) (Wu 86, Ya 93, YaDo 92, .
YaDo 93)."

T
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Additional detail will be included in the PTB report, as appropriate. Regardless of the ™~
impact on compliance or lack of same, we must ensure that what is stated in the PTB report
and/or compliance submittal is technically correct, to the extent possible. Some level of

- disagreement in some areas of geologic work will glways be present.

We recognize that there is some uncertainty concerning the ages of the Bliss and Ellenburger
formations, and that the terminology regarding the beginning of the history of the "Delaware
Basin" is open to different interpretations. We also recognize that there is some uncertainty

regarding the timing of uplift of the Central Basin Platform. We were previously unaware of
the reference (Wu86), and appreciate the information.

In general, the point we would like to raise is that some level of uncertinty and/or
disagreement about some aspects of geologic history in a region as large as the Delaware
Basin is unavoidable, and should be acceptable, unless it has a clear bearing on regulatory
compliance. It is not clear that the level of disagreement indicated in this comment has a
direct role in compliance evaluation. However, we recognize that, certainly in areas having
a direct role in compliance, no information which is demonstrably incorrect should be stated,
no matter how “minor."

DOE/WIPP-95-2053- 1.78 . EPA Comments




L.

Comment TI106

Page 24: 1. Technical Comments, D. Additional Comments on General Geology and
Hydrology

Area in document Volume 3, Page 2-12

"Relative permeabilities are somewhat dependent on the nature of the two phases present.
For which liquid and gas compositions have the relative permeabilities curves been measured
experimentally and/or calculated?”

Response

The Project is currently investigating the issue as discussed in the EPP, Section 5.1.3, Salado
Hydrologic Properties Activity.

Relative permeability curves have not been measured experimentally for WIPP-specific
materials, although laboratory studies are planned (Howarth, 1993). The absence of such
measurements is recognized as a significant source of uncertainty in present analyses.
Current relative permeability calculations rely on models developed by Brooks and Corey
(1964) and by van Genuchten (1980) and Parker et al. (1987). Brooks and Corey developed
their model from relative permeability data using oil and air as the fluids. Van Genuchten
used some of the Brooks and Corey data with oil and air as the fluids as well as some other
data with unspecified fluids. The Parker et al. (1987) extension to van Genuchten for the
nonwetting phase relative permeability did not include any data-model comparisons ifi theif .,

N,

development. R
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Comment T107

Page 24: I. Technical Comments, D. Additional Comments on General Geology and
Hydrology

Area in docyment Volume 3, Page 2-43

"The ’disturbed porosity’ in halite and polyhalite within the Salado formation is, at best, an
estimate. In situ data may be necessary to refine estimates for this parameter.”

Response

The Project acknowledges that this parameter is estimated. Currently there are no plans to
collect in situ data.

Comment TI08

Page 24: 1. Technical Comments, D. Additional Comments on General Geology and
Hydrology

Arsa in docyment Volume 3, Page 2-61

“The 'disturbed permeability’ in anhydrite layers within the Salado formation is only an
estimate. In siru data may be necessary to refine estimates for this parameter.®

Response

The Project acknowledges that this parameter is estimated. Currently there are o, x
collect in situ data. {5

Comment T109 | S

Page 24-25: 1. Technical Comments, D. Addmonal Comments on General Geology and
Hydrology

Area in document Volume 3 Page 2-72, Line 23
"*The cause of fracturing (in the Culebra Dolomite), however, is unresoived.’ A better

understanding of the origin of fractures in the Culebra Dolomite would help constrain the
models on the flow of groundwater and brine,”
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Response

The reviewer's comment is valid. However, the sentence referred to in Volume 3 is not
particularly informative. Considerably more information is known about Culebra fracturing
than is implied here. See, for example, the discussion in Volume 2 of the 1992 PA (p. 2-16,
line 33 through p. 2-23, line 13) and the references cited therein for more information on
the relationship between fractures and hydrologic properties of the Culebra. Questions
remain about the precise origin of fractures in the Culebra (and in most geologic
environments). Present work emphasizes the relationship between the present condition of
fractures (rather than their origin) and hydrologic properties. Regional 3-D groundwater
flow modeling in progress (EPP 5.1.1.2) uses the present spatial distribution of fracturing in
the Rustler Formation and Dewey Lake Red Beds as a basis for characterizing hydraulic
conductivity.

Comment T110

Page 25: 1. Technical Comments, D. Additional Comments on General Geology and
Hydrology

Arca in document Volume 3, Page 2-77 (Figure 2.6-2)
"No well control points or total depths are indicated on this cross section.”

Response

The point is well taken. Control points are given for ERDA-9, although in a way that is
nonstandard for most geologists. The caption should have noted that this is a schematic
cross-section.

-

#

Comment T111
Page 25: I Technical Comments, C. General Geology and Hydrology

Area in document Volume 3, Page 2-77

"Clay filling in fractures through the Culebra Dolomite is poorly characterized. Fracture
aperture, clay (and other phases) mineralogy, clay volume, and petrographic relationships are
not fully documented. These may affect transport of radionuclides through permeable
fracture systems in the Culebra Dolomite.”

V4
EPA Comments 1-81 S ¢ DOE/WIPP-95-2053



Response

A significant amount of effort has been given to investigating the sedimentology and
petrology of the Culebra (see Powers et al. [1978]); Ferrall and Gibbons [1980]; Sewards et
al. [1991]; Siegel et al. [1990); Krumhans] et al. {1990); Sewards et al. [1992]; Sewards
[1991]; Hoit and Powers [1986]; Holt and Powers [1988]; Holt and Powers [1990];
Chaturvedi [1987]; Lowenstein [1987]; U.S. DOE [1984]). A concise and accurate summary
of this work can be found in Volume 2 of the 1992 PA, p. 2-19 and 2-23. As is stated
there, "...clay fracture-linings may play an important role in the chemical retardation of
radionuclides during potential transport...." A significant amount of information exists, and
is being assimilated in conjunction with additional, more specific information that has not yet
been published. This work will be published at a future date. The sensitivity of comphance
to this issue will be considered for inclusion in the systems prioritization. -
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Comment T112
Page 25: 1. Technical Comments, C. General Geology and Hydrology

Area in document Volume 3, Page 2-81
"How was “clay porosity” measured?*®

Response

Clay porosity was not measured. It was estimated by WIPP investigators (see 1992 PA,
Volume 3, p. A-130).
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Comment T113

Page 25: L. Technical Comments, D. Additional Comments on General Geology and
Hydrology

Area in document Volume 3, Chapter 2, Page 2-83, Lines 9-12

"'For many of the weils, a large amount of core was lost in porous (vuggy) and/or fractured
portions of the Culebra Dolomite Member. Thus only intact matrix porosity is reported
here.” Vuggy and/or highly fractured zones may control flow paths in the Culebra Dolomite
and measurements of matrix porosity may be inconsequential.”

Response

The Project agrees that vuggy and/or highly fractured zones probably control flow paths in
the Culebra, but this does not make matrix porosity irrelevant. Matrix porosity is still
important because it represents the potential storage reservoir available for diffusion of
radionuclides from the fractures. This diffusion will act to retard transport of radionuclides
to the accessible environment. In addition to the physical retardation provided directly by
matrix diffusion, sorption occurring following diffusion into the matrix porosity will provide
a chemical retardation mechanism. See also response to comment in EPA document, p. 21
(I. Technicali Comments, C. General Geology and Hydrology, Culebra Matrix Porosity).

Comment T114

Page 25: 1. Technical Comments, D. Additional Comments on General Geology and
Hydrology SR

ES
¢

Arsa in document Volume 3, Page 2-85, Lines 4-5 | B

o

"Why did the PA models use only horizontal fracture sets? This seems unrealistic and could
lead to very inaccurate model results. ®

Response

Comment acknowledged. The models in question (SECO2D and SECO/TP) are briefly
described in Sections 1.4.5 and 1.4.6 of Volume 3 of the 1992 PA, and in more detail in
Sections 7.5, 7.6 and Appendix C of Volume 2.

When modeling a formation as a dual-porosity continuum, the actual orientations of ﬁactures
are unimportant. The modeled fractures are not used to provide connections between points.
The important fracture parameters to be captured in the models are the fracture porosity,

which will control the flow velocity, and the surface area of the fractures, which will control

1-84 _ EPA Comments

DOE/WIPP-95.2053, g

\



the amount of matrix diffusion that occurs. As long as the fracture porosity and surface area
are kept constant, it does not matter if the fractures are modeled as single sets of horizontal
or vertical fractures or as three orthogonal sets of fractures. Single sets of horizontal
fractures are the simplest to model, so that is what PA has used.

Comment T115

Page 25: I. Technical Comments, D. Additional Comments on General Geology an
Hydrology

Area in docyment Volume 3, Page 2-92/101

"Partition coefficients of radionuclides are very poorly constrained and further experimental
work is necessary."

Response
An experimental program desig.ied to address retardation is planned. This program includes

® Mechanistic adsorption studies (surface complexation modeling) on primary mineral
constituents of the Culebra,

® Column experiments with intact Culebra core, and, if needed and justified

® Field sorbing multi-well tracer test.

The model describing actinide sorption to be developed from these experiments will pmde
data to PA. \ AT

R
-4
N

Comment T116

Page 25-26: 1. Technical Comments, D. Additional Comments on General Geology and
Hydrology

Area in document Volume 3, Page 3-17

"In the Waste Retrieval Plan (DOE 93), the depth of the repository is 2,150 feet below the
surface, which is the depth at the floor or sill. In the performance assessment (Volume 3),
the surface elevation is given as 1,023.3 meters and the repository level at 379.0 meters or a
depth of 644.3 meters, which equates to 2,114 feet — a difference of 36 feet. Other
differences include the thickness of the Magenta member of the Rustler Formation, listed as
25 feet thick in Volume 3 and ranging from 22 to 35 feet thick in reference No 90; and the
thickness of the Culebra member, listed as 23 feet in Volume 3, and ranging from 22 to 29
feet in reference No. 90.”
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Response

We recognize that some Project-internal contradictions in quoted elevations/depths within the
WIPP repository have arisen through time. As part of the plugging and sealing program at
Sandia, the Project has initiated the effort of standardizing the reference depths, especially in
the WIPP shafts. It should also be noted, however, that there is some variability in both
depth and elevation within the repository, due to the slight dip of both the Salado Formation
and the land surface.

Table 2.6-1 (pg. 2-76) of Volume 3 lists a thickness range for the Culebra of from 5.5 to
11.3 m. However, this thickness range was not sampled on for these calculations. Instead,
as noted on page 2-72 of Volume 3, the "PA department has chosen 7.7 m as a reference
thickness.” A similar situation exists in the case of the Magenta dolomite, although it is not
considered as a potential radionuclide-release pathway in these calculations.

Comment T117
Page 26: 1. Technical Comments, C. General Geology and Hydrology

Area in document Volume 3, Page 3-37

"It is unclear how the range for the free-liquid diffusion coefficients in Table 3.3-4 were
determined. Typically, free-liquid diffusion coefficients are determined in low ionic strength
solutions which precludes competition among ions. However, diffusion coefficients for the
radionuclides at WIPP should be determined under expected salinities to ensure that diffusion
is not overestimated. " '

Response

The source of the free-liquid diffusion coefficients in Table 3.3-4 is Table E-7 of Lappin et
al. (1989). A discussion of the uncertainties in these numbers is given in Section E.2.4.2 of
the same document. Please refer also to: Dykhuizen and Casey (1989).
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Comment TI18

Page 26: 1. Technical Comments, D. Additional Comments on General Geology and
Hydrology

Area in document Volume 3, Page 3-37

"The last sentence in the first paragraph which states "Because of the improbability of
developing interconnected vertical fractures in plastic halite, this pathway is not modeled in
performance assessment. " needs to be supported and a reference included.”

Response

Initial justification for not including vertical crack development is provided in Section
5.2.1.1, pages 5-23 to 5-27 in Butcher and Mendenhall (1993). This question raises issues
that will be considered for inclusion in the system prioritization.

Reference

Butcher, B.M., and F. T. Mendenhall. 1993. A Summary of the Models Used for Hhe: -
Mechanical Response of Disposal Rooms in the Waste Isolation Pilot Plant with Regard.to
Compliance with 40 CFR 191, Subpart B, SAND92-0427. Albuquerque, NM: Sandia
National Laboratories. o

Comment T119

Page 26: 1. Technical Comments, D. Additional Cornments on General Geology and
Hydrology

Area in document Volume 3, Page 5-3 (Figure 5.1-2) and Volume 3, Page 5-4 (Figure 5.1-
3)

"Volume 3, page 5-3 (Figure 5.1-2). No contour interval is given for this map. It may be
obvious, but the contour interval should still be indicated.”

"Volume 3, page 5-4 (Figure 5.1-3). No contour interval is given for this map. It may be
obvious, but this contour interval should still be indicated.®

Response

Comment accepted. In Figure 5.1-2, the contour interval is 100 m. In Figure 5.1-3, the
contour interval is SO m, with the even 100-m intervals being indicated by a heavier line.
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Comment T120

Page 26: I. Technical Comments, E. Drilling Rate and Intrusion Related Comments, Time
of intrusion for Modeling Purposes

Area in document Volume 1, Chapter 4, Page 4-8, Line 11

"The PA should model subsurface radionuclide releases at more than the one intrusion at
1000 years. What support does DOE have for not including additional releases? Have
different time periods been modeled and put into a sensitivity analysis?"

Response

The sampling of intrusion times may be needed for a complete analysis that would be used
for compliance application. The 1992 PA was not intended as a compliance application.
The decision to limit subsurface reiease calculations to a single time of intrusion was based
solely on resource limitations in 1992.

The 1991 PA included analysis of subsurface releases from 5 times of intrusion (1,000,
3,000, 5,000, 7,000, and 9,000 yr). Comparison of figures 4.1-2 (lower right frame) and
5.1-4 (upper right frame) of Volume 4 of the 1991 PA (SAND91-0893/4) shows the effect of
later times of intrusion on dual-porosity subsurface releases. The 1990 PA sampied the time
of intrusion (rather than including it in the probability model), and results of a formal
sensitivity analysis including tirne of intrusion are published in Helton et al. (1991).

Reference

Helton, J.C., J.W. Gamer, R.D. McCurley, and D.K. Rudeen. 1991. Sensitivity Analysis
Technigues and Resulis for Performance Assessmens at the Waste Isolation Pilot Plan.
- SAND90-7103. Albuquerque, NM: Sandia National Laboratories.

Comment T121 .
Page 27: L Technical Comments, E. Drilling Rate and Intrusion Related Fn’mu*’f‘"

Human Intrusions in 10,000 Years e ;
Area in document Volume 3, Chapter 2, Page 2-3 (Figure 2.1.3) *‘,,
"On Figure 2.1-3, are these DOE or commercial wells?”
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Response

They include both. Note that this is not an exhaustive listing of wells. As the caption
indicates, it is a map of wells that provided information about general stratigraphy. Note
also that the total depth of these weils is not given. Many are wells drilled for potash
exploration, and do not penetrate the repository horizon. These wells should not be mcluded
in an attempt to estimate the probability of penetrating the repository. e

iJ A
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Comment T122 ;
Page 27-28: I. Technical Comments, E. Drilling Rate and Intrusion Related Comments,
Human Intrusions in 10,000 Years

Areg in document Volume 3, Chapter 2, Page 2-3 (Figure 2.1.3)

a) "Assuming that the wells are commercial wells, a simple calculation of human intrusion
based on the boreholes shown on Figure 2.1-3 derives a value of 28 boreholes/km? per
10,000 years. These results are based on 459 boreholes drilied on 13356.6 km 2. It was
assumed that these boreholes were drilled during 50 years.”

b) "A study of oil and gas drilling will discover a cyclic nature. Early exploration will
generally be shallow drilling with high density drilling for easy oil prospects, then this phase
will subside. After a time of hiatus, the next phase will progress to deeper oil and gas
prospects with additional increased density drilling. This phase may include enhanced
recovery from old shallow production such as steam or water flood techniques, this may also
increase drilling density. Then with advancements in technology, after another hiatus,
enhanced recovery techniques will progress and deeper more aggressive prospects will be
drilled.”

¢) "The number of boreholes drilled per area may increase with time, potentially to very
high densities. The oil fields of Pennsylvania, which are more than one hundred years old,
may provide 3 way to gain an understanding of this cycle of drilling. "

Drilling Rate Model

d) "The expert panel results lead to a significantly lower number of boreholes per square
kilometer in 10,000 years than suggested in the Appendix B Guidance to 40 CFR 191. The
probability of zero intrusions over 10,000 years is increased from 2.4 percent for a constant
drilling rate of 3.28 x 10 per year (Volume 4, Table 2.5-2) to 87 percent if the time-
dependent drilling-rate function with the highest cumulative number of intrusions is used
(Volume 4, Table 2.5-1). The use of "expert® opinion to reduce the drilling rate by this
amount appears to belie the original intention of including the guideline of 30 boreholes per
square kilometer in 10,000 years. Other expert panels could be commissioned to devise
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additional future scenarios leading to lower or higher drilling rates, a situation which the
guideline intended to avoid."

e} "“As mentioned above, the maximum value for the drilling-rate parameter used in both the
1991 and 1992 PAs is 3.28 x 10™/year. This is equivalent to a disposal area of
approximately 0.11 km®. Yet the 1991 and 1992 PA used 0.5 km? as an approximate
disposal area. In addition, the 1992 PA (Volume 1, page 5-3) notes that of the seventy
sample vectors of inputs used in the 1991 study, the maximum number of boreholes obtained
by the sampling procedure as implemented was equivalent to a drilling rate of only 20
boreholes/ km? in 10,000 years. This discrepancy was noted in the comments received from
EEG (Volume 1, p. B-19, Comment 22) and has not been addressed adequately in the
current PA." :

Response

Performance assessments conducted for the WIPP have made every effort to be oonsistel;t :
with the provisions of 40 CFR 191 and with the guidance in Appendix C (previously
Appendix B) and in_the Supplementary Information published in the Federal Register with 40
CFR 191.

The reviewer’s observations in parts b) and ¢) about exploration practices are useful.

a) We were not able to calculate 28 boreholes/km? per 10,000 years from the numbers
provided. Using your value of 459 boreholes with an area of around 4000

km? for Figure 2.1-3, yields a value of approximately 22-23 boreholes/km’ per 10,000 years.
However, many of the wells in Figure 2.1-3 would not be included according to Appendix C
and the suppiemental information (also see response to previous comment).

An evaluation of drilling rates for areas underlain by bedded salt indicates a value of
approximately 20 boreholes/km?’ per 10,000 years for New Mexico (Cranwell et al., 1990,
Appendix C).

b) The discussion of the cyclic nature not just of exploration, but of development appears to
be in conflict with guidance in Appendix C (previously Appendix B) that only exploratory
boreholes are to be considered, not exploratory aad development boreholes:

“Therefore, inadvertent and intermittent intrusion by exploratory drilling for

resources (other than any provided ;by the disposal system itseif) can be the most

severe intrusion scenario assumed by the implementing agencies.”

Discussions of drilling practices and rates should carefully distinguish between exploratory
wells and development wells.
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The discussion of initial shallow drilling highlights a second important point. Shallow wells
that do not interfere with the performance of the repository would not constitute human
intrusion. These shallow wells should not be included in the calculation/consideration of
boreholes/km? per 10,000 years.

d) There may be some misunderstanding about the use of expert judgment and the "original
intent” of the guidance in Appendix C. referring to the guidance about both the “chance and
consequences of intrusion” contained in the Appendix, the Supplementary Information to the
1985 Standard States:

"The implementing agencies are free to use other assumptions if they develop
information considered adequate to support those judgments® (50 FR 38080b).

Clearly, the EPA did not intend at that time to require the DOE to include 30 boreholes per
square kilometer per 10,000 yr. The reviewer’s comment here may imply an extension of
the existing regulatory requirements.

Specifically, the following response to the reviewer’s comments that "The expert panel
results lead to a significantly lower number of boreholes per square kilometer in 10,000
years than suggested in the Appendix B Guidance to 40 CFR 191," and “The use of ’expert’
opinion to reduce the drilling rate by this amount appears to belie the original inteation of
including the guideline of 30 boreholes per square kilometer in 10,000 years” is based on
previously published EPA guidance.

Guidance from the EPA in Appendix C (previously Appendix B) indicates that the DOE, as—"--
the implementing agency:

..should consider the effects of each particular disposal system’s site, design,
pa.ssxve institutional controls in judgmg the likelihood and; consequences of such

inadvertent exploratory drilling."

There is additional explanatory text in the Supplementary Information published in the
Federal Register with 40 CFR 191 that indicates an appreciation that the value of 30
probably would and should be reduced:

"However, assesamg the ways and the ua:gﬂw qight explore
underground in the future—and evaluatin of passive controls to
deter such exploration near a repository-- mmed judgement and
speculation. Itmﬂnotbeposmbletodevelopa 'estimate of the probability
of such intrusion. The Agency believes that perforgyand® assessments should
consider the possibilities of such intrusion, but that limits should be piaced on the
severity of the assumptions used to make the assessments. Appendix B to the final
rule describes a set of parameters about the likelihood and consequences of
inadvertent intrusign that the Agency assumed were the most pessimistic that would
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be reasonable in making performance assessments {emphasis added]. The

implementing agencies may adopt these assumptions or develop similar ones of their
own." (50 FR 38077a)

Making assumptions allowing the effect of markers to lower the probabilities is consistent
with text in the Supplementary Information:

"Therefore, determining compliance with the standards involves performance
assessments that consider the probabilities and consequences of a variety of
disruptive events, including potential human intrusion. Not allowing passive
institutional controls to be taken into account to some degree when estimating the
consequences of inadvertent human intrusion could lead to less protective geologic
media being selected for repository sites.” (50 FR 38080b,c)

The reviewer’s comment that "Other expert panels could be commissioned to devise
additional future scenarios leading to lower or higher drilling rates, a situation which the
guideline intended to avoid” is inconsistent with EPA guidance. Guidance in the
Supplementary Information quoted above clearly states that "informed judgment and
speculation” would be involved and indicates that the impact of passive institutional controls
should be taken into account when considering the likelihood of inadvertent human intrusion.
In addition, the guidance clearly states that in fact there is no 'correct’ value and apparently
one was expected.

¢) The points raised in the final paragraph call attention to errors and a lack of clarity in the
PA documentation. The maximum rate constants were not the same in 1991 and 1992
(compare Table 2.3-1 in the 1991 V.2 and Table 2.5.2 in the 1992 V.4), although the
difference is not significant. Both rate constants yield expected values of 30 boreholes/km?
per 10,000 years. They differ only because the target area of the waste was adjusted from
0.109 km? in 1991 to 0.126 km? in 1992, reflecting the inclusion of the area occupied by
horizontal RH-TRU waste emplacement. References to 0.5 km? in both the 1991 and 1992
PAs are errors, That area includes the enclosed volume (the pillars), and was not used in
probability modeling. The statement that a maximum of 10 intrusions gnourd\in the 1992
PA is correct. However, those intrusions occurred into 0.126 km? ragher thas:irivp 0.5 km’.
This corresponds to 79 intrusions in 1 km?, more than twice the numbég suggesied in the
EPA guidance. N owy QY
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Comment T123
Page 28: I. Technical Comments, E. Drilling Rate and Intrusion Related Comments

Area in document Volume 1, Page 4-6

"In the E1 and E2 scenarios, any piugs between the repository and the Culebra are assumed
to fail immediately..." Figure 4.2-2 on page 4-6 of [Volume 3] shows permeability
remaining coastant for 75 years at 10"** m* and increasing to 10 m? at 150 years after
intrusion. Which values were used in the calculation?”

Response

The 1992 PA assumed that the borehole permeability immediately following intrusion was
that of a silty sand, lognormally distributed with a range of 10" to 10! m? (see page 4-3 of
Volume 3 of the 1992 PA). Figure 4.2-2 was included to provide background information.

Comment T124 ‘ e "‘\,\
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Page 28: 1. Technical Comments, E. Drilling Rate and Intrusion Related Comment( &

Area in document Volume 1, Page 4-9, Lines 12-14. "It is not clear how these va.lm for
number of intrusions are related to the 70 realizations shown in Appendix
D of Volume 3 where the largest number of intrusions in 10,000 years
was slightly greater than one per square kilometer.”

Area in document Volume 1, Page 5-3, Lines 35-37. "It is stated here that "the largest
number of intrusions in the 0.5 km? of the waste-disposal area was 10..."
The largest number shown for the 70 realizations shown in Volume 3,
Appendix D, was slightly greater than 1 for one square kilometer. Why
don’t these numbers agree? In addition why does 0.5 km?® appear 1o be

M used when the waste area has a footprint of about 0.11 km? (Volume 3,

Table 3.1-1)? (As an aside it should be noted that the shifting frame of
reference from holes per km? to holes per 0.5 km? creates further
confusion in understanding an already complex subject.)”

Response
The discussion in the 1992 PA was less than clear.

First, all references to 0.5 km® were incorrect. The target area for the waste used in the
1992 PA was 0.126 km?.
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Second, the curves labeled "intrusions” in Appendix D of Volume 3 should more properiy
have been labeled "integrated intrusion rate”. The integrated rate constant does not yield the
number of intrusions that are included in the PA. Rather, it yields the expected value of the
Poisson equation. (See section 5.2 of Volume 2). The assumption that drilling is random in
time and space (i.¢., a Poisson process) means that there is no absolute upper bound on the
total number of intrusions. For any nonzero rate constant, there is always some finite
probability that one more intrusion will occur within the time interval. The rate constant
defines the expected value of the function, not its limit. In the 1992 PA, the :otal number of
intrusions considered in consequence analyses were limited to either those which occurred
with a probability greater than 10 in 10,000 years or to the number 10, whichever occurred
first. Note that 10 intrusions in 0.126 km? corresponds to 79 intrusions in 1 km?,

Solving the following simplified Poisson equation e
l a .
M/ A E(an)] -[AEA1 e (Eg 1)

for = 3.78x10*/yr and n = 10 indicates that 10 intrusions occur in 10,000 yr with a
probability of 3.75x10. As shown in Tables 2.5-2 and 2.5-4 of Volume 4 of the 1992 PA
(pages 2-24 and 2-30), the assumption of 100 years of institutional control reduces this
probability to 3.50 x 10?. Consideration of only one time interval (0-2,000 yr) reduces this
probability to 4.87x10”.

Inspection of Tables 2.5-2 and 2.5-4 of Volume 4 indicates that the maximum number of
intrusions occurring in the time interval (0,2000 yr) with a probability greater than 10 is 7.
Thus, the largest number of intrusions included in subsurface releases in 1992 was 7.
Cuttings releases calculated for all time intervals contained up to 10 intrusions.

Comment T125

Page 29: L Technical Comments, E. Drilling Rate and Intrusion Related Comiments
Area in document Volume 2 Page 4-4, Lines 30-35

"Exploratory water-well drilling into the Culebra Aquifer is reasonable at the WIPP site and
has potential consequences. Also, exploratory drilling for potash could penetrate close
enough to the repository level to have consequences. To date, drilling considerations have

centered only on oil and gas exploratory drilling and other possibilities have largely been
ignored."”
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Response

Scenario development is not a closed process. These suggestions will be considered for
inclusion in the systems prioritization. Direct intrusion into the waste by drilling for either
potash in the McNutt zone of the Salado or water in the Culebra is not a threat because both
units are well above the repository horizon,

Comment T126
Page 29: 1. Technical Comments, E. Drilling Rate and Intrusion Related Comments
Area in docyment Volume 2, Page 4-7, Lines 8-9

"Is there a reference for the conclusion that explosions have no effect on the long-term
performance of the repository?”

Response

Yes. See Chapter 4 of Volume 1 of the 1991 PA (SAND91-0893). The appropriate tex; is _
on page 4-52, lines 5-26. S

Comment T127 D

Page 29: 1. Technical Comments, E. Drilling Rate and Intrusion Related Comments,
Drilling Rate Model

Area in document Volume 2, Page 7-26, Line 19

"The equations presented for calculating the pressure drop for turbulent flow appear accurate.
.. Muds having high salt contents seldom have high gelation properties.”

Response

We agree with these observations. Activities relating to them fall under ongoing cuttings
release model development and laboratory studies.

0
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Comment TI128 —

Page 29: I. Technical Comments, E. Drilling Rate and Intrusion Related Comments,
Drilling Rate Model

Area in document Volume 2, Page 7-27, Line 23

"The possibility of high pressure gas being created by the waste material and eventually
flowing into the wellbore is an important factor. Should such events occur, they would
indeed contribute to the contamination problem by compromising the stability of the borehole
wall and contributing to the quantity of waste material that reaches the surface.”

Response

We refer to the process described in the comment as cuttings removal by spall, and currently
consider its definition our top priority with regard to cuttings release.

Comment TI29 -

Page 29: 1. Technical Comments, E. Drilling Rate and Intrusion Related Comments,
Drilling Rate Model '

Area in document Volume 2, Page 7-28, Line 15

“The scenario presented, in which the driller gradually works his way through such a T
formation is questionable, and would depend on the properties of the compacted waste

material. The waste material may respond as a very compacted, solidified rock and not be

detected at the surface except for its radioactive properties, or it may respond as "a

- Montmorilionite clay suspension” with all solids suspended in a highty pressurized slurry

which flows into the wellbore. This latter scenario would be very troublesome because it

would not be possible to shut the well in using normal well control procedures, without

fracturing other formations in the uncased portion of the hole.”

Response
We agree with these observations. However, the prospect of a montmorillonite clay
suspension is considered very unlikely. Activities relating to these comments fall under
ongoing cuttings reiease model development and laboratory studies.

T

M\
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Comment TI130

Page 30: 1. Technical Comments, E. Drilling Rate and Intrusion Related Comments,
Drilling Rate Model

Area in document Volume 3, Page 3-57 (Table 3.4-1)

"Drilling erosion parameters are given here. Throughout the three volumes there is
considerable discussion about the theory of drilling and the various factors that determine the
effective borehole diameter in waste storage rooms. However, no values for the range and
average of the effective borehole diameter or the volume of cuttings being brought to the
surface was found anywhere. This type of presentation makes it very difficult for a reviewer
who does not actually do the calculations with the SNL codes to evaluate the reasonableness
of the computations.*”

Response

This was indeed an oversight in Volumes 1, 2, and 3 of the 1992 PA and will be corrected in
future documentation. Typically for the 1992 PA the final eroded diameter was 2-3 times the
sampled drill bit diameter. -

Comment TI31
Page 30: I. Technical Comments, F. Source Term, Waste Related Issues

Area in document General

"The performance assessment analysis is only as good as the data on which it is based.
Using the PA to identify critical or key parameters to evaluate the overall integrity of the
repository is appropriate. The PA should serve as the driver to clearly identify those
parameters on which activities sich as waste characterization and experimental testing need
to focus. For example, assumed parameter ranges, values, or repository conditions identified
in the performance assessment should be tested with experiments to the extent possible. For
instance, the actinide source-term has been identified as a key component to the evaluate [sic]
the total performance of the repository. The source-term test program must use a waste
source reflective of a comprehensive review of waste process knowledge and
characterization. This requires input from the waste characterization program. A source-
term test using representative or bounding waste sets the stage to study synergistic affects
waste [sic] that could support or nullify the current values used in the PA. A test performed
with non representative waste does not.”

\\
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Response —_—

Non-radioactive constituents of the wastes are expected to alter the brine composition (for
example, dissolution of portions of cement and/or the generation of CO, gas from the
microbial degradation of combustibles). The brine composition controis radionuclide
solubilities. The Source-Term Test Program, designed to assess the appropriateness of the
Actinide Source-Term Model, uses waste forms that were selected to have significant
potential impacts on the brine composition, and hence on the actinide solubilities (and
potential colloid formation). The DOE invites further discussion on these topics.

Comment T132
Page 31: I. Technical Comments, F. Source Term, Waste Related Issues

Area in document General

"In addition to the experimental testing program, the PA can also identify the important
parameters necessary for waste characterization. Data generated from waste experiments
aimed at gas generation, solubility, viscometric functions, and evaluation of chelating agents
and colloid formation, needs to be verified by identifying the appropriate waste streams.”

Response —

Non-radicactive constituents of the wastes are expected to alter the brine composition (for
example, dissolution of portions of cement and/or the generation of CO, gas from the
microbial degradation of combustibles). The brine composition controls radionuclide
solubilities. The Source-Term Test Program, designed to assess the appropriateness of the
Actinide Source-Term Model, uses waste forms that were selected to have significant °
potential impacts on the brine composition, and hence on the actinide solubilities (and -
potential colloid formation). The DOE invites further discussion on these topics.

Comment T133
Page 31: 1. Technical Comments, F. Source Term, Waste Related Issues /

Area in document Volume 2, Page 7-27, Line 31

“It is mentioned that the waste produced as a result of spalling is very dependent on the
constitutive nature of the compacted composite waste. DOE shouid address in the PA its
approach for determining how assumed values or ranges of factors such as viscometric
functions of the waste will be supported by information obtained by characterizing waste.
This would determine the complete response of such compacted waste materials, should it be
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over pressured with gas. Such an occurrence is similar to what happens in normal oil and gas
drilling when "unconsolidated sandstone” formations are penetrated. In such cases, if the
wellbore pressure is less than that of the fluid pressure in the unconsolidated sand, immediate
flow occurs, the well is blocked and prompt remedial action must be taken. Other formations
which exhibit similar behavior are thick salt beds drilled at great depths, and *gumbo shale”
drilled at shallow depths.”

Response

We agree with these observations and they are included in our thinking in regard to
direction of the ongoing cuttings release model development and laboratory studies.

Comment Ti134

Page 31: 1. Technical Comments, F. Source Term, Uncharacterized RH-TRU Waste
Area in docyment Volume 2, Page 2-51, Line 19

"There is very littie information about the RH-TRU waste inventory. "

Response

From a Performance Assessment (PA) perspective, large quantities of data are not required
for RH TRU. The waste streams are not significantly different from CH TRU except for the
fuel examination sampies. There is , of course, another difference - the radioactive
component, which is stated relative to PA: otherwise it is only an operational concemn.

Comment T135

Page 31: 1. Technical Comments, F. Source Term, Uncharacterized RH-TRU waste ‘l
Area in document Volume 2, Chapter 2, Page 2-51, Line 19

“What does *uncharacterized waste’ mean in regards to RH-TRU waste?”

Response

The category "uncharacterized waste® is mentioned in the 1991 IDB (U.S. DOE, 1991); it
applies to wastes that are suspected 1o be TRU contaminated materials but whose other
characteristics are presently unknown. o '
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Reference

U.S. DOE (Department of Energy). 1991. Imnegrated Data Base for 1991: U.S. Spens Fuel
and Radioactive Waste Inventories, Projections, and Characteristics. DOE/RW-006, Rev. 7.
Oak Ridge, TN: Oak Ridge National Laboratory.

Comment T136
Page 32: I. Technical Comments, F. Source Term, Solubility

Area in document Volume 2, Chapter 2, Page 2-52

"What data are available on solubilities of the target elements (& their various species)?”

Response
Additional detail will be included in Project Technical Baseline.

Some data exist for solubilities of target elements in specific brine compositions, but these
data cannot be generalized to cover all expected changes in brine compositions due to waste
interactions with brines (including gas generation). The solubility model under development
is designed to calculate the variation of actinide solubilities as a function of brine
composition, which in turn will allow solubility analyses to be related to the types of waste in
the repository. Large amounts of data have been generated in this program, and these data
are being used to develop a numerical model. The Project is working to assimilate existing
information and gather the new information necessarv to complete the solubility model. The
relative importance of the experimentally based ac' ‘= concentration information compared
with other information needed for the performance .:ssment will be considered for
inclusion in the systems prioritization analysis.

Comment T137
Page 32: 1. Technical Comments, F. Source Term, Solubility

Area in document Volume 2, Chapter 2, Page 2-52
*Will the source term expert panel be superseded by actual data on solubilities and colloids?

W
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Response

The objective of the ongoing Actinide Source-Term Program is to provide model predictions
of actinide concentrations in WIPP brines to the performance assessment process, where the
model output includes both solubilities and colloids and the model is based on experimental
data. The current plan is to use this experimentally based actinide concentrations model to
support the compliance application. The relative importance of the experimentally based
actinide concentration informatior compared with other information needed for the
performance assessment included in the SP analysis.

Comment T138
Page 32: 1. Technical Comments, F. Source Term, Quantity and General Form of Waste

Area in document Volume 3, Chapter 3, Page 3-9, 10.

“Please identify the quantity of radionuclides and the general form that they are in, e.g.,
sludge, on rags, etc. How would this effect the PA?"

Response

The quantities of radionuclides assumed in the 1992 PA are listed in Table 3.3-1 of
Volume 3 of the 1992 PA; the assumed physical compositions of both CH-TRU and RH-
TRU wastes are stated in Section 3.4 (see especially Table 3.4-1) of that report.

The 1992 series of sensitivity and uncertainty analyses did not investigate the effects of
uncertainty in radioactivity content of the waste. The effects of uncertainty of physical
compositions (varying volume fractions of cellulosics, metallics and sludges) were
investigated and resuits of these investigations may be found in Table 9-3 of Volume 4 of the

1992 PA.
Comment T139
Page 32: 1. Technical Comments, F. Source Term, Quantity and General Form of Waste

Area in document Volume 1, Page 5-4
"How sensitive are the cuttings release estimates to the waste inventory and waste form?*

M
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Response

Formal sensitivity analyses have not been performed using an uncertain radionuclide
inventory. In general, integrated normalized radionuclide releases are relatively insensitive to
changes in the inventory because they are normalized to the total regulated curie content of
the system. This effect can be observed informally by comparing cuttings releases from the
1991 and 1992 PAs, as shown in Figure 4.1-2 of Volume 4 of the 1991 PA (SANDS91-
0893/4) and Figure 8.2-3 of Volume 4 of the 1992 PA. . Despite differences between 1991
and 1992 in both the total number of curies considered and the relative abundance of specific
radionuclides, and the inclusion of early-time intrusions in 1992, cuttings-only CCDFs for
the two PAs lie within an order of magnitude of each other.

Waste form may affect cuttings releases by influencing the amount of waste eroded by
circulating drilling fluid or spalled into the borehole. The 1990 PA examined sensitivity of
cuttings releases to a change in effective waste shear strength from 1 Pa to § Pa, and
observed little effect (Bertram-Howery et al., 1990, Figure VI-5). Subsequent PAs have
used a fixed value of 1 Pa for waste shear strength. Other values of waste shear strength
have not been examined in full PAs. Sensitivity of eroded borehole diameter to changes in
borehole roughness and waste shear strength has been reported by Bergiund (1992,

Figures 2-5 and 2-6). Modeling and experimental work in progress (EPP §5.4) will provide
additional information about the bounding cuttings releases. More detail will be provided in
the PTB report.

References

Bertram-Howery, S.G., M.G. Marietta, R.P. Rechard, P.N. Swift, D.R. Anderson, B.L.
Baker, J.E. Bean, Jr., W. Beyeler, K.F. Brinster, R.V. Guzowski, J.C. Helton, R.D.
McCurley, D.K. Rudeen, J.D. Schreiber, and P. Vaughn, 1990. Preliminary Comparison
with 40 CFR 191, Subpart B for the Waste Isolation Pilot Plant, December, 1990. SAND9S0-
2347. Albuquerque, NM: Sandia National Laboratories.

Berglund, J.W. 1992. Mechanisms Governing the Direct Removal of Wastes from the Waste
Isolation Pilot Plant Repository Caused by Exploratory Drilling. SAND92-7295.
Albuquerque, NM: Sandia National Laboratories.
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Comment T140

Page 32: I. Technical Comments, E. Drilling and Intrusion Related Comments, Waste
Brought to Surface

Area in document Volume 2, Chapter 4, Page 4-13

"How much waste (i.e., # of barrels and associated radiation) is assumed to be brought to the
surface? What is the average and maximum curie content of the drums in these analyses?
How do these values compare to the known inventory?*

Response

The volume of waste brought to the surface due to a drilling intrusion is not assumed but
calculated based on several drilling parameters and the effective shear strength for erosion of
the compacted decomposed waste. The computation is accomplished in the code
CUTTINGS. In 1992 calculations only the drillbit diameter was sampled and all the
remaining drilling parameters were set at their median values. The maximum volume
computed to be released to the surface in the 1992 analyses was approximately 3.3 m® of
uncampacted waste. The CUTTINGS code computes the curie content of the volume
removed based on the best estimate of the inventory uniformly distributed over the disposal
area of the repository decayed to the ime of intrusion.

Transportation and WAC requirements were not explicitly considered in the formulation of
the activity levels for CCDF construction, and the activities reported at later times for the
highest level exceed the 200 fissile-gram-equivalent requirement of the WAC. The decision
to include "nontransportable® waste in the 1991 PA was deliberate, and was based on
uncertainty about future transportation requirements. (Recall that the 1991 and 1992 PAs
were preliminary, and were not intended to be interpreted as compliance applications.) The
effect also occurs in the 1992 PA. _

The effect of the "nontransportable” waste on CCDFs is minor, and results in an
overestimation of the lower-probability/higher-consequence cuttings releases. Figure 3-4 in
Volume 2 of the 1991 PA (SAND?91-0893/2) shows cuttings-only CCDFs calculated for a
single realization using average-activity cuttings and cuttings of multiple activity levels.

'\
e o d
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Comment T141 —~

Page 32: I. Technical Comments, G. Source Term

Area in document General

"Changes in DOE's mission are acknowledged in the 1992 Integrated Data Base (IDB 92),
but only one generator (RFP) has included the effect of their waste projections and revised
them accordingly. Since the initial projections of waste type, isotopic composition,
production rate, and volume were based on assumptions regarding DOE’s continued
production of nuclear weapons and their associated support functions, these projections need
to be reassessed in light of DOE’s changed mission. This is not adequately addressed in the
1992 PA.

Response

The conclusion is accurate and the DOE acknowledges that additional data are required. The
DOE has assigned a task to update this type of information and is planned for publication as
the WIPP transuranic Waste Baseline inventory Report, Revision 1, in December, 1994.
Sandia will receive the source information contained in this document by the end of
November, 1994, to use in their ongoing PA analyses. R

Comment T142
Page 33: 1. Technical Comments, G. Source Term

Arez in document Volume 1, Page 2-16

"The uncertainties associated with the source term need to be resolved. For example the PA
states that "Many of these chemicals [RCRA constituents], if present in significant quantities,
could affect the ability of radionuclides to migrate out of the repository by influencing rates
of degradation of the organics, microbial activity, and gas generation. The effects of these
processes are being studied.” The status of these studies should be reported in the next PA.”

Response

The term "chemicals® in the quoted text referred to all chemicals in the waste, and not
merely the RCRA-regulated constituents. In fact, with the exception of some metals, all
indications are that for most wastes, the RCRA-regulated chemicals are in insignificant
quantities (Table 2-1, DOE/WIPP 89-003).

This information will be reported in future compliance applications and other documents
when available.
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Reference

U.S. DOE (Department of Energy). 1990. No-Migration Variance Petition for the Waste
Isolation Pilot Plare. DOE/WIPP-003, Appendix B. Carlsbad, NM. Waste Isolation Pilot
Plant.

Comment T143
Page 33: I. Technical Comments. G. Source Term

Area in docymeni Volume 2, Page 2-47

"Using a 'scale-up’ of masses estimated from expanded waste characterization information is
only as accurate as the degree to which the projected waste agrees with what is produced
currently. As indicated elsewhere in this report, this is very uncertain.

Response

The comment is correct. The data were entered in 1992 using available records. The DOE
has initiated a task to improve the waste inventory data and has called for new projections
from every site based on current site missions. This report will be issued in December,
1994, as the WIPP Transuranic Waste Baseline Inventory Report, Revision 1. A subsequent
update to that dJocument is scheduled for 1995. The 1994 data will be used for any new
assessments conducted.

Comment Ti44

- Page 33: 1. Technical Comments. G. Source Term

Area in document Volume 2, Page 2-50

The PA uses the design volume for CH-TRU wastes and the RH-TRU maximum curie limit
for calculations. The Integrated Data Base (IDB) in its current form cannot provide any
more than a rough estimate of waste volumes, types, and isotopic compositions. Some of the
sources of uncertainty in the IDB with the potential to affect the PA are as follows:

a) The rational for classifying certain RH-TRU wastes currently in interim storage at
Hanford (HANF) and the Savannah River Site (SRS) is unclear. These wastes are irradiated
fuel components that the sites manage as RH-TRU, apparently for administrative reasons.
Based on the nature and origin of these materials they appear to better meet the definition of
high-level waste as defined in the Nuclear Waste Policy Act. Should these be reclassified as
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other than RH-TRU, they would not go to WIPP, which could affect performance assessment —_
by reducing the RH component of the source term for modeling purposes.

b) The accumulation of data to produce the estimates in the IDB is disconnected from those
activities that can provide the best quality information regarding radionuclide inventory, i.e.,
waste characterization. Additionally, there are several sources of uncertainty within DOE's
waste characterization program. TRU waste generators tend to take a conservative approach
when categorizing wastes, leading to classification of many "suspect™ wastes as TRU. It
appears that as much as 37% of these wastes could be reclassified as low-level wastes, based
on their radioassay.

¢) The IDB contains many internal inconsistencies, i.e., Section 3.42, Table 3.13 vs.

Tabie 3.16. etc. Site-specific radionuclide inventories are based on the information obtained
from "data calls" made to the generators. These calls take the form of requests for
information on current and projected radionuclide concentrations and waste volumes. Due to
the site-specific differences in waste characterization, radionuclide mix and data reporting,
and the need to fit diverse data into a singie format, much of this information is of limited
utility.

d) The 1992 IDB lists the changes relative to the 1991 IDB. Of these, the volumes of TRU
waste increased 35% for SRS, 30% for HANF, and "dramatic® for LANL; projections of
future wastes from RFP were reduced and small changes in current inventories were reported
for all other generators except INEL, which reported no significant changes. It is difficult to
conduct reasonable performance assessments when a defining characteristic of the source
term, radionuclide inventory, is subject to this amount of annual change.

Response

a) Part of the weapon’s program was the sectioning of the fuel rods for metalographic - o NEN
- examination. The fuel was irradiated specificaily for the production of plutonium. These " .-
slices of fuel were polished in hot cells at Hanford and Savannah River, as well as at other
laboratories. The grit, polishing material, phenolic sample holders, and small fuel samples

were then discarded as RH TRU waste, because of the preponderance of plutonium

contamination. Most likely these will not be reclassified as high level waste by the DOE at

the sites mentioned, therefore, they are maintained in the RH TRU waste inventory. Even if

they were to be reclassified, there are large inventories of other wastes that are suspect RH

TRU. Those will be characterized, and if RH TRU, would fill the voided capacity.

b) The estimates made in the IDB were the results of many years of accumulation of TRU
wastes. Instrumentation used for classification could not always discern the lower limits
applied at that time. As these wastes are retrieved, they will be assayed with modern
insrumentation and if classified as low level waste, will be removed from the CH TRU
inventory. There remains a large quantity of unknown waste that will come from the DOE
facility decontamination and decommissioning activities, some of which will be classified as
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CH TRU. In any event, there is a sufficient quantity of waste to be generated to meet the
WIPP stated volume capacity.

¢) The PA used the available data and the IDB happened to be the best available . The
DOE has developed an updated waste inventory, based on the Federal Facilities Compliance
Act mandated Mixed Waste Inventory Report and later versions of the IDB. This WIPP
Transuranic Waste Baseline Report (BIR) has been generated and is in draft for its first
revision, which is due to be published in December, 1994. Sandia will receive the updated
data at the end of November, 1994, for their use. The data contained in this report is more
uniform than the data in the previous [DBs and future data calls wiil be used as the same
input for both the BIR and the IDB.

d) The commentor is absolutely correct. As stated, immediately above, the DOE
recognized the need to improve this situation and it is being corrected with the BIR. This is
not a short term effort, however. It will take time to get all the databases into a compatible
form. The 1995 data call will be only one, which will be used to supply data to the other
databases. The PA will be able to use updated data beginning in December, 1994,

Comment T145
Page 34: 1. Techniél Comments, G. Source Term

Area in document Volume 2, Pages 2-50 and 2-51

"The first two paragraphs [ of Section 2.3.3 of Volume 2] correctly note the uncertainty in
the future radionuclide inventory caused partially by anticipated changes in weapons
production. This inventory change is likely to also change the radionuclide oomposiﬁon and
this could affect the location of the CCDF curve. Changes in the waste form mix oould also
alter the fraction that escapes to the accessible environment.®

Response
This comment is acknowledged.

Comment T146
Page 34-35: 1. Technical Comments, G. Source Term
Areza in document Volume 2, Page 2-51, Line 20-23

“The number of curies of RE-TRU in Peterson’s memo is incorrect because his Table 4 does
not contain ail the short-lived radioactive daughters of Cs-137, Sr-90, Ru-106, and Ce-144.
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The WIPP Land Withdrawal Act (PL 102-579, Section 7) limitation of 5.1 million curies in
RH-TRU waste includes all the short-lived radioactive daughter products. The total in Table
4 should be 3.97 million Curies. Also, the TRU waste unit factor from Table 4 should
actually be 3.91 E+04 because Cm-244 has a half-life of < 20 years and should not be
included.”

Response

This comment is acknowledged. Peterson’s memo was prepared using the only documented
material available at the time (e.g., DOE, 1991) and all of that material predated the passage
of the WIPP Land Withdrawal Act (October 1992). The EPA Standard, 40 CFR Part 191,
Subpart B, was the only standard guiding selection of radionuclides that should be counted
among the WIPP inventory in the 1992 PA.

Reference

U.S. DOE (Department of Energy). 1991. Integrated Data Base for 1991: U.S. Spent Fuel
and Radioactive Waste Inventories, Projections, and Characteristics,. DOE/RW-006, Rev. 7.
Oak Ridge, TN: Oak Ridge National Laboratory.

Comment T147
Page 35: 1. Technical Comments, G. Source Term

Area in document Volume 2, Page A-3, Line 24

"It was stated previously, on page 7-5, line 4, that the amount of gas in the brine is
negligible, but here it states that gas exists in the brine. Why? Is the amount of gas in the
brine considered in the flow equations? Is the change in gas solubility with changing
pressure considered?”

Response

The only significant effect of gas dissolved in brine recognized to date is the effect of gases
such as CO, and H;S on brine pH. Brine pH is extremely important to corrogion and gas
generation calculations and potentially to radionuclide solubilities. The effect of dissolved
gases on brine physical properties is considered to be minor, although future model
calculations will address this question. Solubility data for gas dissolved in brine are
summarized by Cygan (1991).

The two-phase flow equations solved by BRAGFLO and described in Volume 2,
Appendix A, of the 1992 PA contain terms which account for the effect on flow of dissolving
gas in brine and its gas solubility dependence on pressure. In the case of H,, the dominant
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gas phase component, this effect is of a secondary nature and the term in the equation was
assumed to be zero in the 1992 calculations. If significant amounts of CO, are present,
which is likely if biodegradation occurs, then more significant amounts of dissolved gas may
occur. The Project is currently investigating this effect on brine and gas flow through
numerical modeling sensitivity studies.

Reference

Cygan, R.T. 1991. The Solubility of Gases in NaCl Brine and a Critical Evaluation of
Available Data. SAND90-2848. Albuquerque, NM: Sandia National Laboratories.

Comment T148 AN
Page 35: . Technical Comments, G. Source Term { N

Area in document Volume 3, Page 3-20, Line 22

"The estimated inventory also includes over 600,000 Ci each of Strontium-90 and Cesium-
137 which have haif-lives greater than 20 years.”

Response

Inventories of Sr-90 and Cs-137 are listed in Table 3.3-1 of Volume 3. Indeed, the inventory
of each of these radioisotopes is over 600,000 Ci.

Comment T149
Page 35: 1. Technical Comments, G. Source Term

Area in document Volume 3 Page 3-20, Line 34
"The volume limit on RH-TRU waste is 250,000 ft* (about 7,080 m®) not 250,000 m®.”

Response
Comment noted.
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Comment T150
Page 35: L. Technical Comments, G. Source Term

Area in docyment Volume 3, Page 3-21

"DOE has often used detailed data from generators and draft reports (that have not been
made available to reviewers) to develop their inventory (e.g., Peterson in Appendix A cites
Draft Report DOE/WIPP 91-058). It is very important that all of this input data be made
accessible to EPA.

Response

All relevant information and data sources used in the demonstration of compliance will be
made available to the EPA.

Comment Ti151
Page 35-36: 1. Technical Comments, G. Source Term

Area in document Volume 3, Page 3-28

"The statements made on this page about RH-TRU being of less long-term concern than CH-
TRU are correct for the current understanding of the RH-TRU inventory. However, the
inventory is much more uncertain than that for the CH-TRU. Little attention has been given
to the behavior of an RH-TRU canister after it is placed in the wall of a CH-TRU storage
room and creep closure begins. The RH-TRU canister is simply three §5-gallon drums of
untreated waste placed inside a metal pipe that is sealed at each end. The waste is expected
to have gas generation characteristics similar to CH-TRU waste of the same composition.
The RH-TRU waste would have a surface area about 13% of the CH-TRU and this area
needs to be included when calculating the number of drilling intrusions. The statements
about RH-TRU will need to be verified by a more detailed analysis in the future.”

Response

The gas generation potential associated with the RH-TRU waste, containers, and plugs is
included in the current 1994 data base. It was not considered for the 1992 PA "snapshot®.

s “"ly}-

The repository footprint used to determine the number of drilling intrusions was increased
15.5% (from 1.09 x 10° m? in 1991 to 1.26 x 10° m? in 1992) to account for emplacement of
RH waste in the side walls. This larger footprint value was used in the 1992 PA calculations
(Volume 3 of the 1991 PA [SAND91-0893/3], p. 5-17, line 45; Volume 4 of the 1992 PA,
p. 2-20, line 35).
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Comment T152

Page 36: I. Technical Comments, G. Source Term

Area in document Volume 3, Page 3-36 to 3-43

"It is clear that the radionuclide solubilities estimated by various workers show a very large
range, and that these solubilities are dependent on the pH and Eh of the solutions. As noted
in the PA, better understanding of the radionuclide solubilities under conditions similar to
those expected to exist at WIPP is essential to reducing the overall uncertainty in the PA."

Response

The objective of the ongoing Actinide Source-Term Program is to provide model predictions
of actinide concentrations in WIPP brines to the performance assessment process. Where the
model output includes both solubilities and colloids, the model is suitable for post-closure
conditions expected to exist at WIPP, and the model is based on experimental data. The
relative importance of the experimentally based actinide concentration information compared
with other information needed for the performance assessment will be considered for
inclusion in the systems prioritization analysis.

Comment TI153
Page 36: I. Technical Comments, G. Source Term
Area in docyment Volume 3, Page 3-55, lst paragraph

(Restatement) The commentor notes two typographical errors on page 3-55 of Sandia WIPP
Project, 1992.

Response
'Thank you for pointing out these typographical errors.

——
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Comment Ti54
Page 36: I. Technical Comments, G. Source Term

Area in document Volume 3, Page 3-55, 2nd paragraph

"RH-TRU waste to be emplaced at WIPP is limited by volume to 7.08 x 10’ m® and by
activity to 5.1x10° Ci.”

e
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Response
Agreed.

Comment T155

Page 36: II. Format and Content, Stand Alone Document

Area in docyment Throughout

"The performance assessment should be a stand alone document as much as possible. Key
referenced information should be included, and references should be minimized. In order to
help develop the next PA, DOE may want to develop an "example section’ for external
comment. "

Response

The DOE has prepared the 1994 Compliance Status Report (CSR), in part, to solicit external
comment on the appropriate format and content of a compliance application. It would be
helpful for EPA to revisit this comment when reviewing the CSR and indicate whether the
CSR outlines an appropriate approach for a compliance application. Note that the PA is
incorporated into the CSR as an integral part of compliance documentation as apposed to a
stand-alone document. The usefulness of the comment as it applies to a future compliance
application is acknowledged.

Comment T156
Page 37:. II. Format and Content, Including Examples
Area in document Volume 2, Page 3-1, Page 6-1, Throughout

*The PA should include calculations (e.g., associated with CCDFs and Latin Hypercube
Sampling) with actual data to illustrate how the mathematics were implemented.”

Response

This was done in Chapter 3 of Volume 2 of the 1991 PA (SAND91-0893/2) for sample
element 46. LHS input vectors and selected performance measures are reported for all
sampie elements in the 1992 PA in appendices to Volumes 4 and 5 of the 1992 report.
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Comment T157

Page 37: 1. Format and Content, CCDF Development

Area in docyment Volume 1, Chapter 3, Page 3-18, Line 19
"The development and construction of CCDFs should be explained in more detail, with

examples actually used, in the PA to the EPA. How are computational results converted into
the CCDF display format: What uncertainties are introduced?”

Response

This material can be included in the compliance application. Chapter 3 of Volume 2 ot' the
1991 PA (SAND91-0893/2) contains a useful discussion of this subject.

Comment T158
Page 37-39: II. Format and Content, Latin Hypercube Sampling

m_jn_dggymgm Volume i, Chapter 4, Page 4-9, Line 39; Page 4-14, Line 9

"The discussion on Latin Hypercube Sampling (LHS) is incomplete. There shouid be an
example of how it was used in the performance assessment. Does LHS introduce additional
uncertainty into the PA?"

"Please provide evidence that 4/3 times the number of uncertain variables is sufficient for
Latin Hypercube Sampling procedures. The reference quoted in the PA provides no further
information on the specific criteria.”

Measures of Sampling Error for Estimated Curves

"The lack of information on sampling error for LHS-derived estimates is a serious omission
in the current PA methodology. When summary curves, such as the mean or percentile
CCDFs, are generated from the set of LHS CCDFs, a procedure for determining the
sampling error of the estimated mean and percentile curves should be established. One
procedure suggested in the PA is to use multipie LHS samples. An alternative procedure for
estimating sampling error based on resampling methods within a single LHS sample may be
more efficient.®

"It is to be expected that estimates of the mean and extreme percentiles will have rather wide

regions of sampling variation for a sample size of 70. After such analysis, it may be found
necessary to reduce the magnitude of sampling error by increasing the sample size.®
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"The sampling error may also vary with the level of the normalized release. Information on
such variation would be required to determine the level of confidence for concluding that the
selected summary curve satisfies requirements (1) and (2) of Section 191.13(a)."

Correlation between LHS variables

"Current LHS procedures treat the uncertain input variables as uncorrelated. Although this
is a generally accepted statistical practice, some justification for this assumption is necessary.
Several variables may be expected to exhibit correlation, such as permeability and porosity.
Others may also be identified. Parameters with strong correlations should transformed to a
more orthogonal parameterization for the LHS procedures. For example, if the parameters
X > 0and Y > 0 are strongly correlated, then a new parameterization defined as X and the
ratio X/Y will often be less correlated.”

List of Variables not included in LHS Procedures.

"The selection procedure by which variables were excluded from the LHS procedures is
unclear. Starting with a list of all input variables, and the models affected by each,
documentation should be provided of the reasoning by which each variable was excluded
from the LHS procedures. What evidence can be presented that these excluded variables are
"better known’ than those selected for assignment of LHS distributions? The sensitivity.of
model results to these variables and estimates of the precision of each variable shouldbe
included in a discussion of the rationale for their selection or omission.*

Response

More complete discussions of LHS can be found in Chapter 3 of Volume 2 of the 1992 PA,
in Chapter 3 of Volume 1 of the 1991 PA (pages 3-62 and following), and in references cited
in those places.

The Project is currently investigating the issues of the “four thirds" rule, the effect of sample
size on CCDFs, correlations between LHS variables, and documentation of selecting
variables for sampling.

There is no specific evidence that the "four thirds® rule is sufficient for analyses of this type.
The rule has been used for convenience, and demonstration of its acceptability remains to be
done.

The reviewer's comments oa the lack of information about the effect of the sample size on
the location of the summary CCDFs are useful.

Correlations between LHS variables will be included when a defensible basis for such
correlations is available. Until data are available to defend correlations, it is appropriate to
sample variables independently.

'ﬂ,
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The reviewer’s comment on the need for documentation on the method for selecting variables
for sampling is useful. Such documentation can be included in a compliance application.
Some clarification of how “variable” is defined may be useful: there are many "constants”
used in modeling. P

3 ?"_'
Comment T159 Pt

.

¥

Page 39: II. Format and Content, List of Variables not Included in LHS P:;éedurea»/

Area in docymeni  Volume 1, Pages 5-9 to 5-15.

"These CCDF plots for different conceptual models and the supporting discussion are very
useful and lead to several observations. The points noted below assume the plots are correct
although it will be necessary in the future to thoroughly review the models, the probabilities,
and the calculations.”

"(1) The PA department’s "most realistic conceptual model” indicates that releases are
less than 1% of the amounts allowed by the Standard. Yet some of the values being
used are unproved; e.g., the use of plutonium solubility values that are two to three
orders-of-magnitude less than those being found in SNL laboratory reports (SAND92-
1579). The very important drilling rate parameter is less than 1% of the maximum
suggested in the Guidance to the 40 CFR 191 Standard. The K,=0 assumption is
congistent with the agreement between DOE and the State of New Mexico unless valid
experimental values are obtained.

(2) The maximum curve plotted has releases that are 30-40% of the Standard. While
it seems unlikely that both the K, and single porosity values will tum out to be as
pessimistic as indicated here, several potentially negative phenomena are not
incorporated. These include: (a) various scenarios bringing brine to the surface; (b)
greater solubility values for transuranics in the waste storage room and Culebra Aquifer;
(c) the formation and transport of colloids in the Culebra Aquifer or to the surface; (d)
uncertainties in the inventory; (¢) uncertainties in the scenario probabilities; and (f) use
of the maximum drilling rate of 30 boreholes/km? over 10,000 years.”

Response

All but one of the reviewer’s points here are essentially correct and well taken. The 1992
PA was not intended to be a compliance application. Most of these caveats are noted in the
text of the 1992 PA. (See, for example, page 6-3 of Volume 1 of the 1992 PA for
comments about additional work needed in the areas of actinide solubility, K.s, and brine
flows to the surface.) Because 40 CFR 191 sets limits on the probability of radionuclide
releases that have been normalized to the total transuranic inventory in the system,
performance is not likely to be strongly sensitive to uncertainty in the radionuclide. This
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observation has not been tested by formal sensitivity analyses, but can be partially supported
by comparison of the 1991 and 1992 preliminary PAs, which used different inventories.

One point warrants further discussion. The reviewer’s implied requests for the use of the
maximum intrusion rate and a consideration of the effect of uncertainties in scenario
probabilities are inconsistent. The 1991 and 1992 PAs used a sampled intrusion rate
constant, rather than a fixed value, specifically to allow consideration of the uncertainty in
scenario probability. If the guidance in the Standard is to be interpreted as specifying both
the most severe intrusion scenario to be considered and its probability, then there is little
remaining uncertainty in scenario probabilities.

Comment T160
Page 40: II. Format and Content, Estimated Dose

Area in document Volume 1, Chapter 3, Page 3-23, Line 23

(a) "EPA needs to have the complete detailed method used to estimate dose included in the
PA."

(b) "In addition, future assessments will need to use the committed effective dose as reguired
in the new 40 CFR 191."

Response

(a) The complete, detailed method used to calculate committed effective dose can be included
in a compliance application. The GENII-S code is capable of calculating the committed
effective dose. There was no detail on this code provided in the 1992 PA because no

. radionuclide releases occurred from the undisturbed repository and therefore doses were
zero. The detail requested will be provided in the Project Technical Baseline (PTB) report.

(b) All aspects of 40 CFR 191, mcludmgﬂmepomonsrepmmulgatedmnecembalm
will be incorporated in future performance assessments, )

™
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Comment T161

II. Format and Content, Definitions

Area in docyment Activity load categories (Volume 1. Page 5-6, Line 29) Gauge Borehole
(Volume 2, Chapter 7, Page 7-25, Line 3) Dimensions of the controlled
area (Volume 1., p 3-5) Salt String (Volume 2., Chapter 7, Page 7-24,
Figure 7-6)

"Please explain 'Salt String’. Oil and gas operators in the Delaware Basin 'set’ an
intermediate string of approximately nine inch casing at around 4000 feet depth. This string
of casing appears to be at the lower limit of the salt beds. Is this casing the same as ’salt
string’?" '

CH-TRU vs RH-TRU (General)
"How does DOE define radioactive waste (as RH-TRU or CH-TRU) if the surface dose
exposure is < 200 mrem/hr because of internal lead shielding?"

"Since a performance assessment is such an mterdlsclphnary activity, it would be useful to
have a glossary of terms in addition to the list of acronyms. "

Response

The State of New Mexico Ol Conservation Division (OCD) provides a detailed definition of
the "Salt Protection String" required in the Potash Area of Eddy and Lea Counties (inciuding
the WIPP) in Order R-111-P:

"A sait protection string of new or used oil field casing in good condition shall be set not
less than one hundred (100) feet nor more than six hundred (600) feet below the base of
the salt section; provided that such string shall not be set below the top of the highest
known oil or gas zone.” (OCD Order R-111-P, page 7; two additional pages of text
follow specifying procedures for installation of the salt string).

The distinction between CH-TRU and RH-TRU waste for transport to the WIPP is described
in the WIPP Waste Acceptance Criteria (U.S. DOE, 1991) on page 3-45, and is based on
TRUPACT-II Requirements.

"The external dose rates on the loaded TRUPACT-II placed on the trailer are limited to
200 mrem/hr at the surface of the TRUPACT-II and 10 mrem/hr at two meters. Dose

rates on the TRUPACT-II must comply with 10 CFR 71.47. Drums or SWBs shall not
exceed the 200 mrem/hr surface reading or 10 mrem/hr at two meters. Shielded waste

containers are allowed for As Low As Reasonably Achievable (ALARA) purposes only

and must comply with Section 12.0 of Appendix 1.3.7 of the TRUPACT-II SARP."
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The TRUPACT-II SAR (page 1.3.7-55) further states:
"Occasionally, drums of TRU waste that meet the radiation level (surface dose rate)
requirements require ALARA/dose reduction shielding to meet DOE site
requirements....If the measured radiation levels are below the specified levels, but do not
meet the site criteria, shielding may be added to the drum.”

A glossary of terms can be included with the compliance application if necessary.

Reference

U.S. DOE (Department of Energy). 1991. Waste Acceptance Criteri- “~r the Waste
Isolation Pilot Plant. WIPP-DOE-069, Rev. 4. Carlsbad NM: Wes: use Electric
Corporation.

Comment T162
Page 41: II. Format and Content, Use of Bounding Analyses in PA (General)
Area in document General

"The PA should include results from bounding analysis in areas such as the evaluation of
alternative conceptual models.®

Response

While there may be cases when bounding analyses are appropriate, they, as a general rule,
are discouraged for compliance determinations. The reason for this is clear, the Standard
encourages reasonableness in expectation. Bounding analyses may be useful for parameters_
matamofhnlemnnqmcemaltemauvecmceptmlmodelsﬂmwcleaﬂybomdegﬁy
the conceptual model being pursued. ‘

Comment T163
Page 41: II. Format and Content, Misnumbered Equation

Area in document Volume 2, Appendix A, Page A-14, Line 1
"Should Equation (A-11) be (A-10)?"
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Response

Yes.

Comment Ti64

Page 41: II. Format and Content; Potential WIPP Resources

Area in docyment Volume 1, Page 24

"There should be an update on the potential resources at and around WIPP. These should be
portrayed graphically, so that it is clear where the expected resources are located.”

Response

The Project has initiated a re-evaluation of resources based on available data and current
market conditions. This information will be part of the Project Technical Baseline and will
be used in the compliance application.

Comment T165
Page 41: II. Format and Content, Additional Format and Content Comments g

Area in document Volume 1, Page 4-6 \‘% o

"The statement is made that Volume 4 of the 1992 PA documentation will contain
preliminary analyses of the potential for the releases of radionuclides dissolved in brine at the
ground surface. No analyses or discussion of this scenario was found in Volume 4."

Response

The analyses were not performed because of time and resource constraints. They will be
considered for inclusion in the systems prioritization. The decision to omit the analysis was
made after publication of Volume 1.

N
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Comment 166

Page 41: II. Format and Content, Additional Format and Content Comments

Area in document Volume 1, Page 5-17, Lines 25-27

"It states here that Volume 4 will contain results of the 1992 preliminary performance
assessment for informal comparison with the Individual Protection Requirements. Voiume 4
does not contain these results.”

Response

Volume 4 does not highlight the results of the undisturbed performance analyses in its
Abstract or Conclusion. The results are reported in considerable detail, however, in Chapter
4 of Voiume 4, "Undisturbed Performance (Repository/Shaft)." The conclusion is clearly
stated on page 4-53, lines 1-3: "Neither in the previous [1991] analyses nor in the 1992 PA
was there any release of contaminated brine to the accessible environment in the undisturbed
scenario.”
Comment T167 . 1
i o - ;;
Page 42: III. Models, Conceptual Models ‘ '

Area in document Throughout; Volume 1, Chapter 6, Page 6-1, 6-2

"Conceptual models should be fully explained and justified (soon) so that EPA and the public
understand the conceptual models that DOE plans to use in its compliance assessment
package. Future assessments should include the reasons why discarded conceptual models are
no longer being considered.”

Response
Alternative conceptual model screening will be part of the SP.

Comment T168
Page 42: II. Models, Conceptual Models
Area in document Throughout; Volume 1, Chapter 6, Page 6-1, 6-2

"The PA uses 'three conceptual modes for radionuclide transport in the Culebra and two o
approaches to estimating the probability of inadvertent human intrusion into the WIPP by..-
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exploratory drilling.” (The 1,000 year period used for the comparison limit needs to be
revised to a 10,000 year period.)"

"What other alternate conceptual models are to be inciuded in the future? The PA shouid
contain results using alternative conceptual models where there is a significant difference
between the alternatives, and the models that DOE prefers.”

Response

The SP will examine other alternative conceptual models. The Project agrees that
consideration of alternative conceptual models is an important part of the PA. It is not
possible now to list alternatives that will be identified and considered in the future.

(Regarding the parenthetical comment, the Project agrees that intrusions need to be
considered in the fuil 10,000 yr time interval. Note that the integrated releases displayed in
the 1992 PA do consider a 10,000 yr period for transport. Only the time of intrusion is
limited to 1000 yr.)

Comment T169 -
Page 42: NI Models, Computer Generated Maps

Area in document Volume 2, Chapter 2, Figures 2-9, 2-14, 2-16 to 2-17

"The grid spacing selected for the computer generated maps could be improved. For
example, on the southern haif of the map in figure 2-18 the computer generated "goose eggs”
around the sparse well data look questionable. A more realistic map would continue the
regional character and shape established in the northern portion of the map.”

Response

The point is well taken: the "goose eggs® are probably not realistic. However, subjective
contouring of sparse data could create the impression of more information than is actually
available. A more suitable approach might be to simply display the data points without
contours.

Note that the maps are shown for display purposes only. These contours are not used in
quantitative consequence analysis.
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Comment T170
Page 43-44: III. Models, Code Linkage and Data Flow

Area of document Volume 2, Section 1.3, Page 1-3 through 1-5

"The discussion of code linkage and data flow in Section 1.3 of Volume 2 is incomplete.
The secondary data base, which contains all the information on the conceptual model that is
utilized by the WIPP performance assessment analyses, is discussed in one brief paragraph.
No information is presented on the structure of the files in this data base, how access to the
data is controlied, QA procedures, etc. The computational data base CAMDAT, which is at
the heart of code linkage in the PA analyses, receives an even briefer discussion--there is no
explanation of what is meant by the "zig-zag" connection nor how it is achieved."

"Contrary to the assertion in the report that CAMDAT is fully described in the CAMCON
user’'s manual (Re 92), that manual still fails to present a comprehensive discussion of the
structure of the data base and its roie in code linkage and data flow, although it presents a
brief conceptual discussion of CAMDAT which somewhat expands the previous discussion.
It is necessary to tufn to a third reference, a separate report on this topic (Re 89), to find
such information. This last report does, in fact, present a thorough discussion of the
structure and function of the two aforementioned data bases. This material should be
included in the PA report.”

"The overall plan for code linkage and data flow described in the PA report and the
supporting documents cited above, if fully implemented, constitutes a consistent and tractable
methodology for assessing the performance of the repository at this stage of the analysiy. "

"One shortcoming of the 1992 PA was the failure to integrate several key codes into the
CAMCON system, namely BRAGFLO, SECOTP2D and CUTTINGS. Since 70 simulations
of three distinct scenarios were analyzed, this posed a large burden on the individual ’
analysts, requiring hundreds of manual data transfers with concomitant chances of errors and
breakdowns of the QA process. Integrating these codes should be a high priority."

"Given the fact that substantial manual data transfer is curreatly necessary, it is unclear how
uncertainty and parameter sensitivities are being carried through from one model to the next.
For exampie, once the sensitivity and uncertainty analysis is performed on the source-term
model, how are the distribution of release rates, etc. being input into the flow and transport
models such as SECO and BRAGFLO? Furthermore, it is not clear how sensitivities to
various uncertainties associated with the model boundary conditions for each of the models
are being accommodated within the analysis."

"Two areas where improvements could have major impacts on future PAs are better code
integration and expanded computational facilities. Despite its current drawbacks, the
CAMCON system is a practical approach to linking disparate codes which have been and
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continue to be developed by various code designers working with specialists in different
disciplines. It seems to be a suitabie methodology to use at the present state of model
development. However, in the long run, CAMCON is not a substitute for a single, fully
integrated model. As described in the cited references, it is not computationally efficient.
Each pre- and post-processor to the major codes involves additional computational steps.
Furthermore, running each code ab novo for each realization invoives many repetitive
calculations, whereas a fully integrated model should be able to repeat only those calculations
required by a changed parameter, in some cases perhaps scaling the results of a previous
calculation. More than inconveniencing the analysts, this lack of efficiency severely limits
the scope of the analysis, limiting the number of Monte Carlo simulations, the complexities
of the models which can be employed, and the number of scenarios which are modeled."

Response

CAMCON and CAMDAT are an integral part of the code linkage and data communication
process which provide the computational structure of WIPP performance assessment. It is
important that sufficient detail be presented in a compliance application or supporting /. -
information that the regulator can easily understand the computational structure and i ™
methodology used. The level of detail in describing CAMCON and CAMDAT in
Section 1.3 of Volume 2 is inadequate and will be expanded for the application.

The Project is currently investigating the issue of software QA. Computational codes such as
BRAGFLO, SECO TRANSPORT 2D, and CUTTINGS were not included within the
CAMCON system primarily because these codes were still in the development and transition
stages. One of the highest priority tasks for PA in 1994 is in the area of software QA.
BRAGFLO currently receives all of its input from CAMDAT via a pre-processor and writes
all of its output to CAMDAT via a post-processor.

Manual data transfer was not done in the 1992 PA. This was an unfortunate choice of words
which incorrectly suggests that the data entry and data transcribing process was inconvenient,

Inefficient, and possibly error prone. Actually, what was meant by "manual data transfer”
was "electronic data transfer outside of the CAMCON executive controlier.” This invoived
the direct reading of output of one model by another to obtain the latter’s input.

The issue of using a single numerical model was considered in the past and dismissed. Ina
modeling environment as large as that of the WIPP PA, and characterized by diverse and
distinct phenomena occurring in well-defined regions within the repository and natural barrier
systems, it is not only inefficient but undesirable to develop a single all-encompassing
numerical model. It is inefficient because phenomena important in one region would be
carried along as extra baggage in other regions. Sensitivity analyses often require
intermediate results which focus only on the performance of a small portion of the disposal
system, and should not require running the entire modeling system. It is more efficient to
split the larger picture into smaller, more manageable, portions and model each portion’s
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particulars as rigorously as necessary. The amount of computational effort expended in
linking the models together is negligible compared to the effort of simulating the physics.
The CAMCON approach is computationally efficient when placed in the context of the PA
modeling scope and demands.

Comment T171
Page 44-45: III. Models, Cuttings Model

Area in document General

"Most of the technical assumptions and data quality appear to be reasonable and accurate.”

"It is important to reiterate the comment that the spalling mechanism is difficult to handle
and is not well understood. This does not mean the issue should not be vigorously addressed.
Using the *Unconsolidated Sand’ analogy, as discussed in the SAND92-7295 report, is a
good approach.”

" Assumptions made for the calculation of erosion including effective shear strength for
erosion of waste material and volume of material discharged to the surface need further
technical support. The plugging and abandoning procedures and the data for drilling in the
Delaware basin seem to be in order.”

"One obvious weakness observed in the CUTTINGS model is the lack of physical property
data for the waste material. The predictions for drilling, erosion, and spalling, are highly
dependent on the material properties. These properties may need to be developed through a
joint effort between people working on performance assessment and waste characterization,

A very soft, highly pressurized material may present a unique 'blow-out’ poteatial.” .- ..
& E 15‘»,

Response fie IR

The Project is currently investigating the issue. j .

We agree with these observations and they are included in our thinking in regard to direction
of the ongoing cuttings release model development and laboratory studies (see EPP 3.2.4.3,
5.4.3.1, 5.4.3.2). .
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Comment T172

Page 45: II. Format and Content, Cuttings Model

Area in document General

"A second weakness observed is in the rheology model which used only two data points to
develop a model which describes the entire rheogram. "

Response

The observation is correct. The data used to characterize the high salt drilling mud is
consistent with a Bingham model which requires only two parameters, the plastic viscosity
and yield point. To fully define the Oldroyd model the ratio of the initial viscosity (at zero
shear rate) to the plastic viscosity is also necessary.

A high-salt, water based mud is assumed to be the drilling mud used when drilling through
the Salado. The Oldroyd model requires a value for the ratio of the initial viscosity (at zero
shear rate) to the plastic viscosity, to fully define the model in the low shear regime. This
ratio was not available for a high-salt, water-based mud in 1992 so a ratio based on an oil
based mud was chosen. Since high shear rates occur at the borehole wall the value chosen
for the ratio was expected to have little impact on the final model diameter. The Project is
evaluating the sensitivity of eroded diameter to this issue.

Comment T173
Page 45: III. Models, Cuttings Model N

~ Area in document Volume 2, Figure 7.6, Page 7-24

"Figure 7.6 located on page 7-24 of Volume 2 shows the drill pipe being rotated an a counter
clockwise direction, which is inconsistent with standard drilling processes. Although this
misrepresentation will not affect the actual calculations for waste removal, if does present an
unrealistic condition which could be construed as lack of understanding of drilling
technology. Should the drill pipe be rotate as shown, the entire drilling assembly would
come apart because of the tool joint would unscrew as torque is applied to the bit.”

Response

Thank you for pointing out this error. The rotation direction in the figure has been
corrected.
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Commens Ti74
Page 45: M. Models, Cuttings Model

Area in document General

"In Volume 2 of SAND 91-0893 it is stated, on page 7-16, that when modeling erosion,
turbulence existed as the hole washed out from 0.4445 m to 0.994 m. It is difficult to
imagine flow through a 0.994 m wellbore having a Reynolds number of 4319. This
calculation should be checked.”

Response

The computation was rechecked and found to be correct. :
Comment T175 %\
Page 45-46: III. Models, Cuttings Model

Area in document General
“In further refining the CUTTINGS model, the following should be considered:

® Include uncertainties associated with the range of waste inventory instead of basing
source term on drum equivalent.

® Additional analyses are needed on the practicability of drilling expioratory wells in the
Delaware basin using siim holes

® The physical properties including viscometric properties of compacted slurries of
waste material are needed, Evaluations possibly tests should be performed under

e Spallation predictions are an important topic requiring additional work.

] Amdeuibdmeognm,buedonmulﬁ-speedviwomdan,mmwusedfor

calculating shear stresses at the wellbore wall, and for calculating the occurrence of
turbulence for a multiphase non-newtonian fluid of cuttings and drilling mud.

® Local concentrations of radionuclides near the waste panel should be added to the
cuttings volume*
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Response

These comments raise issues that will be considered for inclusion in the SP.

~

Comment T176 s ,J?
VN ha
Page 46-47: II. Models, BRAGFLO Changes \Q /

Area in document Volume 2, Appendix A, Page A-19, Line 10Volume 2, Chapter 7,
Page 7-3 to 7-5

"When you say 'time constraints’ do you mean you don’t have enough time to accomplish
the changes 0 BRAGFLO, or do you mean that the code itself takes so long to run? It
would seem the addition of general behavior would enhance versatility and the value of
BRAGFLO. Will there be time in the future to generalize this aspect of BRAGFLO?, . ."

". . . However, based on the presentation of boundary condition formulation on Page A-17
of volume 2, it does not appear that the well boundary conditions are properly formulated.*

%’5‘ ‘:“ W

Clarification of the 1992 PA, Volume 2, Page A-19, lines 9-10: amee

"To program the integration and summary calculations to be completely general to
enable it to perform on any mesh is not feasible under the PA time constraints.”

The time constraints referred to are not computing or run time for BRAGFLO, but rather
analysts’ and code developers’ time. This inciudes code that might make BRAGFLO more
versatile or easier to use for users outside PA. Tools already existed for performing the
integrations and summary calculations outside BRAGFLO within the CAMCON system.
Although BRAGFLO had not been adapted to use these tools in the 1992 version, the code
has since been upgraded to use them. BRAGFLO can now print out "history variables,”
which are resuits printed out at every time step, thereby enabling integrations to be
performed in post-processing to the same degree of accuracy as they could be done internally
to BRAGFLO. Algebra is then used to perform integrations or other summary calculations.
This capability frees BRAGFLO from having to be hard-wired to a particular mesh.

Clarification of the BRAGFLO boundary condition treatment:
In BRAGFLO, relative flows of each phase across the boundary in a grid block containing a

constant pressure well are proportional to their relative saturation in the well block. In this
way, the model does calculate these percentages.
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Comment T177
Page 47. III. Models, BRAGFLO Changes

Area in docyment Volume 2, Appendix A, Page A-19, Line 10; Volume 2, Chapter 7,
Page 7-3 to 7-5

a) "The temporal and spatial discretization methods used in BRAGFLO are very inefficient
and would lead to very long simulation times. Specifically, the finite-difference spatial
discretization scheme should be reexamined; numerous pre-processing packages are available
to facilitate the finite element grid construction, thus eliminating any advantage of the finite-
difference techniques. This is particularly true when a telescoping mesh procedure is used in
the WIPP modeling to refine the model domain. A finite-element mesh would have allowed
the same descretization without sacrificing the ability to evaluate the sensitivity as the
solution to regional model boundary variations.*”

b) "It is stated on page A-5 of volume 2 that 'The BRAGFLO flow model simultaneocusly
solves five equations.’ This approach is very inefficient and by substituting the constraints
into the balance equations only two unknowns would have to be simultanecusly solved.
Furthermore, adaptive implicit procedures exist which would allow only one unknown ;gvbe
solved at nodes where only one phase (i.e., gas or brine) exists.” :

4 ® N
Responge vE

a) The temporal discretization method used in BRAGFLO is adaptive and therefore efficient.
The spatial discretization and solution method is driven by the need for robustness. The
particular 2-phase problems solved for the WIPP, with large pressure gradients and property
discontinuities (of several orders of magnitude) is very demanding of numerical methods.

b) BRAGFLO actually only solves two equations per grid block. The three constraints are
used to eliminate unknowns in the differential equations. The unknowns solved for are brine
pressure and gas saturation. Adaptive implicit methods, adaptive in the sense of switching

dependent variables, are difficult to implement in a robust form when the dependent variable
at a node/element switches within a time step, i.e., when one phase disappears or reappears.

Comment T178
Page 47-48: III. Models, BRAGFLO Changes

Area in document Volume 2, Appendix A, Page A-19, Line 10; Volume 2, Chapter 7,
Page 7-3/5

“The PA assumes that the properties of the gasphaseareappmnmatedbymoseofhydrogen
(Volume 2, p. 7-3). The PA further states that using hydrogen serves as a 'worst case’

) /—\
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analog because hydrogen is much less viscous than the other gases expected to exist in the
repository (CO,, etc.) and, as a result, would more likely be transported to the accessible
environment. This assumption is valid, but the ease with which hydrogen escapes from the
repository may in fact alter the ease with which brine moves out of the repository. In two-
phase flow modeling, it is important to note that each phase present affects the relative
permeability of the other phase, and by removing hydrogen from the repository the predicted
movement of brine may be affected. As CO, may be more representative of the fluid flow
properties of gases present, why not use CO, in the model or at least compare the behavior
of the two gases?"

Response

Hydrogen produced by corrosion is expected to be the most abundant gaseous component in
the WIPP environment. Approximately 2/3 of the gas to be generated is believed to be H,
and the remainder to be CO,. Assuming less mobile properties for the gas is not expected to
increase the migration of either the gas or brine phase. Calculations are planned to evaluate
this effect and the current PA assumptions.

Page 48: III. Models, BRAGFLO Changes / e
Area in document Volume 2, Appendix A, Page A-19, Line 10; Volume 2, Chapter 7,
Page 7-3/5

"The model also assumes that none of the gas is transported as a dissolved component in the
brine (Volume 2, p. 7-5). Considerable data exist on gas solubilities in water and salt
solutions at pressure-temperature conditions similar to those expected to exist at WIPP
(SAND90-2848 ...), and these should be built into the model, rather than assuming no
solubility of gases in the brine.®

Response

The Project is evaluating the sensitivity of compliance to this issue by means of performance
assessment and other modeling sensitivity studies.

Information on the solubility of gases in NaCl brines has been evaluated and published by
Cygan (1991). The transport of gas out of the repository as dissoived gas is not currently
modeled in PA. The PA model (BRAGFLO) has the capability to consider gas solubility in
brine, but preliminary evaluation suggests this to be a minor secondary effect. A more
systematic analysis needs 10 be performed and is planned to better evaluate the assumption of

negligible gas solubility.
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Reference

Cygan, R.T. 1991. The Solubility of Gases in NaCl Brine and a Critical Evaluation of
Available Data. SAND90-2848. Albuquerque, NM: Sandia National Laboratories.

Comment T180
Page 48: II. Models, BRAGFLO Changes

e
.
74 Y
2 4
T

s
kd

Area in document Volume 2, Appendix A, Page A-19, Line 10; Volume 2, Chapte
Page 7-3 10 7-5

"The algorithm that describes flow of brine and gas from the repository is only concerned
with the conservation of mass. Presumably, flow is assumed to be isothermal, since
conservation of energy and momentum are not required. Cooling (or heating) of the brine-
gas mixture as it flows into or out of the WIPP repository might have a significant affect on
the transport of hazardous materials, particularly, VOCs, to the accessible environment. Are
there plans to incorporate energy and momentum conservation into the flow equations?"

Response

The Project has already investigated and resolved the issue of thermally driven repository
processes and work is complete. With respect to analyses primarily concerned with
horizontal pathways the assumption of isothermal flow is considered to be an appropriate
representation. However, for vertical migration, the effect of the geothermal gradient on
migration of radionuclides and VOCs has not been addressed.

This issue affects the compliance analysis as follows: For issues associated with vertical
migration there may be a need for analyses to determine the effect of the geothermal gradient
on migration of radionuclides and RCRA constituents. The issue will be considered for
inclusion in the systems prioritization.

Comment T181 | )

7
Page 48-49: IV. Regulatory Issues, Include 40 CFR iges in Future Assessments
Area in document Throughout

(a) (Restatement) Consider changes to the Groundwater Protection Requirements.

(b) "Future assessments should identify the potential aquifers, the water quality (i.e., total
dissolved solids), and potential underground sources of drinking water.”
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Response

(a) All aspects of 40 CFR 191, including those portions repromulgated in December 1993,
will be incorporated in future performance assessments.

{b) As stated in a paper recently presented at the Waste Management '94 conference (Trauth
et al., 1994), we propose to determine when and if underground sources of drinking water
should be identified and characterized (i.e., when such a characterization will provide
pertinent information for a compliance application). Briefly, identification and
characterization of USDWs should not be required if no radionuclide releases to the
accessible environment are predicted for 10,000 years or if 10.010 year peak predicted
releases to the accessible environment are less than or equal to —:¢ applicable Maximum
Contaminant Levels (MCLs). USDWs along the pathway should be identified and
characterized if peak predicted releases to the accessible environment for 10,000 years are
greater than the MCLs.

Reference

Trauth, K.M., S.G, Bertram, and B. Bower. 1994. "Considerations for Guidance for
Radioactive Waste Disposal Arising from Rules Under 40 CFR 191 and 40 CFR 194,
Proceedings of Waste Managemers '94 Conference, Tucson, AZ, February 27-March 3, 1994.

& f\#\\
Comment T182 %%

v

Page 49: IV. Regulatory Issues, Use of Passive Institutional Controls Wl T

Area in document Volume 1, Page 3-11; Throughout
"The Guidance does state that passive institutional controls could reduce the likelihood and

consequences of inadvertent drilling intrusion, but DOE should present the calculation and
their results before taking credit for the passive controls.”

Response

The 1992 PA did this. Results are presented in Chapter 5 for intrusion probabilities
estimated both with and without the effects of passive markers.

U
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Comment T183
Page 49: IV. Regulatory Issues, Justification of Driiling Rate

Area in document Volume 1, Chapter 3, Page 3-11, 3-12

“While the 40 CFR 191 Guidance states ’that the likelihood of such inadvertent and
intermittent drilling need not be taken to be greater than 30 boreholes per square kilometer of
repository area per 10,000 years...,"” DOE still needs to justify its rationale for accepting or
not accepting the Guidance drilling rate. The driiling rate used in the performance
assessment is dramaticaily different than that discussed in the Guidance. The oomphance
criteria will further address this topic."

e &
The drilling rates used in PA will be reevaluated when the compliance criteria are a
Past PAs have deliberately used an uncertain rate (i.e., they have sampled values of the
Poisson rate constant from a range which results in an expected value of 30/km?/10,000 yr at

its maximum) to examine system sensitivity to the drilling rate. These preliminary PA
analyses have demonstrated that performance is extremely sensitive to future drilling rates.

&‘?

!

Comment T184
Page 49-50: IV. Regulatory, Engineering Measures

Area in document Volume 1, Chapter S5, Page 5-20, Line 12; Volume 2, Chapter 2, Page 2-
50

"The ’additional engineering measures for the WIPP® should be modeled in the PA to
evaluate the effect of these measures on the institutional control even during construction of
WIPP (EEG 92)."

Response
Engineefed alternatives will be evaluated for inclusion in the systems prioritization.
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Comment T185
Page 50: IV. Regulatory Issues, Undisturbed Performance

Area in document Volume 1, Chapter 5, Page 5-21, Line 9

(@) "The new Subpart C requires the disposal system be designed for 10,000 years of
undisturbed performance.”

(b) "All possible groundwater uses should be considered and evaluated.”

Response

(a) All aspects of 40 CFR 191, including those portions repromulgated in December 1993,
will be incorporated in future performance assessments.

(b) The text in question refers to the consideration of "special sources of groundwater” as
defined in the 1985 version of 40 CFR 191. The regulation now requires consideration of

underground sources of drinking water in the accessible environment. Future documentation
will .reflect that requirement.

Comment T186
Page 50: IV. Regulatory Issues, Incompleteness of Modeling System and Da

Area in document Volume 1, Chapter 6, Page 6-1, Line 12

"What parts of the modeling system and database are still incomplete? What is being done to
fill the data gaps? Statements like this should not be presented in the PA without
explanation. This problem occurs throughout the PA.*

Response

The complete sentence referred to begins: “As summarized in the following discussion,
however, the modeling system and data base are still incomplete...* The discussion
following on Page 6-3 provides a very brief summary of the major parts of the system that
remain incomplete. It was not possible to compress this information into a single sentence.
Instead, the caveat was supplied with the reference to the following text for additional

M
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Comment T187 -
Page 50-51: IV. Regulatory Issues, Incompleteness of Modeling System and Database

Area in document Volume 1, Chapter 6, Page 3-11

(a) "Active institutional control has been assumed by SNL in prior preliminary comparisons
to eliminate any possibility of inadvertent human intrusion during the first 100 years after
WIPP decommissioning. However, in the 1992 PA this possibility is included. This is a
preferred interpretation because a 100-year period of institutional control is not required by
the Standard or the LWA and DOE has not committed to such action.”

(b) "There have been lapses in institutional control even during construction of WIPP."

Response ' A
SR

(2) Hora’s memo in (Volume 3, Appendix A, p. A-69 to A-99) contains guidance from ﬁle
Futures Panel on the timing of intrusions, including the possibility of intrusions in the first

100 years after closure of the repository. In the performance assessment calculations,
intrusions in the first 100 years were precluded based on Guidance to 40 CFR 191 that active
institutional controls may be able to "prevent or limit potential releases of waste from a

disposal system" (50 FR 38080a) for some time after closure, not to exceed 100 years. This

is clearly stated in Volume 1, Chapter §, p. 5-18, 1. 20-22 that in the 1992 PA "no intrusions
are assumed to occur during the first 100 years after decommissioning.” Details of the

DOE's active institutional control will be included in the compliance application.

o P

(b) The reference to lapses could not be located in EEG 92. It was assumed that the
reference was to the JR-13 well. Neither the actions surrounding the JR-13 well (which was
drilled in compliance with the regulations in effect at the time) nor the written record suggest
that institutional memory was lost. Proper control of the activities taking place in the area of
the WIPP was maintained throughout the construction of the WIPP.

Comment T188

Page 51: IV. Regulatory Issues, Incompleteness of Modeling System and Data Base

Area in document Volume 1, Page 3-21

*1t is stated that 'Thus, the EPA assumes that satisfying the numeric requirements is
sufficient to demonstrate compliance with 191.13(2) but not mandatory.” This statement is

incorrect. EPA did not make such an assumption. EPA's statements about 40 CFR 191
appear to have been taken out of context and misinterpreted in the PA report.©
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Response

EPA is requested to clarify the meaning of the text quoted on pages 3-20, lines 24-33 and
39-49, and page 3-21, lines 1-3. This text is from 40 CFR 191.13(a) and from Appendix C
to 40 CFR 191.

g;‘] "

Comment TI189 o
T

Page 51: IV. Regulatory Issues, Incompleteness of Modeling System and Database : %ﬁ%ﬁ- ;

Area in document Volume 1, Chapter 5, Page 5-17, Line 39-42 | g

(Restatement) "...in the final PA suggests assurance requirements will be used quantitatively

and only if needed.” EPA states that this is inconsistent with the 1985 Standard Guidance and
Preamble that assurance requirements are a qualitative measure only.

Response

Guidance in what i3 now Appendix C (identical to the text that was Appendix B in the 1985
promuigation of 40 CFR 191) states: "The implementing agencies should consider the effects
of each particular disposal system’s site, design, and passive institutional controls in judging
the likelihood and consequences of such inadvertent exploratory drilling.” EPA has stated
that the impact of passive institutional controls should be considered in a quantitative fashion.
The Supplementary Information to the 1985 promulgation of 40 CFR 191 included:

"Not allowing passive institutional controls to be taken into account to some degree when
estimating the consequences of inadvertent human intrusion could lead to less protective
media being selected for repository sites.” (S0 FR 38080b,c)

and

"The Agency also assumed that passive institutional controis should reduce the chance of
inadvertent intrusion compared to the likelihood if no markers and records were in place.
Specific judgments about the chances and consequences of intrusion should be made by the
implementing agencies when more information about particular disposal sites and passive
control systems is available.” (50 FR 38080b)

M
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Comment T190
Page 51: IV. Regulatory Issues, Incompleteness of Modeling System and Database

Area in docyment Volume 1, Chapter 5, Page 5-18

(a) "The Standards do not automatically grant a 100-year period free from intrusions. The
statement on page 3-1! is a more accurate interpretation.”

(b) "The assumptions used in future PAs should be consistent with the length and degree of
active institutional control to which DOE eventually commits and considerations of failure in
preventing all human intrusions.”

Response
(@) Text in the Supplementary Information for the 1985 version of 40 CFR 191 included:

"The proposed rule limited reliance on ’active institutional controls’ (such as controlling
access to a disposal -site, performing maintenance operations, or cleaning up releases) to a
reasonable period of time after disposal,” (50 FR 38079¢-38080a)

In the fina! rule, the "reasonable period of time® was changed to no more than 100 years. PA
calculations use what was considered to be a "reasonable period of time."”

The text on page 3-11 was not clear in stating that in 1992, as in previous years, no
intrusions were allowed during the first 100 years. Text on page 5-18, lines 21-22 is clearer.

() Comment acknowledged. The DOE'’s active control program will be ducnbedm the
compliance application. '

Comment T191
Page 51: IV. Regulatory Issues, Incompleteness of Modeling System and Database

Area in document Volume I, Chapter 5, Page 5-19, Line 39

(a) "It is stated here that, with respect to drilling, DOE has control of the area within the
land-withdrawal boundary from the surface to a depth of 6,000 feet. This is not accurate.”

() “The WIPP Land Withdrawal Act provides no lower limit to the control of the
subsurface, except for those two leases which underlie Section 31 and for which the 6,000

foot limit currently applies.”

———
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Response

(@) Text immediately preceding this text quotes from the Land Withdrawal Act about the
withdrawal of the land from entry appropriation and disposal (Section 3(a)(1)). It should also
quote the exception (Section 4(b)(4)) for the rights under Federal Oil and Gas Leases

No. NMNM 02953 and No. NMNM (2953C.

(b) It is correct that the Land Withdrawal Act places no lower limit on the withdrawa. of
land from use (with the above exceptions). EPA needs to clarify what is considered
inaccurate in the statement (i.e., surface to 6,000’ or below 6,000’).

Comment T192
-
Page 51: IV. Regulatory Issues S
Area in document Volume 2, Page 44, Lines 26-27 ‘-;Ki;'f‘
L

"The regulatory requirements which preclude the possibility of inadvertent explosions in
waste storage rooms from gases created by degradation of waste should be cited.”

Response
The sentence referred to is poorly worded, and does not clearly state the intended position.

The reasoning behind the sentence can be found in the expanded description of the event and
process screening procedure in Volume 1 of the 1991 PA (SAND91-0893/1), page 4-31,
lines 3-12. The referenice should have been only to inadvertent explosions that are not a
spontaneous result of the behavior of the disposal system (e.g., accidental nuclear bombing
of the site). The PA interpreted the guidance to 40 CFR 191 indicating that "exploratory
drilling...can be the most severe intrusion scenario...” to allow the exclusion of accidental
explosions.

Explosions of waste-generated gas are considered on page 4-52 of Volume 1 of the 1991 PA
(SAND91-0893/1). Quantitative analysis of possible peak pressures resulting from a waste-
gas explosion indicate no potential to affect performance of the panel seals.

@i%/
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Comment Ti93
Page 51-52: IV. Regulatory Issues, Incompleteness of Modeling System and Data Base

Areg in docyment Volume 3, Page 1-51, Lines 11-13

"The statement about the extent of the WIPP control area is confusing. It took two years for
Congress to pass the LWA which designated the specific area to be withdrawn for WIPP."

Response
The statement was overtaken by events when the LWA was passed (October 30, 1992). This

volume was already in publication, and the text wasn’t updated. The controlled area is the
area withdrawn. '

Comment T194 ! “‘* .
Page 52: V. Quality Assurance, Including Quality Assurance “:%“ .
Area in document Volume 1, Chapter 3, Page 3-17, Line 41
"Quality assurance (QA) aspects of experiments, computation development, code

development, and code execution must be combined and included as part of the PA
documentation,”

Response

The PA reports are considered snapshots, and never were intended to be stand alone
documents upon which to base compliance. The amount of material suggested above is
significant. Is EPA suggesting that all QA supporting documentation be included directly in
the compliance application or in the docket?

QA documentation is currently contained in the Project’s records center.

Comment T195
Page 52: V. Quality Assurance, CAMCON Control Code

Area in docyment Volume 2, Chapter 1, Page 1-3, Line 30
"How does CAMCON ’automatically handle quality assurance during the calculations’?”
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Response

No system can completely automatically handle all aspects of quality assurance. CAMCON
provides an analyst with a system to aid in QA. CAMCON does this through database
management, directory structure, and an on-line help file system.

Comment T196
Page 52: V. Quality Assurance, Data Quality Objectives P
. f‘s Fe "‘Er
Area in document Volume 1, Chapter 3, Page 3-17, Line 41; Volume 2, Chapter 1; ; i % ﬁ'
Volume 3 data %\ f;;‘ £

(a) "How does the PA require that the data is good enough for the purpose for which it 13
used?”

(b) "What data quality objectives are required of the data in the database?"

(c) "Are the data being used for the purpose(s) that they were collected for?” /-\
' z

The Project is currently investigating the issue.

(a) The 1990 - 1992 series of preliminary PA studies drew upon a wide variety of sources of
data and information, but mainly from the work of SNL principal investigators (PIs).

(b) Data quality objectives for experimentally derived data and information are described in
each PI's Test Plan. But these objectives do not directly address the quality of entries in
PA'’s database of model parameters. QA procedures for construction of model parameters
are being developed and early versions of these procedures are described in Rechard et al.
(1992).

If the term “data quality objectives” used by the reviewers means the specific DQO processes
outlined in EPA QA documents, then the following should also be considered: The WIPP
Project believes that the DQO process outlined in EPA documents is not directly applicable
to data used in forming the parameters of the compliex numerical models that simulate WIPP
performance. The EPA’s DQO process appears to apply to situations in which measured
quantities (the data')museddu'ectlytodetemunecomplmcemthstandards e.g., water-
quality standards. o

The WIPP performance assessment is very different from these situations in that field and
laboratory data are used as indirect inputs to a large numerical model that generates
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compliance-related quantities, e.g., the CCDF required in 40 CFR Part 191, Subpart B.
Data priorities, but not data quality, can be determined through sensitivity analyses with
these large numerical models of the WIPP. In general, existing WIPP QA procedures for
assuring the quality of the (field data to modei parameter) process strongly emphasize peer
review and careful documentation.

(c} Much of the data used by the Project was generated prior to 1985 for the purpose of
establishing baseline conditions (site descriptions, hydrology, etc.) in the WIPP
Environmental Impact Statement. While quality assurance has always been applicable to the
WIPP, the more stringent data requirements of a compliance determination mandated in

40 CFR Part 191 became apparent later, and only within the past five years were data-
gathering programs begun to specifically address the needs for data that are used chiefly in a
determination of compliance.

Reference

Rechard, R.P., K.M. Trauth, and R.V. Guzowski. 1992. Quality Assurance procedures for
Parameter Selection and Use of Expert Judgment Panels Supporting Performance Assessments
of the Waste Isolation Pilot Plant. SAND91-0429. Albuquerque, NM: Sandia National
Laboratories. '

Comment T197

Page 53: V. Quality Assurance, Parameter Sheet Format and Data Quality Indicators
Area in document Volume 3, Chapter 1, Page 1-12

“The quality of the parameters used in the PA are of critical importance. The parameters
presented on the parameter sheet are not graded as to quality or level of confidence.

Parameter sheets should have a statement of data quality or a statement of the level of
confidence for each parameter.”

Response
The point is well taken. The form will be reviewed.
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Comment T158
Page 53: VI. Use of Expert Panels and Review, Expert Panels and Expert Judgment

Area in document Volume 2, Chapter 2, Page 2-39; Throughout

(a) "Expert panel judgement and investigator knowledge may be necessary in lieu of actual
data parameters. However, a procedure should be developed to insure such information is of
the highest level of confidence. DOE should consult with EPA as it develops expert panel
elicitation procedures.”

(b) "The use of expert judgement should be replaced with data as soon as data become
available, especially for data or parameters that are considered to be important from the
sensitivity and uncertainty analyses. DOE should clearly identify areas where expert ..
judgement is or will be used and when it expects that it will be replaced by actual da@
B g;§ t'&j
Response L ‘%. 8

(@) A formal QA procedure for the use of expert judgment was published in 1992 (REchard
et al., 1992). Further refinements of this QA procedure can and have been incorporated into
WIPP Procedure No. PAPO6, Use of Expert Judgment Panel Quality Assurance Procedures.

e

Specific uses of expert judgment are documented in Hora et al. (1991), Trauth et al. (1993),
and Trauth et al. (1992). A further SAND report is being prepared by the expert panel
addressing solubility to provide additional information on the process and results.

With respect to "substituting estimates for actual data,” even when additional WIPP-specific
data are collected, judgment may still be required to reconcile WIPP and non-WIPP data, to
reconcile possible conflicting data, and to interpret the data for the current probabilistic
application.

(b) It is appropriate to describe how experimental data are used in the curreat application.
However, it may be more useful to discuss the type of data available rather than those
limited cases where no data at all exist. Judgments are based on the available data (however
abundant or sparse, under whatever experimental conditions they were collected). For
example, all data may not be WIPP-specific. All data may not have been collected for the
current application (to answer the current questions). In addition data may exist, yet there
may also exist methods by which to collect additional data to improve the understanding
(e.g., batch K, data vs. column experiments). Even when additional WIPP-specific data are
collected, judgment may still be required to reconcile WIPP and non-WIPP data, to reconcile
possible conflicting data, and 10 interpret the data for the current probabilistic application.
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Comment T199 M

Page 53-54: VI. Use of Expert Panels and Review,

Area in document Volume 3, Chapter 1, Page 1-27, Line 62-64; Volume 3, Appendix A,
Page A-71 to A-99

(a) "Since extreme care needs to be taken when substituting estimates for actual data, DOE
should consult with EPA and the public on the use of expert panels. There should be
documentation of the process used to obtain expert opinion, and the process should follow

written guidelines in a clearly defined process.®

(b) "Specifically, we do not agree with the approach taken by DOE in using the marker
panel 10 estimate a reduction of the drilling rate from the use of markers. ...Nor did the
panel include all the necessary expertise, ¢.g., no petroleum engineers or drilling experts
were included on the panel...”

(c) "Although the compliance criteria will determine the final approach to human intrusion,

DOE should...study the drilling experience in the oil, gas, mineral, and water exploration
industries and develop historical trends to establish characteristics of drilling.”
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Response

(a) A formal QA procedure for the use of expert judgment was published in 1992 (Rechard
et al., 1992). Further refinements of this QA procedure can and have been incorporated into
WIPP Procedure No. PAPO6, Use of Expert Judgment Panel Quality Assurance Procedures,

Specific uses of expert judgment are documented in Hora et al. (1991), Trauth et al. (1993),
and Trauth et al. (1992). A further SAND report is being prepared by the expert panel
addressing solubility to provide additional information on the process and results.

With respect to "substituting estimates for actual data,” even when additional WIPP-specific .
data are collected, judgment may still be required to reconcile WIPP and non-WIPP data, ia .
reconcile possible conflicting data, and to interpret the data for the current probabilistic ¥
application. : Ty

(b) The process used by the Markers Panel was to first develop design guidelines for long- "~
term communicative markers based on the contributions from individuals in disparate related
fields such as materials science, archaeology, and communications. Based on the design
guidelines, the two teams comprising the Markers Panel each developed a conceptual design
for a system of markers. Estimates of efficacy of the markers system over time were based
on the conceptual design. Implicit in the deliberations was the assumption that sufficient
testing was undertaken to determine, for example, the appropriate design of the foundation
for stone markers to withstand possible fluctuations in surface level and still remain stable. A
second assumption in the effort was to evaluate what was possible for a marker system (as a
first approximation) with no cost constraints. Cost constraints may come into play regarding
the definition of "practicable” in 40 CFR 191. There is much evidence from the fields related
to marker design that suggest avenues to pursue to improve iong-term survivability and
communication.

We did not include a petroleum engineer on the Markers Panel, whose efforts were geared to
long-term survivability of a marker system and continued interpretability. We concluded that
a petroleum engineer’s skills are not such as to contribute to long-term communication with
future societies or construction of durable markers.

(¢) If this guidance is included in 40 CFR 194, expert judgment will still be required to
evaluate existing data, considering fluctuations in drilling intensity and depletion of
resources, to estimate drilling intensities to use. Expert judgment will still need to be used in
the design and evaluation of passive institutional controls for the consideration of their impact
on inadvertent human intrusion, as allowed by Appendix C of 40 CFR 191: “The
implementing agencies should consider the effects of each particular disposal system’s site,
design, and passive institutional controls in judging the likelihood and consequences of such
inadvertent exploratory drilling."
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Comment T200 | >
V1. Use of Expert Panels and Review, Review of Investigator Judgement | o
Area in document Volume 3, Chapter 1, Page 1-7

"Is there any quality control or review of parameters derived from investigator’s
judgement?... Is there a way to specify the level of confidence in the investigator’s
judgement?

Response

All PA reports, published as SAND reports, undergo independent technical peer review.

As to the confidence in investigator’s judgement, further discussion on this topic with EPA
would be useful. EPA is requested to provide clarification.
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Comment T20!

Page 55: VII. EPA Review of SNL Responses to selected EEG Comments, Comment
No. 3 (part 1).

Area in document Volume 1, Appendix B

(Restatement) The EPA agrees that SNL's request that EEG direct "constructive
criticism...[toward] data...and models rather than on labeling the outcome as
'nonconservative'” is reasonable, but notes that the modeling system is complex and its
evaluation requires "specialized expertise and significant personnel resources. No outside
review group, inciuding EEG has rigorously evaluated the basic mathematical and statistical
theory underlying the computational procedures. In addition, the QA status of computer
codes and data used in the WIPP PA severely limits the scope of review in these areas.”

The EPA suggests that SNL should perform "bounding or conservative analyses for several
reasons, including: 1) Bounding analysis can be useful in determining the level of effort to
apply to alternative conceptual models. Performing only realistic modeling could severely
limit the number of ~'ternative conceptual models or issues that are evaluated; and 2) The
bounding analysis can be used as a screening tooi to evaluate the relative impacts of
scenarios or alternative conceptual models and help identify important parameters.*

Response

Review of the WIPP PA may well require considerable expertise and effort. QA on
computer codes and reviewer access to the modeling system are high priorities for SNL.

"Bounding or conservative” analyses will be considered for inclusion in the systems
prioritization.

While there may be cases when bounding analyses are appropriate, they, as a general rule,
are discouraged for compliance determinations. The reason for this is clear, the Standard
encourages reasonabieness in expectation. Bounding analyses may be useful for parameters
that are of littie consequence or alternative conceptual models that are clearly bounded by

the conceptual model being pursued.
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Comment T202

Page 55-56: VII. EPA Review of SNL Responses to selected EEG Comments, Comment
No. 3 (part 2)

Area in document Volume 1, Appendix B

(Restatement) The EPA repeats the EEG’s observations that the 1991 PA was not
conservative, noting that "the 1991 PA report used mean/median values for most key
parameters.” The comment further notes that PA analyses suggest that "the maximum
amount of brine saturation that will ever occur in an undisturbed room (at the 10* probability
level) is about 30%. This seems to be inconsistent with some assumptions in the Test Phase
Plan and elsewhere where testing under fully inundated conditions is considered important. ”

Response

The 1991 PA (and the 1992 PA) did not use mean or median values for "most key
parameters.” Mean or median values were used for many of the hundreds of parameters
required in mathematical modeling, but not for the "key" parameters. Those parameters for
which uncertainties were deemed to be large or which had a strong influence on model
outcomes were sampled from a distribution (see Section 6.2 of Volume 3 of the 1992 PA).

As long as any portion of the waste is saturated with brine, inundated gas-generation
processes are important. Note that if the brine saturation in the disposal area is 30%, then
inundated gas-generation reactions will occur in 30% of the waste. Note also that all values
of brine saturation after time zero, including the 30% value referred to here, are model
outcomes, rather than model assumptions or externally imposed limits. They are simply
observations of the results of simulations involving complex coupled processes,

models and data used in the 1992 PA for two-phase flow and gas generation resulted in a
wide range of brine saturations in the undisturbed waste (up to about 60%, see Volume 4,
Figure 4.4-3). These conceptual models and alternatives will be considered for inclusion in
the systems prioritization,

‘ T . i !
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Page 56: VIL. EPA Review of SNL Respon selected EEG Comments, Commen? S
Nos. 15, 25, 82

Area in document Volume 1, Appendix B
(Restatement) The EPA repeats the EEG’s comment that level 4 activity levels used in

calculating cuttings releases could not exist at 3,000 years or later, because radloacnve decay
would have reduced the activity to lower levels. Activity levels high enough at time zero to
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result in activity level 4 of 184.01 Ci/m? at 3,000 years would be higher than anything
reported in the system.

Response

The EEG’s observation on the 1991 PA is correct. Transportation and WAC requirements
were not explicitly considered in the formulation of the activity levels for CCDF
construction, and the activities reported at later times for the highest level exceed the 200
fissile-gram-equivalent requirement of the WAC. The decision to include
"nontransportable” waste in the 1991 PA was deliberate, and was based on uncertainty about
future transportation requirements. The effect also occurs in the 1992 PA.

The effect of the "nontransportable™ waste on CCDF's is minor, and results in an
overestimation of the lower-probability/higher-consequence cuttings releases. Figure 3-4 in
Volume 2 of the 1991 PA (SAND91-0893/2) shows cuttings-only CCDFs calculated for a
single realization using average-activity cuttings and cuttings of multiple activity levels.

Comment T204

Page 56: VII. EPA Review of SNL responses to Selected EEG comments, Comment
No. 53 P

Area in document Volume 1, Appendix B

"EEG stated 'the effect of colloidal materials and chelation on radionuclide transport h}%snm.«/
been addressed in PA to date, nor has the full interaction of gas pressurization on transport
down MB139 been fully conceptualized.” Sandia’s response merely referred to two previous
responses, neither of which addressed colloids, chelation or transport down MB139. EPA
agrees this issue needs to be addressed in the PA."

Response

All of these issues are presently being examined, and will be included in the system
prioritization. Colloids and chelating agents in the disposal room are considered in the
actinide source term program (see Experimental Program Plan [EPP] 5.3.2.2 and 5.3.2.1).
Colloids and chelating agents in the Culebra are considered in the non-Salado Transport
Activity (see EPP 5.1.2). Pressure-dependent fracturing of anhydrite marker beds is being
examined in the field with the Hydrofracture Studies (see EPP 5.2.4.7), and transport of
VOCs is being considered in the Salado Transport Activity (see EPP 5.1.4).

; 'q
P
.

EPA Commeots \/ 1-147 DOE/WIPP-95-2053



Comment T205

Page 57: VIIL. EPA Review of SNL Responses to selected EEG Comments, Comment
No. 88

Area in docyment Volume 1, Appendix B

(Restatement) EPA repeats the EEG’s request for modeling of a scenario that includes flow
of Castile brine to the surface. The EEG indicates that SNL agreed in 1992 to consider four
cases: "(1) El or E2 during drilling; (2) E1 while Castile brine is allowed to flow; (3) El
followed by E2 after Castile brine is allowed to flow; and (4) E1E2 after both have been
abandoned.”

Response

These scenarios may be considered for inclusion in the SPM.

v/
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Comment Intro 1
Page 1
"For individual and ground-water protection, calculations have been done to 1000 years,

whereas the Standards (40 CFR 191) required by the Act would require calculations to
10000 years."

Response

The compliance application will include performance assessments for the required time
periods.

Comment MI-01

Page 2

"Very few new results are presented in volumes 1, 2, and 3 of the 1992 Performance
Assessment." i .

Recommendation:

"We look forward to additional results on undisturbed performance, disturbed performance,
sensitivity and uncertainty analysis in future volumes.”

Response

Volumes 4 and 5 of the 1992 PA were published in the fall of 1993, and contain the
additional results mentioned.

Comment MI-2
Page 2

¢

"In previous performance assessments, E noted that the calculated CCDF’s are at
least an order of magnitude below the allowable limits in the EPA Standards. In the
1992 Performance Assessment, for the case of total release from fracture-flow in the
Culebra, no sorption, and a constant intrusion rate, the mean CCDF comes to within a
factor of two or three of the EPA containment requirement [Vol. 1, Fig. 54). Despite
this factor of safety, the outlier CCDFs may lie in the zone of violation of the
containment requirements. For dual porosity flow and the same parameters, the mean
CCDF¥ is about a factor of ten away from the containment requirement.”
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Recommendation:

“The DOE should show the full uncertainty band of CCDFs when comparison with the
containment requirement (40 CFR 191) is made. "

Response

The families of CCDFs and selected percentile curves are displayed in Volume 4 of the
1992 PA. The presentation of a single CCDF is consistent with the guidance in what is
now Appendix C as follows:

"Compliance with §191.13. The Agency assumes that, whenever, practicable, the
implementing agency will assemble all of the results of the performance
assessments to determine compliance with §191.13 into a "complementary
cumulative distribution function” that indicates the probability of exceeding
various levels of cumulative release. When the uncertainties in parameters are
considered in a performance assessment, the effects of the uncertainties
considered can be incorporated into a single such distribution function for each
disposal system considered. The Agency assumes that a disposal system can be
considered to be in compliance with §191.13 if this single distribution function
meets the requirements of §191.13(a).” [40 CFR 191 App. C]

The recommendation that the entire family of CCDFs should be used in a compliance
application suggests guidance that goes beyond the recommendations for implementing
40 CFR §191.13(a). The EPA is expected to provide relevant criteria in 40 CFR 194.

Comment MI-3a

-

£
Page 2 3

"Beginning with the 1992 Performance Assessment, "expert judgment" is u.é‘e&ffpr - |
a: solubilities of actinides. . ."

Recommendation:

“As experimental solubility values become available (e.g. Nitsche et al., 1992), use them in
performance assessment. *

Response

The DOE is currently investigating the issue and an activity involving the collection of
experimental solubilities will be included in the System Prioritization Methodology
(SPM).

DOE/WIPP-95-2053 22 EEG Commeats



SNL is developing a model that describes actinide solubility and colloid stability that will
utilize experimental resuits as they become available to replace the current solubility
estimates based on expert judgement. The sensitivity of compliance performance
assessment to radionuclides solubilities will be investigated during SPM. SPM will also
help in determining data quality objectives (DQOs) for the experimental program.

Comment MI-3b
Page 3

"For retardation coefficients, the second modification of the Cooperation and
Consultation Agreemeat between the DOE and the State of New Mexico specifies that
retardation coefficients shall be set to zero unless there are experimental data otherwise.
Results using zero and non-zero retardation coefficients appear in Chapter 5 of Volume
L"

Recommendation:

“As experimental retardation coefficients become available, use them in performance
assessment, ”

Response

The DOE is currently investigating the issue, and an activity involving the determination
of non-zero retardation coefficients will be addressed by SPM.

The 92 PA was not intended to be a compliance document. Ranges of many parameters,
including retardation coefficients, were included to determine the sensitivity of various
performance measures to parameter variations. SNL is currently conducting experiments
designed to collect data upon which a defensible retardation model can be constructed,
for use in future compliance PAs. Measured K, data will be used directly to the extent

possible and meaningful. .
1\&%%
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Comment MI-3¢

Page 3
This quotation summarizes our view on "expert judgment":
Expert judgments are not statements about nature but rather about beliefs. Nor

are they statements which can be extrapolated to a larger population of events
and beliefs. Therefore, while there is a chance that conclusions based on an
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expert judgment may be true about the world, it is not a good idea to say so
because there is no justification in the method which allows this (Fleming 1991).

Recommendation:

“We object to the elicitation of subjective probabilities as practiced to estimate the
probability of inadvertent intrusion and we offer a specific alternative suggestion, beginning
on page six. Our specific objections are detailed below."”

"(a) The probabilities that have been elicited from panels for the purpose of estimating
future intrusion intensity (Hora, von Winterfeldt and Trauth, 1991) are subjective
probabilities. To call them “expert judgment" is to give them an aura of respectability
they do not deserve. The methods for eliciting such probabilities come from statistics -
(Savage, 1954) and experimental psychology (Edwards, 1954). The term "recogmzed
expert” is usually apphed to an individual who has pubhshed extensively in the pamculax
field, but the interpretation of a "recognized expert” carries no more weight, and is qot
necessarily better, more accurate, or more valid, than the mterpretatlon of an W E
inexperienced investigator. Experience does not guarantee accurate interpretation;
knowledge does. To foretell the future, each of us has insights, and scientists do not
possess more insights than the common person. While the elicitation of opinions is valid,
the elicitation of expert opinion on the future is gratuitous. That there has been no
attempt to establish the qualifications of the panel members as experts on the future is
telling. They simply are not."

"(b) The WIPP Performance Assessment Department invokes the interdisciplinary nature
of an expert judgment panel as a reason to use such a panel. But "interdisciplinary” is
not a synonym for "good" or "appropriate” any more than "single disciplinary” [sic] is a
synonym for "bad" or "inappropriate.” The advantage of muitidisciplinary data
interpretation over interpretation by an expert in a single discipline is not at all clear.
For example, the marker panel (Rechard et al, 1993; Table I) lists experts in materiais
science, architecture, linguistics, communications, etc. How is the judgment of a linguist
on materials hardness and durability relevant? Either the linguist accepts the material
scientist’s judgment, in which case the interpretation is not interdisciplinary, or the two
differ in interpretation, in which case the material scientist’s interpretation is clearly the
more valid and that judgment should not be diluted.”

“(¢) The panels are not representative of modern United States, not representative of the
modern world, and not representative of the historical continuity of the buman race.
There was only one woman on the markers panels [sic] and none in the futures panels
[sic]. There are no representatives of indigenous cultures of the southwestern United
States."

"(d) The elicitation process used was open-ended. While it is true that what people will
want to mine over 10,000 years is unknown, let alone where they want to mine it, for a
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specific area the problem is simpler. An example is the Quter Continental Shelf Lands
Act, which allows for oil and gas drilling in the sea beyond the three-mile limit, with a
clause for "other minerals." When the Outer Continental Shelf Lands Act was first passed
in the early fifties "other minerals" referred to suifur. By the mid-1970’s the focus of
other minerals became construction aggregates around coastal cities. In the early 199(¢’s,
it is manganese crusts. For a specific location, with geologic information, we know what
can be mined now and in the future. The propensity to mine will only change if there is
a metamorphosis, or society changes its needs dramatically. If that had been borne in
mind, the problem is much more circumscribed, and less fiction would have resulted.”

"(e) Results of the open-ended elicitation process used by Hora (Hora, von Winterfeldt
and Trauth, 1991) appears to have been used selectively. If a more circumscribed
process had been used, then the methods available to combat cognitive bias (Tversky and
Kahneman, 1974) could have been used. Unfortunately, the results used in the 1992
Performance Assessment reflect strongly the intervention of the analyst. The final result
used a form

A = d(1-pipy)

where A is the intrusion intensity, number of holes per time, d is the raw drilling intensity
number of holes per time, p; is the probability of markers surviving, and p, is the
probability that surviving markers are effective in deterring drilling, all functions of time.
The paradigm was not elicited from any one panel but the result is a mixture of results
from the panelists who probably did not understand how their inputs would be used.”

"(f) A flagrant and important abuse of the analyst-assessor role is when Hora decided
that there will be no intrusions allowed after 300 years (Hora memo, Vol. 3, p. A-76, last
sentence). If institutional control prevents drilling from 0 to 100 years after closure, and
by fiat no intrusions after 300 years, then the 1992 Performance Assessment considered
only intrusion from 100 to 300 years. Are only flow and transport to be considered from
300 to 10,000 years? This is clearly counter to the spirit and letter of analyzing human
intrusions for the entire regulatory period.”

"(g) Most of the elicitation process is given in the Hora memo, volume 3, pp. A-71
through A-99. This memo includes a FORTRAN program to sampie among the panels
[sic], and produce realizations of intrusion intensities as functions of time for use in the
70 Monte Carlo runs. The computer program does not work. On page A-94, line 13,
there is a three-dimensional array BOSTAB2 which is undimensioned and undefined,
thus the program cannot possibly work. Since May 1992, EEG has requested a working
copy of this program, first from Professor Hora, then from WIPP Performance
Assessment Department, to no avail."

“(h) Appendix D of Vol. 3 of the 1992 Performance Assessment contains 12 pages of
realizations of drilling intensity functions that are purggnedlythe results of using Hora’s
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algorithm. The graphs show the intrusion rate and the cumulative number of intrusions
as a function of time to 10,000 years. As noted above, Hora’s program sets the intrusion
rate to zero after 300 years, therefore these graphs cannot possibly be the results using
Hora’s computer program. If the analyses used a zero intrusion rate after 300 years, it is
misieading to show the Appendix D graphs which show intrusion rates to 10,000 years."

"(i) This is EEG’s specific suggestion. We suggest a simplified, focused and
understandable alternative.

Figure 1 shows what we believe the exploratory drilling rate to be in any specific area.
This figure shows how we see the evolution of oil and gas drilling as a function of time.

First there is a historical record of drilling in this area. This rate may be high, or it may
be close to zero, but it is known. Call it a holes per area per year, a > 0. The U.S.
Environmental Protection Agency’s guidance of thirty boreholes per kilometer’ over
10,000 years is such a rate.

We extend the historical drilling rate some time in the future. Call this b years, b > 0.
Geologic knowledge should be used for this extension. If there is current oil and gas
drilling, then it is likely for the exploration and development to continue for some time.
If there is no current drilling in this area, then there will probably not be any drilling
until we discover some new mineral to explore for in this area. This extension should
extend beyond the period of active institutional control.

Given our present understanding of energy economics, we may postulate a decrease in
oil and gas drilling, after a period of time, due to either exhaustion of the resources, or
technological developments in some other fuel sources, or both. This decline can be
represented by an experimental [sic] decay function, y = ysexp™. The rate of decrease is
characterized by a single parameter, c. a

For the long term, there should be a rate of intrusion that is
(a) non-zero; and

(b) above the USEPA threshold probability for events and. scenarios [sic] to be
considered or 10® per year. Call the rate d holes per area per year, d > 10* per year.

The long-term, low intrusion rate cannot be zero because the hazard of the waste in the
repository would not have decayed to harmless levels in just a few thousand years. To
ignore such probabilities is to do an incomplete analysis.

The parameters a, b, ¢, and d completely specify the rate of inadvertent human intrusion
in a readily understandable way. Subjective elicitation can now focus on these four
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parameters. Experimental methods are available to improve the elicitation process when
it is focused on continuous variables (Seaver, Von Winterfeldt and Edwards, 1978)."

Response

(a) The panel members were chosen through an extensive and impartial process. They
were selected because they have made part of their life’s work the study of
methodologies for futures research and have thought long and hard about the path that
the future may take. The goal here is to scope the collection of foreseeable futures for a
very broad discussion of who might be intruding, how they might be intruding, and why
they might be intruding. This information can be applied to efforts to develop effective
institutional controis. A discussion of how frequently future societies might be intruding
can be utilized to determine how to implement EPA’s guidance that exploratory drilling
for resources is the most severe intrusive event that must be examined for compliance.

The sentence "Experience does not guarantee accurate interpretation; knowledge does" is
confusing. One of the definitions for "knowledge" in The American Heritage Dictionary

is "Familiarity, awareness, or understanding gained through experience or study.” e
Experience (defined as "Active participation in events or activities, leading to the - .
accumulation or knowledge or skill”) is the basis upon which available data and
information can be interpreted. Data in and of itself is useless without proper
interpretation and appropriate application.

(b) The entire Markers Panel was not asked to interpret hardness and durability data.
The Markers Panel was asked to develop marker design criteria, which have materials
and communication aspects, among others. Each member of the team brought to the
deliberations the contributions of his or her discipline to the development of an effective
marker system. Recommendations based on a narrow materials science perspective (e.g.,
use titanium for markers as it is highly resistant to corrosion) may be subject to other
constraints (human beings will recycle any materials from an unattended marker system
if recycling is cost effective) and may need to be modified (use only a smail subset of
buried markers made from titanium to make mining an uneconomical prospect).

The point is that the teams are interdisciplinary, not the individual experts. The
rationale for using teams of experts from many fields is that all questions related to
human intrusion and passive institutional controls cannot be fielded from any single field
of study. The issues to be addressed demand this organization. A discussion of
interdisciplinary teams is provided in Bonano et al. (1989).

(c) The selection of the members of the Futures Panel and the Markers Panel focused
more on the expertise within the pertinent disciplines rather than on strict
representativeness. It should be recognized that the community of scientists active today
is probably not a reflection of the cultural and ethnic make-up of the U.S. or the world.
The range of organizations from which the experts were selected (Natural Resources
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Defense Council, universities, institutes, etc.) provides rich diversity in political and
environmental organizations. It should also be noted that both teams within the Markers
Panel believed that testing was necessary before a final design for a marker system could
be selected. In part, this testing was seen as necessary to ensure that messages are
interpretable by individuals from a variety of cultures and whose societies have varying
levels of technological sophistication. Such testing addresses concerns about diversity in
the initial design process, and the inability to include individuals from all such groups in
the initial deliberations.

(d) This comment proposes that the experts be directed as to what potentially intrusive
activities to study. We believe that this is inappropriate and would be seen by peer
reviewers as excessive direction from the analytic staff. The intent in examining possible
future societies is to provide insights into the development of institutional controls and in
how to implement EPA’s guidance on frequencies of human intrusion. A narrow
consideration of possible future societies would be inappropriate because it would not
provide these insights.

(e) The members of the Futures Panel and the Markers Panel understood how their
inputs would be used in performance assessment. This was accomplished during the
training sessions held with the panel members and is supported by copies of the
wewgraphs that were distributed and discussed. The training sessions allowed ample
time for any questions to be clarified.

The Futures Panel was shown a viewgraph entitled "Logic Tree for Deterrence by :
Markers Given Time, Society, Mode of Intrusion, and Marker Criteria.” This viewgraph
shows the concept of intrusion deterrence being a function of a set of sequential states,
each conditional on the previous state occurring, dealing with the physical markers and
their ability to communicate. The probability of deterrence is then calculated as the
product of this set of sequential states, which is consistent with the equation used to
calcuiate the effective drilling intensity.

The Markers Panel Issue Statement describes the probabilities that are to be elicited, all
of which are conditional on the previous sequential state occurring. The Markers Panel
was shown a viewgraph entitled "How will the Expert Judgments be Used in the WIPP
Performance Assessment?” This viewgraph states, in part, that marker system
effectiveness will be used to modify the frequencies of intrusion as developed by the
Futures Panel. This was reinforced by a training example showing the calculation of
needed information from a series of sequential states that together define the
information req}lired.

This part of the comment seems to contradict part d of this comment and also the
EEG’s specific suggestion.
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(f) This comment is factually in error. The paragraph referred to deals exclusively with
the findings of the Baston team and not with the findings of all four teams. The
paragraph from which the sentence was extracted reads:

The Boston team provided assessments for the drilling intensity that are conditional on
both time and level of technology. The responses for exploratory drilling for
hydrocarbons are shown in the following tables. Exploratory drilling for hydrocarbons
was not thought to extend further than 300 years in the future.

This paragraph is followed immediately by a table labeled "BOSTON
TEAM---DRILLING INTENSITY DISTRIBUTIONS.

Particularly in light of the following discussions of the findings of the three other teams,
the assembly and analysis of resuits, and the listing in Volume 1 (pp. 4-8 and 5-4) of the
six times of intrusion (100, 175, 350, 1000, 3,000, and 7250 years after decommissioning),
we do not understand the confusion on this point.

(g) EEG’s observation that they have been requesting the computer program since May
1992 is perhaps in error. The first draft of Dr. Hora's memo explaining how the
judgments of the Futures and Markers Panels could be incorporated into the
performance-assessment calculations (including a FORTRAN code for assembhng
human intrusion judgments) that SNL received was dated June 9, 1992, .

The comment refers to an early version of the program that was modified prior to - ..
implementation. This amounted to a simple bypass of the program statements
concerning the array BOSTAB2. This was done when a decision was made to include
only exploratory boreholes, as required by 40 CFR 191. The correct version of the
program and the data files were forwarded to the EEG in December 1993.

(h) The response to this comment is the same as part f of this response.

(i) The EEG proposal does not include any consideration of the potential impact of
passive institutional controls in deterring inadvertent human intrusion. This is contrary
to EPA’s intent as stated in the guidance to 40 CFR 191:

"The Agency assumes that, as long as such passive institutional controls endure and are
understood, they: (1) can be effective in deterring systematic or persistent exploitation of
these disposal sites; and (2) can reduce the likelihood of inadvertent, intermittent human
intrusion to a degree to be determined by the implementing agency. However, the
Agency believes that passive institutional controls can never be assumed to eliminate the
chance of inadvertent and intermittent human intrusion into these disposal sites.”

The WIPP Project will continue to follow EPA’s guidance related to inadvertent human
intrusion and passive institutional controls in future performance assessments.
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As an alternative to the procedures used by the WIPP Performance Assessment staff,
EEG offers another methodology. Of course, in a human intrusion analysis, there is no
obvious right or wrong way to approach the problem. Thus, one must return to basic
principles in order to design the process. These principles include allowing the experts
freedom to fully express their judgments, not biasing the experts either through the
questions asked or the way the questions are asked, collecting the rationales for the
judgments as well as the numerical encoding of the judgments, and asking questions
relating to physically realizable values.

With regard to the first principle:

The WIPP analysis allows the experts to provide their own structure for analyzing the -~

probiem rather than having to accept an arbitrary structure such as that imposed by théfs
EEG procedure. There is a growing body of evidence (Armstrong, Denniston, and -
Gordon [1975]; Hora, Dodd, and Hora [1992]; MacGregor, Lichtenstein, and Slovic  °,

[1988]) that demonstrates that the decomposition or structure used to analyze a proble}!i’i ‘

......

is one of the most important determinants of the findings. This has long been known to
decision analysts and is often used in probability elicitation for complex issues (Electric
Power Research Institute [1986]). The EEG proposal would constrain the experts and
precondition their answers. Moreover, the results would present an unduly limited view
of possible intrusion modes.

With regard to the second principle:

Biased results can derive from several sources. The experts may be selected in a way
that the group is biased. Psychological biases (e.g., overconfidence, availability,
anchoring) may enter in the elicitation process. Questions may be asked in such a way
that the answers are conditioned. We believe that every effort was made to keep the two
panels as neutral in a collective sense as possible. Extensive training in psychological
biases was conducted prior to the elicitation. This training lasted a little more than
one-half day and included lecture, discussion, examples, and training quizzes.
Recognized decision analysts conducted the elicitation sessions. During these sessions,
the decision analysts were alert to identifying psychological biases and to assisting the
experts in counteracting these biases.

With regard to the third principle:

The expert elicitation methodology explicitly put the importance of rationales ahead of
the numerical findings. This is because the numerical findings are not credible without
the rationales and the rationales are apt to be more useful in the long run than the
numerical assessments. A key to obtaining these rationales is to allow the experts to
analyze (decompose) the problem in a manner that matches their thinking. The EEG
proposal would substitute a rigid model and would thwart obtaining the rationales for the
judgments.
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With regard to the fourth principle:

Specialists in expert judgment have long recognized that experts should be asked to
respond to questions about physically realizable quantities and not be asked to respond
to questions about parameters that do not have a direct physical embodiment (Winkier
[1967); Cooke [1992)). The exponent in the proposed EEG model is a parameter that
does not have a directly realizable value. What meaning would the probability elicitation
have if the expert did not believe in this model? How could an expert respond to
questions about parameters that she/he does not believe in?

Regarding the specifics of the proposal, what justification is there for the exponential
decay in drilling frequency? What justification is there for an exponential decay over
time plotted on a log scale? Have these been derived from economic principles? They
seem to be judgments made as a convenience to the analyst. It should be clear that the
path taken by the WIPP PA team requires more effort on the part of the experts and the
analysts because convenient assumptions are not substituted for deep and hard thinking.
The EEG is requested to provide any references supporting the use of the exponential
decay equation and the log time scale postulated.

Consider also the use of the historical drilling rate, a. The guidance provided by the
EPA in 40 CFR 191 states that:

"Therefore, inadvertent and intermittent intrusion by exploratory drilling for
resources (other than any provided by the disposal system itself) can be the m
severe intrusion scenario assumed by the implementing agencies.”

The EPA assumes this because:

"Furthermore, the implementing agencies can assume that passive institutional
coutrols or the intruders’ own exploratory procedures are adequate for the
intruders to soon detect, or be warned of, the incompatibility of the area with
their activities.”

Therefore, the use of the historical drilling rate (including exploration and development)
is a judgment by the EEG that the EPA’s guidance on the matter should not be
followed. While the EPA’s guidance states that only exploratory drilling be considered,
the EEG has made a judgment that exploratory drilling and drilling for the development
of resources should both be considered. The use of a drilling rate unmodified by the
impact of active and passive institutional controls is also a judgment by the EEG to
ignore the EPA’s guidance on the efficacy of institutional controls.

Consider next the variable b, the extension of the historical drilling rate some time into
the future. The EEG proposal states both that "Geologic knowledge should be used for
this extension.” and that "This extension should extend beyond the period of active
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institutional control.” Should b be based on geologic knowledge ¢ G’s policy
judgments?

On page 6 of the comments, the sixth line from the bottom, a justitication is attempted
for a 10* cutoff on drilling rates. The statement is made that the dnllmg rate cannot fall
to zero because the radioactive waste would still be harmful. What is the basis for
linking exploratory drilling to the hazard of the waste?

In the discussion of the impact of passive institutional controls on inadvertent human
intrusion, the EPA states in the guidance to 40 CFR 191 that:

"The Agency assumes that, as long as such passive institutional controls endure

and are understood, they: (1) can be effective in deterring systematic or

persistent exploitation of these dlsposal sites; and (2) can reduce the hkehhooi S
of inadvertent, intermittent human intrusion to a degree to be determined by l’hé\mq o
implementing agency. However, the Agency believes that passive institutional

controls can never be assumed to eliminate the chance of inadvertent and

intermittent human intrusion into these disposal sites."

;f"

It is for this reason that the WIPP Project has not assumed that the probabilities of such
intrusions can be reduced to zero.

The EEG should realize that this proposal (and its basic framework) involves replacing
the explicit use of expert judgment from an independent panel with the implicit judgment
of the EEG ("Figure 1 shows what we [emphasis added] believe the exploratory drilling
rate to be in any specific area. This figure shows how we [emphasis added] see the
evolution of oil and gas drilling as a function of time."). Judgment is still employed, but
now the very important framework is provided by a different entity. Part of the proposal
also includes EEG’s judgment that EPA’s explicit guidance for (1) considering the impact
of passive institutional controls in deterring inadvertent human intrusion and

(2) including the rate of e¢xploratory borehole drilling for the consideration of human
intrusion should both be ignored.

The above discussion indicates that any consideration of human intrusion requires
judgment, no matter what attempt is made to simplify the process. Any new treatment
of human intrusion for the WIPP should be addressed by an independent expert
judgment panel with appropriate expertise. The process should be approached in a
manner whereby all unknowns/parameters are investigated in a way that reduces the
assumptions m