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Sandia Narional Laboratories 
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P 0 Box 5800 
Albuquerque 
New Mexico, 87 185 
USA. 

Dear Mel, 

Review of the 1991 WIPP Assessment 
(SAND91-0893) 

Enclosed, please f?nd two copies of our review of SAND91-0893, Volumes 1-3. I have 
read and commented in detail on all the Volumes. giving particular attention to the Chapters 
highlighted in the conoact. I n  addition, I have inc&por&ied numerous comments from 
several other Intera staff. notably Peter Robinson (who has re-done some of the CCDFs!). 
All of the conmbutors are listedon the cover of the review document. 

I have smcturcd the review document into three pans: an introduction, a general overview 
of comments and, the largest pan, 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 documenr:ition 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 suppon staff working on the project are all too close to the 
work or too narrow in their outlook. It would be extremely interesting if an independent 
party were to try to explain to you what you had done, based on the information contained 
in SAND91-0893 (and possibly some supporting documentation). The draft 1992 
assessment documentation could also be taken as the staning 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-ofdate understanding of work in this field. The scenario development is, 
however, one of the foundations of the performance assessment and you have rightly 
rccognised this by the anention given to it in Volume 1 of SAND91-0893. I feel we should 
be in a good position to contribute to funher work in this field, based on our experience of 
scenario development work at international level and in suppon of such exercises for clients 

n in Sweden, Switzerland and the United Kingdom. 



Many other rewrnmendarions have been put fonvard 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.e., 
around the time 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 shotlld also propose to meet with Jim Sinclair and 
Peter Robinson (and Bnan Thompson, if available) for one day in advance of leaving 
the UK so that I could represent their views, 

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

other work and associated funding for FY93. 

I m s t  that the enclosed documentation meets your expectations and I should welcome any 
feedback. 

Best regards. 

Yours sincerely, 

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 ~olunws. 

We consider the 1991 assessment documentation a valuable and irnpres- 
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 estremelg high quality; we have, however, fo- 
cused our comments on those parts of the report where we considered 
improven~ents could be made. 

Our major technical concerns are in the general area of treatment of un- 
certainty in the assessment, including in particular treatment of scenario 
uncertaint); data and parameter uncertainty, and model uncertainty. We 
have also suggested a possible modification to the methodology for gener- 
ating CCDFs 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-hy-section rechnical commentary. 

With regard to presentation and organization of the report, there is sub- 
stantial room for irnprovernenL. 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" (SAND91-0S93). The Sandia report consists of 
five volumes: 

Volume 1: hlethodology and Results 

Volume 2: Probability and Consequence Modeling 

 me 3- Reference Data 

Volume 4: Uncertainty and Sensitivity Analyses 

Volume 5: Dose Calculations 

A t  the time of the review. however. only the first three volumes were 
available. 

The review has been undertaken by lntera 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. I<.J.Worgan, 
h1.J. Apted and h1.D. Impey 

The \I'IPP 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 lntera. The review has been based on the published version of the 
1991 assessment (Volumes 1-3). It 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 assessnlent 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 assessment technology at 
international level. 

.4s 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-.4ssessment System) of Volume 1 in detail, 
because the material conoained 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. 



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 st& 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 espressed 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 a t  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. .411 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. \Ire 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. Our general comments are summarized in this Section, 
based on the extensive and more detailed comments contained in Section 

2.1 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 



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 auohor. More attention should be paid to the 
relevance of the presented information to the final assessment results. 

In preparing a summary volume, ns well as the more detailed supporting 
volumes, care should he 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 material in Volume 1 is poorly organized. For example, a good 
overvie\\. of the site and disposal system should precede the scenario anal- - 
ysis. 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 i n  the  volume. 

Excessive use of mathematics is ma.de throughout the report, particularly 
in Volume 1 (Chapters 3-4) and \'ohme 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 redly 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 
hare been carelessly compilecl, and errors are rife, particularly throughout 
Volume 3. 



- \ 
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. 

2.2 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. siochastic and subjective. On the one hand, 
we do not find this distinction meaningful or helpful in the context of the 
N'IPP assessment: on the other hand, other aspects of treating uncertainty 
have received insufficient attention. 

For esample, the potential impact of spatial variability and heterogeneity 
has been la~gely ignored (a notable exception, however, is the work on 
transrnissirity fields in the Culebra Dolomite). The work on scenario 
development seems biased. and takes little account of developments in 
thinking s i n c ~  the late 1970s (outside the U.S.). In addition, the report 
correctly notes that the crucial issue of conceptual model uncertainty has 
not yet been esaminetl. 

2.3 Scenario Uncertainty 

2.3.1 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 developnlent is an area that would very much ben- 
efit by the expert panel approacl~ used in other areas of the performance 



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 KEAIPAAG Working Group on scenario development 
(OECDINEA, 1992). This work is not referenced at all. 

2.3.2 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 N many events and processes as possible, without 
serious consideration N 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 perfornlance assessment work to  date suggests 
that the site is fundament.ally 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 M'IPP 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. 

2.4 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 seems 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- 

's.. 
perimental environment, etc.), and this will lead to an uncertainty a s  to 

/@, 6: : .  . 
.- ?+ <;<;! ! , , -  the true value of this parameter. However, it is only when the parameter 

varies stochastically that the observations can be talien as a direct indi- 

. . 6 



cation of uncertainty. In other cases, the varying measurements require 
careful 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 PR.4 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 is not ahvay clear wlirther or not the parameter was sampled 
and, in many cases. it is not clear how the parameter entered into the per- 
formance assessment. An additional point of confusion is that often the 
performance assessment calculations used different values for parameters 
than those appearing in the sumniary tables and boxes. In this case, we 
presume that the summary values were used solely for the purpose of sen- 
sitivity analyses (reported in lb lume ?). 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 assessmeut. More attention needs to be paid to the clarity of these 
discussions. and to the link 11etwee11 the discussions and the final summary 
information presented in the "hoses" and tables. 

Generation of CCDFs 

The approach taken for developing C'C'DFs is clearly explained (Volume 
1, Chapter 3),  hut has not beell 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 coc:roversies, many of them philosoph- 
ical. We are therefore \vary 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 uncer[aint.ies are s t o ( h s t i c  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). 

It is stated that the CCDF over scenarios arises because a number of dif- 
ferent occurences have a real possibility of taking place, whereas fized, but 
unknown quantities 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 view espressed by Bonano and Wahi (1990, Chapter 
4),  and in particular. the construction of a single CCDF including both 
scenario an? parameter uncertaii1t.y. It seems t,hat this is the single CCDF 
referred to in the EP.A Standard. 

In addition. in our comments on Chapter 3 of Volume 2, we present an 
alternative n~ethodology for generating the CCDFs for human intrusion. 
This uses a simulation approach 1r11ich is easy to describe and implement. -. 

Using our approach. we have bee11 ahle to reproduce efficiently the results 
given in this chaprer of the report. 

2.6 Model Uncertainty 

\Ye \vould 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. 

2.7 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 int.eresting exercise i n  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 

- 
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A ,/#-. ?. '';..I will increase the confidence ill  this part of the assessment. It would be 
/ .;*A, ,+! ' 
4 t . , :  ;,". , , 

more conservati\.e lo assume that intrusion was going to occur, and to 
E 3 *,, i- .. ; 
, . ,  assess the potential consequences of various kinds of intrusion occurring 
I ;..; '*-, \! 5 { 

: .,, ,* , 
:%, i . I  at different times in the future and assuming present-day drilling practices. 
-- * 

The EPA Standard, as promulgated in 19S5, implies that human intrusion 
should be folded into a single CCDF to demonstrate compliance with the 
containment requirements. The report would nonetheless benefit from 
a 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 1icensi;ig of deep geologi- 
cal disposal systems, no matter how nmch modelling is involved and how 
many experts are called to bear. Human intrusion seems to have taken on 
undue ir-:portance xithin the lYIFP .ksessment Program because of the 
supposed absence of releas~s by any other means. 

- 

2.8 Assessment Timeframe 

The containment requirements of the EPA Standard areexpressed in terms 
of a limitatioli 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 g i~en  about the longer-term performance of the 
repository system. \\'hat inforination is presented does suggest that the 
longer-term perforniance 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 l'olume 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 years, and are still rising steeply a t  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 years 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 Detailed Comments 

3.1 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 test (where most of it can in 
any case already be found). 

3.1.1 Chapter 1. INTRODUCTION 

Section 1.1 40 CFR Part 191, The Standard (1985) 

The EP.4 Standard plays a central role in the assessment documentation, 
and reference is made throughout the report to the provisions and require- 
ments of the Standatd. Often these references include a certain amount 
of what could be ~erlned regula~ory analysis or interpretation. Much of 
this information in later sections is estrelnelv re~etitive. 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 WlPP 

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. 



Section 1.4 Description of the WIPP Project 

The geological parts of Chapter 1, sections 1.4.1 to 1.1.3, are not as helpful 
as they could be. In addition, nluch 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 MIPP 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 he achieved either by presenting 
better geological information in Chapter 1, and/or by placing Chapter 5 
before Chapter 1. 

Pages 1-1T/1$. Figure 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 xvhat this l i ~ ~ r  is autl what. i f  any. significance it is supposed to 
ha\.e. 

Page 1-23. line 16.  The reference to figure 1-7 is incorrect. The only 
relevant figure is figure 1-5. but this figure is partly diagrammatic (i.e., 
no bedding is shon.11). and it therefore cannot show the existence of an 
angular unconforn~ity between th~= Dewey Lake Beds and the Dockum 
Group. 

Page 1-29. line 14. Care sllould be taken to avoid mixing between SI units 
and "English" ( ix . .  I1.S.) units. or conversions to SI should be provided 
throughout. the test. Alt.hough conversions are frequently provided, an 
inconsistent approach has been taken. 

3.1.2 Chapter 2. APPLICATION OF SUBPART B TO THE WlPP 

See comments under section 1 .I above. 

Page 2-2, l i n ~  30. We agree strongly with the emphasis placed on develop- 

\ ment of adequate and clear cloc~~rnentation. as one of the cornerstones to 
assessing co~llpliance with the EP.4 Standard. We trust that our review 
\\.ill be of use in this respect! 



Section 2.1 Containment Requirements A 

Page 2-6 to 2-7. I t  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. hlore 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 4 ,  lines 21-23, This st.ates that completeness in scenario develop- 
ment is most appropriately addl.essed through peer review and probability 
assignment. \Ve assume that the term completeness refers to the need to 
ensure that all features. events, and processes, and resultant 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 iclentification of features, events and processes, and in the 
development. of scenarios. and by a thorough documentation of the see- 
nario development procedure (e.g., see OECDINE.4, 1992). Peer review 
will mainly check this process. but it will not ensure completeness per se. 
Inaddition. i t  is not. clear how probability assignment addresses the issue 
of completeness. 

Page 2-9, Table 2-1. This table and the associated text purport to outline 
the range of methods to be used in assessing or reducing uncertainty in 
the WIPP performance assessment. The table is misleading, however, 
because almost all the methods reall! serve only to assess uncertainty. 
Data collectio~~ - or niaking 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 validat.ed 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 ihe Lynited States. There is a legal precedent - 
establishing the need for validation. In particular, the issue of model val- 



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 computer code as a basis for establishing 
limitations on sulphur-dioxide emissions from two electrical utility ~Iants .  
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. I t  is suggested that should the CCDF 
exceed the specified limits. tlieli additional qualitative judgements may 
still lead to a '.reasonable espectation- of compliance. Extensive human 
judgement (almost b!. 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-derivethe CCDF do not lead to a reasonable expectation of com~li- 
ance, additional qualitative judgements are unlikely to prove deciding in 
a decision on "reasonable es~ectation". In addition, it seems nonsensical 
to take the view that if one subjective judgement pushes a CCDF over 
the regulatory limit. another may be used to argue for compliance in any 
case. Rather. the conclitions leading to a potential violation should be 
examined in detail. Perhaps some of tlie assumptions will be seen to have 
been overly con.;ervative. Also. tlie wording on lines 3.5-38 is difficult to 
understand. 

3.1.3 Chapter 3. PERFORMANCE ASSESSMENT OVERVIEW 

Section 3.1 Conceptual Model for WlPP 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 p~esented after Chapter 4. 



This area is con~ples and is fu l l  of controversies, 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 ~ h y  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 n~odels 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 13-4. There are numerous examples throughout this 
Chapter of illustlations of the nwtl~odology 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. 

A. 

Page 3-13. line 39. I t  is stated that the CCDF over scenarios arises because 
a number of difff ,rnt  occii,rrrrrs hnrc n i w l  possibility of taking place, 
whereas fircd. bid irukrro to, q ~ ~ n r r t i t i t . ~  rcrr needed in the estimation of a 
CCDF. This seems to suggcst tlmt there are many possible futures, but 
that there is only olle possil)lv 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 \.slues. Rot11 for futures and parameters the problem is that 
the actual cannot. 11e distinguished from the possible, and therefore the 
same methodology is appropriate for both. 

We a g e e  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 EP.4 regulations. 

The discussion in section :3.1..5 is out of place in this report. It is not a t  all 
necessary to understand the concept of a Bore1 algebra in order to follow 
what has been done ill the assessment. The section should be deleted. 



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 of Scenario Probabilities 

See the comments on Volume 2. Chapter 2. 

Section 3.4 Calculation of Scenario Consequences 

~ e ;  the co;nments on \'olume 2. C l ~ a p ~ e r  3. 

Section 3.5 Uncertainty and Sensitivity Analysis 

The choice of a Monte Carlo approach here is wholely sensible. The section 
is however much longer and more detailed than need be to understand the 
actual me tho do log!^ chosen. .-\ general treatise on uncertainty and sensi- 
tivity techniclucs is not needed. More helpful would be some representative 
examples of the techniques actually employed in the WIPP performance 
assessment. tlrawn perhaps from \blumes 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 been shown to he much more efficient than ran- 
dom sampling or Latin Hy1)ercube Sampling in particular waste disposal 
assessments (Robinson. Roberts and Sinclair. PSAG meeting, November 
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. KO justification for using such a small number 
of samples is given. It might he a coincidence, but 60 is 413 times 45, 



and the claim has been made that t.he nuniher of samples needed in Latin -, 

Hypercube Sampling is only 113 time the number of variables. This claim 
is not sustainable in general, and if it is true for the particular case of the 
14!IPP assessment models, then this needs to be demonstrated. 

To illustrate why 60 samples seems 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. 

3.1.4 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 11otatio11 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. 1\41 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 years. Its placement in the figure implies a very high 
probability (greater than 0.0). 

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 follo\ved. Rnther, 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 WPP. 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 \vould very much benefit by the expert panel approach 
used in o t h e ~  areas of the performance assessment. - 
In addition, the most ilp-tc-date generic list for events and processes of 



: potential importance to disposal system safety is probably that contained 
,/ in the report of the NE.4/P.4.4G \\'orking Group on scenario development 

(OECD/NEA, 199'2). 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 test: 

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 esploration boreholes exist at the 
site, and have been left unsealed. Again. this is conceivable because the 
\VIPP is located in an area of intensive resource exploration and produc- 
tion. 

3. The possibility that escavation and mining occur a t  depth (e.g., for 
potash) adjacent to the site (but not within the controlled area, because 
th; EP.4 Standard suggests that this can be escluded). Such off-site min- 
ing may still affect the integrity of the disposal system, either through the 
establishment of a hol-izontal access that intersects the waste panels or a 
contaminated par1 of RIB 139. or via an indirect effect on the geological 
confinement capacity of the systrni. 

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 belotr. The section reads as if the int.ention 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 perfol~niance 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 screeuing 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. 

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 2.5-31. 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 ac t iv i ty  

Page 4-21. It is stated that thrrr  are unlikely to be any changes in the geo- 
logic or hydrologic systems clue to seismic activity, presumably because no 
evidence is available to suggest that any such changes have taken place in - 
the past. I t  is not made clear what evidence would be expected if seismic 
events had altered. i n  particular, the hydrologic system at  depth. Until 
relatively recently: with radioactive waste disposal, geothermal research, 
etc. producing interest in tleep groundwater evolution and ages, no one 
would have collected any tla1;l that \vould be of relevance to substantiating 
this statement. It is only in the last ten !.ears, with ideas on seismic pump- 
ing becoming more p1.evalent. that much consideration has been given to 
the effects of seismicity or i n  situ stress regimes of groundwater flow and 
evolution. 

Ground motion is not of much relevance here, as any significant seismic 
influences would he related to changes that could have occurred at depth 
which might have affected grouncl\~at.er chemistries, or in the extreme, 
hydraulic condoctivit.ies. 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 been demonstrated by the arguments provided. In any 

A 

case, later sulnn~aries contai~ietl i n  this chapter are contradictory because 



they indicate that the effects of seismic activity have been included in the 
base case (e.g.. page 4%). If so. how has this been done? 

M a g m a t i c  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 prohal~ilites being calculated. It is essential that such prob- 
abilites are estimated by experts with suitable geological knowledge. 

D e e p  Disso lu t io~ l  

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 5-16. \vhicli lmsumahly is the same structure. It is 
unhelpful to refer to specific stlmctures that are not also present in figures. 
Indeed, there is no need to mention Hill .I at  all, as it is superfluous to  the 
general argulnenr. This is all example of unnecessary text being presented, 
whireas hGtn- a n d  more figurrs ivould put over the concepts in a more 
cohesive manner. 

Shallow dissolution 

It \vould be useful to have a diagram or a cross section which shows the 
relationship of Nash Drav with the surrot~nding formations, illustrating 
the shallo~v clissol~~tion cffrcts listed in this section. 

Page 4-26, lines '1s-29. Dissol~~tion of the Rustler Formation by vertical in- 
filtration from the surface has l)rc~i eliminated because of low consequence, 
yet the potential conscquellccs have I I O ~  been analysed in any detail. This 
should be done for both present -day and p lu~ ia l  climatic conditions. 

Page L'i, lines 1-1-16. D i s s o l ~ ~ t i o ~ ~  by flow along the Rustler-Salado contact 
zone has also beell screened out because of low consequences, but here 
again the  qualitative arguments provided are insufficient to  justify the 
screening choice. 

In addition. e\.idence is presented in Chapter 5 that  dissolution in the 
underlying Rustler-Salado contact zone has caused fracturing of the un- 
named Lower hleniber (page ,514. 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). 



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 esploratory drilling, and cannot 
be eliminated from consideration on the basis of low probability. At the 
top of page 4-37 (lines 3 4 ) .  it is ho~vever suggested that injection wells 
can be eliminated because tlie driller \rill "soon" detect the incompatibility 
of his activities with the area. "Soon" is not defined in Appendix B of 
the Standard. but seems to hr defined here so as to eliminate injection 
wells from consideration. This is an inappropriate place to  define terms 
appearing in the Standard and. il l  any case, the same definition has not 
been used to eliminate esploratory drilling elsewhere in this section. 

Finally. at theentl of the section (page 1-37, lines 10-IS), 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 
system. but no analysis of tlie possible effect on the disposal system of a 
well undergoing injection (and passing through the repository) is given. 

Withdrawal  wells 

Page 1-37, lines 26-29. \+'orcling could be clearer. The text jumps from 
water wells to esploratory drilling for resources. 

Page 4-38, lines 4-1s. Drinking wells are eliminated because of lack of 
physical reasonableness, but if they are to  be eliminated, this could only 
be on the basis of low probabilit.y, 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 ultdertaken in future. 

Damming  of s t reams a n d  rivers 

Page 4-41. lines 29-30. Atlclitional clamming of the Pecos River is elim- 
inated because of low consecpnce, although this has not been demon- - 
strated. Additional damming \~oultI probably only make sense in more plu- 



vial conditions. Could the consequence under such conditions be demon. 
strated by some kind of relatively simple bounding calculation? 

Page 4-42, lines 25-26. An estensive discussion of damming of Nash Draw 
is provided, and then this event is elininated on the grounds of physical 
unreasonableness. The discussion and conclusion are nonsensical, however, 
because damming of h'ash Draw would only he 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. \vhicl~ makes a change from the more qualita- 
tiye arguments provitletl for otl~er categories of events. A parallel with the 
regional dissolution of the Salatlo Formation is drawn, but the significance 
is unclear. Salatlo tlissolution is occurring regionally, whereas subsidence 
above the repository woultl be a strictly local feature. Local subsidence 
could conceivably lead, for esample. to an increase of leakage between the 
Culebra and tlie llagenta. increased dissolution of the Rustler, etc. 

In addition. dissolution of the Salaclo and any associated subsidence will 
have occurred over periods orders of magnit ude longer than the subsidence 
associated vith tlic repository ( a n d  a5sociated local fracturing). 

Finall!, evidcncc is i n  fact presented in  Chapter 5 that fracturing in the 
Culebra has been caused I,!. prrvious subsidence [associated with post- 
depositional dissolution of salt i n  {.lie Rustler Formation, or with stress 
relief from removal of overbwtien (page ,516. lines 5-6) )  

Shaft  and  borehole seal degradation 

Page 4-49. Seal degradation has been considered and included in the base 
case. Ho\vever. 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 he 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 4-52, Are esplosions in the waste panels expected to occur? The 



text indicates t h a t  they are. 1,111 suggests that the 600 psi generated in an 
explosion will not he prohleiriatical. 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 
esplosions within the waste pancls 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.. lack of water supply). However, the consideration 
of poor water supply only rclares to the current climatic conditions. - 
Page 4-56 , Tahle 4-2. Tl~ere is an error in the table. Shaft and borehole 
seal degradation slioultl 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 4-59.lilles '2'1-24. Page 4-61. Figure 4-5. E3 (water wells) was retained 
for scenario tlevelopnient (e.g.. see table 4-2, page 4-56), but has been 
eliminated without reason here. Also. why are only the El ,  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 claimcd 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 years. This represents a misinterpretation of 
the EPA Standard. The EPA Standard refers to categories of events and 
processes (i.e., before their combination into scenarios), and not to the 
scenarios themselves. 

Page 4-62, line 9-14, This statcn~enl is unclear and confusing. Is the word - 
"lessn on line 11 sl~pposed to be "greater"? 
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Page 4-63. 

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

2. The base case summary scenario is here being discussed with very little 
knowledge of the geology, lithology arid structure of the Salado Formation, 
nor of the engineered harriers. Alost of the important detail is contained 
in Chapter .5; for example, there is no indication here of the separation of 
hlB 139 from the galleries, nor any description of what MB 139 actually 
is. All explanation related to the D R Z  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 base case scenario. 

3. The term DRZ is used in tlie test and in figure 4-6 (page 4-6.5) without 
any explanation of \r.l~at il I ~ I C . R I I S .  

4.  None of the disct~ssion of the development of gas pressures and mi- 
graJion within and from the waste panels reiers to the description of the 
various processes i~~vol\.ed \vl~icl~ are presented in section 5.2.5. 

5. On line 12. 111e ~vortli~~:, ("some ... some') suggests that relatively few 
waste container5 will contain organic material. What fraction of waste 
containers will contain organic material:' 

Page 1-63. linrs :I!)--11. 111 r l ~ e  1 2  sumnary scenario. it is assumed that 
tlie borehole plug tloc%s not t l r g d e .  \\'hat happens if the borehole is left 
unpluggetl (or ii t l r  plug degratlcs qt~icl;ly)'? 

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 to he possible to develop credible probability 
estimates for human intrusion events. The human intrusion event prob- 
abilities seem relatively low. I t  would he more conservative to  assume 
that human intrusion (through exploratory drilling) had a probability of 
occurrence of close to 1 (which \rould equally imply that  the base case as 
defined had a very low prohahilily of occurrence). It is especially impor- 
tant to  he open-minded on this cluestion early in the'assessment process, so 
that the  full range of possil~ilities is properly explored (e.g., via sensitivity 



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 years. 

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 tI?.?t the possibility or even the prob- 
ability of future human intrusion e\.ents can be identified. It tends to 
elevate thewhole issw of human intrusion to a pseudo-science, when, in 
fact. the approach to treating human intrusion assessment must be largely 
philosophical, regulatory requirements notwithstanding. 

3.1.5 Chapter 5. COMPLIANCE-ASSESSMENT SYSTEM 

Section 5.1 The Natural Barrier System 

Page .5-9. Figure 5-6.  There is no i~~tlication of what the shaded line is in 
the northern part of the figul.e. 

Page .5-12. line 9. The tlifference in l~ydraulic 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 hlember, and from the structure ofthe 
area this seems improbable. In addition, the cross sections implies that the 
Tamarisk hlember suddenly rhickens, whereas on page 5-16 it states that 
dissolution of evap0rit.e~ within this Member has reduced the separation -. 
of the Magenta and Culebra Dolomites. and therefore the opposite is true. 
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(Figure 2.6-2. \'olume 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-S 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 Wash Draw the evaporites have 
been dissolved from the hlember 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 "nininiisr the likelihood (i.e., probability) of ra- 
dionuclides migrat iq" 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 scalc is thc stratig~.apl~!. oi the Salad0 Formation laterally "consis- 
tent"? .4se there snlall. clisconti~~uous stringers of clay and/or anhydrite 
that occur wit,hil~ t l ~ c  planned repository horizon? Given the approach 
of assigning  robab ability distributions to parameters affecting sourceterm 
(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 st ringer WOII~CI  be helpful). 

Section 5.2.2 Repository and seal design 

W a s t e  Character isa t ion 

Do the \Vaste Acceptance Certification  requirement.^ say anything about 
dissolution or leach rate of wste'? If so, that should be stated in this 
section. 



Page 5-45, lines 1-2 (and again in Section 5.2.3). The uncertainty in waste -. 

inventories and characteristics a1.e cited as potentially large. The reader 
is left wondering how large is "large". if there is any sensible bound to 
this estimated uncertainty antl. perhaps most importantly, what are the 
factors that affect this uncertainty. If these issues on waste uncertainty 
have been addressed. they ought to lbe cited. If they have not been previ- 
ously addressed. the test should explain if and when such studies will be 
undertaken. 

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

Seals 

Page 5-16. Figurr 5-19. Page 52 .  Figure 5-20 and Page 5-54, Figure 5- 
21. These 211 indicate t11at the separation of hlB 139 from the base of 
the disposai vaults is greater than is actually the case, and in the case of 
figures 5-20.and 5-21 greater than 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 wit I1 ~ h c  vertical separation of the vault with 
N B  139 a~itl the thickt~ess of 1113 131) are all incorrect. Either this diagram 
should state that i t  is onlx diagra~~~mntic.  antl therefore should contain no 
dimensions of al ly  sort. 01. Iwt t c ~  slill i t  should be drawn to a true scale. 

Page 5-17. lines 10-1:3. The terms '.long-term" and -short-termn are too 
vague: perlmp.; cross-reference to section 3.2.1 in \:olume 3 would be ap- 
propriate. 

Page 5-47. lines 31-32, -Over lime" is vague. as is reference to "other 
interbeds'. presun~abl? nieanin:, r\rlh~clrite Layers .4 and B. The text 
should be more specific. 

Backfill 

Page 5-47, lines 36-4.5. 

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

2. It is claimed that permeability will he initially reduced (prior to mn- 
solidation) of this backfilling but the test does not quantify the extent to 
which permeability is reduced or how cllective this reduction is in limiting - 
water migration inlo thr \vas~e pallel. 
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3. It is also claimed, without supporting reference, that consolidation 
will occur to limit water inflou h i t  i t  is not said how Iong this will take. 
A plot of permeability (or deg~ee of consolidation) versus time would be 
extremely helpful. It would seen1 that brine would be flowing into the 
waste panel during (and in response to) this consolidation. 

4. This paragraph introduces the of clay backfills but leaves the 
reader wondering if  this consideration is an attempt to correct expected 
poor or unpredictable behaviotrr 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 5-45, h e  3 4 .  Again. llow large is .-large"; the text should 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 "largc" uncertainty'? 

Page 5-49. lines 9 and 11. Please be more specific than "short half-lives" 
and "low tosicity" (in contrast. the "low activityn term is properly speci- 
fied). 

Page 5-49. lines 9-10. I t  \vould help if the test defined the edge of the 
"repository" from \~hicli ratlio~~uclides are lei~ving. 

Page 5-49, line 20. \Vhile radium-"26 activity will be insignificant dur- 
ing the first 10.000 years. 1.0 tvl~at levels ivill  it increase over 100,000 or 
1,000,000 years'? I t  may represent a safetylrisk concern over these longer 
time scales antl shoultl not br tlicmissetl 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 az "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 test.  Yet the critical sensitivity of solubility may necessi- 
tate that  all essential details be esplicitly presented in this summary. The 
current test is too brief for the importance of the topic and too confus- 
ing to  be helpful to both terl~l~ical antl non-technical readers. Suggested 



revisions are out lined 1)elm 

Page 5-49, lines 25-27, It woolcl be helpful to describe the specific source- 
term model used in \;\!IPP analyses so that readers could judge for them- 
selves the relative sensitivity of release rates on solubilities and other pa- 
rameters. .4 listing of the niathcmatical formulation for release would be 
especially instrwt ive. 

An explanation slioulcl be provitlctl for the selection of a specific type of 
distribution (e.g.. logunifornl) and specific range for solubility values, and 
the reasoning behind assigning such fixed distributions to all radionuclides. 
Although the \ I l P P  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 5-19. line :34. Thew is not an -absence" of dat.a; rather, a paucity of 
data exists 011 radionuclide solubilit!. in brines. For example, Dr Dhan Ral 
and-colleagues at tlic Pacific Sortlnvest Laboratory have conducted and 
publisl~rtl sc\.eraI papers on esprrin~ental measurements and theoretical 
models they have developed for the previous salt program for disposal of 
high-level \vaste. O t l w  workers have also studied this topic, notably for 

' the German repository prograni. The assertion that there is an absence 
" r of data indicates. at lxst. a surprising unfamiliarity with the scientific 

literature: at worst. i t  s l ~ o w  a prctlilcction toward substituting expert 
judgement in place ol' esperimr~~tal  data. Either case severely undercuts 
the credibilii!. ol' 111e rspcrt pa~icl approach adopted by the WIPP Pro- 
gram. Accortli~~gly. i t  is suggc..c~ctl thar the test be corrected and expanded 
on this key topic of esisting rsperinwntal data. 

! 

' In particular. no references coultl lje found in section 5.2.4 or in section 
43.3.5 on esistilrg espcrimcntal data. The brief mention of existing data 

on page 5-50. line 35 is entirel!. inatlequate for a parameter which has the 
most important 11ncerraint.y in the elltire performance assessment. 

Page 5-49, line 4'2. The terminology used here is "expert panel on source 
termn, whereas page 5-49. lines 36-37 and page 5-50, line 37 indicate that 
it was an exper! panel on solul)ilily. Clenrlg the latter is a small, albeit 
important, sul~set of the fornirr. 11 is crucial to understanding of the 
approach that the tecllnical si11,ject for the expert panel be clarified and 
consistently cited. 

Page 5-50. lines 9-10. The e~nphasis on -complementary areasn, "breadthn 
and "balance' seems contradictor! to the purpose of invoking a single ex- 
pert panel on a single issuc (i.e.. soluhilit!. of specific radionuclides under - 
variable Eh and pH conditions). I t  would seem that this was not a single 
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>' expert panel but rather four separate one-member panels in four diffe~. 
ent areas. This separateness of espertise 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 11-15. This sentence seems to make a distinction without 
a, difference. The difference between "considering a solubility limit" and J"to co?sider esphcitly the ind idua l  radionuclide concentrations" should 
be clar~fied. 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 23-15. The lest should note if the communications among 
panelists were documented antl'if the panelists communicated with any 

Jother "esperts.. outside the pal~cl during this time. If so, further clarifi- 
cation for the non-specialist. is nwded to establish the appropriateness of 
this procedure vithin the accepted precepts of expert panel elicitation. 

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

J ronmental factor considered is inadequate, again given the acknowledged 
importance of the solubility valucs. For example, were pressure solution 
effects 011 solubility arising from salt creep considered as a factor? If not, 
why not? 

Page ,541. lines 1 a n d  1-1. Pl~ospl~ates are well established as important 
1 compountIs/complcsa~~ts of actiniclrs. Does the absence of a citation to 

phosphate imply tha t .  s r d ~  co~npot~ncls were not considered? The brevity 
of this treatlnmt of solul~ility and the espert panel tends to raise more 

Page 5-51, lines 6-7. This admission is astounding and seemingly in con- 
tradiction with the rat.ionale for convening the expert panel. The initial 
justification for the espcrt panel was to provide judgement about radionu- 
clide concentrations (page 5-50. lines 12-15) because it was (erroneously) 
considered that there \\.as an absence of experimental data (page 5-49, 
line 34). Now t.he panel was allo\vcd to cease its efforts on this very topic 
because "available data was insulficient". 'The reader is left wondering if 
perhaps these  expert.^ might not. be so expert after all and whether the 
WIPP Program has forgotten ihe 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 Anhgdrite 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 i n  10 years or in 1000 years? .4re these possibilities 
addressed somewhere? 

Page 5-53, line 2:3. Could the activity of other types of microbes generate 
other gases such as carbon diositle or methane? If such events have been 
eliminated. it would be useful to know the basis for their elimination. 

Page 5-55, line 34. Rather than nlerely state that neither pathway resulted 
in radionuclides ieaching thc C:ulehra Dolomite within 50.000 years, it 
wauld be helpiul i f  some intlica~ion were given of the time interval over 
which radionl~clitlcs tlicl reach this formation and what their subsequent 
migration n.as tl~ought. to l,e. 

Page 5-55. lines :3i--l?. I t  is noted that SVTR.4 and STAFFZD have been - 
used to motlel untlistuhed performimce. Brine flow only is considered, and 
gas generation is not directly consitlered in the simulations. The WIPP 
Performance .4ssessment Division has already recognised the weakness 
of the approach adoptrtl. and so no detailed review of this material is 
provided (sre also \'olllrne 2. C'lli11,tt.r f conments). 

Page 5-.56. line 3'2. How are thc rates of these processes determined? Is 
there an u~tstatrtl assuniptio~~ t l ~ i i t  tllc limiting step on corrosion is the 
influx rate of brine or arc specific corrosion kinetics considered for metals 
and. if so. hov are a\.ailaI)le s~~r i ace  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 radionuclitles, is the rhemiral equilibrium assumption likely to be 
conservative? 

Page 5-59, line 43.  Is i t  also ass~~med that future extraction technologies 
will be comparable to those of the present'? 

Page 5-60. The tliscussion on borehole intrusion into a waste vault is im- 
balanced. as it. appears to miss ant several aspects of the argument which 
are likely to be inipor~ant. I t  woultl seem unlikely that any driller would 
ignore the effect of the drill bit intersecting a shielded waste container, - 
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.- for example, because this would probably he detecta.ble 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 SIiB-type HL\V repository, admittedly using 
very different drilling techniques, is presented in Charles and McEwen 
(1991), where more realistic assumptions on drilling intrusion have been 
applied. 

\Ire agree with th r  co~nments liiatle by EEC; presented in Appendix B, 
pages B-30 to B-:3(i concerning I~ttnian intrusion by diilling. It is important 
that if so niucli is to l)c miitlr of intrusion as the one method by which 
radionuclitles can bc Ihrotlglll to man's environment within the 10,000-year 
period, tliel~ totiill!. crc.tlil)lct sce~~iirios should be considered. 

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

This sectio~l clescrilxs the C':\\l('OS system developed to  control data 
flow and code li~lkagc in t l ~ c  pcriornlance assessment calculations. The 
C.AMCON parliagc. is cstrrmel!. colnples. ant1 apparently completely un- 
verified. \\'hat has been tlonc lo provide confidence that the executive 
system is functioning as intentlctl'! For esample, it might be of interest 
to run some of the early NE.4IPS:IC'OIX esercises? or to  undertake some 
other PS.4 code intercolnparison acti\.ity. In addition, t.he information in 
table 1 (pages 5-67 to 3-72) s u g g ~ ~ s  that all but one of the 79 submodels 
in CAMCOX are still unverified. 1s this really the case? 

3.1.6 Chapter 6. CONTAINMENT REQUIREMENTS 

Pages 6-9 to  6-1 1. Table 6-3. Tlw s~.stematic listing of major assumptions 
made in obtaining the assessment 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. .4ltl1ougli some of the assumptions listed in this 



table may be adequately consitlered through bounding calculations or sen- - 
sitivity analyses. others may relate more directly to the modelling system 
selected for the assessment. Esan~ples range from the assumptions that 
no radionuclide transport occurs in colloiclal form, to the decision to ig- 
nore the contribution of RH-waste 1.0 subsurface groundwater releases to 
the accessible environment. to the decision to model the Culebra dolomite 
as a two-dimensional confined aquifer. \\it11 a singleporosity Darcy flow 
model and a dual-por0sit.y tl.ancport model (for retardation effects). 

3.1.7 Chapter 7. lNDlVlDUAL PROTECTION REQUIREMENTS 

No comments. 

3.1.8 Chapter 8. ASSURANCE REQUIREMENTS 

Page S-lO.,lines :33-:3.j. I t  is indirated that one objective of active insti- 
tutional control is to rest.ore t l ~ r  land surlace to its original condition. 
However, this activity \\.onltl secm to he incompatible with the current 
plan for passive i~~stitutional control to establish a system of permanent 
markers around thc site (page $11. lines 9-11), particularly considering - 
the type of large-scale niarl;cr systems bring recommended by the M'IPP 
Markers Panrl. 

3.1.9 Chapter 9. GROUNDWATER PROTECTION REQUIREMENTS 

3.1.10 Chapter 10. COMPARISON TO THE STANDARD 

This chapter is little more t h a ~ ~  a irpetition and summary of material 
provided in the preceding four chapters. Escellent synopses already exist 
for these chapters. I t  might bc prcferal)le to combine the material in these 
four chapters into a single chapter. as the!. are all relatively short. 



3.1.11 Chapter 11. STATUS 

.'.... 
The main focus of t.his chapter is to indicate where additional work needs 
to be done to increase confidelice in the assessment results. A very long ta- 
ble is presented, suggesting that a. great d e a  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 conlidence. Nearly all of the as~essment 
work is focused on section 191.13 of the Standard (the containment re- 
quirements), hut even here. w i t h  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 t h e  a l p r e n t  contradiction between the assessment 
results antl the prrsentation in t l~ i s  chapter, there is a need to  prioritise 
the informatio~l presented i n  111e taldc. on the basis of the sensitivity anal- 
yses already con~pletetl antl rqxxted in Volume 4 (note however that we 
have not yet. recri\.ed 111is i l ~ p x t a ~ l t  I'olun~e for review). 



3.2 Volume 2: Probability and Consequence Modeling 

3.2.1 Chapter 1. INTRODUCTION 

No comments. 

3.2.2 Chapter 2. DRILLING INTRUSION PROBABILITIES 

This chapter addresses the issue of generating the scenarios to be used in 
computing a CCDF. This has t~vo components - the philosophy behind the 
CCDF construction and rlie mechanics of generating the scenarios. The 
comments below rcl'cs ~ l i a i n l y  to I I I C  lillter. comments on the construction 
having alreatl! Iwwi nl;i(lc \ ' (~IIIIII(> I .  Section 3.1: 

The overall imprrssior~ of 111 i . ;  c-11a11trr is that 

a 

a 

a 

The 

the psese~ltatioi~ is unncccssaril\ ~nathematical; 

the full generality that is niainrai~letl is unnecessary. and contributes 
to  the previous point: - 
a simulation o c l ~  \vo~ll<l I 1)een easier to implement and 
esplilili. 

escessivr u s e  ol' rnatlir~~iatirs ol)scures some of the important. aues- 
tions tliat should I J ~  a s h 1  a h ~ t  tile treatment of human intrusion pre- 
sented. hlost iml)ortantl?. tlocs tlic approach lead to greater confidence 
in the assessinent results? The rrasoll for developing the many computa- 
tional scenarios From ~ I I P  s~nall n11111lm. of summary scenarios is to obtain 
a finer resolutioii of tlir (1CDI'. Is this needed if the rougher resolution of 
the CCDF (e.g.. just h a 4  on t l w  sinall number of summary scenarios) 
can he used to tlemonstratr ro~npliance'? I t  seems that sight has been 
lost of an iniporta~~l ol)jectivr i l l  evaluating uncertainty and in present- 
ing the resuhs of performanrc asscwlnents. The approach taken to treat 
uncertainty should be done so bccalse it leads to  a clear presentation of 
assessment results and associatctl uncertainties, and not only to ensure 
mathematical rigour. 

After specific comments on each section and on the following chapter, the 
simulation approach is clescrilx-d and illustrated by regenerating some of 
the CCDF curves. 



Section 2.1 Introduction 

This section restates the EP.\ regulation, and addresses the issue of con- 
structing a single CCDF. Our comments on Volume 1, Section 3.1 also 
apply here, since n m h  of the material is common. 

Page 2-4, Equation 2-1. The not ation % 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 purposr seems to be to give scenarios with single 
or multiple i n t ruh l s .  Tlirsc will Iw ~lsetl i l l  the nest chapter to generate 
CCDFs. 

Asior thissection iisrlf. i t  is ~ ~ n l ~ r ~ l ~ d r ~ l  lo the reader. .Although almost cer- 
tainly marlicnlatirally rorrrct and rigoro11s. it presents ideas which need 
only appear i n  a purc inat hcmac ics 1 ~ x 1  book or journal paper. It is impos- 
sible to give a tletailetl rrvirw oi I hc wllole section; instead some particular 
examples of these points are made belo\\.. 

Pages 2-7 to 2-S. Equat io~t~ 2-6.  2-7 and 2-S present three ways of 
writing 111atllematica11?. t l w  statenlent of lines 6 and 7 of page 2-6. 
For the gewral reatlw ~ l l i . ;  is unlielpful and for the mathematical 
reader i t  is nlrrcly rcpc-I i~ i1.c.. 

Page 2 4 .  \'arioos possiblr- forms of F(II, 1 , )  are given. No indication 
is gi\.en as to ~vhich is a r l l~ i l l l y  m e ~ l  in the assessment. Later in 
the repor1 il is c a r  I 11w sin~plesl and lnost conventional form 
(equation 2-9) is in fact used, and this is a sensible choice. Focus- 
ing on this case throughout \voltld reduce the need for much of the 
complexity. and enable the reader to see what is actually being done. 

Pages 2-9 to the midtllr oi 2-11, This material again belongs in a 
textbook or jol~rr~al palm. 1101 i n  an assessment report. Most readers 
will simply I,r i1llimitlatc4 by swh a presentation. 

Section 2.3 Computational Scenario Probabilities for Single Time 
Intervals 

Again the generality is unnecessary: the actual caie used should be de- 
scribed. 
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Section 2.4 Computational Scenario Probabilitiesfor 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 usr ju>r fire tinw intervals is not well justified. It seems to 
be based on consitleratio~~ of conlbi~~atorics rather than on the accuracy 
of calculatetl resulls. 

  he result-of all the elf or^ i l l  i l l i s  chapter is a series of rather daunting 
tables for input to the ilesl c.I~i~pl(.r. Given the methodology chosen, these 
tables are requirrtl hiit 11c*4 11o1 Iw prcsentetl in such a stark fashion. 

3.2.3 Chapter 3. CONSTRUCTION OF COMPLEMENTARY CUMULA. 
TIVE DISTRIBUTION FUNCTIONS 

Section 3.1 Introduction 

Tllis section repeals m11c11 oi'sc*clion 2.1 and \.olun>e 1, section 3.1. 

Section 3.2 Construction of a CCDF 

Again this is too mathenlatical. 

Section 3.3 Computation of Activity Loading Effects 

This section cl\~ells too m11rl1 o ~ i  I l ~ r  combinatoric problems caused by the 
methodology that. has been C~IOSPII.  A s  an example of this, table 3-2 (page 
3-10) serves no purpose as far as t11c rcatlcr. is concerned. 

In a number of plares alterna1ive approaches are discussed but it is unclear 
\vhich has finally Iwvn cllosen. 
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, >.-. .* . CI ;; ,, i 8, - Section 3.4 Examples of CCDF Construction 

No justification is given for t h r  riic of o111: 60 samples to study parameter 
uncertainty. 

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

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

Page 3-25. Tlic i s u r  ol non-co~~.;csvetl prolmbilities points to using a 
different i~pl>loi~ch. .-\I) esilnlplr~ ol'st~cli an approach is given in the next 
section of tlti.; - rcvic\v. 

An Alternative Approach using Simulation of Intrusion Events 

In this section it11 nltcrtiativt. sim111;ition nietl~odology is presented for gen- 
erating thc (.'(.'Dr.'s ~ C J Y  intrt~.inn. ~1'111~aIter11ative approach is outlined here 
to illustrate the IISV ol a s i ~ n l ~ l ~ r  a n d  more straightforward mathematical 
and computat ionnl a I ~ l ) ~ o i ~ r l ~  ( 1  I I ~ I I I  t h a t  adopted by Sandia) to the devel- 
opment of a ('C'III: for 1iuma11 i ~ ~ t r u i i o ~ ~  events. In addition, adoption of 
the suggested approi~cl~ 1vo11lt1 aIIn\v the time-dependent consequences of 
human intrusio~~ events to lie clrarly illustrated. The suggested approach 
is easy to describc and i1nplc1nc.111. 

There are an infinite numlwr of possil,lc fi~tures for the repository. In any 
one fut.ure a numlwr of i n t r u h ~ ~  evrnts will occur and these will have 
consequences. i n  trrnis of rrlcaws ro the accessible environment, which 
can be preclictetl by using t l ~ e  various models available. 

The consecluences of int l ivi t lui~l  i t11  r115ion cvents or of multiple interacting 
events (oi the E1E2 type) will i,c timctlepentlent. The time-dependency 
can be represent.ec1 as a piecrwisc-constant as in the current methodology, 
or in any convenient form. 

The suggested approilch grwratrs secpences of intrusions numerically 
iron1 the basir ass~~mption t l m t  lhis is a Poisson process. If other pro- 
cesses are to bc used a similar n~ctliodology could b.e developed. 



By generating large i ~ ~ ~ m l ~ e r s  or l~~ss i l> le  futures, and calculating the con- -. 

sequence of each. the CCDF call l ~ c  directly formed. In the example given 
below lo6 futures were generated (laking S minutes on a Macintosh com- 
puter). 

To illustrate the ease with \vhich such an approach can be implemented, 
the results given in figure 3-1 for cuttings have been reproduced using a 
small C-program. For each fulurr a sequence of intrusions is generated 
and the consequence cumulated. \\'hrn activity loading is considered, the 
activity level of tlw penetrated naste i.; determined randomly according 
to the given p~ol~alilities. 

Using this program: and binning the results, the CCDFs are generated. 
Those shown in figure 1 cihll lhc directly compared to figure 3-4 of the 
M'IPP assessment \blume 2, and are found to be virtually identical. 

In addition to reproducing the rrsults given. the simulator can be used to  
look a t  the possible effect of inclutli~~: time-dependence of the consequence 
more precisely. Ol>viol~sly fro111 I I I P  f ive time values given we cannot gen- 
erate a full tinw 11i5to1.y. and so I\.(! I~ave interpolated (and extrapolated 
for early and late ~inic.;) frmn ~ i ~ r w  values. The tables in Appendix B in- 
dicate t h a t  t l~ r  ~~orm;llizvtl r c h w s  are t lomi~~ated by one or two nuclides 
and so tend to fall off esponc*nrially. Therefore. a linear interpolation and - 
estrapolatio~i .;c.lmllc I I ~ C  I W I Y I  u*(:tl for the logarithm of the normalized 
release. The res1111i \\.it11 this 4 1 r n i c  are sho\cn in figure '2. 

The major eflect of  his cl~angc is t u  smooth the CCDF somewhat. This 
is a direct result of ihc c . l i n ~ i ~ ~ a l i o ~ ~  ol' t l ~c  discontinuities in consequence 
at '2000-year i~it(wxls. 
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Figure I :  C'CDF ior  cuttings produced by simulation approach. 



Figure 2: CCDF for cuttings produced by simulation approach with con- 
tinuously timevarying consequence. 



Chapter 4. UNDISTURBED PERFORMANCE OF REPOSITORY1 
SHAFT 

The 1991 undisturlxcl performance calculations were made largely on the 
basis of results from the SUTR.A and ST.4FF2D one-phase-flow codes. We 
have not reviewed this chapter in any detail, because we understood that 
a decision has already been made to model the undisturbed performance 
with the BR.AGFL0 two-phase-flow code for the 1992 assessment. 

Chapter 5. DISTURBED CONDITIONS OF REPOSITORYISHAFT 

Section 5.1 Conceptual Model 

Pages 5-1 to 5-2. The initial i~~trotluction senses as a reminder of the 
scenarios motlelletl and it  ~voultl lielp 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 E:! includes the possibility 
of more than one boral~ole clrillctl to tile same panel, whereas later in the 
test (section .5.1. page 5-59. linrs 5-6). E'2 is described as a single intrusion 
scenario. The rationale for n~otlclling ~nult~iple boreholes as a single one is 
esplained for tlw Ell? scrl~ario but is ~ ~ o t  justified for the E3 scenario. 

The assumption t11a1 11111lliplc. w l l s  tlrillvtl to the panel are hydraulically 
isolated is questional~lc. S o  r x p l a ~ ~ a t i o ~ ~  is gi\.en apart from a vague refer- 
ence to Chapter 5 of'\ 'olt~t~ir I .  011 rcatling this cha.pter, the only reference 
to hydrological isolation of w l l s  rcfers to ~vells drilled into the Castile for- 
mation. \vherr data suggest illat the brine pockets in this formation are 
isolated. This does not correspond to the I3 scenario, however, in which 
the wells terminate i n  the pa~wl. For unmodified waste, the panel has a 
higher permeability and porosity (\'olumc 3. section 3.4.7) than that of 
the Castile formation Ix=t\\.ec~i liriur pockets (Volume 1, Chapter 5, sec- 
tion 5.1.2). More esplanation shoulcl be provided on this point, as it is 
not clear that. if nlutiple wells arr ~i~oclelled as isolated, then conservative 
results can be guarant red. Null iple \veils \vill provide additional escape 
routes for the gas. assisting tlw depressurisation of the panel and allowing 
more brine 1.0 enter from the far field at an earlier time, than if the wells 
are considered in isolation. It sho~tlcl he possible to check the performance 
of mutiple wells for a few esample cases using a 3-D reservoir model, such 
as the TOUGH rode used in tile verification esamples. 

Page 5-1, lines 12-1 1. Tliv lisr of the term "flo\v" seems unnecessary. Why 
not simply use the correct trr111. c~~ tnu la~ iv r  volume,and avoid any possible 
misundersta~~tling and tht. constiint repetition of the quotes (which seem 
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to be forgot te~~ al~out in latcr wctions anyway). The reminder that the 
volume is accuniulatrtl over 10.000 year.; can then be given once in the 
text, and also in tile figures. 

Pages 5-2 t o  5-3. The subsections describing the approximations t o  the 
various scenarios are unclear. It \voultl be more helpful to deal with each 
scenario in turn and e s p l a i ~ ~  thc ass~~mptions made in the calculations 
for each one, rathcr than misi~lg t l ~ r m  up i n  this fashion. Subsection 
5.1.2, on the approsima.t.ion to the El scenario is particularly confusing, 
referring to all three sceoa1.ios a ~ ~ d  also presenting some of the results. The 
results are presrntetl as justification for the assumptions made (including 
the apparant interchange of scenarios) but, a.t this stage of the chapter, 
they do not enhance the understanding of the modelling procedure. 

Page 5-5, Figure 5-2. There seems to be a discrepancy between the results 
for the single-phasc flow ralculatior~s performed using PANEL (figure 5-2, 
page 5-5) antl those using BlI.\(;lT.O (figure .5-9, page 5-33). The PAYEL 
results indicate r l ~ t  i l~ r rc  is a co~~sitlcral,lc reduction in the cumulative 
volume of bri~iv for t l ~ e  1.000-yt'ilr i n t r ~ ~ s i o ~ l  \.ectors, compared with the 
two-phase flow results s11o\v11 i l l  fig11rc- 5-1 (page 5-4). Results in later 
sections usin:, 131~.4(;1'1,0 alone i~~t l ica t r  the reverse situation. with the 
single-phase flow calculatio~~s g i v i ~ ~ g  liigl~rr cumulative volumes for the E2 - 
scenario for t he 1.000-year i l l1  rusion  tors. .As the results are calculated 
using different n~otlels therr is ~ ~ r o l ~ a h l y  a simple esplanation for the dis- 
crepancy. but i t  sl~oultl 1,c esplainctl (one possibility is that the axes in 
figure 5-2 arc iurorrcctl!. l a l w l l ~ ~ l  I,! a factor of 10). Again, however, it 
would be less conf~~iinp, i f  res1111- \vrw IICA introduced at  this stage. 

Section 5.2 Two-Phase Flow: BRAGFLO 

A clear summary of' the concept 11a1 ljasis of the BR.4GFLO model is given 
here and in Appmdis A. 

Section 5.2.2 Model description 

Page .5-S. line 21. Tllr notnrnrlat~irr hcre shodd read k,,, rather than k,.. 

Pages 5-11 antl .5-12. Figurtlc .5-3 and .5--1. These figures present results 
for 1-D bencllmark calc~~lations using BRAGFLO, BOAST and TOUGH. 
The graphs of repository pressllrr vs. time and gas saturation vs. time 
for TOUGH each contain two Iinrs. one labelled all brine and the other .- 

labelled gns scr/rrrrrfio,~. but thew is no esplanation for this in the text. 
In the example. the gas gcneratiou rate is fired a t  2 x kg/s/m3 and 



results in  a pressure rise from 0.1 to I 2  MPa in a time period of 600 years. 

Page 5-13.  Figure 5-5. In contrast to the I -D esamples, the 2-D example 
has a lo\ver gas ge~~eration riltc (1.7 x lo-'' kg/s/ni3 for 525 years and 
5.7 x lo-" kg/s/mVor 1S5 years). but the pressure rises to 45 MPain  550 
years. The high pressure is at trilmted 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. I t  \rould 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 I~ i~vc  the additional henefit of comparing 
results beyond t lie r i ~ n e  of int  n15io11. 

Pages 5-14 to 5-16,  I I I  s i ~ c t i o ~ ~  5.2.2.1. Fundamental Equations, Ii' is used 
for the absolute pern~rahility. \vlwreas it is defined in the nomenclature 
(section .5.2.2.1) I I S ~ I I ~  k. 

Page 5-15. I 1 Tl~rrc. is a clia~rge in noinenclature from CN, to  CGb, 
before i t  is formally i~~trotlucetl on page 5-16. after equations 5-6 and 5-7. 

Page 5-15. line 25. This talks a l m ~ ~  a n  oil phase of brine and dissolved 
gas. instead of a \vctti~ig p l~aw.  

Pages 5-16 to 5-  I;. Sec t io~~  5 .2 .2 .5  011 ~vclls is clearly presented. It would 
however lw i1sr1'11l il '  c-onll)~tt i l l  io11ilI I inic.; for problems using the simple 
well model allti  1'1111 spi~tial ri.prcwn~ation were included, together with 
discussion of ~ ~ l ~ c t l ~ c r  t l ~ c  rcs1111.; li)r the iull representation could be used 
to calibrate the simplv niodcl. i l l  t l ~e  absence of production history data. 

Pages 5-1s to 5-21. The tlescription of ~.qxiating the time step (section 
5.2.2.6) is not. as clear. as i t  implies that the 3:' are chosen to  keep the 
time step constant. Presutnal)l!. this occurs only if the maximum changes 
in the dependent variables A:,, itt any stage in the calculation are equal 
t o  the fixed input parameters 1:'. 

Section 5.2.3 Spatial and temporal grids 

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

Page 5-23. line 2. Reference to figure 4-1 ~ o u l c l  be more helpful if i t  
occurred i n  thc first paragrapl~. so t l w  reader. may refer t o  it straight 
away. 



\ Section 5.2.5 Results and discussion 
,a 

! .* 
Generally the discussion here is easier to understand than that given in 
the introductor). sections of this chapter (see above comments). However, 
there is no discussion of how ~.csults are obtained for multiple intrusions 
into the panel. The introductio~l clearly states that multiple intrusions 
of this kind are included in the rom~n~tat ional  scenarios, and distribution 
functions for times of multiple intrusions are given in Chapter 5 of Volume 
3. It is not made clear wlietl~er the resul~s presented actually include 
multiple intrusion cases for scenario E2. If they do, it should be explained 
how such results are derived. as the BR.4GFLO model is restricted by the 
use of cylindrical geometry to n~otlelling single wells. 

It was also noted earlier LII;I( 111c discussion of the comparison between 
single-phase antl two-plmc f l o ~  results is restricted to  the BRAGFLO 
results. There is no explanation of the apparant decrease in cumulative 
volume obtained for the El antl E'Z scenarios for the 1,000 year intrusion 
vectors. using the single-phase flow model. P.ASEL (if indeed this decrease 
is not simpl? due to errors in lal)clli~ig the ases of the figure). 

Page ,540. lines '20-:30. The tcst sl~oultl read "\\.hen gas is not generatedn. 

Page ,541. Figure 5-7 .  The lclt asis indicating E2 flows would appear to - 
be a factor of ten low. 1 ) ~  conqxlri-011 ~ i t h  other results presented in this 
chapter. 

Section 5.3 Repository Discharge (PANEL) 

The lengthy matI1c~1natica1 tlrscrip~ion of the relatively simple flow model 
used in P.ASEL seems out ol' p l ; ~  here. particularly as the flow model is 
not used in the consequence analysi.~ (other than for the results shown in 
figure 5-2). It would be easier to read if  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 .;-I?. (:, sl io~~lt l  be <ii. 

Page 5-49. line '23. The test r c f m  to po instead of Po. 

Page 5-5.5, line 3 5 .  .An adclitio~~al line is included, by mistake. 

Page 5-56. lines 6-S. It. would be helpful ro include a description of the 
estimation procedure referred to. for calculation of the final discharge rates 
to  the Culel~ra Dolomite antl tlic contaminant concentrations. 



Pages 5-57 antl 5-55. Figurc 5-2.3 and 5-24. The explanation of "Flown 
included in 110th f i ~ r e s  5-23 a n d  2 is not necessary, as the graphs 
show normalized release rather t h a n  cumulative volume. In addition, the 
caption for figure 5-24 should read EIE2 Releases ..., not E2 Releases ... 

Section 5.4 Summary  of Resul ts  for  Disturbed Performance 

Pages 5-59 to 5-60, This sec t io~~  summarises the mcdelled scenarios once 
more, and here the description of t l ~ e  E2 scenario is reduced to a single 
intrusion of the waste panel. again wit11 no discussion of how results for the 
multiple intrusion cases are inferred. It also states that the El  scenario 
is assumed identical to t l ~ e  E::'Z scenario. It. would be better to remind 
the reader w11y this assumption is made. or simply to  say (as in earlier 
sections) that E2 results. ill g(.~~('ri~l. provide an upper limit on the El  
results. 

Page 5-59, Xumrrous rs;ltnl,l,*s 01 poo~. gralnmar or 1.u editing, e.g. - 

3.2.6 Chapter  6. DISTURBED GROUNDWATER FLOW AND TRANS- 
PORT 

Chapter 6 i ~ ~ t  rot l~~ces the conrryl l1i11 1i10dc1 for disturbed groundwater flow 
and transport \ v i l h i u  the C'ulcI11.a Dolo~nitc. 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 bct\reen the three aspects described in 
sections 6.3. 6.4 antl 6.5. 

Section 6.1 Conceptual Model 

Here the authors clearly describe I hr requirement to  generate realizations 
of transmissivity honouring p o i ~ ~ t  estimates at well locations, but do not 
make explicit the reasons why a gcost at istical approach is an improvement 
on the zonal technique tlisct~ssrtl. .A discussion of the effect, on transport, 
of spatial variability on a rallge of scales would clarify this. 

I .i 
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Section 6.2 Generation of Transrnissivity Fields by Geostatistics 

The first part of section 6.2.1. on the generation of conditional random 
fields, could also benefit from clarificatio~l. First, there is no discussion of 
the basic underlying assumption of geost.atistics, that the measured values 
are regarded as realizations of a random fieltl. Second, the description of 
the variogram is confusing. Third. thc statement that each realization has 
the correct spatial structure of'[ lic true field overstates the functionality of 
the geostatistics alqxoach. Thtw is no reference to the implicit assump- 
tion that the n~rawrcd valm=s a ~ ~ c l  the true field have the same spatial 
structure. Furtl~~rniore. a l t h o ~ ~ g l ~  m~tliods such as turning bands give a 
specified e~lse~nlde spatial st.ructure over a number of realizations, it is not 
clear whether a11 intlivitl~~al rc.alizations have the desired spatial structure. 

The desirzhility of assessing ro~~ccptuill model uncertainty is clearly pre- 
sented in seeti011 (i.2.3. .\ rill ltri. I ~ I I I N  description of the four alternative 
models woultl bc Imdicial. 

Section 6.3 Selection of Transrnissivity Fields 

In this sectio~i. t l ~ e  i l ~ ~ t - l ~ o ~ s  t l isr~~ss 111e  atio ion ale for selecting transrnissiv- 
ity fields. a n d  t l l r  caIr111ati011 of I Y A Y C I  times through the selected fields. 
An indicatioli of the grid tlqw~~tlel~ec. of t l ~ e  results, and a discussion of 
\vhy a .52 s 4.1 grid \\.as i~srtl .  \vo~~ld Iw of interest. The inclusion of all 60 
selected trans~nissivi~y f i ~ l t l . ;  i l l  A I I  o\.rn.ir\v of the results is unnecessary. 

Section 6.4 Fluid Flow Modeling with SEC02D 

This section tliscusscs fluid Ilo\v motlclliog with SECOLD. 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 sectioll could also benefit. from a clearer discussion of the 
links between the 1991 calculations wit11 SEC'O'D and other aspects of the 
calculations cliscu.;setl in t l~is  cl~aptw. The transmissivity fields generated 
using the geostatistics tliscussrtl i l l  section 6.3 are only mentioned very 
briefly. It would also be of interest i f  a clearer indication of the range of 
behaviour due to clifrerent transmissi\.ity fields was discussed. 



Section 6.5 Transport Modeling (STAFF2D) 

This section gi\.es a clear, tlctailcd description of local flow and transport 
modelling. The section introduce5 a 1111111l)er of assumptions and limita- 
tions (section 6 .5 .2 .3 ) .  It ~voultl be of interest if the authors discussed 
further the basis for the assumptions. It would also be beneficial if the 
discussion of thr results in  sactioll 6.5.2.10 included a more complete de- 
scription of cliffere~lt scenarios co~~sitierrtl (e.g., scenario E2 is introduced 
without any tlisc~~ssion). This srcl i o ~ ~ .  a s  for section 6.4, could also benefit 
from a fuller cli~cussion of the l i u l < >  b r tven  the work discussed and the 
other aspects ol thrs 1'391 calc~~l;l!io~~s. The link bettveen regional and local 
velocity fields a ~ t l  yricls co~~ltl  ljv I I I ~ I C .  more esplicit. 

3.2.7 Chapter 7. CUTTINGS REMOVAL DURING DISTURBANCES 

Generall!.. the work rcportcvl i l l  illis scctio~~ i.; escessively detailed for the 
state of kno~vlcclgc. 

Section 7.1 General Considerations 

This subsection l)c.gil~.: I)?. r c . ~ ~  ric.1 in:: i~ttention to a hydrocarbon explo- 
r a t i o  e l  t i  c ~ r r  t i  r i l i  ~ e c h ~ ~ i c t ~ e s .  IVhile this is clearly 
a good basis lor c o ~ ~ s i c l r r a ~ i o ~ ~  o l ' t l~r  Ii11ma11 intrusion scenario, it must be 
admitted that our ability to p.r.Oict I'uture 1111man hehaviour is minimal. 
Thus. it cannot lw said \\.I,!. a lx~ri.l~olr \voultl he drilled, or how it would be 
drilled. The i~troduction ol' sopliist ic.atrtl ~notlelling cannot disguise these 
basic facts. I n  ortlcr to i~lalw ;I hit. il..srsinirnt of the potential risks arising 
from such i ~ ~ t r ~ ~ s i o l ~ s .  i t  is ~~(-c.rs.*;~ry 1 0  cstin~atc both their frequency and 
scale. The hrquwicy is i l l r ( ~ ~ c l y  c s t i ~ x ~ ~ r t l  (as a probability distribution) 
directly fro111 cspcw ~ I I ~ ~ ~ ~ - I I I ( Y I I .  ' I ' I I ( .  si.ille of intrusion should be similarly 
estimated. 

Section 7.2 Analysis 

Given the comments of the prcavio~~s section, we consider the analysis 
present.ed in sections 7.2.1 aiicl 7 2 . 2  unnecessary (and have not reviewed 
it in detail). 

In section 7.2.3. t 1 1 c  l3a1cn1al1 cq~~iitions for radioactivedecay and ingrowth 
are stated and sol\.crl lor thr particular case of a 5-member chain. The 

-C explicit e s p a ~ i s i o ~ ~  ol' 111r s o l ~ ~ ~ i o ~ ~  as presented is not very helpful, since 

4 7 



it is not an efficient \ray of aclually ralculating inventories against time. 
Moreover, it is not necessarx to soIv~= the equations in terms of numbers -, 

of atoms and then perform messy conversions. 

The Bateman eqmtions in term.; of activity are simply 

For given initial inventories .v,(~) [arbitrary units of activity], the solution 
can he written 

where the coefficients ( I ; ,  are tlclinctl by thc recurrence relations 

This is valid for any Irngtl~ c11ni11 alld leads directly to  an efficient and 
compact ~lumerical algoritll~l~. 

Section 7.3 Code Description 

No con~~neiits,  esc-rpt (hat t11ii1 ~ l m v ~ .  solution method should be used for 
solving the B a t e ~ m n  cquatio~~s.  

Section 7.4 Drilling Parameters 

As commented above. the scale of i~~trusions should he directly estimated. 

Section 7.5 Results and Discussion 

IVhg not show the full CCDF'? 

Pages 7-17 to 7-1s. Tahlcs 7.1 and 7.2 both have the 7000-year column 
incorrectly li~l~ellrtl. 



Volume 3: Reference Data 

Although we have some concwts ovrr 1l1e tlrtails of the methodology used 
to obtain the reference data. our gc~terirl impression of the data gathering 
exercise is that it is very systeliialic and comprehensive. 

On the other hand, in the chapters describing the treatment of individual 
parameters, it is not al\r.ays clear whether or not the parameter was Sam- 
pled and, in many cases, i t  is not clrar how the parameter entered into the 
performance assessment. A n  additional point of confusion is that often the 
performance aswscment ralc~~lal io~iz used different values for parameters 
than those appcarin: i l l  the sllniliiary t.al>les and Loses. In this case, we 
presume that tIic sumniary v i~ l~~i ; i  \\.ere U S C ~  solely for the purpose of sen- 
sitivity analyscs (rrportctl i l l  \ 'o l t~~nc -I ) .  Tlie distinction should be made 
clearly. 

In addition. tlw detailed discussion.; contained for many of the parameters 
in some cases shed little light on the basis for the median and range used 
in the assessment. \lore attention ~irctls to be paid to the clarity of these 
discussions. and to t l ~ e  link I>et\\.cc~i tlw tlisc~~ssions and the final summary 
informatio~l prescntrtl in t l ~ c  "l,i,\-i<?;" and tables. 

Chapter  1. INTRODUCTION 

Section 1.1 Purpose and Organization of t h e  Report 

KO comments. 

Section 1.2 Conventions 

Page 1-1, line 4s. Equation 1.2-1 In.; a missing r after the integral. 

Page 1-2. line 53. I t  is noted t l ~ a t  7 is u w l  to denote both the  true mean 
of a distribution and its sampl~. Incan. Time two quantities should be 
clearly disting~~islietl. 

Page 1-3, line 11. It is stated rlial normal distributions are truncated 
at  the 1st and 99th percentiles. Givrn that the regulation is concerned 
with the 0.1 percentile of the distsil)ution of consequences, this cannot be 
justified on n~atlictna~ical grout~tlh. I'wsumably the justification is that 
the normal t l i s t ~ i b ~ ~ t  io11 is only a crmvrnient way of representing some 
types of u~iccrtainty a ~ l d  so its tails sl~ould 1101 be included. c--*-- 

I!) 



. . 
Page 1-3 to 1- I .  SCYI iwil .2 .3  ( ' I , I I . I I I I ( I < ~  L)istriln~tion (Empirical). There - 
seems to he a co111'11sion Ibct\v<n ~ ~ ~ ~ ( c ~ t i ~ i n t y  and variability. Repeated 
measurements of a variahlr rn;l!. ~i1.e tlifkrent results for a number of rea- 
sons (spatial varial)ility, esperimrntal 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. i t  is only when the parameter varies 
stochastically that the observations can be taken as a direct indication 
of uncertainty. In other cases. the varying measurements require care- 
5 1  consideration I,! esperts to tlctrrmir~e a reasonable characterisation of 
uncertainty. 

Some of the conl'~~Gm in tcrmi~~oloyy ]nay result from the more or less 
direct translation of reactor PR.\ ~ ~ ~ c ~ l ~ o t l o l o g y  and terminology to waste 
disposal s\.stenl perfornlal~co assi.sslnel~t. It is not sensible to apply di- 
rectly all of tlle rractor PIl.1 (-o~lcepts to natural geological systems. For 
esample. large parts ol a reactor call be treated as an engineered system 
comprised of compollrllts of nlorc or less constant (but imprecisely known) 
properties. This sanlc tlli11l411: is 1101 t . i ~ ~ ; i l ~  applied to disposal systems. 

Page 1-12. litlc.; 12-18. 7'11~ I I ( . ~ I < T I  ol' correlations has a potentially sig- 
nificant efi'rct 011 c i ~ l c ~ ~ l a ~ ( v l  I . C Y I I I I I ,  i111tl sl~ould not be dismissed so lightly. 
It is oftell s ~ ~ g g ( . s ~ ( d  t l ~ i ~ t  corrcl;tliol~s Iw included 1,y reordering samples 
(produced by Lati11 11yl)crc1111i~ Sarnplins or straighfor\vard Monte Carlo 
sampling) to sati>l;. a sl>ec.ifictl t.or~dalion matrix. This approach is how- 
ever niucli less w~isl'actory I ~ I ~ I I I  all approach based on identifying the 
reasons for correlations ( i l l  tcrnw 01' Iimctional relationships) and repa- 
rameterising arcortlingly. 11.1 111i. later parts of this volume, correlations 
are given as rank-corrclat io11 ro(4liricnts. presumably indicating an inten- 
tion to use a recrdrrill:, 1 1 ~ 1  I I ( I I ~ .  

Section 1.3 Background on Selecting Parameter Distribution 

The method for srlrrtillg ap~wi~llrialc~ parameter distributions is well de- 
scribed. 

Page 1-18. lines 33-9s. Tllc procc.il~crc. i l l  step 3 again raises the issue of 
confusing varial,ility and ui~wrtainty. 

Page 1-20. h e  -19. Some word.; l ~ v i .  Iwen mistakenly repeated. 



Section 1.4 Performance-Assessment Methodology 

The material in this section is >i~i l i l r l r  L O  that contained in Volume 1, 
Chapter 3 and in \hlume 2. ( ' l~ , tp~cr  3. I t  is not reviewed in detail here. 

Page 1-25, line 1-1. There is a mis.;ing sym1)ol betveen the words "ofn and 
"into", presuniably S. 

Page 1-27, line 11). The refrr(~lcc3 to Ij seems incorrect; this should pre- 
sumably be replarctl I)! S. 

Page 1-29, lines -1-6. The ref~rrnrc  to ..variable uncertainty" again seems 
to confuse the distinc1ion l,ctuw~l \-ariahilit! and uncertainty. Uncertainty 
can also arise owing to spatiill ( ; l~~r l /or  temporal) variability of the param- 
eter (e.g.. limited spat ial c l r i t ~ . ; ~ ( .~ r r i s ;~ l i c ,~~  of the disposal system), in which 
case the u r ~ c c r t a i n ~ ~  is mow itlrl)topri;llely referred to as "variabilityn. In 
addition. I~ccat~sc~ of t l ~ e  t l i l l i c . c t l ~ , v  <,I  t~siug tile espression, "variable vari- 
ability", WP \voul(l argue 1;)r t lhv s t ~ l ~  i t  111ion of the \\.ord "parameter" for 
"vayiable" flirougl~ottr t h~ tesl . 

Section 1.5 Background on WlPP 

3.3.2 Chapter 2. GEOLOGIC BARRIERS 

Section 2.1 Areal Extent of Geologic Barriers 

No comments. 
PP\., i i I C . +  ; $ $  yB rg3 ;,.. , 

i, g :;, ;: 
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Section 2.2 Stratigraphy at the WlPP -~ ' ..~..~,..-. - 
Page 2-5. line 12. The  esistence of 43  siliceous and sulphate units within 
the Salado Forn~ation is important information regarding the formation, 
and should he g i \ w  in C'liapter 1 of \'olu~ne 1. 

Page%-5. line 13. \\ 'l~at has litl~ostitiic and hydrostatic pressure to do with 
stratigraphy.? Tl~is it~formatio~l s11ot1l1l IF presented elsewhere, perhaps 



under hydrologic pavamc.tel.3 

Page 2-7, Figure 2.2-2. Thii t I~c lit.! liguw I11 \blumes 1 to 3 where the 
true spatial relationships betu. r r~~ 111c disposal vaults and the marker beds 
are displayed. This information sl~oultl have been presented in simplified 
form at  the beginning of Volume 1 .  Figme 2.2-3 (page2-8) is even more 
useful in this respect; information contained in this figure is needed in 
order to understand the development or the base case scenario. 

Page 2-10. Figure 2.2-5 .  This ligr~vv contains too much information, and 
little of it is self-esplanatory or esplainetl in the caption. How were the 
various curves and dat,a points s l~o \ r .~~  tlerived? 

Section 2.3 Hydrologic Parameters for Halite and Polyhalite within 
Sa lado  Formation 

Section 2.3.3 Dispersivity 

Page 2-2.5. Figure, 2.3-5. I I tri~t~sverse dispersivity shown in the 
figure do not r c h !  I I I C  tliscussim i l l  I I I P  test or in the summary box. It 
is stated on p g c  2.2 1 I lm! I ~ . i l t ~ ~ \ ( ~ r . w  dispwsivity \\.as assumed to be a - 
factor 10 smaller t11it11 1011gil 11lli11i11 clisjm4vi(y. Also. the bottom asis of 
the figure Itas llot h(r11 t l d i l 1 1 ~ 1 .  

Section 2.3.5 Permeability 

Page 2-25. Figure. 2.3-7. 'flw liy11.c. I I ; ~  heen n~islabelled. It should be 
figure 2.3-6. 

Page 2-21). Th(. e ~ ~ t i w  clisc~lssiol~ 011 rank correlation between halite and 
anhydrite permeability i l l  tlrc Salatlo Formation is nonsensical because 
there are only two scts of pa i r~d  (latit. The correlation coefficient finally 
settled on (0.8) is j~~slifictl I,!. a tlvsil.c not to contradict the conceptual 
model, This is a back\vartl.i argr~~nc~lr - the conceptual model should 
account for the ratlgr of paramrtcrs. nor vica versa. 

Page 2-30. linr .Is. F i g ~ ~ r e  2 . 3 4  tlors not show rank correlations; the 
referenced figure docs not esist i n  tllc report. 

Page 2-31. linr '2.1. Thr test stittcs  hat ..Often the PA Division does not 
model the disturl)c.tl zones \ r l m ~  i l  is t.o~lsc.rva~ice to do so ...' This wording 
is ambiguous a11(1 sl~or~ltl he clarili<d. 'I'l~c test could be read to mean that 
sometinies. even tllo11g11 i t  \vo111~1 lie (.011s(.rvatiw to. model the disturbed 



zone, the P.4 Di\isio~i docs  no^ do >o (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 (prol~ability density) arc undefined; the bottom axis shows pres- 
sure in MPa, and not s 10 hlpa as indicated. 

Page 2-34, line 20. It would 11c usrful if a reference were provided to the 
section of the test t h a t  tliwi.;w aiiliytlrite pore pressures (i.e., section 
3.4.6, pages 2-61 to 2-02). 

Section 2.3.8 Specific storage 

Page 2-13. linc 51. Sonic. wort15 FIYP ~nissing (perhaps just "in" at the end 
of the line'?). 

Section 2.4 Hydrologic Parameters for Anhydrite Layers within 
Salado Formation 

2.4.4 Partition coeffic~tnts and retardations 

Page 2-56. Tahlr 2.-1-2. T l ~ r  tahlc is ui~clear and \vould be easy to  take out 
of contest. 11 s l~o~~ l t l  bc i ~ l d i c a ~ i ~ ~ l  I l l i ~ t  t l ~ e  values provided are maximum 
partition coefficien~s for ilsr in .;e~~sili\.ity analyses: and that coefficients 
of zero were assumrtl for t h t -  ac111a1 pc-rrormance assessment calculations. 

Section 2.4.6 Pore pressure at repository level in anhydrite 

Page 2-62, line 20. Tlw relww~cr to figure 2.4-6 is incorrect. The refer- 
enced figure does not csist in  ~ I i c  rrl)ort. 

Page 2-62, lines 5 - 2 9 .  Thr inlcrpretatio~~ of the data provided in fig- 
ure 2.14  is nonse~isiral. Tllc t lnla do not fit the curves. The modelled 
asymptotic value oi pole prossnrc (10 MPa) is concluded to be signifi- 
cantly less than many of tllr mramwl data. The median value selected 
for the performance assrssmc.nc of 1 3  JIPa supports this view. 



Section 2.5 Mechanical Parameters for Materials in Salado Forma- 
tion 

KO comments because this sectio~i of the test is evidently still to be writ- 
ten. Is the implication of no lest that the referenced parameters are 
unimportant to or not used in t!w pc~~l'ormance assessment? 

Section 2.6 Parameters for Culebra Dolomite Member of Rustler ,,-..--- , . ~  

Formation 

Section 2.6.2 Dispersivity 

Page 2-7s. Figure 2 .6 -5 .  The l ,a~ tom a s i s  of the figure is defined as poros- 
ity. It should be lo~~gi l~~t l inal  tli>lwr4\.ir>.. 

Page 2-7s. Figure 2.6-(i. 1 ' 1 1 ~  f ig~~rc  is unclea~.. It seems to show distribu- 
tion> used for sel~sitivit!. anal!.scs only. not those used in the performance 
assessment calct~liitio~ls (Ims O I I  I>iigc 2-77). .Is suggested in the box and 
at the bottom of page 2-77, t11~sc srem to differ slightly. Also, the bottom 
asis of the figure has not 11ee11 tlefi~letl. 

Section 2.6.7 Tortuosity 

P a  - 4 .  I I I 1 ' 1 1 ~  r r l r w . ~ ~ ~ ~ .  10  figure 2.b-9 is incorrect. It should be 
figure 2.6-1.3. 

3.3.3 Chapter 3. ENGINEERED BARRIERS AND SOURCE TERM 

Section 3.1 Dimensions of Underground Facility 

Page 3-4. Figure 3.12. The l i l ~ a ~ ~ i n g  of the tiny black dot is unclear. Is 
this the location of the intr~tsi(,~i I~or(~1101e For transport calculations? 

Page 3-10. line 10. l l ~ i s  is the first use of the abbreviation SWB, and it  
should be clef ]led. 



Sect ion 3.2 Parameters  for  Backfill Outs ide  Disposal  Region 

Section 3.2.1 Description of the reference design for backfill 

Page 3-16, line 1s. The 200-ycar period is cited but what are the con- 
sequences if the time requirctl for consolitlation is much shorter (e.g., 20 
years) or much longrr (e.g.. 2000 years)'? Also, the 200-year figure cited 
in line 1S seems to contradict t l w  100-year figure cited in line 31 on this 
page and in line 1 011 page 3-17. 

Page 3-17, line 25.  As noted in Chapter 5 of Volume 1, the conditions 
and factors under n.hich i t  will he determined that a clay backfill will 
be "necessary* are not well t loc~~l~iented.  Will clay backfill be considered 
as a redundant barrier I,asetl OI I  its o ~ ~ i  desirable properties or will it 
be included because of csprrrctl or clemonstmted poor performance of 
consolidated salt? Tllcsc qursriol~s sl~oultl be answered in at  least a brief 
manner. 

Page 3-19, Figure 3.2-3. Tllc scab  on tlie uppermost figure in this group 
is misleacling. as I I I V  w p a ~ ~ ~ t i r ~ ~ t  cil' A l l ' %  139 from the waste. vault (and its 
thickness) is m l ~ c l ~  gwatrl. I ~ I A I I  i t  slio111d be. The provision of precise 
numbers and a scalp implics 1l1i11 t l ~ r  diagram is to  scale. 

Section 3.2.4 Partition coefficients for salt backfill 

Page 3-27. line 3. Tablc :3.2-2 is solely for "salt and trace amounts of 
clay". wortlillg t 11at wo~tltl i~nl,ly a11 unintel~ded, coincidental connection 
bet\v&n thcsc part i r  ion corllicic*nt.; al~tl those ior anhydrite. A possible 
wort1 change OII  linv 3s to ~~app~~os imate ly  the same order of magnitude as 
anhydrite" might makr t he sa~i i r   poi^^^ witl~out the unintended connection 
between clayey salt and a~~hy( l r i~c . .  

Section 3.3 Parameters for  Contaminants Independent of Waste  
Form 

Page 3-30. Figures 93-1  a : : 2  The left-hand axis of both of these 
figures is ~ isual ly  tli1~111ting I X Y R I I S ~  of all the zeros. The axis should be 
relabelled (e.g.. using esj)onmts) to improve readability. Also, the term 
"scaled" waste is usrtl. hut not tlrlinrd until later in the chapter. The 

.."7.1?,. C term is unrlear. 
:,. .' . .: !.?; 1 

r . .(... 
t,'. ; ; - i k ? : , '  1 Pages 3-31 to  3-3s. l'ablc 3.3-1. Is this lengthy table needed? All of the 
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- information is ~ C I J W I ~ ~  i n  I a t ( ~  t~ l ) lvs .  aiid \vitliout the apparent errors 
that have crept into this tal,lc. l'lir~ie arc at least two errors. First, the 
design inventory lor Ani-2-11 in ('11-~vaste is given as four times less than 

. . 
the anticipated inventory (page! 3-131). Later in the chapter (figure 3.3-3, 
tables 3.3-4/5), the anticipated inventor!. 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 a~iticipatecl illventor!. is given as 1165 Ci. 

Section 3.3.1 lnventory of radionuclides in contact-handled waste 

Page 3-45. Tablr 3.3--I. I t  is 1111(:Irar \vIiat t lie information presented on 
the line entitled ..Systcni Tolal" rcprcSselits. or how the data were derived. 
A comparison w i t l ~  ligiirr 3.3-5. sliggrsts that this line should probably 
have beell lal~ellrtl "Total Dc9ip11 Iin.cntor!.". and that all values are one 
column removed iron1 their rorrrc.1 position. 

Page 3-46. Tal~lc 3.3-3 (a i1~1  P a y  :I-30. Table 3.3-6). The column entitled 
"II'aste I l l l i t  far to^." sllo~~ld i r t .  ~lt4iiicd. T l ~ r  term is not defined until 
much h t r r  i l l  t 1 1 t .  ( I ~ ; i p ~ ( * r  (piigc. 3-(il ). 

Section 3.3.2 lnventory of remotely handled waste 

Page 3-50. Table :3.:M. .\I] atltlilinnal column entitled "Totaln should be 
added to this tal>lr. to farilitalr compariso~l \vit.h the "P.4 Calculations 
Design 1990" column. Total clvsign inventory seem to be about twice 
as great as that i i d  i l l  tlir I';\ (-alc~~lations. implying that the PA cal- 
culations are l~ot m ~ w r v i v .  1 1 1  LCI .  the inventory value used for the 
P.4 calculat i i )~~~ ( I .i00.000 ( ' i )  is ill,,, lcss than the total of stored and 
projected waste arising slio\v~~ i l l  1;11,1(. 3.3-7 (2,600.000 Ci). 

Section 3.3.3 Radionuclide chains and half-lives 

Page 3-53. line 40. Contrary to what is stated in the text, figure 3.3-7 
(page 3-.59) indicatrs that tllc tolal ~~ornialized activity is about 3% of 
the EPA limit (at 10.000 years aflcr repository closure). The normalized 
activity of Ra-226 is less 111n11 2% ol' tl~r EPA limit. The most interesting 
aspect of t l~r  figi~rc. Iio\vc*v(.r. i.; I I I ~ I I  I Iw nnr~nalized activities rise steeply 
with time after ~ I K N I I  2000 yars .  a ~ d  arc still rising steeply a t  10,000 
years. This begs the qiwstion ol' w l ~ ~ ~ r  does the total.activity level off, and - 
at  just what level:' .Also. rrg111atol-y ti~ncirame notwithstanding, how does 



the temporal \.iiriation I a i i  allcl 10.000 years affect longer-term 
performance? 

Section 3.3.5 Solubility 

See the detailed comments O I I  sr.ctio~~ 5.2 of \'olun~e 1. In addition, it 
would be helpful here if the inlor~nation 111-escnted i n  figure 3 . 3 4  (page 3- 
63) w\.as also presented in the ptll'rl~~d cdf form used for other parameters 
in this volume, as \\-ell as in the "bos" forn~ used for other parameters. 

Section 3.3.7 Molecular diffusion coefficient 

Page 3-69. Figulc- 3 3  10. T l ~ c  114'1- i\11(1 rigllt-hand as& should be reversed 
for consisicncy wit11 o111c1. s11c.11 lig11rr.3 p~.r.;cnled in this volume. 

Sections 3.3.8-3.3.10 Gas  production 

Page 3-71. l i ~ w  20: P a y  3-72. l.'i;;~~r(' 3.3-1.2: Page 3 4 0 ,  line 20; Page 3-81, 
Figure 3.3-16. Tlw presrntatio~~ is unclear. The information presented 
on relati1.e gas protluctiol~ rille- from corrosion and from microbilogical 
degradation u n d ( ~  11111nid c o ~ ~ d i l i o ~ ~ s .  r110111d say relat.ive to what (i.e., to 
the inundated rate,). :\lso. \ \ . I I ~  i i  a r(htive rate used. as opposed to an 
absolute rat(.'! T I I ( .  formc,r i i  c ~ l u ~ l a ~ e c l  from the latter. and the latter 
would seen1 to convey 111orc inior~nii~it ,~~. 

Page 3-73. li~rcs 24-25: Page 3-7 1. li11c.s 17-1s: Page 342 ,  lines 13-20; Page 
3-S.5. The units 11sccl I I P ~ P  arc3 t.sp~.c.s.ictl in terms of years, whereas else- 
where in thew srct io~~s t h y  arc es~,rcssecl in terms of seconds, making 
the discussion difficult to follo\v. Thr use of years on page 3-65 in section 
3.3-10 is particularly unfortlltlate. Ijccause this makes cross comparison 
with the informatio~l pre.ict~tctl i l l  scrtions 3 . 3 4  and 3.3-9 unnecessarily 
difficult.. Perhaps mow imporlant ly. i t  \\.oulcl be useful to present informa- 
tion on total (for 1111. mtirc* wpc,.;itory. or for one waste panel) estimated 
gas production r a t ~ s  I)? car11 (11'  I 111% r l~rec, mrcllanisms in these sections, 
because the units ~ ~ s c ~ l  a r t  dill'(:rtw~ i l l  111e three sections. 



, . .; 4 1 . .  , I: (1 . , Section 3.4 Parameters for Unmodified Waste Form Including Con- - 
tainers 

Page 349, Table 3 .42 ,  line '2.1. 1 ' 1 1 ~  word '.greaterx should presumably be 
Ules~n.  

Section 3.4.1 Composition of CH-TRU contaminated trash (non-radio- 
nuclidelnon-RCRA inventory) 

The tables and 1,oses in this srctio~l sl~ould be thoroughly examined to 
improve their clarity a id  accuracy. Scveual esamples are given below. 

Page 3-91. The iiii'ormatioi~ prcxv~letl i n  the summary boses is incorrect. 
On lines 6-22. a11 of t11r valiirs prrsc~~tetl are an order of magnitude too 
great. In atltlition. the median 1;7lucs do not agree with those provided in 
table 3.1-6 (page 3-11!)), 111 t l ~ i . ;  t i l l ~ l ~ ~ .  1I1e volume fraction of combustibles 
is given as 0.403 (not 03S-1). antl t l ~ e  volume fraction of metals and glass 
is given as 0.36S (1101 0376) .  Fin;~lly. the reference to table 3.4-10 seems 
incorrect: table 3..I-(i is the r o r r ~ c ~  li~hl(. to reference. On lines 32 and 42. 
the referelice ro figuw :3.1.:3 .;c(*nIi incorrect. It is unclear what the source 
of the clala is for t l ~ e  ~ ~ I I I I I I I ' *  01' I,i~~kfill and air in the repository. - 
Page 3-103. Tiiblr 3 . 4 - 7 .  Thi.: 1i1lj11- also contains many errors, making it 
difficult to untlerstantl. 011 I ~ I I I '  9. the units should be expressed as Gg 
(not kg). The suin~netl mils5 of 1V.C (on line 38) does not agree with 
the t ~ o  valt~es 011 liilcs '11 antl 2s: the source of the error is unclear. On 
line 36. the total volume of \\.aslr. is incorrect (too low) by a factor of one 
million. 

Page 3-104. Tal)l(. 3.-14. l'ct allot licr ~~rol~lemat  ical table. The derivation 
of the vali~es is I I I I ( . I C ~ ~  and is 11or c . s ~ ~ l a i ~ ~ c . t l  i n  the text or in the caption. 
In addition. on line 39. tlic 1(1Ii1l 111111ilwr of S\\.Bs is incorrect (too. low) 
by a factor of o w  n~illion. 

Page 3-105. Talde 3.4-9. J'ct a~iotlier esample of a table carelessly put 
together. On line 7. the units d \ ~ I I ~ I C  are missing (i.e.. m3). On line 
29, the reference to tal~lc 3.4-3 is incorrect: the correct reference is table 
3.4-4. 

Page 3-107. lines 13-21. The tlisc~~ssion presented here, on estimation of 
inventory accrss~d by intrl~siot~ I)orclioles. and on information presented 
in figure 3.4-1 1 is ~ o ~ a l l y  t~licl(.a~. i t ~ d  confilsing. The logic is absent. 

Page 3-111. lines 26-30. Tlw tliscussion does notdistinguish clearly the 



differences bet\reen the informatioc contained in columns 7 and 8 of table 
3.4-10 (page 3-106). Neitller docs tlie table provide sufficient information 
to understand clearly how tlie irlfo~matio~i contained in these two columns 
was derived. 

Page 3-112. Table 3.4-12. l i 1 7 -  23.  The data are not in the correct row. Do 
these data refer to the cornl~~natiotl of polyethylene and PVC? 

Section 3.4.4 Capillary pressure and relative permeability 

Page 3-121, lines 5-7.  The met l ia~ \falire for the threshold displacement 
pressure and the lo\r.er limit of the range are reversed. In addition, the dis- 
cussion indicate. that a prrssrlrr ol' zero \\.as assunled in the performance 
assessment calculi11 ions. How ilc~.s 1 1 1 i . j  assrlmption correspond with the 
summary preseri~ation in I I I ~ ~  l j t ) ~  (111 tlris page (the distinction should be 
noted in the i~os ) ' ?  

Section 3.4.5 Drilling erosion parameters 

Page 3-12?. linr 30. Tlir rrfrl.cncc. to figure 1.2-6 is incorrect. This figure 
sho\\.s the prol)al)ili~y of ilrilli~~g a her-rllolc of specified diameters (not 
shear strengtl~s).  1 ' 1 1 ~  rrl'criv~wil h;111ia does not esist in the report. 

Section 3.4.6 Partition coefficients for clays in salt backfill 

Page 3-12'3. Same comments as givrrl irntl~r section 32.4 (page 3-27). 

Section 3.4.7 Permeability 

Page 3-13], 'Jlirrr is no disc~rssior~ ol' the permeability of sludges in the 
drums. The Incan pcrlllral)ili~y ol' i~ drum cannot be derived without this 
information. 

Page 3-13?. line 2. The referelrce lo figure 3.4-8 is incorrect; the reference 
should be to  figure 3.4-9. 

. - ' .,., 



! ,.. 
' :! Section 3.4.8 Porosity 1 3  .. .. . , . 
', .- ",' 

Page 3-135. Despite (or perhapi l)ecai~se of) the ten pages of text that 
follo~v in this section, the tlc..i\.ation of porosities in the summary box 
remains unclear. \\:ere the! si~nply clra\~n from the paper of Butcher et 
al. (1991). If so, what is the point of the discussion? 

Page3-13.5, lines 7-8 (and in summary table 3.4-1, page 3-SS) . Themedian 
and lower range values for poro4ty of co~nl~ustihles have been reversed. 

Page 3-141. line 9. The porosit!. estimates referred to are not shown 
"above"; refrvence s l ~ o ~ ~ l t l  he matlc h e  instead to figure 3.4-10 on page 
3-146. 

Page 3-144, li~ie 21. T l ~ c  refc.rcnw to iable 3 . 4 9  is incorrect. The porosity 
ranges referred ro are l,rrsunlal)i!. t h e  from the summary box on page 
3-135. 

Section 3 5  Parameters for Salt-Packed Waste Form 

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

Section 4.1 Fluid Properties 

Section 4.1 .I Salado brine 

Page - 5 ,  l i p  2 I 2 I . i rw L);1  indicate^ that the range of the density 
measurements on sis samples of Salaclo brine \\.as 1224 -1249 kg/m3, and 
line 27 gives a range of 120s-12.X kq/ln3 (used in the assessment). Where 
does the diff~rence arise? 

Section 4.1.4 Hydrogen gas 

Page 1-1.5. lines 21-23. .-llmost I he satne information has been unneces- 
sarily repeatrtl o w  line iatcr (011 page 4-16. lines 4-5). 

Pages 4-16 1.0 4-20. Thr tliscl~ssior~ or1 hytlrogen gas density is unclear. It 
does not appear that the ini'ormalioir has 1)een useclto derive the density 



values that a p p c ~ r  in the box oil page 4-15 

Page 4-21, l i n e  25 and 27. The illformation on hydrogen viscosity is 
unnecessarily repeated on these two lines. 

Page 4-25, Figure 1.1-6. The right-hand asis (mole fraction for hydrogen 
solubility in  brine) is incorrert: the numbers provided do not agree with 
those tabulated i l l  the hose< on pages 4-2:3 and 4-25. 

Section 4.1.5 Drilling mud properties 

Pages 4-2s to -1-:31. 11 is unclrit~. Iiow t h ~ .  discussion relates to the values of 
viscosity and yield stress giv~ri i l l  the I)OX on page 4-26. Page 4-31, lines 
16-23 indicate that the values OII  pagr 4-20; were derived from the work of 
Pace (1990). \\ 'lia~ is the poi~it of all the discussion? 

Page 4-2s. line 7 .  Tlir r c fc re~~c~t l  l i ;~~r~= (1.6-2) does not exist in the report. 

Page4-30. Fig11l.c 4.1-5. Tlw fip,t~w is ~o ta l ly  unclear. It. contains too much 
information ant1 l i l  tlr of i t  is W I I ' - ~ S I ~ I I A ~ O ~ ~  or is properly explained in 
the test. The captiol~ also pro\-ielcs 110 uscfi~l information. 

Page 4-32. F i g u ~ r  -1.1-10. Tlw I I I I ~ I ~  01' pressure (Pa?) along the bottom 
asis are mis.;inp. 

Sec t ion  4.2 Human-Intrusion Borehole  

Section 4.2.1 Borehole f i l l  properties 

Page 4-39. Fi311rc. 1.24. Tile (igun, is illcorrect.. Tlle units on the bottom 
i s  a O I I  I I o r  of ni11iit111e. The median value of per- 
meability docs 1101 agrw \ v i l l ~  I h i i t  rorrtained in the box on page 4-35. In 
addition. the left- a i d  right-l~antl asps should he reversed for consistency 
with other figure:, ~ ~ r c s r ~ ~ t r t l  in  t l~ i s  voluine. 

Section 4.2.2 Drilling characteristics 

Page 4-43, Fignrr 1.2-6. TIw lig~rrc. sccms to be incorrect: the range of 
diameters given i n  tllc ligurc. (ap1~rositnatcIy 0.29-0.52 m)  does not agree 
with that p r ~ s n ~ ~ c v l  i l l  1111. Ims ~ I I  pa.:c. 4-42 (0.27-0.44 m). 

Page 4-14. lines 2 1  alltl :]-I. 'h t\vo ~ d c ~ c n c e s  to figure 4.3-6 are incorrect. 



Section 4.3 Parameters for Castile Formation Brine Reservoir 

Page 4-50. Figure 4.:3-1. I is I I K *  -Di<turhed Zone" of Borns et al. 
(19S3)? This sl~ol~ltl be defincel. 

Section 4.3.1 Analytic brine reservoir model 

Page 4-57, line 19. The \:aluv ol' 20 n?/Pa is incorrect; the assumed 
maximum bulk storati\:ity cliscu.;srtl clse\vliere is 2 m3/Pa. 

Page 4-59. Figuw 4.3-3. Tllr f ig~~rc  is ~~nclrar :  most of it (e.g., the various 
Qs) is untlefil~cd. r i l l l r r  i n  1 1 1 ~  1 ~ x 1  or i l l  the caption. 

Section 4.3.2 Numerical brine reservoir model 

Page 4-60. Jr is 1111~1ciir 11oiv I I I C  ~)c:r~~i~aIilit.ies of intact and fracture ma- 
trix in the bosm \wrc tlerivcd. ~ 1 ' 1 1 c ~ ~ -  are not in agreement with the values 
quoted in stlmmi1l.y ~a ldc  -1.2-1 (pig, -4-33). in contrast to suggestions in 
the test. Also. on page -1-61. 1i11c 2. i t  is indicated that a permeability of 
zero was assiylctl lo 111e i 1 1 1 ; r c . l  ( 'i~<lile malris. - 
Page 4-61. l i ~ ~ t .  6 .  ('ros.; rcl;.~e.~~cc~s \ \ . i ~ l ~ i ~ r  sec~ion -1.3.2 to sections 4.3 and 
4.3.2 [sic] a w  cirnl'11si11~ a1111 .w111 i~rwrrt.ct. 

Page 4-64, li111. .I!). l ' l ~ i s  1 i 1 1 , .  I I ~ S  1 ) t v 1 1  rcpatecl I)! ~nistake at the top of 
page 1-65. 

Section 4.4 Climate Variability and Culebra Member Recharge 

Page 4-66, Equation 1.4-1. Tllc vario~~s parameters in this equation are 
not defined m t i l  pagr -1-71. 'I'lw cq~~ation can be safely omitted here. 

Page 4-77. Equation -1.-1-2. Somc or t l ~ e  parameters in the equation need 
to  be defined (c.g.. thc h's). 

Paged-'is, lines 1 3  and 20. T l ~ r  rcchrgr amplitude factor has been defined 
earlier as -.Am" (nor "r-). Also. thc lower bound is Am=O (not 1). 



3.3.5 Chapte r  5. PARAMETERS FOR SCENARIO PROBABILITY MOD - 
ELS 

'-i.__ ., . 

Section 5.1 Area of Brine Reservoirs 

Section 5.1.1 Area of Castile brine reservoir below WlPP disposal area 

Page 5-3, line 35. ".-2nt.icli1ial" i s  misspclletl 

Page 5-3, line 41 .  The refcretlcc to fig~lrr 5.1-1 is incorrect. The reference 
should be to fig~t~.r- >.I-:?. 

Page 5-3. line 4 7 .  The refrrcncr ro figure 5.1-2 seems incorrect. The 
reference sho~~l t l  bc to figu~c 5.1-3. 

Page 5-3. l i n r  :IS. The test I t c w  pt.ovitles a value of 4.5%, whereas the 
table referred to (5.1-1. page .5-(i) st~ggcsts that a value of 40% would be 
more appropriate (a1 -200 m ~ ~ i i ~ s i ~ n ~ l t n  elevation). 

Page .5-1 ;rill1 5-5. Fi:ul.vs >.I-hil~~(l 5.1-3. These figures are meant to  
be inspeclrtl i(,get 1 1 1 ~ .  I ) I I I  I l ~ i r .  is PSI ~.(*nieIy difficult. because they are 
presented a t  ( l i l l ; w ~ t t  scillcs i t 1 1 ( 1  f i ;~~w .;.I-? is in terms of depth whereas 
figure 5.1-3 is in  t r t~ i i s  of r k i ~ t i o t ~  l l x h \ .  sea level). This distinction 
alone \\.as t l i i h l t  cvougl~ to tlcl-ipl~rr. 111 addition, units are lacking on 
both 1igul.e~ allti t l ~ r  ilsrs i l l ( .  I I I I ( I C ~ ~ I I ( . ( I .  

Page 5-6 .  TaIJe 5.1-1. TIIC ta1,Ic: c;il)tioll and colunm headings refer to  
masirnunl tlc.ptl~s. \vlrcrras 1110 \ - ~ l t ~ c -  provitled seem to be in terms of 
elevation (helow sea I ~ v r l ) .  

Page 5-13, lit1c.h 25-Xi. \ ' i ~ n l  i~~I 'o l .~ i~i t t io~~ 011 the geological controls on 
brine reservoir locatio~is is provithl. 'I'his illrorniation should be consid- 
ered much earlier i n  the tlisc~~ssion. 

Section 5.1.2 Location of intrusion 

Page 5-15. linrs .I-S. Tlwrr is mtfusiou bet\veen the location of the  in- 
trusion borehole for transpol.1 t l ia~lr l l i~~g.  and the location of the borehole 
for input lo  the source trrIli. lor  cs i~~nple .  the number of boreholes and 
the activity level* of \vastt, \vc.rc. ~ ; I I I I ~ J I ( X ~  parameters, yet the single bore- 
hole loratio11 for tri111s1)ot.t tloc.s I IOI  vvcn fall witl~in a disposal area of 
the repositor\. This (list i11t.t io11 i111(1 I 11t. reason for. i t  should be clarified 



throughout the irst of all vo1111iw~ 

In addition. thc relc-rence to  li;l~~.c :I.]-? is unhelpful. as the borehole 
location is no1 clearly sho\v~i. l ' l ~ c  onl>. vvitlent indication in this figure of 
a possible intrusior~ locatiolr is a till! ljlacli dot with defined coordinates. 
If this is the assi~med locat.ion. say so: i f  not. indicate clearly where the 
intrusion occurs. 

Section 5.2 Human-Intrusion Probability (Drilling) Models 

Section 5.2.1 Drilling rate function 

This section picscnls t l w  i1r:;1IIIi(.I1t Lr t l ~ e  range of \ d u e s  used in the as- 
sessment for Ianil,(li~. tlic drilling I.nl(. S~~nction. The range was assumed to 
extend from 0 to tlw IZPh : \pp(~~~tl is  U recommended upper bound, with 
a uniform distribution. I-lo\vr\.c~. t l ~ e  justification for using (nonconserva- 
tivej values less tlliln t l ~ c  El':\ ul)pcr Ijou11~1 is lacking. In the absence of 
information to sl~pport a IOI\.CI. v a l ~ ~ r  01' A .  it would be more conservative 
to assume a m i s l a n t  drilling rat(' I ' I I I K I ~ O I ~  ec~ual to the EPA upper bound. 

3.3.6 Chapter 6. SUMMARY OF PARAMETERS SAMPLED IN 1991 

Page 6-6. lint. :I!). I t  is I I I  1'10111 1l1r i~~lbrmation presented here what 
has been tlo~w i l l  I Ilc lw~. l ' o r~n ;~~~( .c~  ~ I W * S S I ~ C I I ~  with respect to  sampling on 
solubilit!. limits. Tlir corrr lal io~~ l,ct\vccn solubilities of different radionu- 
clides was r ~ f ~ r r ( d  I I I I I  3 .  liul 110 evidence for the correlation 
was presented. 11or wi~s suflici~w~ (I~,tail provided to justify the summary 
information prositl(d i l l  I l~is 1i.1. 



4 References 

ERC '2091. S i s t l ~  ('irruit. lOS0. Ol~io \.. 131'21. U.S. Court of Appeals, 
Sixth Circuit. 2:3 CRC! '2091 - 2 3  131tC' '2097. 

Bonano. E.J. and \\ 'ah. 1i.K.. 1!)00. I?se of performance assessment in 
assessing conipliance with the c o ~ ~ ~ a i n n i e n t  requirements in 40 CFR Part 
191. NUREG/C:R-5521, S.4ND90-01'27. 

Charles, D. and hlcE\ven. 7.  .I .. I 9!)l. Radiological consequences of 
drilling into a derp scpository for high lcvel waste. Intera Sciences Re- 
port, 1'2466-I. \ 'cniot~ 2. p ~ x y ~ i l n ~ l  I'i11. ! he Swedish National Institute for 
Radiation P~.otrct ion. 

E D /  I . S ~ S I  C ' I I ~ ~ I I  i ~ .  it l ) p r~ac I~c~s  to scenario de\.elopment (A 
report of t l i r .  YE..\ \ \br l ; i~~g (;roul, on the identification and selection 
of scenarios for p(~rhrmi\ncr  ;Iw,ssnwnt of radioactive waste disposal). 
0ECDIKE.A. l ' a~ , i s .  



REVlEW OF THE 
1991 WlPP ASSESSMENT 

(SAND91 -0893) 

ADDITIONAL COMMENTS 

M.J. Sln~l~o~r.se 

D.A. G&ou 

IG3091.1 
Addendum 1 



Review a ~f the 1991 WlPP Aeoeormont (SAND91-0893) 

Additional Comments 

Volume 3: Reference Data 

Section 2.6.10 Partition coefficients and retardations 

Pcutition eodIldent~ am vitally importrnl Lo the pufor-• ~susmr?nt,  
a i d  the undarlying buir for #.luted vllua should, therefore, hs ptrwntrh 
dearly and in ruUiciru1 detail for an independeat &ewe? rn wmr thc 
affactivmess of the selection prom* Slirh n prrsmWion has not been 
achieved in tbjr srrtinn. 

Thc vurin critieiom lk in the &cmu of rny crperhntd data included 
in aupport of ncomnundd dua by any of the three experts. Snch 
data, when adab la ,  should be directly accessible to t h e  revinvm. who 
chould not have to rely on examining source rLLIeam. l.hr example, iha 
statement L made on Pagc 2-102 (2nd paragraph), that the mnrnmeaded 
KJ rrifs are 'urnridered to be d s t i c i n  heht ol  avrilrble data". yet these 
available data am not prmrirled: o t h n  in xrrppon of the recommended 
KJ values, or to ilil1rtrat.e 1 h  pnrrcity of drtr o w d l .  Some background 
ic disci~saul in Nnvab's S r p m b a  4. 1991 mawrandum. but this level 
of detail is  innaficient, particularly when recommended cdf values arc 
'xi~hjmive ertimrta onlya. At lust  the remmmcndations which S i q d  
provides include rdmnces and some detail on his lelec~iou yructss. 11 ir 
imnic, therefore that his nlus have been adudcd hlu LLC 'prud'r" 
slkacd putition ~ d c n u .  

The basis for crcludiq S i l ' s  rmmmmdarons i s  not dcar. It appears 
bra the t e n  (Pa&* 2-108) that exdl~rion Q due to non-agreement of 
Sicgd's d u r n  wi th  t h m  of the ather m cxpens, Dwch md Nmak, 
anrllnr the nsc! of r different mahadology for duivhrion of LLe cdfs. We 
q ~ c c  that. in such drcumstaaas. crrmbition/ypcgrtion of dl h 
scrs of data b not rccmmmdcd; h-. the deddrnt rlrL '& uujority 
sbould rule' as a mans d rdcai l id  v d u w  (irupliul by the k t )  
requires p a b e t  justification than ir provided L a  



It is unclear why Siqd's approach is my less valid than that of the nrhn 
two exp.rtt, upeddy when the a d a b k  data am nhvinnrly sparse. In 
addition, the uppcr boundr on Kd pmvidd im rnrh dement by Dmch 
rod N o d  suggests that these Kd R ~ I W  drxc sorption processes which 
include pmipitation, in which raw the usstanent is not valid for the 
true thernuwiynamir K d  pwamner. k thia whar is meant by Novak in his 
m n r m d ~ i t n  (September 4. 1991) that the 'XL model . . . m*v have 
I~mited applicability ~o the WIPP Cultbra sy%m" and thar Lks r u u l t r v ~  
cdfs eould be rcndaed 'insdcpuate'? If not, w h r  du st&tunents 
mean? It das suggest at k y t  thal N o d  &U urue ~aurrtbm with the 
selection process. 

1. Fur b uud PL, & & p~c%nted in N o d ' s  memoraadum (Tabla 1 
url 2) fur lock matrix and fracture do not MCI by a b n r  of 10 in the 
c& of the otha dcaxntr. Horsw, in tabla 2.6 S and 2.6 9, th. factor 
of 10 diffaencc L maintained. Thh inansktancy should be conecied. 

2. A clear statemat (or table) is r w d  iu this &ion to d&e 
reference conditions. i.e.. walrr wupsition, pII, I% sondihionr (values or 
ranges of V ~ U P I )  &u wLi& LI& we heing pwvidcd. 

i. A clrar suternrnt of the sorption procases for which KA is b d s c  
estimated (K, model?) should be included early in this seclion. 

4. Page 2-102, end of 3rd paragapb. the .trtment %ore thorough 
description of NOVA'S d ~ w s  is pmvidd in Appendix A of Chis repon" 
is misleading, as no u(dit.innr.1 .le?As anre provided other tban the actual 
recommended d u e s  



Conclusion 

Wc yc. with the atatanentr that cdf. for &s Ydo not rubatitutc for 
rstud data", and that %dditionol du&w ahould be paformed to quantify 
thc potential for radionuclide retu&tionn. We recammend that ellorts 
be d e  during expuimontrtion to identify aad distinguish precipitation 
from sorption (isotham mauur-tc). 

LI addition, bcousc of tbe uncertainty in the m e d a g h b w ~  of both ihc 
prows for dcciving cdt and the cdtr thauclva, we auggat thJt thia arcs 
would b e d t  horn thc usc of indqcndcnt cvpcrtioe outside the WIPP 
perfocmancc atro-t pmlpnm. 
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Department of Energy 
Carlsbad Area Office 

P. 0. Box 3090 
Carlsbad. New Mex~co 88221 

JAN 2 4 1996 

Larry Weinstock 
Office of Radiation and Indoor Air 
U.S. Environmental Protection Agency 
401 M. Street SW 
Washington, DC 20460 

Dear Mr. Weinstock: %k.. ..,., 

Enclosed is the Carlsbad Area Office's (CAO) response to your comments on 
Volumes 4 and 5 of the 1992 Performance Assessment (PAI. Hopefully, these 
responses will assist you with any questions that may not have been fully 
answered during the Technical Exchanges. The CAO hopes that you will find 
these responses helpful 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 1992 PA may not necessarily reflect the 
exact approach that the CAO will embark upon in the upcoming performance 
assessment for the Waste Isolation Pilot Plant Compliance 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, please contact George T. 
Basabilvazo of my  staff at (5051-2347488. 

Sincerely, 

r. James A. Mewhinney (i4* 
" ~ o m ~ l i a n c e  Team ~eader  
Office of Regulatory Compliance 

Enclosure 



Larry Weinstock JAN 2 4 1996 -~ 
cc W/O enclosure 
M. McFadden. CAO 
C. Wayman, CAO 
D. Schafer, SNL, #I341 
M. Irwin, SNL, MS #I341 



RESPONSES TO COMMENTS FROM 
TFJE U.S. ENVIRONMENTAL PROTECTION AGENCY 

ON VOLUMES 4 AND 5 OF 
THE PRELIMINARY PERFORMANCE ASSESSMENT FOR TBE 

WASTE ISOLATION PILOT PLANT 
SAND92-0700I4 AND SAND92-070015 

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

The "base case" or the undisturbed scenario and disruptive scenarios need to include events 
outside the Land Withdrawal Boundary that may effect repository performance. For example, 
the performanceassessment 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 releases from the repository, even if no borehole peaetrates the - repository itself. For example, your staff has postulated that an injection well south of the 
Land Withdrawal Boundary could affect the Culebra. Other potential effects of human- 
initiated events could include local d i l u t i on  of salt, as has happeaed in part of the Delaware 
Basin in Texas. In addition, the cumulative effect of multiple intrusions on radioactivity 
releases due to iamsions 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; 
iadeed, all potential effects of the mining should be explored, such as coaaections between 
boreholes. This should include the effects of potash mining both within and around the Land 
Withdrawal Bouadary. 

We also agree that you need to consider the effects of water withdrawal wells (scenario E3) in 
the Culebra. Tht 1992 PA document provides very little information on this scenario, but we 
would suggest that the water quality is not as an importaat consideration for the purposes of 
the coataiamcnt rrquinmeats (191.13) as it is for individual and groumlwater protection 
requirement analyses. This is because it is possible for Culebra water to be used for non- 
drinking purposes, aad this use may (or may not) have an effect on flow in the Culebra. Also, 
if a well penetrates a contamjnated plume, then more radioactivity could be brought to the 
accessible enviroament.We do not h o w  how signifiEant the impact of these sccaarios will be, 



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

Response. The CAO's current approach to scenario development is described in two 
documents thut have been published more recently than the repoH on the 1992 PA: 

( I )  The Position Paper rhar was prepared during the Systems Prioririuuion Method 
(SPM)), enritled: "Scenario Developmenr for Postclosure Pe@onnance Assessmenrs of 
WIPP: Inpur to Systems Prioririzafion and Project Techrucal Baseline"; and 

- R '3 7" 
(2) The draft Compliance Cerrificarion Applicarion @CCA) (DOE, 1995). @ t,*; 1i 

nKse documents presenr a systematic reevaluation of scenarios since the 1992 PA esercise in 
order to be as complete as possible. The CAO assumes that future erplorarory drilling (within 
or outside the controlled area) thaf does not inrersecf the repository can be eliminated from 
pe#ormance assessmenrs on the basis of low consequence. Thus the Hects of a well 
penerrating a contamhued plume ourside the controlled area can be eliminated on the basis of 
low consequence. -Work is &may to evaluate the adequacy of this assumption and 
additional merial  in suppon of low probabilily and low consequence screening decisions will 
be included in *re drafrs of the Position Paper and the final compliance cempamamon 
m g e .  

EPA Comment 2. BRAGFLO and SANCHO Relationship 
Salt creepclosure 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 deformable 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 becaw the cumm 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) simulta!leO~~ly within one code or in two codes 
which pass information to one another. 

Response. Sandia Nmrmonal LuboroIories (m) has completed a &tailed study of coupled 
mechanical deformofion-fluid flow codes for performance assessment (PA) since the 1992 PA. 
This study evaluated the strength of rhe coupling between brine W o r  gas flow into or out of 
the disposal room, the various methods of coupled &sis and r e a s o ~ b k  ~ ~ ~ ~ r i c a l  soIM'ons 
for PA calculations. Several coupled methods have been implemented for detailed testing: ( I )  



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

The firsr two methods have been documented in published reports W c h e r  and Mendenhall, 
1993; Larsen memorandum in Volume II, Appendix G of the SPM Position Paper Pisposal 
Room and Cutrings Models White Paper for System Prioritization and Technical Baseline"]. 
The results of the three-phase flow calculations will be published in the near future. The 
rheorerical model is sill in development. '. . *  

& t,, 
All work ro dare indicates that the porosity surface method is sunciemb accurate for&@$ : . . n .,a, 1 calculations and it is therefore being used for all PA calculations. ,:, , . "' 1 1 . .  J 

. . ' .:., 
=. 

EPA Comment 3. Culebra Groundwater Model 
The Culebra ~e rhbe r  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 rransmissivity field is being modeled and the resulting gnnmi-water travel times. 

- 
Alternative conceptual models and computer algorithms can be applied to the existing data to 
produce different interpretations of the mmmksivity fields than those used in the current 
performance assessment. Indeed, Sandia National Laboratory and their connactors have used 
different models that have produced different results. The cumnt 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 shotter by several thousand years. Perturbations to the 
repository/Culebra system (e.g., prrssurircd brine from the repository or Castile Formation 
that enters the Culebra at a faster rate than that cumntly modeled) could produce even faster 
travel times. Since this is such an important topic, we are considenng holding a workshop, in 
which we would invite your experts and outside experts to further explore this topic. Our 
comments on this topic are funher discussed in the attachment. 

Response. The W P P  project has established a formal program to build co@ence in 
conceptual models and the associated PA analyses by broadening the involvemenf of outside 
experts and stakeholders in the PA process and by revising and updaing the SNL QA Program 
for compurational acrivities. WPP's fonnal program includes the following activities: ( I )  
involving the international community in hydrologic model development, ven$a.on and 
validation through the IMERVAL program of the hEA; (2) prepanng a series of PA 
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calculan'ons (the '91 PA, the '92 PA, the DCC4 and the CC4) which show the progression of -. 

concepmal models and technical doto. The results from these PA anatyses have been or will 
be reviewed by the EPA, stakeholder groups, the NAS iurd by rhe internario~l comm~lll'ty 
through the NEA to increase confidence in the PA calculaxions; (3) involving all of the 
stakeholders in preparation of the final CC4; and (4) involving regulatory agencies and 
stakeholder groups in the SPM process. 

Transmissivity f i e h  are calculared from the field data using whole-rock porosity values, 
resulting in high ground-water travel time predim'ons (ranging from 9,000 to 32,000 years). 
In peIfonnance assessment, the conservarive approach of calculating the transmissiviry fie& 
using the much smallerfracture porosities is implemented. This approach results in travel 
times predictions that are much lower than the range cited, some as low as hundreds of years. 

The spatial varintions in transmissivity are implemented by numerically generating reafim'ons 
conditioned on observed head and rransm'ssiviry values using the pilot point technique (Za 
Venue and RamaRao, 1992). Multiple realizan'ons are generared and sampled on zo address 
the uncenairuy associated with the transmissiviry field. This approach has been extensively 
reviewed. 

EPA Comment 4. Inventory Estim?tes and Waste Analyses 
The presenfation 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 calculate a range of curie levels between 650.000 curies 
and 36 million curies. While neither of these activity levels is realistic, 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 limb 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, the= should be an analysis and d i i i o n  of 
the potential interactions between the hazardous waste constituents and the radionuclides. 

Response. Since the 1992 PA, the CAO has continued to re@? and update the t r ~ l ~ ~ ~ ~ a r u ' c  
(TRU) and mivd  waste inventories that are destined for disposal at the WIPP. l%e latest data 
on the TRU m e  disposal inventory are presented in the Wpne Isolation Pilot PIant 
Tranncronic W m e  Baseline Inventory Report (wrwr,IR) DOE, 19951. The WrWBlR 
inventory dm0 are derivedfrom i n f o d o n  provided by the TRU want generator/stomge 
sites. The WTWBIR inventory data are the baris for the PA in the DCCQ and for all 
subsequent PA Matyses. 



The release limits given in Volwne 3 of the I992 PA used the waste unitfacfor of 1.814~107 Ci 
from the 1991 PA (SAhD91-0893). The referenced memo by Peterson (Prelirnimq Contaa 
Handled (CH) Radionuclide and Nonradionuclide Inventories and Remote Handled (RH) 
Radionuclide Inventory for Use in 1992 Performance Assessment, October, 28, 1992) gives 
11.74~106 Curies. Because the discrepancy was small, the same number was used for the I992 
PA as for the 1991 PA. This number was then mulriplied by an applicable release limir 
requirement for each radionuclide to yield the waste unit factor that is then used as the 
nomiiuuion factor for the release limits. I [ 4--j) i,: :, T: .: 
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In accordance with 40 CFR Pan 191, Appendix A. Note I (e), the waste wut factor includes 
@ha 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 calculared using the enrire 
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.invesnsngare the interactions between hazardous waste 
constituents and radionuclides. For example. ~ e n s i v e  testing has been pedormed at the 
Idaho Nuclear Engineering Loboratory (I@) to &tennine the concent&om of gas-phase 
volorile organic conpowuLr (YOCs) in ZQU wme containers. Z9i.v @on included the 
measure&nt of vocs in 66 d m  of IXU waste ar INEL. and at theruRocky Flats 

- Environmental Technology Site and simulated waste experiments coupled with VOC transport 
model development to predict dnun heacirpace VOC concentrclll'ons [Connolly et al., I995J. 

EPA Comment 5. Institutional Controls 
The current performance assessment assumes active and passive institutional controls will be in 
place to deter human intrusion. The performaxe assessment assumes no inausion for 
100 years after the repository is closed, and credit is taken for a 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 fume analyses, DOE will have to provide 
detailed information on the active and passive institutional controls it plans w 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 signiJicance of active and p s i v e  controls to &ter human 
inmaion. The performance and associated asswnptions 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 Cemficananon 
package. which will be submitted in December 1996. 



EPA Comment 6. 
Although the document presents a wealth of information regarding don&lides, in some 
instances the document ignores related issues pertainin'' to RCRA-hazardous constituents. 
Including hazardous co&tituents in the PA is &po& because the presence of harardous 
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 I992 PA addressed the requirements in 40 CFR 191 for long-term isolation of 
radionuclides from the accessible environment; it did not consider RCRA. l%e integrorion of 
RCRA requirements 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 
concenuations. Funhennore, a cornprehdnsive RCRA-based risk assessment could be 
performed (using model results) to assess the risk to the public from RCRA-hazardous 
constituents. Su& an assessment, although not required W t  of the type requested by the NAS 
WIPP Panel), would provide additional support to the NMVP. 

Response. The DCCA represents an integrafed, comprehensive package that nddresses the 
long-tenn requirements of RCR4 and 40 CFR I91 using a consisrent PA merhodology. The 
Project Technical Baseline (FIB) documents the data and models that will be used for 
evaluating compliance with the long-tenn requirements of RCRA, 40 CFR 191 and 40 CFR 
194. The PA calcukuions for the DCCA are bared on existing or best-estimate &a from 
experimental programs and on the most current estimates ofthe lXU warte inventory. 
Computan'onal models and codes used in performance assessment wil l  be the same for the two 
standards where appropriate; dwerences in regulatory performance measures will cause 
computational models to d@er in some cases. 

The CAO intends to compiy with all requirements of RCRA, 40 CFR 191 and 40 CFR 194. 
Any decisions about fufure activities with regard to the h'MVP must await review and 
discussion of the DCCA by the EPA and stakeholders. 

EPA Comment 8. 
The u n d i i  PA scenario to date does not address potentially critical issues such as the 
impact of anhydrite fracturing, room closurr, gas transport, impact of nearby mining, and the 
lower shaft seal threshold pcrmeabiiity. These issues need to be modelled and analyzed, not 
only in a segmented fashion, but also in an interrelated fashion concurrent with "worst-casen 
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 W P  (within 10,000 years) while not physically 
intruding ~nto 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 characterisrics and 
fluid propem'es of the Salado and Non-Snlado, including anhydrite frmring, the rock 
mechanics of room closure, gas generation processes, and seal penneabiliry. 40 CFR I91 
requires probabilistic modeling and specifies rearonabb 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 c u e d  by mining activiry outside 
the comolled area need nor be evaluated in the wrdisturbed scenario (see response to 
Comment I ) .  

EPA Comment 9. ,- 

The undisturbed case scenarios modelled to date exclude potential impacts of mining, at least 
in part under the assumpaon that 40 CFR 268.6 excludes consideration of any unnatural or 
human intrusion occurrences. The 1991 Performance Assessment states "The RCRA applies - only to udhubed performance." (Volume 6, page 2-5; SAND91-089316.) Thcsc positions 
have been maintained in the 1992 Assessment, and no developed mining scenarios are 
irrluded. 

While the PA does state that the "effect of subsidence of potash mining will be added in future 
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 miuing scenario is identified in the 
1992 Summary of Screeoed Evenu and Processes (Volume 2, pages 4-6 and 4-7) as being 
"retamed for consideration," but apparently has not been investigated. Volume 1, Chapter 3 
(page 3-1 1) stares that consequences of potash mining outside the WlPP boundary "...will be 
addressed in future analyses when a threedimensional 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 impacu of potash and other resource (e.g., salt) extraction in 
the f& 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 d i m  "intrusion" 
would occur. However, the long-term effects of mine subsidence might include signif- 
increases in fracturing, porosity and permeability at d i s  far from the mined zom, which 
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could reach the WIPP Controlled Area, or even the waste panels themah$ kt J L ~  chlonne 
production might involve masswe room and piilar or other typical shaft and @iE"i;pe~ons at 
or below the repository elevation. These scenarios mdy be appropriately investigated under 
either-or even both- "undisturbed" and "human h i o n "  conditions. (Undisturbed 
conditions would include long-term effects of nearby mining, without d i t  penetration of 
panels. ) 

Operators of a mine of this type would be l i i y  to perform horizontal exploratory drilling to 
d e t e m k  the extent and characteristics of the resource. This is a f i t  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 innusions (or pernubation of "undisaubed" 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 "controlled area" of the WIPP (a circle of radius 
5 km), such as salt, chlorine, potash and magnesium. These values are ail greater than the 
value estimated for oil and gas (combined) withi. the WlPP c o ~ l l e d  area. The value of 
magnesium is estimated as two thousand times, and potash twenty times, the oil and gas value. 

Thrte potash mines are cumntly in operation within 10 miles from the WIPP, d the 
" . ..nearest economically exploitable potash reserves arc 1 km (0.6 mi) from the waste 
panels.. . " (1992 PA Volume 1, page 24). Thm arc no existing or planned regulations or 
legislation which would prevent the future expansion of these or othn 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 arc directly at odds with the Expert Panel's report, e.g.. 
"...exploratory drilling.. .has been demonstrated by past analyses.. .to be the only event likely 
to lead to radionuclide releases close to or in excess of regulatory l i t s "  (Volume 1, 
page 4-5). Tbc statements which cite the Expert P a d  report (e.g.. Volume 1, page 5 4 )  do 
not mention the pami's discussions of the probability or potential impacts of mining. 

Another reason to reconsider a near-WIPP mine scenario is a specific cumnt example of 
"worst case" mining impact. A commercial salt m k  (RETSOF) near Rochester, New York is 
a large (1 1 square miles) room and pillar operation which has supplied much of the east coast 
with road salt for many years. An unconfilncd aquifer overlies rhc miw, which is about 
1,100 feet below the ground surface. In mid-March of this year, a portion of the mine 





DOE believes the reference to the RETSOF mine is inappropriate as no unconfined aquifer 
capable of mawive inflows of warre exisr above the WIPP facility. 

Promulgafion of 40 CFR 194 will provide criteria for cemflcmion of the WIPP repository to 40 
CFR 191, possabty changing some of the guidance in Appendix C of 40 CFR I91 wrder 
"Inadvertent Human ~nt?USi0n into Geologic Repositories". The features, events and processes 
(FEPs) relating to oil and gas resource extraction and potash mining are still retained for 
ewhuion and have nor been screened our. These FEPs will be analyzed and i-,the 
f i ~ l  compliance cemfication package, if appropriate. p ,\ i.,* .;.?a,, : , 1 ' ;. . ,; 

EPA Comment 10. \ ,  -, .,.J. ' ..-' .*' 
The focus of surface release scenarios is limited to solid "cuttings" (including waste particles 
and spallings) removed from waste panels penetrated by boreholes (Volume 1, Section 4.1.2 
and Volume 2, page 4-13). However, some of the model runs resulted in waste pawl 
pressures much greater than lithostatic (Volume 4, Figures 5.2-1 and 5.2-11) at the time of 
inmuion. Volume 1 (page 4-6) states that Volume 4 will contain preliminary analyses of the 
potential for releases by diiharge of brine at the surface both during drilling and after plug 
degradation, but &h 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 brim 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-U& boundary as pressure 
increases in the repository. Gas mixtures which conrain hazardous constituents should also be 

Response. This comment covers several issues which require individual discussion. 
Repository pressure exceeding lithostananc pressure arose in the 1992 PA because models for 
fracturing or fracture i m o n  at high pressure had not been incorporafed into the PA models 
at that time. Models for fracture behavior are under development. 

Volume 1 does indicate that prelimirwy anatyses relating to the potential for release by 
discharge of brine at the swface are discussed in Volume 4. A& Volume 4 mrrkcs onty 
very brief r.erence to this possibility. The prelimirwy unai~ses were nor complete when 
Volume 4 WPT compiled and it was not possible to change the already published starement in 
Volume 1. Investigation of inmion releases is ongoing, with several dflerent mechanismr 
under unaiysis. 

The discharge of brine and other release mechanism at the swface are being invem'gated in 
later studies. 



The volume of gas that can be dissolved in the brine at the pressures under consideration is far 
less than the volume of gas that will remain in the gas phase. The assumption of zero solubility 
is the wont case for purposes of compuxing repositorypressuriz~'on as the driverfor brine 
migration o u  of the repository (for either disturbed or undisturbed ~0nd i t i 0~ ) .  In the I992 
PA, the main emphasis was on whether brine would reach the unit boundary. Development of 
models for addressing concentmrions ond transport of hazardous constiluents is current&--.. 
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EPA Comment 11. ;1 : 

The intrusion model is based in part on the assumption that the inaudi drilling tech&logy~ 
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 preventem, large volumes of both gas and brine would 
likely be expelled. Assuming blowout preventem were in place, continued drilling may 
require circulation of conyminated brine up the hole along with cuoings. Therefore, the 
inrmsion scenarios should account for some volume of brine from a waste panel reaching the 
surface (mud pit) along with cuttings. 

- Response. The discharge of brine and other rekase mechanism at the sulface 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 Prsition Paper: "Disposal Room and Cunings 
Models White Paper for Systems Prioritiuuion and Technical Baseline ". 

EPA Comment 12. 
Wirh regard to the undisturbed scenario, the impact of gas naosport has not been mcdeUed. 
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 inteads to submit next year. 

Response. The cwnnr PA analyses ure BRAGFL.0, a two-phase computer code, to simulate 
the flow and migrerion of gas and brine in the Salad0 formotion. 

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 b r h  contaminants is very low, colloids arc known 



to provide a mechaolsm for transport of these elements or compounds (at Hanford, INEL and - 
Los Alamos) at concentrations above solubility limits. 

Response. Experimental programs in acrinide solubility and radionuclide rranspon, including 
the influence of colloi& are currentty being performed by the WIPP Projecr. A snapshot of 
these erperimental programs, including the colloi&l studies, is presented in rhe Actinide 
Source Term Position Paper. The results from these snuiies will be incorporated into the PA 
for rhe final compliance cem$ciuion package. -. \ 
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EPA Comment 14. 
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Figure 1.5-1 (Volume 3, Chapter 1, page 1-48) shows the location of the Gnome pro)& 
but it is not explained in the text. The PA needs to provide an explanation on the  no&& . -~ 
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 identifkation 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 SAN1)90-3063.UC-721 Expen Judgment on IMdvenent Human Inmion 
into the WIPP, a fssion device was detonated at the site at a depth of 1250 feet. A sepluare 
report indicates that the yield was 5 kilotons (TNT equivalent) and the year of the test was 
1%5. A 

The site deserves fuaher consideration in the fume (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 itself. Lessons available from the Gnome site may be applicable to the WIPP in several 
ways. Since almost 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 dacrminc the currrnt staats of the cavity? 
(For example: is it completely collapsed or porous rubble-fded; creep effects in the last 
29 years; d i i  rock zone (DRZ) exunt; characteristics of the waterhrine which 
pmumabiy f& it; has ground surface subsidence occumd, etc.) 

What are the major diiercnces between the Gnome cavity and possible fuaue 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?) 



- Is there any potenual 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? h 

. , . z  
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Response. The Project Gnome Test Site is approximately 6 miles southwest from the WIPR : >,. I ;. . 

land withdrawal boundary. The fission device was detonared at a depth of 1,184 feet, with'=,-- --"".' 

yield of 3 kilotons. and took place December 10, 1961. 

The caviry created in the Sahdo Formation by the blarr produced a sphere with an average 
diameter of 124 feet. 

The caviry did not collapse because it was backfiled with slum'ed muck from the acavarion: 
therefoe there are no means of measuring creep effects. There are no measurable subsidence 
effects because of the bacyill. Further, there is no indication of brine above the rubble-pile. 
The enent of the DRZ was approximately 350 feet from the detonarion point in the upward 
direction and remained entirely within the salt beak. 

The Gnome cavity was formed by internal pressures which forced the rock ounvard. The DRZ 
resulting from the Gnome blast was a result of rapid shock w e  compression and subsequent 
rehation. In projects such as the WIPP, which involve ercavution, the DRZ is a result of - slow mess release and is not shock-related. Given the a?iferenccs in mechanism and time 
scale, it will be very diflcult to extrapolate data on the DRZ of the Gnome cavity to the WPP 
repository. 

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

There is no potential for @ects from the Project Gnome blprr to impact repository pe#ormance 
because the m n P  shock waves from the Gnome detonanMnon did not extend bevond a few 
hundred feet and permanent @.as ts not mend the six miies to the WIPP s k  F& 
addin'onal information, see the repon that summarizes the reentry, Project Gnome. Gulsbad 
New Merico I%l: The &wironment Created by a Nuclear Erplosion 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 andlor b r k  
pressures (perhaps well above lithostatic) during the first several hundred to two thousand 



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 iruerbed fracturing hac been incorporated in the current PA system 
and will be used in all future analyses. It is not clear whether or nor pressure in f rames  will 
change the transport to the accessible boundnry, although as soon as pressure in the repository 
exceeds the threshold pressure in the interbeds, flow info the inferbeds begins. Floy4iS'-"';a, 
expected to begin between 12. I MPa and 13.1 MPa. t j  . U i ... L, 
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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 
irself theoretically perfonns 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 surround'ig 
rock as compared to the seal materials. 

Within the seal itself, it is stated that the backfil component of the lower shaft seal will 
achieve f d  penneabiiities comparable to the Salado formation host m k  after consolidation -. 
due to creep occurs; however, no calculations or modcling is prrscmcd f i t l y  in the PA to 
support this assumption (Volume 3, Chapter 3, page 3-14). S p c c i f i y ,  the PA does not 
provide experimental data to support the assertion that the crushed salt will compact to 95% of 
initial density within 100 years (Volume 2, Chapter 2, page 248, l i i  19). a d  that the 
associated permeability design objectives will be met. 

Response. Experimenfal data and calculations to support the assem'on that the crushed salt 
will compact to 95 percent of initial densify within 100 years have not been included in the 
1992 PA report. The cxperimenfal data and c a f ~ U k f i 0 ~  to support these assemons are found 
in Nowak, et al. (1987) and Sjaardema, et al. (1 987). 

Scoping model cczkuhtions for the reconsolidarion of crushed salt in WIPP sh@s are 
presented in Nowcrk, et al. (1987). The scoping model calculations supported an esrimclre that 
the reconrolidahg crushed salt in the lower third of a WIPP sh@t is like6 to meet the 
criterion of acceptability for shaft sealing in less than 200 years. 

Further work by Sjaardema, er al. (1987) refined the rime required for salt consoIidari0n to 
95 percenf of intact WIPP salt &miry through the use of a conrriMive model for crushed 
WIPP salt. The urperimenral results of modeling the consolidmion of crushed salt, to be used 
as baalfill in shaft and drip configurarionr, is shown in Table 4.1 @4gc 39) of the report. - 



EPA Comment 17. 
The fmal extent of the DRZ after 100 years or more of reco&$a&n &rbown, because 
the exact behavior of the salt as it creeps into waste rooms, com$~XWihe waste and baclrfii, 
and reseals fractures in the outer DRZ, cannot be precisely predicted. The PA suggests that 
the final S i t s  of the DRZ, and parameter values characterizing the DRZ, should not be 
inferred from contemporary measurements (Volume 3, page 2-32). However, the single 
"disturbed permeability" parameter value used in gas and brine flow 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 not 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 v& for the DRZ in 
the am and brine flow cdculan'ons, as ouvosed to a value that would reflea disturbed - -- 
pennenbiliry in the fiuure, provides an idea of the nuximum 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 exisring penneabiliry &&a (as much as 5 orders of magninrde Iarger 
than the value used in BRAGEO) Md DRZ thickness v a k s  used in chamcrerizing the zone. 
Funher work to refine the DRZ chamcteriran'on has focused on incorporation offmctwed 
interbeds into the new PA model. The current PA uses permeabilities seveml mgnirudes 
higher than the near-field values, so the aMiyses use conservative values for the DRZ. 

EPA Comment 18. 
The PA does not evaluate the impact of Room Closure relative to enhancement of gas pressure 
and concomitant anhydrite fiacruring. In Volume 2, Chapter 7, pages 7-7 and 8, it is implied 
that the total pore space is constant aad as such, room closurr (crrcp) is not taken into account. 
However, the text also states that mom closure is accounted for "in an indirect way" 
volume 2, Chapter 7, page 7-5). Please explain that process. 

Response. 77~1992 PA did not address the possibiliry offrrmure fon~n'on or inflntion of 
pre-erisn'ngfmnures in anhydrire layers. Models are being developed for this Gect. 

Effects of room closure on gas pressure buildrcp were addressed. In Volume 2, page 7-8. 
lines I3 and 14, it is stated that the total pore space in the idealized, d&?& WIPPponel is 
constant. This is a post-closure condirion. Also, the assumptions on p g c s  7-7 and 7-8 an? 
spec@cal& srmd to be for modeling wane mobilization in the El and E I n  scenarios. 



High pressure gas in the repository will be released during drilling of intrusive borehole(s) or 
very early in the period afer plug deterioration. Consequentiy pressure changes, &Rtnre. 

, . . creep effects, are minor during wasre mobilization and transpon for these scenarios?, 
!;', , t 1 
., ; 1 
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?? ; EPA Comment 19. . i  . 
'~ . ,, 

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 last paragraph states h t  assumptions for the El borehole show "Brine flows 
from the waste into the El borehole exceed those into the E2 borehole only for those 
realizations in which total flow is small because the panel was not brine-sanuated 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 smrated conditions because this represents the most severe 
case for potential release. 

The sentence from Volume 2, page 418 quoted in the comment is identified (on page 418) as 
a swnmary of cenain 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 detennined that the El scenario ahvays produces releases rhat are less than 
or e q d  to those for E2 except in cases where the release is d. Hence, in '92, sepomre 
waste transport calculations were not made for El {although specijic 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 unccnaiaties, and measures to reduce them (Le., how will the waste 
estimates be reconciled with the projections made from the inventory required by the Federal 
Facilities Compliance Act?). 

Response. Thc WIPP TRU waste inventory characteriza!ion is largely based on process 
knowledge. 7 7 ~  uncertainties will be r e b e d  by verifying the waste categories using real-time 
mdiogmphy, head-space analysis, and some visual inrpection. These verification requirements 
are defned in the Dmft T m u r a n k  Waste Charanerirmion Quality Assurance Plan. Thc 
high encacy of process knowledge in detemnruning w e  categories is discussed in the 
appendices to Chapter 2 of the Background In fondon  Document for Proposed 40 CFR Part 
194 (EPA 402-R-95-002). 



- EPA Comment 21 
P 

Volume 3, Chapter 3 of the document presents the characteristics of the expe&&W&p waste 
inventory. Radionuclides are addressed in detail, but RCRA-hazardous constituents are not 
provided. 

Response. AN relevant informarion -equirements outlined in the EPA 's (1992) No-Migrdon 
Variance Petition (W) guidonce document (EPA-530-R-92-023) will be completed wirh the 
Phase II NMVP submittal in June, 19%. This relevant informMrmMon includes wane code, 
hazardous properties, physical, chemical and biological characrerim'cs, and wane 
characterim'on data. Parameter distributions and assumptions necessary for demonsrrating 
compliance will be documenred for the phase II h'MVP (June. 19%). Some of this information 
has already been documented in the Hazardous Constituent Source Term Position Paper, the 
Phase I MUVP and the WIPP 172U Waste Baseline Invenrory Repon (WlW3I.R). 

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 m3 
over the WIPP design capacity of 6,784 m3. 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 andlor characteristics of this waste. 

Response. The DOE is generating a consistent TRU wane inventory for rhe WPP, based on 
informan'on from DOE generator sites. This document, the WlWBIR, @nes the TRU waste 
inventory available for WIPP and provides a description of the physical and source 
chamcteristics of the waste, the potential gas-genemfing w e  material parameters, EPA 
hazardous waste codes, and existing and estimated fuacre inventories. Each site reports the 
total stored radionuclide inventories (both CH and RH) at the sire level and uses these data as 
the basis for Lsfimating projected rodionuclide inventories. The PA for the DCCA and all 
fulure PA analyses will be based on the inventory defined in the WTWBIR. 

EPA Comment 23. 
A preliminary safety assessment could be prepad  for long-term consequences to the public 
health as a result of the RCRA hazardous constituents of the wastes emplaced in the W E T  
(Volume 1, Chapter 1, page 1-2). Although Monte Carlo analysis is part of a widely wd risk 



assessment methodology, the Monte Carlo analysis performed for this PA stops shon of 
performing a RCRA-based risk assessment for the RCRA-hazardous constituents (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 compty wirh all requirements of RCRA, 40 CFR 191, and 40 
CFR 194. Any decisions about future activities with regard to a RCRQ-based risk assessme@-~,., 
must await review and discussion of the DCCA by the EPA and stakeholden. ,.' *:.' f 

: ,%.\ 
, , ,  

. j, j , .  ,:ti, 1 , 
1 , . 

, s .  , . 

EPA Comment 24. 
The document states the logarithmic K., distributions used in the PA required a number of 
subjective assumptions derived from an internal expen judgement process (Volume 3, 
Chapter 2, page 2-92). Please provide the rationale and procedure for using subjective 
judgement. 

Response. This w e n  panel war assembled because of the limited data available for the 
dimibauion coflcient, K* in rhe Culebm. Thc expen judgment process included 3 SMdicl 
personnel who pam'cipored in individuai elicimion sessions ro dntclop the probabiliry 
dimibununons regarding rodionuclide retardation in rhc Culebm. Thc use of logarithmic K, 
disfribI(R'ons is considered realisric, based on the cwluan'ons of the apen panel with the dato - 
that were available at that time. 

Thc use of expen p d  includes severaf steps to derive realistic dimibutions. First. 
applicable experimental informMrmMon is &ed to ascenain potenrial applications to the 
developmenr of distribufl'on co@cients for the C a m .  Once these values are determined to 
be applicable, an elicitation process is comhcted. This process includes meeting wirh other 
experts in the field ar weN as other principaf investigofors and per fomce  assessment 
personnel. The proposed parameter values are reviewed Md the judgments, along with 
associated rationales, are &,used for implemenration into rhe PA modeis. Thc resulrs of the 
elicitation are then documented and rmNIewed by the elicitor of the meeting for accuracy. 

EPA Comment 25. 
The PA docs not integrate several key codes into the CAMCON system, namely BRAGFLO, 
SECOTP2D arr i  CUTITNGS. This is not a computationally efficient appmach and is prom to 
QA breakdowns given the heavy emphasis on m d  data entry tmufcrs 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 modelled. 



- Response. The CAMCON system has been expanded to inciude the BRAGFLO, SECOTP 2D 
and C m N G S  codes sznce the I992 PA was pegormed. 

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 wells), were not evaluated. No justification for these omissions 
was provided. 

Response. Please see the responses to Comments I and 9 regarding the current approach to 
scenario development, including the evaluation of the potential ejJects of such FEPs as porash 
mining and water wirhdrawal wells on repository performance. 

EPA Comment 27. 
Gas transport of RCRA-hazardous constituents is not modelled or investigated, although 
several model ~uns indicate the possibility of gas migration beyond the LWA boundary. The 
potential for trausport of hazardous constituents needs further attention to address 
40 CFR 268.6 compliance concerns. Evaluation of transport mechanisms is necessary before 
soil concenmtions can be estimated at given locations (e.g., the LWA boundary). 

- Response. As noted pretiously, the 1992 PA addressed the requirements in 40 CFR 191 for 
long-term isolation of rodionuclidesfrom the accessible environment; it did nor consider 
RCRA. 

The Hazardous Constituent Source Tern Position Paper outlines the conceptual model and 
asswnptiom required for modeling gas and liquid phase hazardous comituents. The Salado 
Formntion Fluid Flow and Containment Position Paper discusses gar and liquid phase 
contaminant transport. Evaluation of all transport mechanism is an explicit requirement 
idemped in the EPA (1992) NMVP guidance document (EPA-530-R-92-023). All relevant 
aspects will be considered for the final compliance certI~cation package and m. 

EPA Comment 28. 
In general, more discussion on Latin Hypmube Sampling (LHS) is needed. For example, the 
procedure for excluding variables is not defined nor is documenration presented to justifi the 
exclusions. Also, the impact of u~certaintes inaoduced 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 conridered for the final CCA. , iy -. 
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EPA Comment 29. " -.. . 
The PA does not include a detailed discussion of Quality Control and Quality Assurance 
(QCIQA) 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 acaral 
measurements). For example, the PA notes that CAMCON "automaticaliy handles quality 
assurance during the calculations" (Volume 2, Chapter 1, Page 1-3, line 30), but provides no 
di iss ion 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 andlor a starement of confidence level for each parameter. For 
example, in some cases expen panel judgement and investigator knowledge are used in lieu of 
a d  data (Volume 2, Chapter 2, page 2-39 and Volume 3, Chapter 3, pages 3-1 to 3-7). No 
procedure is provided for how data from these s o w s  are reviewed from a quality and level 
of confidence standpoint.. 

Response. The WIPP project has established a formal program to build corlfidence in PA 
Malyses by brwdening the involvement of outside experts and stnkchoIders in the PA process 
and by revising and updating the SNL QA Program for comprc~~~onal ocrivin'es. - 
lXe revised QA program includes implementing procedures to control the entire PA process, 
including: ( I )  selection of applicable concepncal modek to npresent pmesses and events, (2) 
development of cornpurer codes (software) to represent these concepfual modek. (3) 
development of numerical values for pammcters associared with the respemcnve modek for both 
discrete-valued parameters and distributed-value panmefen, (4) confgumrion connol of 
software during the overall development and implementation process, and (5) operon'onal 
control of the overall Malysis process. 

The WIPP Project is curmuly developing documentcltl'on for all PA codes. This d o M n c ~ ' o n  
includes an apanded description of the CAMCON operaring system in a report thar will be 
published shone (Rechard, 1995). 

Fimliy, SMdio has a formal QA procedure for the use of expert judgment (Rechard et al.. 
1992). Further rqinements of this QA procedure can and have been incorporafed info MPP 
Procedure No. PAPM Use of Erperr Judgment Panel Qualiry Assumnce Procedures. 

EPA Comment 30. 



,..-. Wherever possible, the use of expen judgement and investigator judgement should be 
with actual data. This is particularly important for those parameua considered i m p o m  
from the standpoint of sensitivity and uncertainty analpes. For example, distribution 
coefficients (&) should be based on experimentally justified data and not based solely on 
expen panel judgement (Volume 2. Chapter 2, Pages 2-38 to 2-39). 

Response. The CAO agrees with the need to base PA calculon'ons 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 some level of expen/professio~l 
judgment involved in atrapolating any experimentaliy derived data base over a period of 
10, OOO years and to &rerent sparial scales. 

The recently completed SPM-2 iteration has served to refocus the erperimental program 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 Nodalado, resulting 
in a renewed emphasis on laboraroly 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 identif~ed 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 r e i i  on "expcn judgement" and "investigator judgement" 
unbiased, third-party expcn input would be useful to assure the overall PA quality is consistent 
with international efforu. 

Response. The WIPP project has established a formal program to build confidence in PA 
analyses by broadening the involvemeru of outside experrs and stakeholders in the PA process 
and by revising and updmng the SNL QA Program for computMutMonal activities. The QA 
aaivities are &scribed in more &tail in the response to Comment 29. 

WIPP's formal program to build confidence in PA analyses includes the following amcnvities: 
(I)  involving the inrunmional commwu'ry in hydrologic model development, ven~cation and 
validation through the INTERVAL programs of the N U ;  (2) preparing a series of PA 
c&ulotions (the '91 PA, the '92 PA, the DCCA and the CCA) which show the progression of 
conceptuai modrls 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 iruemafional comMuriry 
through the N U  to increase confidence in the PA calculon'ons; (3) involving all of the 
stakeholders in preparation of the final CCA; and (4) involving regulatory agencies and 
stabholder groups in the SPM process. 



.- 

EPA Comment 32. Disturbed Performance: Culebra Flow and Tr -, 

Evaluation of the site must address the potential for climatic changes 
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 fied head boundary. An alternative approach that should be considered is 
to assume that the increased rainfall would 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 " c l i u c  
recharge boundary" to reach the WlPP Land Withdrawal Boundary, unlike the cumnt 
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 Laverne (Laverne 92). as well as by the 
inconclusive evidence as to whether the Malaga Bend and Nash Draw areas are acting as 
regional recharge or d i i k g e  boundaries. 

Response. We recognize the need to improve the modeling of recharge and discharge near the 
WIPP site under possiblr w a r  c l ime  condifions of the funue. A thne-dimensional model of - 
flow in the saturated zone of the entire groundwater basin (that is, the area bounded by 
grounhvarer divides) is being used for analysis and FEP screening [Corbet and Wallace, 
19931. This model will be used to evaluate the Effects of- wetter climates, along with 
other features, evenrs. and processes affecting recharge. 

EPA Comment 33. Contaminated Brine in Marker Bed 139 -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 .surrour~Iing a waste panel that is 
intercepted by a human intrusion borehole (El. E2, or El=), some of this brine would be 
brought to the surface with the drilling mud and thereby contribute to the release to the 
accessible envin,rrmcnt. This bas not been included in SNL's human intrusion scenarios to date 
but it should k examimd along with the gemral category of b r k  being brought to the surface 
during drilling from waste storage rooms or Castile brine reservoirs. This will require a 
distribution of values for several parameters, including brine prrssure, permeability in 
MB-139, and the level of contamination in the brine. 



- The modeling in Volume 4 predicts that the area in MB-139 containing b& t h a t ~ s  betn in 
contact with wastes could be large. An estimation of the level of contamination of this briae 
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 El, E2, and ElE.2 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 MBI39 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 efects 
assigned to the anhydrite layer. Model development for assessing anhydiite behavior is 
currently underway. In addition, the volume of brine that mighr be released to MB139 may be 
modifed by various engineered alternatives that are under consideration. Also see the 
response to Commenr I .  

The commenror also points out that brine brought to the surface during drilling would be a 
contribution to release in the El, E2, and EIE2 scenarios. The continuing srudies referred to 
in Comment I 0  considered the conditions for release of contaminated brine during drilling. 
The conditions necessaj for releasing significant qmUDNlries are rather restrictive. 
Funhennore, brine released during drilling would, in h tge  pan, be a subtraction from the 
amom of brine (or at least from the amow of contaminants) that would be available for 
release h e r  in the orher scenarios. Consequently, release of brine during drilling war not 

.- explicitly incorporated into the 1992 PA. 

EPA Comment 34. ModiTcations to Existing Scenarios: Brine Flows to the Surface 
During Drilling 
The E 1 U  scenario should include the potential for contaminated Castile brine to flow to the 
surface. 

Brine is present to some extent in the waste moms even in the abscnct of an El scenario. 
Current modeling of the El scenario (Volume 4 of the 92 PA) shows that in 20 percent of the 
realizations, rhefe will be enough brine to provide a long-term flow into the Culebra Aquifer 
through aa -ion borcho1e. Thus. there should be sufficient brim and prtssurr for some 
flow to the c i m h h g  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 immediitely below the waste rooms is expected to be contaminated and 
would also be available for inflow to the drilling mud. 

Response. Pleare see the responses to Comments 10 and 33. 
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EPA Comment 35. Modirkations to Existing Scenarios: Plug Degradation 
Present assumptions set the inmion borehole plugs between the Culebta and the surfa#p.as. - . 
perfect barriers against migration of brine to the surface. This assumption maximizes the 
quantity of brine that will be diverted into the Culebta 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 I992 PA 
phced above the Culebra ro mmimize flow to thar unit. Degradation of the arbitrary perfect 
plug above the Culebra was not modeled in the I992 PA because the intent in these 
preliminary analyses was to focus on possible releases through the Culebra and because the 
assumption that the plug does not degrade was a conservmMve assumption for the scenario. 
The I992 PA assumed that other borehole plugs would degrade into marerial with properties 
similar to silry sand. This lmer 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 plug and consider flow 
iruo units other than the Culebra. 

EPA Comment 36. Shaft Seal Failure: Volume 4, page 4-7, line 40 
DOE states that radionuclide transport is not modeled for the uxt&ubi case because - 
rrleases will not occur into the Culebra. Seal failure is a distiM possibiliry. Has a failure of 
the shaft and other seal system been considered as an scenario occumnce? 

Response. Seal failure/degm&tion has been considered as an occurrence. Seal failure has 
been retained for further considerm'on prior to a fhal screening decision. 

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

Response. Human intrusion scenarios in the I992 PA assumed no commwican'on benveen 
punek. Multiple i m i o n s  into a single panel were modeled. 
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EPA Comment 38. Loading management/Scenarios ,, ii .W 8 

There is no analysis of how various loading management schemes could affe&Yod& 
releases. The assumption that the waste will be homogenized (to the same material propenies 
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 activiw 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 esrimates of the curie content of 
dnum and srandord waste boxes. l k s e  estimates were used in the 1992 PA because of 
uncenaimy about the final waste inventory. Cuttings releases were calculated for varying 
acn'vii levels. Given uncenainry about brineflow through the wane, it was entirely 
uppro&axe to assume a homog&.ed waste firm for dissolved concentrarions. Iffurure 
performance assessments demonstrate waste fonm to be significant to compliance, then this - - 
issue will have to be reevaluated. ~f necess&y, waste hombgmeity 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 rrspicted 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 per 10,000 years 
by a uniform random variable between 0 and 1 in the LHS pmcedure to simulate the 
sampled drilling rate. 

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

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

The comb- effect of these assumptions leads to a very narrow range of uncertainty for the 
probability of the "no intiusion" scenario, denoted as S(O.0). A summary of the analysis in 
Section 8.1, also corroborated by the data in Table 2.5-4, concludes toat them is no more than 
a 50 percent probability that inrmsions will occur, given these assumptions. 

Probabilities far less than 50 percent may occur in individual sample runs due to assumption 
two. Pmumably, the uniform random number assumption was included in previous PAS as an 
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'I, 8 _ , . : - attempt to ensure that 30 boreholes per kml per 10,000 years is the maximum possibis. ~. .. ' 

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,O) scenario in Figure 8.1-1 that is approximately twice as wide, and increase 
the upper range of uncertainty for the remaining "intrusionn 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 adhssed 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 timedependent drilling rate model replaces assumption one with a time-dependent Poisson 
process. Assumptions three and four are rerained 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, 
timedependent drilliing rate model in Figure 8.1-1 is extremely n m w  when compared to the 
consrant rate model results. 

Response. The 1992 PA was not intended as a compiiance applicatz'on. Rather, its primary - 
purpose was to provide interim guidance to the DOE about potentially imponam processes and 
parameters. Varying the intrusion rate allowed for an assessment of the sensitivity of the 
pe@mmmce measure to changes in the inmuion mre. In fact, the intrusion rate was shown to 
be the single most imponam parameter in the anaiysis. 

Assumptions I and 3 are based directly on interpret&'ons of regulatory guidance. Asswnption 
4 was simply based on resource and time consrraints. We acknowledge that this approach 
should have been explained better. 

EPA Comment 40. Dishibution of Uncertain Variables 
The defintion of the joint distribution of the uncertain variables in the vector x Equation 2.14 
(Volume 4, p. 2-3) should be defined as a multivariate d i b u t i o n  f(x) = f(x,, x,, . .., if 
correlations between these variables are to be considered. The Dk appearing in the equation 
would then denote the marginal (subjective) variate d i b u t i o n  assigned to each variable. The 
distribution f(x) used in the analyses was consauctcd from the D, uader 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 . .. . )' . , 

constructing of the multivariate distribution f(x) from the univariate distributions D,. 
Uncertainty in the assignment of correlations bas not tieen addressed adequately in the repon. 
From the discussion, it appears that the marginal distributions Dk were assigned subjectively 
with no consideration of possible correlations, then the correlations 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 m e  rhar the correlon'ons were added later based upon the judge me^ of 
indiviakal PIS. But it should be noted thar very few correlarions were used in the 1992 PA (see 
Table 3-1, Volume 4). 

EPA Comment 41. Dkpod-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 bas a significant effect on room response. SANCHO lacks porous media 
modeling capability and d&s not account for the role of effective stress on swta deformation 
and possible failure. On the other hand BRAGFLO calculates fluid flow but does not account 
for deformation. 

C 

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 dimsal room excavation and subsecluent deformation 
beyond compa&on of backfill and w k e  within a room, the objective bf 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 canuot be achieved within SANCHO 
at premt.  

Response. Thr coupling offlow and ak fomion  effects in the disposal room modeling for the 
1992 PA was, indeed, limited. Since the 1992 PA, the WlPP Project has investigmed four 
computafional approaches to coupling flow and akfonnafion effects in the dirposal room 
response. Tlu WIPP Project also has ongoing work to model the formation of newfmctures or 
the respome of aisring-es to the buildup of gas pressure in the rooms. Thr new 
approaches for coupling flow and akforman'on effects in disposal room modeling are discussed 
in the responses to Comments 2 and 18. 



EPA Comment 42. Starting Conditions 
The actual initial site conditi& of stratigraphy, preexcavatlon stress state, rock'mass 
properties, formation pressure and excavation sequence are seemingly ignored in most of the 
disposal-room analyses, although Butcher and Mendenhall state in SAND93a. pp. 3-1, that a 
modified stratigraphy and creep law (R-D model) was used in "all subsequent SANCHO 
calculations. " 

Response. A superior capability of the models to match observed defonnariom at the site has 
been developed since the I992 PA. This capability war achieved by introducing more detailed 
and complete treatment of the sfm'gmphy and the material propem'es, pam'cularly 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. Appendii A). However, analysis with 
stratigraphy showed that the presence of anhydrite beds changed the time for complete closure 
to 400 or 500 years from about 195 years. Compariso~~ 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 bad a pronounced effect on room 
deformation, in keeping with mining experience. 

Response. Since the 1992 PA, a more detailed represenMion of the stratigraphy, pamamnJariy 
the weak interbeds close to the repository level, has been inrrodrceed along with revision of the 
M r e  creep model, revised marerial propem'es, and represenfalion 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. S i w  the DRZ is not actually calculated in any objective fashion, how is it 
determined and what arc the consequences of the DRZ exrent for BRAGFLO? 

If the DRZ is important to perforrrrmrc assessment, thcu it should be an outcome of numerical 
modeling of mechanical ad hydrologic responses which may be coupled both ways, each 
affecting tbc other. A specific equivalent material properties procedure for averaging the 
heterogeneous DRZ properties to an equivalent uniform zone is needed unless spatially 
dependent properties are wd. 

Response. The DRZ in the underground facility has been characterized by three apprwches: 
v i d  obse~m'on, geophysical mnhodr, and in sim hydrologic testing (Born. 1985; Bechtel 
N m i o ~ l .  1985; USDOE, 1988). Geophysical studies have utilized seismic refraction, seismic 



- tomography, surface wave analysis, electromagnetic (EM) methods. and 
methods (Born and Stomont. 1989; Born et at., 1990: Holcomb, 1988 
weger et al., 1989). These srrrdies, when taken in cori~uncrion with the in situ hydrologic 
tests, deftne a DRZ mending to a depth of 1 to 5 meters throughout the underground facility 
(Mumon et al.. 1995). 

The air intake shaft (AIS) at W P P  has been well instrumented (Mumon et al., 1992a) to assist 
in the characterization of the DRZ around the s w s .  Furrher DRZ characrerimzanon in the 
f o m  of permeability, as well as brine and gas flow testing in the MS. is planned. 

The DRZ extent is imporram because it provides a potential pathway for brine and gas 
migran'on. The BRAGELO model uses Darcianflow to model brine and gas flow through 
porous and permeable media. BRAGEL0 will be influenced by both the arent (thickness) and 
physical propem'es, such as porosity and permeability, within the DRZ (M92-0700/2;  
page 7-2). 

Porosity and framres within the DRZ will injluence fluid flow and may provide gar storage 
volume. DRZporosity is ar the apense 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 porosiry and 
fmeture within the DRZ will influence fluid flow and other fartors such ar whether communica- 
tion paths to anhydrire interbeds exist, these parameters are not expected to have much flea 

.- on the mechanical pan of closure. 

No simplified model of the DRZ is presently in closwe 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 @RZ)" forrnher discussion of this topic. 

The present assessment of the DRZ's role in PA is thar it is not imponant because most of the 
enhanced pormsity is eliminated by closure by the time any substanrial gas pressurizarion of the 
repository ocours: i.e., the DRZ is arswned to close up rapidly, and it is not an imponant pan 
of the gas storage volume within and immediLlteiy adjacent to the waste (Butcher et al., 1995). 

EPA Commeqt 45. Unclear Dii-Room Modeling Features 
The documencation on mom modeling is extensive, but a great deal of information is relegated 
to memoraada, some of which are included in extensive appendices. These arr helpful, but 
generally conthin referexes to earlier work. The tabulation of pardmeters in Volume 3 of the 
1992 PA was useful but not always complete in the sense that one could not detnmine whether 
a parameter of interest was determined by experiment or simply estimated on the basis of 
experience. nor example, the importance of anhydrits bed response has become apparent, so 
the mechanical parameters that characterize anhydrite behavior are of iatmsf. These are given 
in a memorandum in an appendix to Volume 3 of the 1992 PA (SAND 92c. pp. A-109, 



A-124) along with a reference to the source of the data, but no information is given as to - 
whether they were measumd or otherwise detcrrmncd. Thc same is frue of slide-line 
mechanical properties. Slidelines are apparenrly coh&ioniess, 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 repons for the 1992 PA were ittrended ro commwll'cate wirh a broad audience 
and we have followed rhe common pracrice in rechnical docmnrs of using refrences to avoid 
overburdening the repon with technical derails. Nonerheless, Gens are being made to 
improve rhe presettrafion of data and guidelines have been esrablished for referencing 
memoranda. 

EPA Comment 46. Gas Pressure in SANCHO 
How is gas pressure actually used in SANCHO and related codes which do not have 
pressure capability? Presumably, the gas pressure is applied as a normal traction on 
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 wane and backfill in rhe room at each time step. Gas pressure is calcuiutedfrom ---. 
this void volume and the gas generation rare. This pressure is then applied as a nomud 
traction on the disposal room surfaces. In SANTOS, a contact slrrface romMne is used to 
reconfigure the disposal room swfbces and provide for mess rediuribution when contact is 
made between the room swface and room contents @acA$ll and m e ) .  

EPA Comment 47. Porositg Surface 
The porosity surface calculation in SANCHO and its incorporation into BRAGFLO needs a 
bette~ explanation. 

Response. A detailed discussion of room closure modeling, inchding the porosity swface 
approach, is presented in the Disposal Room Position Paper (Butcher et al.. 1995). Bn*, 
tke SANCHO confinuum mechmics codc wuu used to make an aremiw series of comp~aatibns 
of waste (~ec t ive)  porosity as a w o n  of rime and gas genemion 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 3, which war then used in the pomm media 
flaw codc. BRAGELO, to determine waste porosity as a frrnction of these variables. With the 
porosity swface approach, the effect of mom closure is coupled to reposirory pressure and 
porosity in rhe BRACE0 computation. 
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EPA Comment 48. Modeling of Backfi A , 3 :: * : - 
Another related question concerns the treatment of backfill and the inevitabR-adp present 
between room roof and top of the backtill. Is this gap'represented by "air" elements or how 
are the room contents-air gap, backfd. solid waste-represented in SANCHO? The mesh 
diagrams suggest air elements, but are they compressed to flames before contact between roof 
and backfiil ;H made? 

Response. For the W C H O  calculations, any air or gas in the disposal room is represented 
as a pressure on the boundaries of the hufite or bacmll; there are no zones or elements that 
represent the air (or gas). Within the W C H O  model, a contan surface @emitting sliding or 
separation, bur transtnim'ng compressive stress when contan exists) was used between the mesh 
in fhe intact halite and the mesh in the backfill. The initial condition was a separarion 
corresponding to the height of the air gap. Gar pressure was applied as a nonnal traction on 
the halite and bac@N sulfates. The meshes were free to come in contact and then separate 
again at later time if gas pressure war suflciently high. 

EPA Comment 49. Flgid Pressure 
Fluid pressure in formation void space, in pores and fractures, needs to be included in the 
constitutive equations describing @omus) 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-salt beds; it is the effective stresses that should 
be used in a Druck-Prager yield condition, for example. 

Response. DOE is aware of the imponance offluid pressure in porous material response. 
Porosiv in the halite is quire low. The mechanical propem'es for halite are drawn from 
measurements on buUc samples with pore fluid. Recent modeling wifh improved representation 
of stratigraphy, including forman'on specific material propem'es, and with an improved creep 
law that incorporates transient creep, has been successful in closely matching observed 
de fom'on  in the eramated caviries at the site. Development of appropriate models for 
simulating failure in the non-salr be& is com'nuing. 

EPA Comment 50. Salt Mine Closure, Subsidence Analogs 
Is there evidcrre 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 c* 
rate data and calculated diisal-room closure times. 

A survey of subsidence and the potential for caving in mines neatby, or mines in similar 
geologic settings, would also be helpful. Subsidence analyses would seem in order in any 
event. Such analyses shouid addrrss the question of intcrbcd fracturing, especially in the 
Rustler formation. 



The effect of overburden removal from the generic, two-diinsional mesh is of interest. - 
Although the effect on room closure may be small, it should examined to make sure. Anv 
opportunity to remove untested assumptions, explicit or tacit, should be considered. =.- \ 

JMLasc 
Are there any mines in similar geologic settings where the model could be applied? ., ,. . 

.. , . . , . 
Response. DOE reviewed data from various salt mines early in the W P P  Projea. Thd --, 

diflculry with these data is that every case has its own unique features of local sratigraphy, 
hydrologic regime, and mine design, often with limited documentation. The time scale 
calculated for WIPP is not inconsistent with other sites in broad terms, bur there are no easity 
comparable cases. At this point in time, a good base of high qualiry, precisely documented 
dora have been accwnulated for the ercavations at the WIPP site, and these observations are 
viewed as the best d m  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. SANCHOIBRAGFLO Room Porosity Values (in Appendix B) 
Room porosity values for BRAGFLO and SANCHO arc different numbers. A p p d i  B to 
Volume 4 of the PA (performance assessment) describes the derivation of the relationship -. 
between the two porosities. This relationship is in error becaw it is based on the assumption 
of a consmt volume of solids. In fact, iron and cellulosic wastes are consumed relatively fast 
in chemical reactions. These reactions are largely responsible for gas generation that, in turn, 
affects room closure and fluid flow about waste-fded disposal rooms. Whether this 
inconsistency is important not is unknown. 

Response. For the 1992 PA, the volume of waste sol& (exchive of pore volume) war held 
constant. Note, that the "consumption" of iron, which is a major pan ofthe gar generation, 
involves conversion of the iron to various oxidized compowrdr; hydrogen is releared, but the 
sol& remain. Additionally, the chemical reactions referred to are dependent on brine 
availabiliry. In a large number of reali#ions, the brine inflow is inrufjicient to t ~ o ~ u m e "  
these wastes. 

EPA Comment 52. Penueabii and Porosity 
Permeability of disposal rooms containing waste and backfiil is presumably related to porosity, 
although it is not certain how permeability of disposal rooms is determired. 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 mom flow control should be 
assigned. 



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 matrix. If 
effective porosities had been used pressures would 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). Permeabiliry and porosity were not coupled in the computan'ons for the I992 
PA; permeabiliry was held constant. Determining maty what permeability behavior should 
be attributed to the waste after the material has been compressed and the waste is pam'ally or 
completely degraded is obviously a dificult problem. However, sensitivity analysis has shown 
thot 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 total transpod' 
process. 

Since the waste and backfill are initially unconsolidated mutenal and retain substantial 
porosity even afier compaction, total and effective porosity are expected to be very close. 

EPA Comment 53. Smc Comments on Dispod-Room Modeling 
4-17. Lines 71 t o a :  

'- 

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

-4-23. w: 
Here it is stated that BRAGFLO uses a modified rock compressibility, but no rationale or 
justification is given. Please clarify why a modified rock compressibility is warranted. 

-: 
This section states that the same sampled values of relative permeability parameters are used 
for halite, anhydrite, the m i t i o n  zone, and the DRZ. Cowprually, this does not seem to be 
appropriate. Page 4-24. footnote 3 stares that relative permeability is a function of saturation 
of the phase of interest. The degree of saturation of a media would depend on the media or 
rock type, type a d  amount of fractures and effective and intrinsic porosity. Such parameters 
would seem to have different values for the halite, anhydrite, transition zone and DRZ. 
Page 7-2 of Volume 2 states that relative permeability is the ratio of the penneabiity 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 permeabiities. Please explain. 



-: - 
The parameter values for relative permeability are stated to be based on the surrogate marerials 
identified in Section 2.3.1 of Volume 3 of the 1992 PA. Section 2.3.1 states that a low 
permeability sand was used to determine the relative permeability parameters of the halite and 
the anhydrite. Does this include the halite and anhydrite which comprise the transition zone 
and the DRZ? If so, please clarify the appropriateness of applying the same surrogate material 
to both the undisturbed media and the disturbed media The undisturbed halite and anhydrite 
should by definition have a much different effective porosity and permeability. 

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

( I )  Since the 1992 PA was published, SANCHO war used to make an enensive series 
compurations of waste (effective) porosiry as a fuRction of time and gas generation 
determines pressure hisrory). These results were used to compile a "map" of waste porosity as 
a function of time and pore pressure (the "porosiry surface"), which was then used in the 
porous media pow code, BRAGFLO, to determine wane porosiry as ofunction of these 
variables. A &tmmled discussion of room closure modeling, including the porosity surface 
approach, is presented in. the Disposal Room Position Paper (Butcher er al.. 1995). 

(2) The reference to use of modified rock compressibility in BRAGFZO simply indicates that the 
code is formulated wirh compressibility dened as the relative change in porosity produced by 
a change in pressure (one over porosity times the panial & m e  of porosiry wirh respect to 
pressure. Equarion 4.2-7 on page 423 of Volume 4), rather than the more common dejinition 
of compressibility (the panial derivative of porosity wirh respect to pressure) given by 
Equaxion 4.2-6 on the same page. The reference to this as a "modijied" rock compressibility is 
not an ideal choice of tem'mlogy. No modification is made to the measured propem'es of the 
rock. The point is simply that the "compressibility " v& input to BRAGFLO is mt the same 
as the value that would be used in a code fonnuhred with compressibility defined by Equarion 
4.2-6. 

(3) Lines 4 to 7 on page 426 in Volume 4 are intended to indicate that the smnr relative 
penneabiliry &scription is urcd for the M e .  unhydn'te, m ' t i o n  zone and DRZ for any 
single realization. Thrn were no cases in which some of these regions were described using 
Brooks-Corey, while others were van Genuchten-Pdr. The intrinsic permeability was 
difemU for each region and saturation was allowed to vary independently. Thc ponunefers 
for the relmivc permeability model were sampled independentiy for each material, but, for lack 
of more specific i@or?nation at the time of the I992 PA, the same ranges were sampled for all 
4 regionr. 

(4) This does mean that, as indicated on lines 10 and 11 of page 426, the &&z 
permeability characteristics of a low permeability sand were applied to undisnubed halite and 
unhydrite and to the transition zone and Dm. However, as is stated on pages 4 8  through 



4-1 I of Vololwne 4, the halite, anhydrite, and DRZ inm'nsic penneabiliries and porosit&s_were 
sampled over very d~fferem ranges. Please see EPA Commem 138. ..4--- ?a 
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This table provides a list of the assumptions used in BRAGFLO for the Undisturbed 
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 results 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 quanufy. To not include 
the SANCHO assumptions in this table seems to negate their importance on the Undisturbed 
Performance analyses. 

Response. The recenfiy published Position Papers and the DCCA contain expanded 
discussions of the a s s ~ t i o n s  and limitations for the current PA models. The need for more 
complete exp-hation of the impacts of model& assumptions on compliance is nored for future 
code documemation and the jinal compliance cernjkation package. 

EPA Comment 55. 
Volume 2-9. w: 
Please specify which "selected regions" are adjusted with respect to permeability and porosity. 

Response. Regions that are back~7Ued with crushed &for sealing purposes had permeability 
and porosity adjusted to rejlea the creep compaction of the seal. 

EPA Comment 56. 
v: 
Should this line refacme Cell 4 rather than Cell 6? 

Response. Thr line in question does refer to Cell 4, nor Cell 6. 

EPA Comment 57. 

This sentence statcs that conditional on conceptual modcls and parameter distributio~~~, cr#p 
closure modeling may not be necessary. The phrase ". . .coIditional on conceptual models and 



parameter disfibutions.. . " should be clarified. Information regarding the incorporation of - 
SANCHO results inro 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 a d  BRAGFLO assumptions, it is not timely to make 
the statement that creep closure modelling may not be necessary. 

Response. l3e sentence in question appears in a secrion of ten introducing the discussion of 
resultsfrom sensitiviry Malyses using a major excursion in closure characrertm"cs (wane panel 
porosiry set to the post-closure condition from time zero). l2e sensitivity analysis shows rhat 
even this very large (indeed, unrealisrically large) excursion in the effects of creep closure had 
minimal impact on the results from the 1992 PA models for undisnvbedpe~ormance. Both 
trampon and closure modeling are being revised and expanded since the I992 PA. The 
starement in the 1992 PA was intended to apply only to the status of the modelin 
at rhat time. 

EPA Comment 58. DRZ Zone Not Comidmt in Scenarios 
5-4. F5.L-3 and F5.1-3: 

There should be a DRZ between the waste panel and the halite in the center of the panel 
model. The u n d i i  case has the DRZ in this location and it seuns it should also be in the 
disturbed case. Line 15, page 5-3 states that "a disturbed rock zone (DRZ) s u m d i n g  the 
wastestorage area" is not shown in the figure as described. 

Response. The pom'on of the DRZ at the radial boundary of the wane panel, between the 
repository and the halite, wpr iMdVe~entb ominedftom the refeenced figwe. 

EPA Comment 59. Cooservbg Void Volume - 
The porosity conversion outl'i in Equation 4.2-2 awl amplied in Appendix B seems 
unreasonable. What does it mean to conserve void volume while adjusting the porosity value 
in volume? 

Response. In both W C H O  and BRAGELO, the pros@ of a mesh element is the ratio of the 
pore volume to the total volrunc of the element. However, the mesh element volumes in 
SANCHO and BRAGFLO are nor ahvays the same. Even if the initial meshes are cnmcd so 
thot the volume of elements are initially equai, the mesh for SANCHO dcfonnr with rime while 
the BRAGELO mesh does not. lie porosity for the cell in BRhGFZ.0 that conroinr the 



repository is calculared so that BRAGFL.0 has the same total repository void volume (a a 
function of time and pressure) as that found in SANCHO. 

> 

EPA Comment 60. Creep Closure Effects 
-S 5-18 & 5-32 
It is our understanding (see earlier comments) that BRAGFLO does not actually account 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 
iraplementation is unknown? Could this effect the implementation of the creep closure to make 
,, a "pseudo-closure" in BRAGFLO that is incorrect? 

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

Response. It is not really correa ro say rhar BRAGFLO does nor "accowu" for creep closure. 
.,- BRAGEO does not -closure. Creep closure is accounzed for in BRAGFLO by using a 

time and pore pressure dependent repository porosiry, which is drawn from the results of 
cdculatiom made with W C H O .  This is a red closure, not a "pseudo-closure". Although it 
may nor be i&mnncal to the closure that would be computed by a fully coupled flow and 
deformarion code, at least it is a reasonable approximarion in terms of transient behavior. 

As discussed in the response to EPA Comment 57, semitivity anuiysis with a fired porosiry, 
which produced a large ercunion in the transient repository pressure, showed only minor 
dtferences in release volwnes. It is certainly possible thar this result stem from limitananons in 
the ubilily of the I992 PA codes, but it is unlike& that it is the limited coupling of the closure 
computazion that is pr immM& responsible. 

EPA Comment 61, Performance Assessment Representatiom 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 3.78~104 for the constant drilling intrusion 
rate, the probability of zero intrusions in 9.900 years is calculated as 
exp{(-9900)(0.126)(30)110000) = 0.0237019 using a simple hand-held calculator. 
Tables 2.5-2 (column with foomote b. line 17) aad 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. 



- 
In Tables 2.5-1 and 2.5-3, using a time-integrated intrusion rate of 0.99 per km2 per 
10,000 years as shown in Figure 2.5-1 (1 at 10,000 years minus .O1 at 100 years), the 
probabiliry of zero intrusions may be calculated as exp{(-9900)(0.126)(0.99110000) = 
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 anenrion. In thefuture, the 
tables will be checked for consistency andlor fewer sign@cnntfigures will be reported to 
eliminafe this problem. 

EPA Comment 62. 
for Varj&lgs Not . ,. 

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 foc~holding the other variables at their median value rather than at the 
expected value. Please explain the reasoning for this decision. 

CCDFs 
The following statement appears on page 3-21: "...the use of a Latin hypcmbe sample of .-. 

size 70 to assess the effects of subjective uncertainty has no flea on the e s z i ~ o n  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. 

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 limits. Individual CCDFs developed 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 Stardard. 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. 
U s e r  van- 
The median value is precise& dqined given the probability distribution. % expected vaiue is 
less clearly established for many variables, especial& at the time of the 1992 PA. The decision 



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

The PA for the compliance cemficanon package will include activiries to estimate the 
uncertainry and confidence interval thar are relevant ro comparison of CCDFs with the EPA 
release limits. However, in accordonce with the direcnon given above and in 40 CFR 191, a, - . 
mean CCDF will be used to compare results of the PA to the StMdord. I 

1 ' .  
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EPA Comment 63. tt 

Comments on uncertam variables are limited to only those few on which information was 
readily avahble. 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 n being ignored (i.e., two or more 
variables that are really correlated but are bemg sampled here as if they were uncomlated). 
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 WET and broader scientif~c 
literature. 

- 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 lCt" m2 to 1 x lCtll ma) is said to 
represent silty sand as defined in Table 2-2 of a book by Frecze and Cherry. The range of 
values actually shown in Freeze and Cherry is - 7 x I@'' m2 to 7 x 10-'I m2. 

The assumption that any abandoned borehole is f W  with silty sand is a very uncow~at ive  
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 complctcly open, but rather that it may be Nled with soil or gravel, the 
DOE takes the least conservative assumption xegarding the EPA guidamx by adopting borehole 
permeabilities as thosc typical of a silty sand. The innusion that may dktmb the repository 
will, at fust, be essentially open and over time will eventually be filled or sealed by collapse 
of the borehole. The DOE does not present any rationale 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 values used in Volume 3 are supported by the data presented in 



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 m3/Pa) and median (0.2 m3/Pa) for the bulk storativity 
were developed from the reference (DOE 83). The overall flow data for WIPP-12 su 
value of 0.04 m3/Pa, and a value for the small fracture portion of the system of about 
0.07 m3/Pa (page H-54). Is this a variable that needs to be sampled? 

BBSBT 
Initial fluid (brine) saturation of the waste was assumed to range from 0.0 to 0.14 with 
median of 0.07. These values were obtained purely by PA Investigator Judgement. Yet this 
parameter is listed as important to c o r n p i i  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 plans 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 would result in the greatest consequence. 

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 impomnt for 40 CFR 191B. Is this an oversight? 

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

The values of plutonium solubilities, developed by SNL expen opinion were considerably less 
than those from ongoing SNL-supported studies at Lamnce Berkeley Laboratory. Future 
pcrfonnaw assessments should not rely on expert judgment if data is available. 

Rcspo-. 
3-1 Van& 

( I )  Are some ofthe variables unnecessary? 
The goal of the PA analyses war ro be as complete ar possible in idenn$cmMon of  o f l a ,  
even though some of the vm'ables may be less important than others in term of model 
senritivity. 

(2) Should additional variables be added? 



As alternaive conceptual models are evaluared and incornorated in the PA Mahr , -. 
additional variables may need to be added. m e  current variable identification is consistem 
with the needs of the current models. Future calculations may require diferent 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 eflects of not including variable correlan'ons are being investigated. 

b.BHPERM 
Volume 3. Section 4.2.1, indicates that the selected value of boreholefill-material permeability 
war based on the investigator's judgment that the borehole fill material would be a "silty sand" 
(as identlified by Freeze and Cheny). For the purpose of the initial sensitivity studies, the 
choice of a relative& low-permeability material (silty sand, for euunpie, instead of a gravel) 
is not unreasonable, since a silry sand is approximarely mid-range on a scale of potential 
unconsolidated, gronulor merials expected to degrade from the borehoie wail or be placed in 
the borehole upon borehole abandonment. 

The permeabiliry of silty sand is also felt to be conservative given the range of erpected 
borehole fill materials. The borehole fill is expected to be a granular and w ~ o m  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 afer hundreds of years. If the bonhole is unfilled, the 
borehole is closed by solt creep. This would result in a lower permeability than a silty sand. A 
range of borehole ifill-material permeability values will be modeled in future PA analyses. 

The description of initial borehole plug permeability on page 4-4, Seetion 4.2.1, Volume 3 also 
indicares that plug penneabilities depend strongly on the host rock in which the plug is 
emplaced. Because mosr ez;oerimenral studies of plug-borehole interocn'on extend for only 
hundreds of abys or less, data are limited. Any PA calculafions that start from initial 
conditions assume penneabilities of 10" r d  for plugs in the Cnsriie Formarion and 10'- in 
the Sahdo atui Rusrler Formations. These values a n  more conservon'w than the silty-sand 
permeability used in the PA modeling. 

c.BPPRES 
The correct disttibution is identfled in Volume 3, Section 4.3. I. The &a in Volwne 3 are 
based on WPP-12 and other borehole measurements. The higher pressure value (from 
Volume 4. Table 3-1) war 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 to be 
incorrect, an error which was missed during the consistency chech on the dmcl in the PA 



L I m I Q B  -. 
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 sampled because the 1992 PA evaluated a range of possible values 
for the CCDF development. 

m 
The brine sanumOflon in a hypothetical brine pocket below the repository is an imponanr 
parameter for the disturbed scenario. Since the 1992 PA. dam have been obtained through 
additional research involving literature reviews and experimentation. Estimates of the range of 
initial brine smration have been reduced to between 0.004 and 0.052 based on this more 
recent EEG a b  (Howanh. 1994). The new range of values is used in the 1995 Drafr 
Compliance Cenijication Application @Cm, 6-115). 

l22BLmu 
The drill bit diameter is one of the 49 variables sampled in the 1992 PA. It was an oversigiu 
thar this variable is not included in Table 9-3. 

Improved values offmcnue and manix distribunon coe@5enu for the individual radionuclides 
will be included in future PAS as dnfo become 0y~l~Inbiefrom the ongoing Irrbomtory sncdies. 

-. . 

Improved values of actinide solubilities will be included in future PAS as data become available 
from the ongoing laborarory studies. 

EPA Comment 64. Initial and Boundary Conditions 
The initial conditions which are assumed for the scenarios will significantly affect the 
modeling results. However, he modeling that was described in the 1992 PA to obtain the 
initial conditions (e.g., repository prrssurrs and brine saturations) provides only limited 
rationale for the asmnptions. The approach needs to be b e e r  described in general. 
Furthermore, it appears that none of the considerable uncertainty which is associated with he 
initial conditions has been quantified. As much emphasis should be placed on obtaining the 
initial conditions for brine saturation and pressure d ibu t ions  as any other aspect of the 
modeling. While this refers to BRAGFLO, initial and boundary coaditions for all models 
should be thoroughly evaluated before they arc 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 dierence 



in total stress, effective stress and fluid pressure and corresponding differences in boundary 
conditions. Also, effective stress should be used in the constitutive equations. HowefG; these 
distinctions are not made in SANCHO nor does BRAGFLO accommodate defo 
consequences are unknown, but may be worth examining. 

At the end of 50 years of operation, the DRZ is considered to be "dewatered" 
partially saturated with brine; the fluid pressure is reset to atmospheric pressure. These 
assumptions and decisions should be evaluated in light of actual calculations. While the fluid 
pressure in the DRZ may decrease from ambient towards the excavation, it is not cwtain 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 @@on of PA model initial conditions is provided in the source 
documents cited in the 1992 PA reports. A summary of resulrsfrom these source documents 
and the rm'onale that l e d  to the selection of the pornmeter distributions used as the model 
initial condin'ons will be included in W r e  PAS or in related reports. 

The boundary conditions depend on the specijic model or code. For mechanical models which 
calculate the rock deform~~on, the boundary conditions include either the stress or velociry 
conditions applied to the external and/or interior boundaries of the model. For hydrological 
models, the conditions include either the hydraulic potenrial or theJuid~%~ at the erternal 
and/or internal bowrdan'es. Boundary conditions also need to be consistently applied between 
models for regional-scale, local-scale, repository-scale, panel-scale, and room-scale 
phenomena. The G4MCON system assists in defining and documenring the appropriate 
interfaces benveen the various PA models, particularly in t e r n  of data trMsfr for boundary- 
condinom. See also the responses to EPA Comments 25 and 11 7. 

b) The pressure-time history in a disposal room is appropriately modeled as an internal 
pressure bowcdoly condition in the SANCHO code. SANCHO compures disposal room closure 
(and erpansion when room pressure exceeds lithostan'c pressure) in response to the rod  stress 
field in the rock. The volidiry of this approach is demonstrated by the excellent agreement 
between SANCHO caldations and in situ measurements of room closure at the WIPP facility. 
The results of W C H O  ccllculaiions are not used directly in the PA analyses, but are 
summarized as a porosiry surface for the BRAGlT.0 code. lhis porosity surface provides 
BRAGEO with the capability to account for the Uects of room closure and gas pressure on 
porosity and permeability of the warre. See also the resolution of EPA Comment 18. 



There is a difference in roral stress, effective stress, and fluid pressure and corresp 
diference in boundary condirions. W C H O  calculates rhe total srress field, NO 
effective srress (toral stress minus fluid pressure). SANCHO, therefore, does nor include 
effective stress in the definition of the boundary conditions or in its constinrtive ~ ~ U M ' O N .  

BRAGFLO does nor calculate defonnarion, but the effects of deformational changes are passed' 
from SANCHO. l2e BRAGFLO fluid flow boundary ~ 0 n d i t i 0 ~  are developedfrom SANCHO 
input, in pam'cular the internal (room) boundary conditiom for fluid pressure (or hydraulic 
poremial) and rhe initial conditions for porosiry. 

C) BRAGFLO calculations for rhe 1992 PA and all subsequenr PAs indicate thar the disrurbed 
rock zone (DRZ) will be w~saturated. As indicated in Volume 2, Sedon 2.3.5, page 2-55, 
brine seepage from the Salad0 Formarion will have filledfrocrures in anhydrite inrerbeds 
above and below the emplacement horizon [Loppin er al., 1989, and Rechard er al.. 19906J. 
Brine will also flow into the acavated disposal rooms/panels. The compuan'ono and 
aperimenral data indicate thar the DRZ will indeed be desanuated. 

d) The region boundary ~onditions will have an effect on releases to the accessible 
environment. Volume 2, Section 2.2.3.6, page 2-30 describes rhe process used ro incorporate 
the regionoi porenziomerric conditions in the reposirory-scale models. The uncenainres of 
regionol-scale bowrdary Conditions and hav they are incorporated into local- and repository- 
scale models are currently being mcdied with three-dimensional, regional models thar are - 
designed to enhance rhe conceptual understdng of the sire. 

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 svata 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 noa-pomus medium. In fact, the rock mass is a p o w ,  permeable 
medium, so it may be the effective stiess that needs to be considered in fracture analysis, not 
the total strrss. 

Rcspow. The f l ea  of disposal r&panel gas pressures when above the lirhostatic pressure 
is currently under study. The opening offracnues by gas p r e s ~ o n  is considered to occur 
primarily within the interbeds because they conrain evidence of precxisring frcrcncring and 
therefore have very low tensile strengrh. A discussion of the interbedfructwejbw model cm 
be found in rhe Position Paper on Salad0 Formmion Fluid Flaw and Tnurrpott. See also rhe 
resolution to EPA Comment IS. - 



EPA Comment 66. Radionuclide Inventory Available for Removal: Cuttines Release 
The values in expression 7.3 -2 on page 7-13-are taken from the 1991 PA repo i  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 updazed. Care will be 
taken nor to repeat the mistake in hter 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 
WrPP inventory for reasons explained below. 

All activity levels in the Table are decayed at the same rate for the entire inventory'. These 
overall decay rates are correct for the inventory being used. However, the waste containers 
with the high initial radioactivity levels do not contain the average mixture of radiormclides. 
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, %.9 percent of the Cwiu 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. &cause of these differences in half- 
life, the high activity containers will decay at a much faster rate than the inventory as a whole. 

The decay values for the Activity Levels 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 tPfPl activily 
of the radionuclides shown in Table 7.3-1. The &cay chains were simplified to include only 
long-lived alpha-emitters, and &cay war calculuted using the actr'vity fonn of the Bateman 
equanons (see Volume 2 of the 1992 PA repon). 



This comment acsumes that loading will be such that waste from one generating site (e.g., 
SRS) will be concentrated in one area. This sincotion is nor reflected in Table 7.3-3. The 
activity levelr assume a normal distribution of activity~throughout the repository, and reflect 
the rehive amounts of lower spec.ijTc activity and higher specifc anivity in the wane. Thcy 
are nor "actual" activity levek because the loading panern is nor pre-detem'md. The 
activities shown in Table 7.3-1 will be modified and amended as the WrWBIR is developed. 
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EPA Comment 68. Diussion of Activity Levels Procedure r 
, 
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It is not obvious what the overall effect of using recalculated decay activities will be. '1,. ;!, 5.; 
Obviously, the activities at later time periods in Activity Level Four will be less if a more . , ' 

rapidly decaying radionuclide composition is used and this will reduce calculated release from 
Activity Level Four. However, at lower activity levels the reverse is aue and these are the 
much more probable occurrences. For example, consider the radionuclide components for 
66,030 stored INEL drums (page A-10 in D O W P  91-058) which have an average of 
5.027 Cildrum total and 2.119 Ci/drum of alpha-ernitting 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 Leyels Om 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 hvels  could be address+d should be considered. It is useful 
to cornpan the curies that might be brought to the surface at 125 years with values calculated - 
by SNL. For a 0.1 m2 borehole (the size used in the 1992 PA), the Table 7.3-3 value would 
be 79.9 Ci. Drilling through onc dnun that comaiocd 1,100 Ci 238Pu at time 0.0 would bring 
166 Ci to the surface at 125 years. If thne 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 empiacii 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 om 
drumand9%Cifor3drums. 

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

The proccdurr 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 
threedrum high stack in the repository would never contain more than onc drum with greater 
than 100 curies, the 5,159 drums in this activity level (four) would have a surface am of 
1,326 m2, or 0.0105 of the total waste surface am (rather than 0.0060). 

The New Mexico Environmental Evaluation Group (EEG) has mmidered h i o n  scenarios 
where a borehole intrudes into a waste mom location that has a concentration of average 
activity drums from SRS and Los Alamos National Laboratory (LANL). The basis for this 



assumption is that when seven-packs come into the repository together, they will be emplaced., 
together. Thus, differem locations w~l l  have somewhat higher or lower avenge 
concenuations. --'\>. 

I 
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In the absence of load management, the possibility and consequences of waste emplacemgnt i 

where average concentrations within a room or panel vary significantly from the average necQ 
to be evaluated (Chat 88). 

More mformation on the distribution of radioactivity levels within the various activity levels 
would be helpful. The alpha curies in Activity Level Four are equivalent to 217 Cildrum (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 comcting the 
decay values, is the most appropriate one. 

Response. The DOE has developed a detailed radionuclide inventory in the WrWBIR and 
Revision I I of the IDB. The radionuclide inventories in both documents are being developed 
from 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 P e r f o m c e  Assessment to model releases under VM'OUS scenarios. - 
Any increased precision in determining what d m  (or rooms) would be breached by a 
cunings scenario implies a load management scheme, which does not erisr. Lmd management 
in the repository is not plonncd at this time. If the human intrusion scenarios indicate that load 
management is a necessary acrivity, DOE will conduafwrher evaluations to &ermine 
appropriate load management options. 

Since completion of the 92 PA, the estimates of the wane inventory and activity levek for 
WIPP have been updated and revised several times; thewore, it may nor be worthwhile to go 
into specific crrlculan'ons. However, with regard to the question posed by the reviewer on 
anr'viry level per dnun, the esrimnte of 21 7 Ci per drum for the RH waste at time zero a p p m  
to be correct. 

EPA Comment 69. Tot4 Release to Accessible Environment: LHS Sampling Error 
NO information on sampling error for LHSderived estimates arr given in the m n t  PA. 
Summary WCS, such as the mean or percentile CCDFs, arc gewatecl by avenging the 
d t s  of 70 LHS trials. It is expected that the estimated mean CCDF will have a relafvely 
wide uncertainty region due to sampling variation from a relatively small sample size. After 
analysis of sampling variations, it may be f d  acccssary to the magnitude of 
sampling ermr by increasing the LHS sample size. Even if the iacnased sample size did not 



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 updaresfrom I990 through 1992. 
Its pwpose was to evaluate and improve the existing PA modeLC and computah'onal straregies, 
bur it war never intended to demonstrate compliance. Given this purpose, the use of 70 LHS 
trirrLr war very appropriate. The specific number of LHS trials for the final 
calcuiations will be determined on rechnical merit and through consuItation with 
the smkeholders. 

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 conceptual 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 d t s  may have changed if alternative conceptual models had been 
adopted. 

Thc numerous references to what will be modeled in futurr performarre a s s c s ~ ~ ~ l ~ t s  should be 
' A in Chapter 9 (e.g., interbed fracturing p. 4-8). 

Response. The WlPP Project has invesnsngated numerous conceptual models since the 1992 PA 
was pe#onned. . For example, the WPP Project is cumntiy considering three alternate 
conceptual models for fluid flow in the Salado: a fm-field @any) POW model, a redistribution 
model for the DRZ and a ckay conrolidarion model. Thcse three models have been discussed in 
detail with the EPA through technical exchange meetings and with stakehoIders through the 
SPM process. H m e r ,  it would have been inappropriate ro speculate in the 1992 PA repon 
on "how the results may have changed" unril the studies and analyses of alternate conceptual 
modeLC were completed. 

The status of the current PA modeLC is documented in the Position Papers for the SPM a d  in 
the DCCA. Thr DOE has no p h  to mods the 1992 PA repon with discussions of changes 
forfurure PA analyses. 

EPA Comment 71. 
Five parameters are said to be imporrant when analyzing the repository/sm barrier effect: 
(1) drillii intensity; (2) innusion borehole permeability; (3) Salado (marker bed) 
pcrmeabiilitics; (4) radionuclide solubiflifies; and (5) drill-bit d i r .  Saadia observes that 
only solubility can be affected by actions taken in the repository. Only Salado (marker bed) - 
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'' s~."-- - permeabilities can be reduced in uncertainty by continued in-situ investigation. The other 

three parameters are determined by regulatory guidance. Comments on the SNL discussion of 
each of these parameters are given below. 

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 expen panels. In addition, the PA has not provided 
any plans for passive controls and so no credit for reduced drilling should have been taken. 

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 amount of brine tbat flows through the wastes. 

The entire drilling area needs further evaluation. Drill bit d i i t e r  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 brim from waste rooms, Marker Bed-139, 
and Castile brine reservoirs tbat will flow to the surface during typical drilling operations. 
Also, activity levels in cuttings need to be re-evaluated. This study should include 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 
maior contributions that the various exuerts listed in the front of the document have made 
reS'ardiing the 1992 PA. This would h;lp the EPA to acccss the level of independent review 
that the studies and activities described in the PA have received. 

Response. 

The major reduction in drilling intensiry for the 19% PA is due to the guidance from the 
Futures Panel and the Markers Panel. 

The charge given to the Futures Panel was brwder than a limited considerananon of C W T ~ N  oil 
and gas drilling rates and included identi~cation of possib1e)kmre societies and how they may 
intrude over the next 10,000 years. Extending current drilling rates for the ncd 10,000 years 
and using them in pet$onnance assessment calculations assumes thor drilling for oil and gas 



- 
will continue at the same rare as today. One justzBcation for using drilling rates lower than 
EPA 's marimwn is that the world may move away from a petroleum-based economy within 
hundreds of years. 

The ertent to which passive inrti~'0nal controls may deter inadvenent human inmuion, w'" ..+ '-.. 
thus reduce the intrusion rates used in the calculan'ons, is based on the dumbilig of the j r", :+\ 

&? , 
markers and their abiliry to communicate correctly over long periods of time. il +:. ;. ,. ; t ..:; .: , ! , i . t: . . , . ' ' ,  
The 1992 PA presented calculations and results for intrusion probabilities estimated for cdcrnr 
with and without passive markers. Complete modeling of repository pe#onnonce must include 
the t $ k r s  of the entire system. Determining the efects of the Passive Imhtional Controls is 
important in consequence Maiysis. 

Work is continuing, through PA efons, to strengthen the DOE position on qclMtrclMtrtm've results 
from passive institutional controls for inclusion in disposal system pe#onnance predictions. 

Westinghouse Isolation Division is currently sfudying engineered altem'ves. including 
vanbur engineered backfill materials, that will reduce the void space in the alsposal rooms and 
help to isolare the waste from brine inflows. 

- 
The 1992 PA was only a prelimituuy anatysis and it war recognized that additional work was 
needed. Some of the points raised in this commmnt, such as the issue of pressurized brine 
reaching the su#ace, have already been dealt with elsewhere in our responses (see, e.g., 
response to EPA Comment 10). Efforts are currently undenvay to gain a better undemanding 
of releases from spallings and cunings. The assumption in the 1992 PA that all waste was 
homogenized is still in use in current PA analyses. 

The DOE will conrider the suggestion that the authors of major comNRbLmions be idemped in 
the PA documentation. 

EPA Comment 72. 

The last paagraph on this page provides the rationale for selecting only one intrusion time 
(i.e.. computational cost), but docs not provide adequate rationale for why 1,000 yeam was 
selected. An ElE2-typc scenario simulated at 101-500 years would have resulted in higher 
cumulative releases. Thc gas generation reactions would not be brim l i t e d  W there would 
already be a pathway to the Culebra. 



Response. lie 1992 PA was only a preliminary analysis and it was recognired thar additional 
work war needed in many areas. With regard to the intrusion time, subsequent PA 
calculations have expanded the number and range of intrusion times. For erample, the PA for 
the DCCA considers intrusions occum'ng at 100, 125, 175, 350, 1000, 3000. 7250 and 10. WO - -.,- 

years after decommissioning (see Section 6.3. Determimuion of Scenario Probabilities in the 
DCCA). 

EPA Comment 73. 

Where ace the referenced "Table 3-4 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 SAhTWI-O893. 
-"  

denoted as reference WPP PA Division (1991b) . 

EPA Comment 74. 

(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 wherr the two phase flow parameters assigned to the Culebn can be found. 

@) 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 should be .028-.303, with a 
median of .I45 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 @. A-130), a lower porosity would probably be more &c (18 percent) for 
the actinides. Udstically high porosities would overestimate retardation by mamix 
diffusion. 

Response. 
a) Two-phase flow parameters for the BRAGFZO code are described in Volume 3. 
Section 1.4.1. Single-phase (liquid) fluid flow pammcters (including the tmnsmissinty fie@ 
for the Culebra are currentty developed for the SECOW codc (see Volume 3, Sem'ons 1.4.5 
and 2.6). Two-phase flOW processes are modeled by BRAGFLO at the repository-scale, 
including the Salodo, but acluding the Culebm. Two-phase flaw for the Culebm is not 
included in the 19% PA, but will be inciuded in j h r e  PA modeling. 



b) 7he noted discrepancy for the Culebra marrix porosity (Volume 3, page 2-83, Figure 2.6-6, -. 

Culebra porosity distribution and Volwne 4, page 3-3, Culebm mMir porosiry (CULPOR) 
range and median) is an oversight in the daro consisthcy checking of 1992 PA reports. The 
distribution presented in Volume 3 is the correct defnition of the manir porosity for the 
Culebra. 

C)  The storage coefficient for the Culebra is included in Table 2.6-1, page 2-76 of Volume 3. 
The storage coe$icient is used with the transmissivity and other hydrologic parameters in the 
SECOZD code to compute ground-wnter velocity and discharge. The storage coefficient is 
required for the transient groundwaterfIow simulah'om, however, the variables included in 
Table 3-1 are 0NL.Y those variables sampled for 1992 PA. Storativity is not included in this 
sampling, and therefore is not included in Table 3. I of Volume 4. 

d) The porosity of the clay-linedfrocrures 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 
dam incomN1stencies will be removed in future PA repons. Effective fracture porosities can be 
very high when a fracture is open and not clay lined. The clay lining may signifcantty reduce 
the dective porosity. F-re PA reports will provide additional discussion on the expected 

EPA Comment 75 

Where are the parameters for the seals? 

Response. The seal parameters used in the 1992 PA are listed in Volume 4 of the 1992 PA 
repon at the end of Table 3-1 on pages 3-5 and 3-7. Thcse variables rehte to rhe parameters 
listed in Volwne 3 of the I992 PA repon on page 6-3. Table 6.0-2. "Dism'butions of Sample 
Parameters in December I992 WIPP Performance Assessment for Engineered Barriers. " 

EPA Commmt 76 - 

An additional shorrcominn is that the oumt from SANCHO is in the form of total porosities 
which w m  not transforrr;d into effect& porosities as required input for BRAGFLO. The 
effect of this will be that BRAGFLO will ovcrrstimatt storage and urderrstimate the amount 
of pressure buildup and d i  that brine may potentially migrate. 



Apparently gas-generation is active for 1,050 years. However, when the gas generation is at a 
maximum. there would be the least potenrial for brine'inausion. Therefore, a single innusion 
at this time would result in minimized releases to the environment in an E2 scenario. 

Response. 
4.0- 

Effective porosity is the amount of interconnected pore space through which fluids can pars. 
erpressed ar a percentage of bulk volume. Part of the total porosity will be occupied by static 
fluid being held to the matrix graim by suqace tension, so effective porosity will be less than 
total porosity. Isolated pore space (containing fluids or not) within the matrir is pan of the 
total porosity, but is not pan of efective porosity. 

The d~fference in BMGFZO and SANCHO porosity formuhrion and applicafion is recognired. 
As discussed in the 1992 PA report, the formulation of the porosity interface between the two 
codes war being evaluated for the first time; the difficulties are outlined in the report. Fmre  
PA repons will address the d~fferences between the use of total porosity in SANCHO and the 
effective porosity used in BRQGFZO. For the 1992 PA, the efective 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 funue performance assessments. 

The comment is correct. 

% .  ,' -.-",--+ 
EPA Comment 77. 

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 
cntical values as they will strongly influence the pressures aaained. It is odd that a 
distribution was not assigned and them is no mention of these parameters in Table 3.1. 
Furthennore, how was the alpha for the waste itself determined? 

Response. i'k basis for the specific storage values for anhydrite and halite used in the 
manipulation of the specific storage eqm'on 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 specifc storage for both rock types are recorded ar follows: 



lk 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. 

SPECIFIC STORAGE (m-') 

Although specific srorage can affect formation pressure response, pressure response in the 
fonnarion is in itself not a critical criteria for long renn oerformance of the WIPP. The 

Rock Type 

Halite 

- - - - - - 
sensitivity of room pressure, gas migrarion, brine migration, gar mars ourflow, and brine mars 
olrrflm to fonnotion specific storage have more agecf. 

lk alpha for the waste is nor used. Compaction has been investigated through both a 

Range 

2.&l@ to 1.4~106 

v o ~ c C p ~ c i t y  (cmhable fwm) model and the Nonlinear &c ~arte~model (B 
et al.. 1995). 

Median 

9.5xlp 

EPA Comment 78. 
v % - - 
Generally, the van Genuchten-Parker formulae provide a better model for relative permeability 
and capillary pressure. Typically the Brooks-Coy formulation is only used because of its 
numerical efficiency. The method by which the van Genuchten approach treats the air enay 
pressures suggests ;hat it is not only more cowrvative but also & rralistic. Funher 
information iustifvinn the selection of one formulation over the other should be provided. In . - 
addition, thc use of the combition of formulae seems to be arbitrary. 

Response. A comparison of the van Genuchten-Parker and Brookr-Cony fonnulotions, ar 
well ar the rationale for selection of a nu6phasefIaw d l  for the latesf PA Motyses, is 
dircussed in Sections 5.6 and 5.7 of the SPM Position Paper on Salodo Flaw and Tmnrport 
(Hmanh et d., 1995) and in Webb (SAND93-3912). 

EPA ConmKnt 79. 
v 
The means by which the initial conditions were determined for the simulations needs to be 
better justified. Essentially all of the results will be signiiicantly affected by the assumptio~~~ 
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 m d m k r  of the analysis. 
For example, the rationale for treating excavated resions as an atmospheric pressure initial 



- 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 occur. 
Funhermore, 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 SAhCHO and BRAGEO 
codes is discursed in detail in the resvonse to EPA Comment 64. -- . 

,,,, ,, 
t > > . , A  

EPA Comment 80. , i; 
1, "h /?i' !T, ?s. - ./" 

-on not placed on the Culebn permeability when it is set from z&66&k to 
2.1 x lo-'' m2? Where did this number come from? 

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 results? - 
Respo-. 
v 
The pwpose of Table 4.3-1 on page 4-30 is to illunrate the procedure for running a single PA 
realizalion for the undisturbed case. The permeabiliry value of 2. I x 10" r d  is simply the 
choice made by the analyst for this particular calculation (as exemplified by the values in rhe 
table). 

Single values for variables, such as rhe Cdebra permeabiliry, are assigned for each PA 
realization. These single values are selected by sampling from the appropriate parameter 
distriburion. It would be inappropriate to assign a distribution of values here because the 
table is intended as a realization for a pam'cular PA calculation. 

v 
Two options can be wed to simulafe intend cavities in a permeable mediwn: (I) definition of 
an internal model bounda~~ across which fluid could flow; or (2) dejinition of a very high- 
permeable material into w h i c h m  would flow. In the analysis described on page 4-31, the 
high-permeable material was uscd succes~lly with M convergence problems. Further 
increases in permeability of the excavated zone will have no impact on the PA results because 
once the excavon'on permeability is more than three orders of magnitude greater than the 



permeability of the surrounding Halite, the Halite permeability will control brine flows into 
and our of the disposal rooms. 

EPA Comment 81 

Given the assumptions provided in the text (e.g. radial flow), the determination m&."*" 
regarding the farthest distance that brine may have moved in MB139 does not appear to be 
correct. The formula, V = (x)(r'))(h)(effective porosity), where V = 1800 m3; 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 
considerably 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. 
m e  recently published Position Paper: Non-Salado Flow and Transport (Axness. C., 1994) 
contains a discussion of the brine flaw calcularions. 

EPA Comment 82. 
v - 
The second illustration which provides percent gas saturations also appears to be incorrect. 
Using the above formula and comcting for gas satllratiom, a radial migration d i i  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 ourjlow have been modfled. 
l l e  recenrly published Position Paper: Non-Sahdo Flow and Transport (timess. C..1994) 
contains a discussion of the brine flow calcularions. 

EPA Comment 83. 

The analysis and objectives of the creep closure effects needs to be better explained. The t ea  
states "...the paat1 porosity was initially 66 percent and dropped as creep progmsed, leveling 
off at 12 percent to 21 percent. In the fmed-porosity calculations, the waste panel porosity 
was initially 19 percent which is the median fiaal-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 fixcd porosity 
analysis was actually part of the 1991 PA, but this is, not clear in the text. Furthmnore, the 
12 to 21 percent range is a minimum as stated on page 4-33. The range of pore p m r e s  that 

-. 



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 bat 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. P e r f o m c e  assessmenr studies have shown that the permeability of the waste hns 
to be within three orders of magnitude of the pemeabiliry of the host rock to have any 
influence on the time for brine to flow through the facility. That is, the flow through the high 
permeability elemenr (the waste) is for all practical purposes instantaneous when the waste is 
much more permeable than the host rock. This can be understood by considering two volumes 
(elements) in parallel. I f  the difference in penneabiliry is greater than a facror of 1000, all of 
the flow is concentrated in the high permeability elemenr and this flow occurs instntnneousty, 
for all practical purposes, relative to parallel flow through the low permeability elemep.. ,"& 

EPA Comment 84. 
v -7 
-s why it decided it was not impomnt to statistically sample the hydraulic 
conductivity (2.24 x 10-7 mls) 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 sigrdbnt impact on how much of any release migrates into the 
Culebra. 

Response. BRAGFL.0 calculates the radionuclide source-tenn for SECO calcuhtions of 
rranspon in the Culebra. The parameter variations in the Culebra are accomplished by 
sampling on the tranunissiviry PeIdc used by SECO and on the fracture spacing. 

EPA Comment 85. 

Specific storage is a critical parameter. Why has it not been statistically sampled? 

Response. Specijic storage is important in the physical response of cenoin parts of the 
system; however, previous researsh and a recent publicdon (Freeze, et. Al. 1995) have shown 
that vanananon of spec& storage in Performance Assessment does not @CCI regulatory 
pe#onnance measures related to brine migration, repository pressurization, and gar 
migration. The processess are dominated by other physical phenomena, such as wane 
collopse andfracturing. 



Reference: G.A.Freeze, K.W. Lanon, and P.B Davies, 1995, Coupled Multiphace Flow and - 
Closure Mafysis of Repository Response to Waste-Genemred Gas at Waste Isohtion Pilot 
P h  (WIPP). SAND93-1986, Albuquerque, NM : S d i a  National Laboratories 

EPA Comment 86 
- 

=model should be strongly considered for the borehole material to 
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 our that it may nor be appropriate to hrsume that the use of van 
Genuchten model will always ensure a consewllfl've approach. The dfferences between the 
two model fonnularions is most significm at the extremes of very low saturation of brine or of 
gas. The van Cenuchten model predicts easier gas penetration into pore space tiuu is initially 
100 percent brine saturated. This can have a significant impact on calculan'ons of the 
migration of gas out of the repository pan& into the surrounding, very low permeability, small 
pore volume, halite. For something like borehole fiII material, wirh signifcanfly greater 
permeability and pore size and where most important release mechanism may be brine 
tmnspon to the surface, application of the van Genuchren model may not be at all 
consew~~ve;  or it may be that there will be link? difference between the r e d s  achieved wirh 
the two modeis becaue the saturation levels are in the in temirue range where the 
predictions of the models & not m e r  greatly. Thc decision to use one model or the other or 
to employ a sampling smuegy will have to be based on exantirunion ofhow well each model is 
able to match measured or literature derived chamcterisn'cs of appropriate fill mmerial, issues 
of conservafism. and also, whether the choice of model, in this pam'cular situation, makes 
signz$cm dfference to the calculnted outcomes. 

EPA Comment 87 

The rationak 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 aad 
hydrostatic prrssurrs. This pressure range, therefore assumes that the deepest brine reservoir 
that will be breached is at 900 meters. This assumption needs more d i i o n .  

The second paragraph in Section 5.1.3 describes what would normally 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. 



- The initial conditions are so critical to the adys is  that there needs to be 
discussion and justification as to how the pressure and saturation 
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 limited 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 also 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. 

Two rypes of d m  are considered to be besr suited for determining initial reservoir pressure. 
The first is the earliest buildup data recorded @er encowuering 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 CaMe brine reservoir pressures and volumes. Fwther 
discussion of these parameters can be found in Reeves et d , 1989. The pressure range (12.6 
MPa to 21 MPa) was esfimatedfrom several wellhead mcaSuremCNS at WPP-12 and other 
boreholes that encowered pressurized Castile brine. The initial range was benveen 7.0 and 
17.4 MPa. Hawever, because the mnge of pressures inclrcdes 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 mnge of I I and 21 MPa. 
assuming hydrosturic and lithosturic pressures at the elwafion of the WPP-12 brine reservoir. 
The pressure range therefore assumes a maximum &pth of approximateiy 9W mcrers below 
ground surface based on these calculations and assumptions. Funher discussion of the Canile 
brine resemirs can be found in Lappin er al.. 1989. Volume 3 of 1992 PA (Pages 4-10 to 
4-17), and in DOE documenf Brine Reservoirs in the Canile Formation TAW 3153. 

Pressure in thc rcposirory during the operational period is unchanging duc to venn'iafion; this 
is a boundary condition. However, BRAGFZO c ~ n o t  accommOdOTefLred pressures infernal to 
the fluid flow domain. Therefore, the initial pressure is set for the sk-up period, which is 
shon, and is allowed to change due to flow, etc. The magnitude of changes is slight, however, 
and the annospheric pressure initial condition is essenriauy an annospheric pressure boundary 
condition for a short period of time. 



The commentor should also note that the complexity of the modeled system is such thar 
"insight" based on aperience with simpler models is open incorrect. /"p"\. 
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EPA Comment 88. I_ M. . .. .: 
, .~ . 4 - . .  -. * 

-y two vectors did the pressure exceed lithostatic (14.8 &x"p&bablY a 
result of rapid gas-generation rates and high initial brine content in the waste" is misleading. 
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 ex& 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 timedependent 
boundary condition). 

The statement "Once the borehole is f111ed 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 b r k  flow from the Salado to the 
Culebra to levels below which has cumntly been predicted given the constant permcabiity 
used in the Culebra. A 

Response. 
It is true that a later intrusion may penmare a higher pressure repositov. 

The innusion is modelled as a timedependent penncclbiliry change in the code. 

The statement regarding local pressure rise in the Culebra that r e d s  potential between the 
rwo fonannanons is protab& correct because of the fonnulation of the model. What is suggested 
probabiy did occur, but m so low a magnitude that it was not observed from the plots 
generared. 

EPA Comment 89 

At the top of the page it states that "The only parameter that distinguishes these two from the 
other 68 is that thcy have the highest sampled anhydritc pcnneab'ilities, which would have 
provided good communication to the highcr far field prrssurrs." Again, the distance to these 
far field pressures will be based on the initial wnditiom. 

Response. The initial depressurizd zone around the repository, drvcloped over 20 years, has 
little impact on the & m e  to high far-field pressures over 10.000yuus. High k anhydrite is 



an effective conduit forpow and associated pressure change, and with 10,000 years, a 20-year 
pemcrbation at the onset is essennally meaningless. 

1 "., . EPA Comment 90 *: ",, " : : 
: s, 

. . 
'.,; 

:* 
v - . .~ ,,~: 2d , '.. <. 
-nd paragraph the text states n...reach similarly unrealistica11';mPh 
values, up to 38 MPa." What is the basis for estimating if a pressure value is unrealistic? 

Response. The "unrealistic values, up to 38 MPa" are approximately 2.5 times lithosratic 
pressure and are considered to be in excess of the overlying rock strength under tension. 
Lithostaric pressure at the repository level is 14.8 MPa (M92-0700/4 page 4-33) and 
decreases as one goes up towardc ground sug'ace. Pressures within the repository in excess of 
fitho~tM~C pressure change the stress conditions in the overlying rock from compression to 
tension. Sedimentary rocks ar the WIPP site are inherently weak when phced 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 - 
The fvst 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 fiehi experiments will assist in defining the 
proper conceptual model for fluid flow in the Culebm. 

EPA Comment 92 
v 
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 wuld be considerably greater through these sections of the Culebra than those 
velocities which are cumntly assumed. 

Response. A t h r e e ~ o n a l  numerical represenlation of the groundwater basin model, 
using the SECO3D code, is cumntly being developed and may be used to investigate long- 
term regional flow of groundwater in strata above the Solodo FormOn'on. Over the modeling 
periods of concern, flow deviations due to dense d e a s  are expected to be minimal, as 
discussed in the Non-Salodo Position Paper (Axness et d., 1995). 



EPA Comment 93 

Regarding thefourth bullet, future climate change could also affect density gradients as well 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 presem day recharging groundwater. Thus. 
density gradiems and dolomite dissolution rates are not expected to change as a result of 
climate change. 

EPA Comment 94 

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. Funher discussion of the last bullet is included in SAND 89-7069 (Reeves, et al., 
1989). The imponance of density driven flow was addressed in Davies, 198% USGS open file - 
repon 88-490, who found that wifhin the Lund Withdhval Boundary, density-driven jlow is 
not imponam. The hydraulic connecrion between Salado and Culebra in the absence of a 
borehole to the repository or brine reservoir is assumed to be slight dw to the low permeability 
of the Salndo. However, the connecrivity is modelled in BRAGFLO. 

EPA Comment 95 

The local grid boundary conditions which are mentioned in the last sentence of Seaion 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 uDccnainties, discussed in Lavenue (LaVen 92) regarding the transmissivity 
fields, 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 aansmissivities in the regions immediately south of the WlPP repository 
along the most likely travel path of contaminant releases Lavenue indicates that thc 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 mmissivity north of the H-3 borehole south of the WlPP Site. 



Furthermore, considerable uncertainties with respect to oundaries have been 
propagated through the analysis, apparently without any a G p t s  to quantify the effect on rhe 
analysis results. 

Response. The local grid boundnry conditions (regional head solurions) would be bener 
phced in Volume 3, section 2.6.3. 

Details are provided in La Venue (W92-7306, page 61) for the model results, including the 
apparent discrepancy in transmissivities in the region of the H-3 borehole. The seaion 
erphins that if the dlflerences in the observed and calculated he& at the H-1 borehole were 
reduced. the likely result would be increased transmissiviry north of H-3, allowing for a rravel 
time closer to 14,000 years. Because there may nor be enough pilot points ro adequafely 
modify the transmssivity field, additional pilot poinrs may be needed to produce a correlation 
that is closer to empirical findings. In addition, the discussion on pages 103 to 107of 
LuVenue (-92-7306) discusses the variability in calculated values. Uncenainry in the 
models originates from identijiable connibuting parmers  thnr are Matyzed for closeness of 
fit to observed &a. These models are then used for a besr-case model. 

EPA Comment % 
v 
The statement 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 would 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 climate function applied to the initial calibrated heads derived from the steady- 
state solution for each trammissivity field," is misleadiig 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 actually obtained from a best guess approximation. The 
uncertainty of the results of the trandsivity field calculations associated with this boundary 
approximation have not been assessed. 

Response. The staremenr in Section 6.3 refers to hydrologicpmpem'es of the rock, such as 
porosiry, tmnrmissinty, erc. The boundrvy conditions for the local model were consistent with 
rhe specific regional flow field for each realizaaion. 

The e o n s  to divide the groundwater model into two separate grids sigmjic~fty reduces but 
does not eliminate the eects  of bowrdary conditions on pegonnance ossessmen~ calculations. 



EPA Comment !V - 
All of the climatic change vector plots should have been included in Volume 

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 sampled climatic impact factor, there is 
almost no ground water entering the model domain along this recharge boundary. This is 
probably due to the low fransmissivity 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 smp." 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 6-1 1 which states "The effect of c l i i t i c  changes on regional boundary 
conditions cannot be modeled directly because of uncertain!y in the location of present and 
future recharge and uncertainty in the hydrologic properties affecting the flow path from the 
recharge area to the regional domain boundary. " Although this statement recognizes the 
uncertainties, it also illustrates a major problem 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 
simulate 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) M i a t e  that almost w water is emring -. 
the system. This is due largely to the low aansmhivities. Furthcnnore, 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 cumulative releases, if all of the 
contaminants reach the boundary regardless of c l i i t e  change, both scenarios will have the 
same results. However, differences in peak arrival times would be observed under dierent 
gradients. 

A more conservative and possibly more die approach would be to assume that the 
increased rainfall will caw 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 c u m  situation. These proposed changes to the model bowxkies relate to the 
discussion on Page 6-26 which indicates that the boundary conditions specified along the 
southern and wcstcm boundaries arc 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 B a d  region in particular, has been 
dttennined to behave as a discharge region for regional flux from the Rustler (Mercer, 1983Ln 



!' 
i 

.A does not recognize the uncertainty that other investigators have regarding the 
92). Funhermore, the relevance of the statement at the bonom of page 6-26 that "this m y  
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 furure reports, the DOE may include additional groundwater (specific- 
discharge) vecror plots for ann'cipared future climate conditiom 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 diqicult to determine 
a climate change scenario that will signzjicantty change gradients. The assumptions for the 
1992 PA disregard the energy loss (head loss) by groundwater recharging the system as it 
passes through overlying mata; this is extremely conservative. Additionally, the repron there 
is 1inlefIow around the WIPP boundary is not due to uncertainty in boundary conditions in the 
regional domain, but rather because the rransmissivity of the Culebra is reduced there. 

Recharge from h h h  Draw is probably unrealistic. Nash D m  is a topographic low that 
serves either as a discharge point or as a groundwater divide or both. Due to the e f ea  of 
topography or hydraulic head and established regional gradients, there is more hydraulic head 
in Culebra and Magemu groundwater than will be in Narh Dmw. More rainfall in Narh Draw 
will result in a lnrger Logma Grande de in Sal. 

EPA Comment 9% 

It is unclear whether the climatic change boundaries were used for these flow and transport 
simulations. If they were not, why were transient rather than steady-srate 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 c l i t i c  
change, the local boundary conditions obtained from the regional modeling would have also 
had to have been assumed to be m i e n t .  This docs not appear to be the case. 

The followhg 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 werc also not systematically investigated in the uncertainty 
analysis. 

"Several iterations werc made to the boundary conditions prior to begiaaiag 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 
diiculty 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 Pkos River, and the Malaga Bend region 
in panlcular, has been hypothesized to behave as a drscharge region for regional flux from the 
Rustler (Mercer 83). While no absolute conclusions may be made yet concerning the d i t i o n  
of groundwater flow in the region south of thc WIPP site, thc results determined in this study 
have mdicated 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 implemented 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 significantly 
from what is actually occurring in the field, then the solution of thc model domain (i.e., 
transmissivity field) for the 70 simulations would be in e m r  by some unknown and untested 
quantity. Furthermore, even if the conceptual model was better deked, the current approach 
that has been taken to obtain the 70 transmissivity fields does nor. evaluate the sensitivity of the 
boundary conditions to the overall model results. 

Response. The ciimate change boundaries were used for radionuclide tto~pon. It is not 
undemood what the commentor's sentence "if initial condiriom were assumed to be - 
transient. . . " mem since initial conditions necessmM& cannot be transient. Whilethere is 
admined uncenaimy regarding the aakquacy of the boundary condifions of the regional mode1 
in the I992 PA, there are two facts to bear in mind: I )  The unceHainty in the sourhem 
seaion of the regional grid may nor impaa radionuclide ravel times in the disposal systm 
and (2) the regional system is curre@ being Moryzed on a much @er scale with three- 
dimensional models (Axness. C, er al, 1995). The ~NCN of this modeling is to provide an 
assessment of gr~unmwferflow on a basin-wide scale to which approximations made in 
Performance Assessment can be compared. 

EPA Connnmt 99 
blwAawm 
Wbcre is thc sw~cc for the ma& effective porosity value of 16 percent come from? 

Response. As noted on page 6-26 of Volunv 4, the purpose of these analyses wcrr to 
characterize the tmnsmkivityf ie ,  not to predict radionuclidc rmntpon or to providc input 
to a CCDF for a compliance application. The manix pomsiry of the Culebra is described in 
~eaions2.6.~Ond2.6.2of Volunv3andhmamedianof0.139. TheI6percentvaluristhe 
analyst 's  choice in this particular analysis. 
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EPA Comment 100 ' 

A .. 

Equation 7.3-2 appears to be in error. Based on information in Table 7.3-3, the c o m t  
formulation should be: 

SFa = 138.6713.527 = 39.32 
The text defines AL, as the activity level. According to Volume 3, Table 3.3-1, waste 
inventories are median values. Is AL, actually a m e d i i  activity level? 

Response. The release of acrivity 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 

SF, = 138.67/3.527 = 39.32 

The average activity level was derived by dividing the total activity W e d  on the memorandum 
by Peterson in Appendix A of Volume 3 and compensating for decay) by the total su@ace area 
of CH waste. AL, is not-a "median" level but the total activify/d at the designared time, 
based on the radionuclides shown in Table 7.3-1. ALi is thus the activity per square 
meter. 

EPA Comment 101 

Why has the relatively short half-life of Am-241 and decay to Np237 not reduced the release 
of this nuclide to the accessible environment from that which is released to the Culebra? 

Response. Americium-241 should be reduced propom'onal to the amount of travel time in the 
Culebm. However, the powlared travel times of I @  to 101 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 &ect that releases to the accessible environment 
are essentially identical to &le&es to the Culebm was not intended to imply that decay of 
short-lived isotopes does not occur during the transport in the Culebm. The plot on page 8-31 
shows that calculated releases to the Culebra vary over a range of near& four orden of 
magnincdc. Because the plot on page 8-31 is on a log-log scale covering quire a few decades. 
it is necessary to examine the figure closely to see that the colculared releases to the accessible 
environment are indeed less than the releases to the Culebm. For the vectors that feanued the 
longest residence times in the Culebm, decay of the short half isotopes (which make up onty a 
pan of the total activity level) reduced the released acllcllvi~ IPvel by as much as a factor of 2 or 
3. However, there were oniy a very few such vectors, and compared to the four order of 
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magnitude spread in calculared releases ro the Culebra even a factor of 3 rehcrion in the 
release to the accessible environmenr may look negligible. 

3. 

Diffusion scenario is questionable. The sorption is assumed to be linear and non-reversible. 
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 comnsite) are common is very 
questionable - and is questioned by researchers even within Sandii. The presence of clay-lined 
fractures should be reconsidered. 

v - 
In this section, there is no mention of varying clay thicknesses which should have been used in 
thcse simulations due to different diffusion rates and distribution coefficients for the clay lining 
and the dolomite matrix. - 
Response. The WIPP Project is currently performing h b o m t o ~ ~  andfiebi aperiments to 
determine the presence Ond potential impact of cloy deposits on radionuclide transport and 
retardation in the Culebra. 

EPA Comment 103. 

Pinch nodes should 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 -CON methodology to 
couple regional and local models. 

EPA Comment 104 

The listings of LHS sampled variables in Table C-2 arc useful for a serious mder  interested in 
recalculating certain portions of the analysis. For the casual reader, a reference to the 
cumulative distribution plots of these sample variables provided in Figure 3-1 should be 



- included. Scatterplots of one variable versus the other should be provided for all uncertain 
variables which were assumed to exhibit painvise 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 scaner plots used in PA. However, Chaprer 8 of Volume 4 
includes a significant number of scanerplots which may msist in understanding the correlation 
of data. 

Table C-I of Appendix C is a summary of the 49 variables discussed in Chaprer 3 of this 
document. In this chapfer, each variable is briefly swnmarized including idenxijiciuion of the 
dism'butions, veaors, and other relative references. After further review of Table C-I, we 
have been unable to identlfi repeated vectors or inconsisrencies with the summaries in W r e r  .,, 
3. ... * 
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EPA Comment 105 . 
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 thm sets 
are appropriate. 

Response. The presentarion of dara in the compliance cemjfcan'on packoge will be clanjied 
as much m possible. 

EPA Comment 106 
PA: 

The 1992 PA does not include an evaluation of the influence of hazardous constituents in it. 
analysis. What effect wiU these materials have on the transport a d  activity of radionuclidcs? 
Are there any sprgistic interactions that can effect compliance? What experiments have been 
done to detcrminc these issues? What are the plans for the future? 

Response. The commentor is correa: the 1992 PA does not include an evaluation of the 
influence of hazardous constifuents in its analysis. However, it is expeaed that these materials 
will have no effect on the t r~spor t  and activity of mdionucIides. In theory, there could be an 
occacioml alpha radioiysis of organic compounds. but it is believed thm the compounds would 
then be reduced to non-RCRA compounds. The WIPP Project has not conducted specific 
experiments to address the above i s m s  because there is an exfensive literature on this topic. 
There are no plans to conduct experinurns in this area in the fimtre. 



EPA Comment 107 . . z.  v-mg 
Please include examples of how the probabilities are calculated for Tables 2.5-1 to 2.54. 

Response. A detailed description of the methodology for computing probabilities can be found 
in (Helton and Iuuolim, 1993). 

EPA Comment 108 
D: V- 

This paragraph needs to be explained more clearly. 

Response. The 2 x r rekationship will be explained more clearly in future PA documenrarion. 

EPA Comment 109 
5-18. line22 

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 brim would navel only 
935m radially from the panel", this may be a simple question but how the 935x11 distance is 
calculated should be shown. Besides the range of MB139 porosity is from .001 to .03. What 
would the travel distance be for porosity = .03? 

5-18. 5-33. 
Using the assumption of an initial porosity of 19% to compare non-cmp closure to creep 
closure results 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 V o k  4, the radius of the wane panel 
was taken to be about 61 m and ME139 as modeled as being 0.85 m thick. A released volume 
of 25m m' in a hyer 0.85 m thick with a porosity of 0 . m  will occupy the annular volume 
from 61 m out to a radius of about 970 m. which implies migmrion of about 910 m. The 935-m 
value was not quite right. A porosity of 0.03 would impty about I50 m migration &ly 
beyond the waste panel. 

Thrmed porosity case was run for the purpose of investigating the senririviry of the PA r e d s  
to the creep closure calculation. Using the fixed 19% porosity created a large ercursion in 
repository pore pressure for the semitivi~ analysis. The fact that assuming a constanf 19% 



porosiry would not be realistic does not affect the process of assessing the sensitivity of the 
model. 
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EPA Comment 110 
" E x c e l l e n t n " :  V- 
Is "excellent cornmunicat~ori another way of saymg that brine will be flowing mto the far 
field? 

Response. Yes, ercellent communications refers to brine flow to the far field. 

EPA Comment 111 

What are "reference conditions? Are they standard temperature and pressure? 

Response. The refeence ~ 0 n d i t i 0 ~  used in the pressure calculation are not Standard 
Temperature and Pressure (STP). Rather, the pressure is calculated using the calculated W P P  
void volume and the (constant) W P P  temperature, 27 degrees Cenn'gmde. The volume is 
derived from the time-dependent porosiry surface calculation. 

-, 

EPA Comment 1l2 
Four V- 
What are the four vectors in "Ody 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 cem@znMon applicafion. 

EPA Comment 113 
V u  5-31. 

If the brine wiU travel in the MB139 no more than 5001x1 with a porosity of 0.001, how far 
will brine travel with a porosity of 0.03 (the maximum allowable)? 

Response. Thc brine wiU travel I50 meters with an cffectl've porosify of 0.03 (the maximum 
allowable). Thc ovrrall radial flav distance will decrease because m4tehl.s with higher 
@ective porosities will entrain more brine. Note that a travel dhIIce of 500 m is well within 
the 2,400 meter boundary limit. 
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EPA Comment 114 +% . - 
-1: v- 
Once again a conclusion is drawn that may not be completely defendable and justified. It 
appears that the present creep closure model may not adequately model the effect. 

Response. Since the I992 PA repon war published, the MDCF creep model har been 
atensively validated against in siru dda for room closure. The code does model the @ea on 
tranrient behavior (such as waste pressures). The Rock Mechanics Position Paper (Mumen er 
al., 1995) presents details of the creep model and the validahon calculations. 

EPA Comment 115 
5 6-2. 
Please clearly defm 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. In this case. "vem'cal integrarion " meam that the pammeters in the model do not 
vory in the vemmcal direcfion; i. e., the hydrological propem'es are constant with aquyer 
ehan'on. Since the groundwater flow to the accessible environment is apected to be 
predominantly lateral (not vem'cal) through the relatively thin C u l e b ~  Dolomite Member, the 
horirontol hydrological parameter components are of primary interest. As noted in Chapter 6, 
most of the well test data that exist are for the lateral/mdialpropemks of the Culebm aqw~er. -. 
A "vemmcaUy integrared two-dimensional model, " in this case, is simply a model tha! includes 
no vem'cal variation in propem'es values. This is consistent with aquyer tests in the Culebm 
which typically measure aquiyer propem'es across the entire vem'cal extent of the aquifer of a 
point. 

EPA Comment 116 
1 6 - 2 . 1 i n e G  
What is the basis for the assumption that fluid injected will have no effect on Culebra fluid 
density? 

Response.. The baris for the amimption of minimal flea on grounmVnterflavfromFcid 
injection into the C&bm is deduced from c a l c u h i o ~  of disnvbanee to ~turalflowfieIdr 
found in -89-7069, pages 3-11 through 15. These calcularions demonstrate that Siream 
lines offlow become r e W l y  straight and parallel a shon distance from the borehole. 
shaving that the velmOEIties are about equal to the MNol flow field. Likewise, this suggests 
little effea on C u l e b m ~  densities since magnitude and direction offlow are minimal4 
changed. 



Additio~lty, Davies (1989). USGS open file repon 88-490, studied natural variarion in 
Culebra groundwmer density and found density d~fferences within rhe Land Wirhdrwl . .._ 
Boundaly to be of low importance with respecr to overall groundwarerflow direcrions. . , -,. 
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EPA Comment 117 : ? ' .  .$ , , ., :*, ' , I  ,.. .,, > '1.. ~, . . - 
The regional and local grids are significantly different, the size of the grid blocks (elements) 
are quite different. How are values 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 transmissivity fields. It is stated on 
page 6-1 1,  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 infonnntion ar the boundary of the local grid is obtainedfrom the nwnerical 
solution for the regional grid by second-order accurare linear inrepolarion in space and time 
of heads. The propeny a&a (e.g., rransmissivity) is obtained by consewarive interpohn'on 
using the Dukowir&mqp algorithm. Thus the local grid boundnry conditions are always 
Dirichlet (specified dependent variable) values of head (rime-dependent Values for the time- 
dependent regional grid problem). lXe result is that Dorcy velocities (specijic discharges) are 
preserved. 

The only "assumption" involved is rhar a coarse grid solution over a much larger area provides 
better (less conmained) boundary condirions for rhe local grid than the usual p m ' c e  of 
sem'ng no-fZow boundary condirions. Virtually anyrhing would be dejcllsible as an 
improvement over rhe usual practice. The method used here has obvious advunrages. 

This merhod has been tesred and exercised in m ~ y  calcuhn'ons. A revealing resr involves 
over-plotting head contom in the same region of space obrained by borh the regional and 
local grid solutions. When the grid resolution in both regional and local grids are 
comparable, the contour plots vimcally overlay, as expected. When rhe local grid resolution is 
much higher, ar intended in the concepr and as used in the 1992 PA calculations, rhere is some 
difference. Most imponantiy, rhe head contour lines in rhe local grid solution vary smoothly 
and align with rhc regional grid solution m the boundary of the local grid, indicating no 
disrom'on from the interpolation procedure (again, as apected from rhe rheory). 

It is wonh noring rhar trampon calculations in the I992 PA calculations (and in lcuer W P P  
PA caiculon'ons) do nor atend across the local grid bowzdanes, i.e., the reguhrory 
boundaries are i~ idk?  the local grid. Thur, rhere is no queSnsnon about the boundary conditions 
for rhe rranrpon equMUMons.  his level of detail in rhe aigorithm description was included 
in the 1992 PA calculations for the obvious reason that it is inappropriate for an already 



. . mawive document on resulrs. Examples of the overplots have been shown to EPA -, 

personnel during one of their visits to ShZ. 

EPA Comment 118 
W 

You state that SECO-FLOW uses interpolation to establish boundary conditions for the local 
grid from the regional grid elements because the local grid elements do not exactly overlay 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 evaluated? 

Response. Please see the response to Comment 1 17, y-"&\ 
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EPA Comment 119 , , 5; 1" ":: 

" 
p s :  v- 
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 . . .  
-IN: V o b e  4. ChapyL6 
The main explanations for high transmissivities in g e d  at the WIPP site are: the lack of 
halite and reduced overburden that create fractures (Section 2.1.4 in Lavenue et al., 
SAND89-706811. Ground-Water Flow Modeling of the Cutebra Dolomite; pages IV47, IV48  
in Brinster, SAND89-7147, Preliminary Geohydrologic Conceptual Model of the Los Mcdaims 
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 trammissivities in the southeast 
where the overburden is thicker and the halite is more intact. What is thought to be the reason 
for the high tmmmhivity in the southeast portion of the WIPP site, and could the high 
transmissivity extend further west of well H-1 1 to dinctly south of the site? 

Response. In rrference to ShW89-7147, Pnliminaty Geohydrologic Conceptual Model of 
the Los Medaiios Region Near the W P P  for the Purpose of Performance Assessment, the 
author states rhm rr(u~rrm~ssivity values taken from wells in the southeastern pom'on of the 
W P P  site ore not reponed to be high in terms of tmnsmissivity values for the W P P  site. 
Rrfem'ng to Figure 111-16, page 11-29 of W 8 9 - 7 I 4 7 ,  m u t i o n  of halife in the Rustler 
Formation shows trm'ss iv i iy  values for wells in and around the WIPP site. Transmissiviry 
values for wells southcnn and south of the W P P  site have lower values than those to the wesf. 
It is concluded rhm the fmnsmissiviiy values of well H-11 are a resulr of local fleas. - 



It does not appear (hot high transmissiviry can atend funher west of well H-11 to directly 
south of the site. Tro~rmssiM'ry values of wells directly south of the WIPP sire show values 
approximafe& two orders of magnitude lower than well H-1I (such as the value of 3.0 x 107 
Cabin Baby-1 versus the value of 2.9 x 10S for H-11). Further discussion of well H-I1 can be 
found in -89-7147, pages N-55 to N-68. 

'. it<, ,- 
EPA Comment 121 4': . . .. 

. . .  \ $ g ;k,i 
-tv: V & ~ P  4. C W  -* 

* L"/J, 
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 aansport 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 &ibrated field is to be produced, laiging 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 fluctuation patterns in transmissivity, which may - lead to exueme values in travel times. Thus simulated fields ~IE useful to resolve the residual 
uncertainty not addressed by kriging." 

This suggests that the approach that was used to create aansmissivity fields for the PA would 
resuit in a greater range [extreme values] of possible travel times. It does not appear, 
however, that the adnsmissivity fields yield extreme navel time values or adequately describe 
the probable diuibution of travel times. 

The travel time results presented in Figure 6.86 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, docs not appear to be consistent with the actual field data or with 
Lavenue's calibrated model (Lavenue et. al., 1990). 

LaVenue et. al. (1990) performed a detailed model calibration that yielded an excellent 
correlation between observed and simulated events. Therefore, something appears intuitively 
m n g  when Lavenue (1990) predicted travel times for the transient calibration of 
14,000 years, ard 75% of the navel 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 4 a half times grratcr than the calibrated 
model would have predicted. There does not appear to be a good reason as to why the l o w  



navel times are over represented. To further represent this point calculations have been - 
included. 

Response. As stated in Volume 4 on page 6-26, line 43, "These travel times were calculated 
assuming advection of groundwater through a single-porosity medium withour fracture fIow.. . " 
Performance assessment calcuhes groundwater travel times assuming f r a m e  flow ~ 0 n d i t i 0 ~  
with porosities on the order of 1/1@ of the values used for creating the calibrated 

. V  --... . 
trmmissivities. This is a very conservananve use of tr(~~l~~~~'ssivityfieIdr which results in,', ' %  

\ 

1 ,.. ' *. 
radionuclide travel times approximately I / I@ of those discussed in this section. ; ; : ..  , 

? , j !  
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EPA Comment 122 . , .  - m e  4. C w  
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 a more southerly direction. The hydraulic 
properties of the majority of these paths would, therefore, best be described by hydraulic 
propeny data collected from wells H-1, H-3, DOE-1 and H-11. The oansmissivity data, 
collected from these wells and tabulated in Lavenue et. al. 1990 arc presented in Table 1. 

The geometric mean of hydraulic conductivity measured from these wells is 22 mly. 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 arc approximately 3000 meters apart. - 
The bend in the travel paths suggest a somewhat longer distance than a sfmight line 
approximation, and for most of the paths, 3250 m would be a teaonable 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 d t s  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. 



Table 1. Hydraulic Ropvty Data for the Culebra Dolomite 

Response. The shortest travel time predicted by 1992 PA war likely less than 100 years due to 
the use of afracrured media assumption for radionuclide transport. 

Well NO. 

H- 1 

H-3 

DOE- 1 

H-11 

EPA Comment 123 

The southern and southeast quadrants are shown to have high nansmissivities 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 
nansmissive zones in the transmissivity figures, it would appear that a reasonable alternative 
conceptual model could include a dominant navel 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. Thc alternmive model proposed by the commentor (i.e.. flow directly south from 
the repository) is included through the stochastic variation of input pammeren for the more 
general SECO-2D comprarm'onal model. Theflawpa~hs shown in Figures 6.8-8 and 6.8-11 
indicate a predominanz southeas and south flow direction from the repository. These path 
correspond to the 70 nanrmissiviry field realizarions performed as a pan of the analysis 
described in Section 6.8. Thr flow paths are based on SECO-2D calculations performed with 
different nansmissivity fields and on the hydraulic hemi mas~~ements made in surrounding 
observation welk (i.e., calibration points). Depending on the realizarions performed, some of 

~ydradic Condncciviry 

+ 
3.85 

10.24 

49.14 

12.70 

T m  
ty 

m2/ser. d/Y' 

9.4 x 10" 

2.5 x lo4 

1.2 X 10" 

3.1 x 10" 

29.64 

78.84 

378.40 

97.76 



- the flow paths are directed &-south from the repository. n2eseflow paths, a.i well as all 
orher computed pow paths, are used to evaluate the groundwater rravel 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 
w l e  Walt: V u  7-1. 1- 
What is the progress of the work to include spalliig of the borehole wall? What knowledge 
was gained from the laboratory work? 

Spallation needs to be incorporated into the modeling. 

Not D- 
Variables Q and R, are not defined. 

PA: V- 7-10. 1- 
Modeling assumptions and approaches should be included in the PAIApplication. Information 
of this importance should be included not referend. 

Response. Preliminary modek for spaUing and erosion of the borehole wail have been 
developed and are being revised and improved. Luboratory testing has been ongoing since - 
1994. Thc current stam of the spolkuion model is described in the Disposal Room Position 
Pqer (Butcher et d.. 1995). 

Thc omission of definitions for Q and Ri and the comment regarding modeling asswnptions will 
be taken into consideration so that a more complete p resedon  can be mode in funcre 
documents. 

EPA Comment 125 

Uncertainty and sensitivity analysis also identify and direct experimental areas which can 
reduce uncertainty in PA results. 

This paragraph states that radionuclide aansport was not modeled in the undisturbed scenario, 
because other results indicated that brinc which was in wntact with the wasre 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 
( a d o r  other waste constituents) will not increase the brinc cranspon rate, e.g., mobilization 
of metals by leachate containing solvtnrs. - 



- Response. The DOE is currently using uncenainiy and sensitivity analyses to identifu 
erperiments that can reduce the uncenoinries in PA. The I992 PA and SPM-2 have been used 
to idennfy those erperiments needed to reduce the uncirtainiy for demonstration of compliance. 

The concentrations and chemical reactions of the radionuclides will not increase brine 
trampon to the unit boundaly. Hence the use of brine travel time to limit radionuclide 
transport seem appropriore. 

. 5 , . .  2 
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92PA EPA Comment 126 . ~- 
37 to 35 

Section 2.3.1 does not provide enough information regarding this variable. Please provide 
some additional clarification. 

Volume 3-2. T . b  17 to 
Section 3.4.3 does not provide any discussion regarding this variable and the basis for 
determination ofrhe range and median. Since the values were dercrmined completely by 
investigator Judgement (with no additional data sources), it would be helpful to h o w  how the 
PA investigator determined the values. 

.- 

Response. The compliance cenijication package will contain an appendir, probabiy 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 
B C n G  is a pointer variable of characteristic curves for capillary pressure and pernabil@. 
The parameters used for these C ~ C U ~ U ~ ~ O N  ore arbitrary with the initial ranges selected for the 
purpose of being able to run sensitivity srudies. Thc ranges of the pammcrers for the model 
which supports generazion of this variable were estimated using Mncml-Malog data from 
matenah which contain the same characteristics @ernability and porosity) as anhydrite, 
halite. and the wanc room. 

EPA Comment U7 

Please clarify how the Culebm matrix porosity is wd in BRAGFLO. 

Response. Thc Culebm marrix porosiry war not used in BRAGFLO for the 1992 PA. 
Table 3-1 (CULPOR) should be changed by eliminating the refcnnce to BRAGFLO to reflcd 
this fact. 



EPA Comment 128 '4 - 
4. Paee 3-4. 1 . b  19 to a - 

Suppomng mfonnation regarding the selection of range and median values for these variables 
should be provided in Volume 3, rather than referenced. 

4. Pa-e . 3-6. 28 to a 
Supporting information regarding the selection of range and median values for these variables 
should be provided in Volume 3, rather than referenced. 

Response. The compliance cemfication package will contain appropriate infonnotion 
regarding the selection of range and median value for PA variables. 

EPA Comment 129 
13 to 17 

Please note that Figure 4.1.2 also shows the Unnamed Member. Given that the basal intmal 
of the Unnamed Member contains siltstones and sandstones having a sufficient transmissivity 
to allow groundwater flaw (Page 2-16, Volume 2, 1992 PA), it does appear that the Unnamed 
Member should be considered. Please clarify why the RustlerISalado 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 chatmeling, 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 undemanding that DOE has stated that vertical flow from the 
Residuum may be upward and into the Culebra Member. 

Response. Transmissivity vaiues of the Culebra Dolomize range from lQ7t0 103 d / s .  By 
comas,  the tranrmissivily values of the unnamed lower member is generally less than 6 x 1010 
d / s .  

The difference between the hydraulic head potentials in the units indicates drainage is very 
slow. Water levels take months to years to stabilize in wells completed in low-t~~m~~ssiM'ty 
zones such as the unnamed member. At the site, the relative head potentials between the 
Magenta and Fony-niner Members indicate that there is no modem venical recharge from the 
Dewey Luke Red Be& into any portion of the Rustler Formation below the Fony-niner 
member. West of the sire however, the decreasing difference between the Magenta and 
Culebra heads may indicate a combindon of westward Md downward drainage of the 
Magenta Dolomize. 

From a hydrostrazigmphic point of view, the bottom several feet of the unnamed member, 
consiszing of anhydrite/gypsum, potyhalite and halite, represeNS a confining bed 
indistinguishable hydraulically from the undertying Sahdo Fonnazion. The lower siltstone unit 
of the unnamed member (the transition zone and bionuboted clactic interval of Holt and 

-. 



Powers { I  988)) can be considered to be the lowennost Rustier water-producing zone, and the 
overlying halite and anhydrire/gypswn units act as another confining bed. The top unit of the 
unnamed member is composed of siltstone, mudcrone dnd claystone. The PA for the final CC4 
will model the five members of the Rustler discretely. 

EPA Comment 130 
4. Paee 4-8. 

Please provide the basis or reference for the assigned permeabiiity values given for DRZ and 
waste. Please clarify if all the permeability valueslranges given in L i s  8 through 23 are 
intrinsic permeability. 

Response. Tests have been performed on simulated unprocessed waste with compaction of the 
material to full lithostatic pressure. Peneabilities were found for cornpaned combustible 
wases. metals and glass, and sludges. Mean permeability war estinuued 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 Volwne 3 of rhe 91 PA document, 
sam0-0893. 

- 
In fom 'on  on permeabilities for disturbed halite and anhydrite can be found in Volwne 3. 
pages 2-36 and 2-61 of W92-07OO. Thc value given for the DRZ on page 4-8 of Volwne 4 
is the same as that for disturbed anhydrite on page 2-61 of Volume 3. l% value is an 
arbitrary out conservative) choice made by W L  in the absence of speciJic i n fom 'on  at the 
time of the I992 PA. Values in the Table are for inninsic pemuabiliry. 

EPA Comment 131 

Please comct the refmnced section to Section 5.1.2.1. 

Response. Reference section will be corrected. Thank you. 

EPA Comment U2 
4-1- 1 to= 

Please provide refmlres for all values shown. In addition, clarify if the porosity values given 
here are total, effective, maeix, andlor fracture porosity. 



Response. The porosiry values given on the cited page are total poros y values for the -. 
undisturbed case. In the BRAGFZ.0 model, total porosity equals effective porosiry, so the 
values are also the egective porosities. Matrix and fracrure porosiry components are not 
delineated on the cited page. In this analysis, the porosiry values are time-independent. 

lie porosiry values for the undisturbed case are described in additional &tail in Volume 4, 
Table 3-1 and Volume 3. In Volume 3, Salad0 (halite) porosiry is described and source 
documents referenced in Section 2.3.7. In Volume 3, the Salado anhydrite interbed porosiry is 
described and source documents referenced in Section 2.4.4. 

.--'''. , ,. 
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EPA Comment 133 Z ~. 

, .; $ .  .. . " , - <  

e 4. Page 5-1.1.- : ,. , .  . .. i 
, . .  . ,/ 

Should this sentence reference Figure 5.1-1 rather than Figure 4.1-I? ., 

Response. Yes. 

EPA comment 134 
5-3. 

Please clarify why Figure 5.1-2 does not also show the Unuamed Member of the Culebra as 
does Figure 4.1.2. Again, as stated in an earlier comment regarding the w of BRAGFLO to - 
model the undisturbed conditions, it does appear appropriate to consider inclusion of the 
Urmamed Member in the modeling grid. Please clarify why the RustlerISalado 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 M M r  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 find CCA will 
model the five members of the Rustler as discrete units. 

EPA Comment 135 
5-5. 1 .im 

Please provide the basis or reference for the assigned permeability values given for DRZ, 
waste and Castile brine reservoir. Please clarify if all the permeabiiity values/ranges given in 
Lines 13 through 26 are intrinsic permeability. 

Response. Pemmbilin'cs for the DRZ, waste and Caaiie brine reservoir are addnssed in 
Volume 3. Section 3.2, Volume 3, Secrion 3.4, and Volume 3, Sem'on 4.3 respective@. The 
permeability valucr/ranges given in Lines 13 thmugh 26 are intrinsic permeabilities. 



- 
EPA Comment 136 

1 t o 4  
This section states that BRAGFLO uses intrinsic permeability rather than hydraulic 
conductivity for Culebra Member. Is the use of intrinsic penneability in BRAGFLO exclusive 
to the Culebra Member or is it used for the other strata as well? 

Response. The use of intrinsic penneability in BRAGEO is not exclusive to the Culebra 
Member. In BRAGFLO, the intrinsic permeability and fluid viscosity are represented discretely 
in the groundwater flux equation. For additio~l information, refer to the DCCQ, Appendix 
BRAGFZO: Two-Phase Flow. ,.,.-... . 

EPA Comment 137 
- 5  to 42 
Please provide references for all values ! 

I I 

s. :. , 
b. \ '\$ ". 

shown. In addition, please clarify if the h t y  
values given here are total, effective, manix, andlor fracture porosity. 

- 

Response. The porosity values given on the cited page are total porosity valws for the 
disturbed case; this is similar to the values for the undisnubEd case (see Commenr 132). In the 
BRAGFZO model, total porosity equals flective 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 disnvbed case are described in additional detail in Volume 4, 
Table 3-1 and Volume 3. In Volume 3. Salad0 (halite) p o w  is described and source 
docmm referenced in Section 2.3.7. In Volunu 3, the Salad0 anlrydrite interbed porosily is 
described and source documents referenced in Section 2.4.4. 

EPA Comment 138 
4. Page 5-9. Liryc 30 & 3.l 

This section states that the relative penneability parameters for ail 
materials except the waste and the DRZ. How can the 7 be varied and the same? In 
addition, please note that the comment made addressing Page 4-26, 4 to 7 would also 
apply here. 

Response. lb wording of the section leads to a c o n m g  statement. l2e statement may be 
said more accurate& ar: "Relorive penneabiliry parameters are varied in an identical way for 
aU materials.. . " Thar is, the same method of variance was used for relative penncability 
parameters for all materials. 
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, '  EPA Comment 139 , ..... 

I 
, . , ,  , . , ,  

4. Paoe 6-2. Lines 5 to 15 , . .,. , L  8, 
, . .. : . . , :  , 

, . 
This paragraph introduces the assumption that vertical'flow is not a.%x&ng,(of*'is occurring 
too slowly to be sigrufcant) between the Culebra and the overlying ( T a k s k )  and underlying 
(Unnamed) members of the Rustler Formation as well as between the Culebra aud 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 d i i s i o n  regarding 
supporting information for this assumption. In addition, please specify and discuss the 
laboratory andlor field data which will be used to support the regional hydrologic modelling 
proposed here. 

Response. The following is a summay of several descriptions included in the 1992 PA 
reports: 

Refeence is made to Haug et al., I987 and Davies. 1989 in Volume 2 @age 2-30) for 
additio~l information on the no vem'cal flow assumption. Brinster (1991) and Beauheim 
(19870) present aMiyses of vem'cal hydraulic gradients on a well-by-well basis. These 
analyses suggest that, i f f row occurs, the direction ofjlow between the Magenta and the 
Culebm is dawmuclrd through the WIPP area. Directly above the repository, pow may be 
upwardfrom the Rustler-Sahdo residuum to the Culebm Dolomite. Ekewhere in the region, 
both upward and downward flow directions aist between the two units. - 
The Solodo F o m ' o n  has very low permeabilities. Table 2.4.2 of Volume 3 @age 2-59) 
provides a summary of measurements of Salado ~Mhydrite interbeds. Figures 2.4-2 and 2.4-3 
provide permeability distribution data used in the 1991 and I992 PAS. Permeability of the 
anhydrite layers is on the order of to IOU d. Thlse penneabilities will result in very 
limited flow. This is funher subaanriored by the very limited seepage C O I I ~ ~ ~ ~ O N  which occur 
in the Salado Fonnafion today, as observed directly in the UTPP underground facility. 

b) As noted in Volume 4 on page 6-2, the validity of the assumption that leakage bemeen the 
Culebra and the over-and underlying-units can be neglected is uncertain. Thl WIPP Project is 
cwenrly performing thn~-dirnC~i~nal, regional hydrological modcling to evaluate the 
importance of v e m m u J ~  between the Culebm and adjacent stmra. In oddirion, single and 
mulriwell co~er~rm~ve  tracer tests are planned to evaluate the Effects of heterogeneity, 
Misotropy, and layering on transport (Mler ,  A. R., 1995). 

EPA Comment 140 
9-4. 10 to 44 

This discussion states that regression analyses indicates that Salado halite and anhydritc 
permeabilities are considered imporrant parameters with respect to the total projected releases 
from WIPP. The d i i s i o n  further states that the uncertainty in the permeability values can 



-- 
experimental values will not be available &ril December 1996. In light of the accelerated 
compliance schedule, has the experimental schedule been revised to allow an earlier 
incorporation of the measureme& into the PA calculations? 

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 itemrion, the schedules of all high priority erperimental 
activities have been revised to allow inpur of new dato to the PA models by March, 1996. 
l3ese high priority experimental activities include hborazory testing and in situfield tesring 
for hydrological and transport propem'es of the Culebra. However, funher penneability 
resting for both pure and impure halite is not pianned because repository performance appears 
insensitive to the uncertainty in Solado penneabilines. 

EPA Comment-141 . 

Capillary pressure and relarive permeability parameters (Brooks-Coreylvan Genuchten-Parker 
parameters) are listed in this Table as being less important paramctcfi with respect to - compliance for the di.swbed performance scenarios. SAND93-1197, however, indicates that 
threshold displacement pressure, om of the capillary pressurdrelative permeability parameters, 
may be an important parameter. Page 10 of that report states that the ucertabty in the 
threshold displacement pressure values for the Salado mck is large and may ptevent a clear 
prediction of repository behavior in both the u h w b e d  and disturbed scenarios. Please 
clarify. 

Response. The referenced repon IHownnh. 1993) concerns the hc Two-Phase Flow 
Laboratory Program. One of the objectives of this progmm is to quannfy the salad0 unhydrite 
rock and flow panunerers t k l  describe the abiliry of the hc to tmnsmit and store brine Md 
gas as afw2aron of the inirial conditiom and time-dependent muterid damuge. 

ntcjlow of w~nc-genemted gas from the reposirory is predicted to be controlled by three 
physical propem'es of the Salado: (1) pore fluid pressure, (2) threshold displacement pressure, 
and (3) gas-brine relative permeabiliry. The permeabilities of both halite and Mhydrite were 
very importutu pommders in the 1992 PA as shown in Table 9-3 (WIPP 1992 PA. Vol. 4). 
Since neither thresholdpr~ssu~e nor relnrive permeability for the Solodo had been measured 
before the 1992 PA, the Brooks und Corey and van Gnuch~m-Parkcr correlations were used to 
model these parmeters. T h e  nuo modek are based on capillmy relationships from a 
sundstone core from which wetting phase relalive permeability is derived. 



Whereas it is true thar there is uncenaimy associated with not having mearured two-phe 
propenies. PA har developed an approach for e e s s i n g  this uncertainry based on sampling 
the van Genuchten-Parker and Brooks-Corey sets of equations and their associated parameters. 
This approach provides a rational means of predining repository behavior in both the 
undisturbed and disturbed scemrios. In e e a ,  the importance of r ek ing  uncenaimy for 
pe@omce  assessment (as established by ranking the sensitivy of compliance against other 
parameters) is not necessarily the same as stated for the scienfifc studies described in J--.-, 

EPA Comment 142 
1-1. Lines 35 to a 

This section should be updated to discuss the Experimental Program Plan, rather than the Test 
Phase Plan. 

-It07 
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 Characterhtion Phase was not conducted under the same level of quality 
assurance cumntly employed by DOE today. It is also EPA's undemanding that DOE 
reently has evaluated the quality of the data collecud 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 
evaluation results were included here. 

Response. Following the SPM-2 itemrion, the scienn@ activities for the WIPP Project have 
been refocused on those high priority activities that are required for a successjul compliance 
cempcation appliaion. Tlu E;lrpcriinental Program Plan, which wcrr written bcfore the SPM 
process began, is now obsolete and will not be reissued by the CAO. Rather, individual Test 
Planr fur the eight high-prioriry sciennjic activities have been or are being developed by S m .  

lk CAO is m e  that the Site C h a ~ C t e ~ i 0 ~  Phase war not conducted under the same level 
of quality DSSU~MCC currentiy employed by DOE today. A QA process has thenfore been 
established to Nalrcme and requal~fi these old data using independent technical review (m) 
teams. lk results of the reevahtions by the lZ l is  will be discussed in the CC4. 
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EPA Comment 143 . ,,  ., , , .  
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DOE may wish to note here or in subsequent chapten'of the PA (e.g., Volume 3, Chapter 3, 
Page 3-68) that additional generatorlstorage 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 m3) and the Argonne National Laboratory-West located in Idaho (waste 
volume currently in storage reported as 0.59 m3 and waste volume to be generated reported as 
2.15 m3). 

Response. Updated versions of the PA will include wasre inventories defined by the WIPP 
Tronruranic Waste Baseline Inventory Repon (WWEIR). This repon 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 wanes to the larger facilities for cemJicnrion and trampon to WPP 
in the TRUPACTII containers. 

EPA Comment 144 
m 
It would be extremely hcloful if either the PA or the EPP had idendfled the experimental 
studies which are in&ed to d u c e  the uwrcainty of the param- identifi& in Volume 3. 

As stated before in the January 1994 comments, the process of idedying each input 
parameter and their values, each variable input parameters a d  their distribution should be 
addressed in derail. 

Response. Following the SPM-2 item'on, the scientajic a d t i e s  for the WlPP Pqjecr have 
been refocused on eight high priority activities thm are required for a succes@l compliance 
cenijicaxion application. In geneml, these eight activities will also reduce the uncenainry in 
the critical parameters and in the CCDFs themselves. 

The CCA will praide complete documentation of inpur parameters, including their values 
and/or disrribunons and the sources for the data. Appendix PARMvers in the DCC.4 is the 
fint drrrfr of this do~um~nt011~0n for the W P P  Project. 



EPA Comment 145 
Volume 1-21. 
This secuon states that most of the 49 sampled parameters were assumed to be independent 
random vanables 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, uansmissivity, storativity, hydraulic 
conductivity)? If such correlation is not planned, please discuss to what extent this lack of 
correlationof known dependent paramet& will have on the credibility of the current PA 
modell'ig results. 

Response. Where correlations were known in the 1992 W P P  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 refkcted in the nexf PA iteration. It is thought 
thaf the lack of correlation between known dependent parameters will have the f lea of making 
any performance assessment overiy conservcul've because dependent variables will be modeled 
as independent vanables. 

EPA Comment 146 

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 mop is approp&e b e m e  ofthe largeness of the 
domain &awed in this volume. 

Similar information can be found in Figure 3 in SAM>88-7002 (Figure 3.1): Figure N-14 in 
SAhD89-7147; and Figure 3 in -93-2266. Thc first nvo mops listed above may require 
some updates to refled the subsurfocc mine/unir and any proposed weUs/bonngs. 

An appendir containing all brings within the W P P  site boundary is found in the DCCA. 
March 1995. DOE has idmn'fied over 118 holes for this appendix. The C01 will contain 
additional maps as required. 

EPA Comment 147 
2-6. F u  

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 
e x p l a i i  in Volume 3, but is not explained prior to the figure's presentation in earlier 



volumes 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 should 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 thar which surrowdr room 
D in the tMPP underground. m e  reviewer's assumption is correct that the elevations stated 
are meters above mean sea level. The legend for Mite was i~dvertently omined; it will be 
included in fiuure versions ofthis figure. Since the stratigraphy is local (around room D in 
the WIPP facility), a well location map would nor be necessa~y because there are no 
dtilledfrom the suqace in the immediate area of room D. 

EPA Comment 148 
2-12. 

This section states that the capillary pressure and relative permeability parameters (i.e., 
residual weaing (brine) phase saturation) have not been experimentally determined for the 
Salado halite (permeability of to lUu ma) or anhydrite (permeability of l aL6  to 10-a' ma). 
Instead, rnca.m&nem fkm a low permeab'iity sand (permeability of 1WL6 to lU19 ma) have 
been used since such measurements have not been made for other material with a lower 
permeability. Since saad has a relatively high porosity, it is assumed that the saod r e f e r e d  

A 
here, is actually a cemented sandstone or perhaps a quamite. 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 experimentally Such information should 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 pmsure 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 penneabiliry and 
different physical and chemical propem'es than halite and anhydrite is that the calculon'ons 
might repnsau a condition thar is nor realisric for WPP. DOE has allowed for this possibility 
by artaching a wide range of uncertainty to the tight gas sand analogue meosurenents. This 
uncenainty is mMifst in the PA approach by using both equation sampling (Brokes-Corey 
versus van Gerurduen-Parker) and parameter sampling (S, S, A, 
P,). 



EPA Comment 149 
2-12. 3 to 27 

It is EPA's understandma that the Salado Two-Phase Flow Laboratom hoeram was - " 

established to provide measurements of fhreshold pressure, relative permeability, capillary 
pressure, rock compressibility, total and effective porosity, inninsic permeability and core 
damage assessment for the Salado anhydrite. Such mcasuments will decrease the level 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 ~ncorporation of the measurements into the PA calculations? In addition, since this 
laboratory p r o w  is initially focusing only on the anhydrite interbeds, has a detenninatlo~ ,.---- 
been made as to whether or not to expand the program to encompass both impure and p 

i'.:" 

i 

halite? .% b*' 
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Response. Followrng rhe SPM-2 ireranon, rhe schedules of all high prionty expenmental - 
acnvities have been revrsed to allow inpur of new data ro rhe PA models by March, 1996. 
These high pnority experimental activities rnclude laborarory testing and in srru field tesnng 
for hydrological and transpon propem'es of the Culebm. However, funher resring under the 
Salad0 Two-Phase Loboratory Progmm is not p W  b e m e  repository perfomme 
appears insensitive ro the uncertainties in hydrological parmnners in the Salad0 anhydrire and 
Mire. - 
EPA Comment 150 

It also would be helpful, if the PA referenced the experiment proposed to reduce uncertainty 
for particular parameters. This would alert the reviewer that DOE anticipates reducing the 
uncertainty associated with particular parameters and would enhance credibility of future 
modelling results. For example, the parameters provided in this section of Volume 3 have not 
been measured for the Salado halite and anhydrite, necessitating the use of naaual analogs. 
The EPP notes that thra of these parameters are proposed to be measured for future PA 
calcuiations. These paramem are threshold pressure, relative permeability and porosity. 
SAND93-1197, d i ,  in grater detail, thse same panmeters and 4 additional parameters 
which will be addressed in the Salado TwePhasc Flow Laboratory Rogram. Providing the 
reviewer the information that the parameters will be m e a d  at a future data will elicit less 
criticisms regarding the usc of analogs. 

Response. The C40 has recentty identiped eight scientij7c aclivities rhar are critical for 
demonRrmMna comvliance. The selection of rhese aainties is bared on progmmman'c and 
schedule co&iderdn.ons, inpur from rhe WPP scienrifc advisor (SIVL) and rhe results of rhe 
SPM-2 itemtion. The EPA a d  stakeholder groups have had atenrive input into rhis selection 
process, primarity through rechnical interchanges and review of the Position Papers during the - 



- SPM process. The relevant Position Papers, which describe the erperinuntal program in 
general tennr, are supported by detailed Test Plans thar have been or are being prepared for 
individual experiments. As noted in the respome to Cbmment 149, funher testing under the 
S& Two-Phase Laboratory Program is not planned because repository perfonnume 
appears insensitive to the uncertainties in hydrological parameters in the Saiado anhydrite and 
halite 

In addition to the Position Papers, the CAMCON data base and code interrelatiomhips 
(described in Volume 2, Section 3. I ,  page I-3) provides the data management relationships 
between the PA models and the refeence marerial propenies databares. PA/QA is extending 
the data management interfaces to the source documents which contoined the initial data for 
the marerial properties and to tests, experiments, and other h l y s e s  that are planned to reduce 
the uncertainty of the stated parameter values (described in the PA reports). 

EPA Comment 151 
.." 

Pursuant to the Integrated Data Base, 70 radionuclides have been identified as known 
components of CH  waste. Of these 70 radionuclides, 23 are considered to be the 
primary radionuclides in the CH TRU waste inventory. These 23 radionuclides are being used 
in calculating the cuaings radionuclide releases resulting from human i-ion and in 

.- calculating the radionuclide co~wntrations within the repository prior to transport into the 
Culebra. Only 9 of the 23 radionuclides are b c i  used to calculate transport within the 
Culebra. There should have been a more complete d i i s i o n  on the rationale behind this. Is 
the decrease in the number of radionuclides being considered in the calculations due to 
radioactive decay and assumptions regarding the length of time it will take for the release to 
reach the Culebra? 

Response. WlPP calculations use eight radionuclides for cdculnring release values, not nine 
as indicated in the commcnt. These eight radionuclides are selected on the basis of their 
contribution to the total radioaaive material inventory that is available for transport. The 
primary selection parameters are the quantity ofthe material in the w e  and its half-life (t,J. 
The release quantities for the eight radionuclides are a&sted through decay colculatiom using 
the PANEL code. 

In general, a mdionuciide with a t,, of less than 20 yean is not inchided in the a?@siS. 
However, if there is a large quantity of radionuclide or athere may be significant in-gravth 
du to radioactive &cay of other radiomclides, it may be included (such as Curium with a t,,2 
of less than 20 years). The change in the amount of radionuclides over time is also factored 
into this selern'on process. 



EPA Comment 152 
3. Paee 4-8. - 

Please clarify why 0.0889 was selected. 

Response. This value (0.0889 meters, or 3.5 inches) war chosen to rejlect uncertoinry about 
the diameter offuture oil and gas boreholes. It corresponds to the e e n c e  in diameter today 
between standard gas holes at the WPP horizon (14 inches) and the largest diameters in the 
region (1 7.5 inches), generally used at higher horizons. 

EPA Comment 153 

The language in 40 CFR part 191 says that active institutional controls are not to be considered 
for 100 v m .  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 
controls for any period of time up to 100 years. DOE needs to describe in some detail its 
PI= iUldS for providing active institutional controls which will be effective in 
precluding inadvertent human intrusion during the 100-year period after disposal. 

In the 1992 PA, SNL states tbat 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 prrsemed 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 innimMonal cowok are outside the limits of 
the 1992 PA. Funher information on these plans and commitments for insfitutio~l comok 
can be found in the response to Comment 5. 

The 1992 PA assumes no i m i o n s  during the 100-year innifurio~l control period. 

EPA Comment 154 
3 and4aod- 1994prrsentatiOn 

Accordine to the Febwrv. 1994  resenta at ion bv Harold Iuzzufoni the WIPP inventorv as 
modeled is assumed to b; homog&zed with aneactivity per square meter of about 37.89. This 
number comes from 4.226 million Curies divided by 0.115 km2. the area of the repository. 
(4.226 x 106 Ci)1.111520 x 106 m2) = 37.9 Ci/m2. However, in Volume 4, the area of the 
repository wd for drilling rate calculations is 0.126 km2. (4.226 x 106 Ci)/. 126 x 106 m2) = 
33.5 Ci/m2.) The only place a m  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 d i i n n t  areas, making it diicult 
to reproduce analyses in the PA. Unclear information such as this could bt grounds for 
considering an application incomplete. 



- Response. The activiry per square meter is bared on the floor space of the repository (0.115 
k d ) .  The area of the repository for drilling rare calculnrions equals the area of the floor 
space plus the area for the RH-lXU wasre canisters. which are emplaced in the walls of the 
emplacement rooms and access tunnels. 

Inventory 
3. o. A-118 

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 curie 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 still off bv 5% at the closest. A discmancv in the inventorv and . . - 
its use has implications in potential r&ses  from the repository, especially releases to rlk 
surface from drilline;. The uncenaintv in the inventorv and its disaibution within the 
repository should be more closely analyzed. EPA shohd be able to reproduce DOE'S 
calculations, 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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EsbmaW of Current@ Stored .nd Fubm P r o j d  TRU W w  
CIlcuLnd AS L i  in Tabk 2, A-138 

WqhtcdAvg Total Midpt Cildmm Wc&tcd Avg 
DMns 

0 207,371 0.25 0.07 
0.04 55,380 0.75 0.05 
0.38 294292 5 1.92 
1.19 91.048 15 1.78 
250 95,744 60 7.50 
286 21,928 550 15.75 

TotalAcmiiy TOM AvaqcActivily ToUlActivity 
(C*) Drums (Curies) (C*) 

5,340,620 765,813 27.1 20,736,231 

Toul 
Dnuas 

207371 
55.380 

294292 
91,048 
95,744 
21.928 
Total 

Drums 
765.813 

Estimates of Currmtly S t o d  .nd Future Rojcofai TRU W w  
Curj, Acwity in Boxes W e  Divided by 8.22 to Get DnxnEqui\nlmt 

WeightdAvg Total hlldpt Cildnrm WeightcdAvg Total 
Drums Dnmrr 

0.0 207.371 0.2518.22 = 0.01 0.01 207.371 
0.0 55,380 0.75B.22 = 0.01 0.01 55,380 
0.05 294292 5 / 8 2  = 0.61 0.23 294292 
0.14 91,048 15B.22 = 1.82 0.22 91.048 
0.30 95,744 60/8.22 = 7.3 0.91 95,744 
0.35 21.92S 55OiE.22 = 66.91 1.92 21,928 

TomlAcbv$y ToW A q A c t i v i t y  Total- Total 
Drum Dnmu 



92PA EPA Comment 155 
rv: V O ~  2-16. U 

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 totats 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 Iuaolino 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 dnuns 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 WPP faciliry is designed to receive up to 6.2 million cubic feet (I 75,600 cubic 
meters) of contact-handled tranruranic (CHTRU) wane and 250.00 cubic feet C/. 080 cubic 
meters) of remote-handled tranruranic (Rlli'XU) m e .  However, the WIPP Land W i t h a r d  
Act (LWA) limits the volume of CHTRU and RH?7ZU w e  to be emplaced at the WIPP to - 6.2 million cubic feet (1 75.600 cubic meters). of which only 250,000 cubic feet (7.143 cubic 
meters) can be RHlXU wane. The LWA further restricts RHTRU waste to a mmimwn amcnviry 
of 23 curies per liter, not to exceed a total of 5.1 million cununes [LWA 57, Public 
Law 102-5791. Page A-138 of the 1992 PA (-92-0700 v.3) gives a total estimate of 
51 7,182 d m  and 28,207 wane bares. The estimated total curie content in the I992 PA is 
8.206x106 CHTRU @. A133 and 3.54~106 RHTRU, for a total of 11.74&rlff curies. As the 
memo @p. AI35-AI36) erplaim, these values were obtainedfrom the 1991 Integrated Data 
Bare (IDB) inputs. 

This inventory estimare has now (1995) been superseded. Cwent anticipated TRU waste 
inventories are &rived@m the Wane Isolation Pilot Plant T r o ~ u m ' c  Wane Bareline 
Inventory Report (WWBIR). To maintain a consistent volume for perforrnMCe (~ssessment, 
the dnra in the WIWBIR are scaled to the full volume ofthe repository. The lotest 0wllOWlllable 
revision of the WWBZR will be used in all future pe.rforrnMCe assessment. 

The normal disposal room configuration is waste in d m  stacked in units of seven, three 
drums high, surrounded by backjill in wane storage (disposal) room 4 m ( I 3 f )  high. 10 m 
(22ft) wide. and 91.4 m (300f) long. For computational purposes, the absolute m i m u m  
@erfect) packing of 6,804 d m  within each room is assumed, even though it is unlikely in 
practice that so many drums can actually be emplaced within a room. Afer the eigh punek 



(seven rooms each) arejilled, waste will be empiaced in the four access driijs. Wave will also 
be placed in accessways to the storage panels in the same mode as in the stomge room. 

To date there has not been a need to resolve effects mntrouked by emplacement of different 
types of waste m different regtom of the room. The ware is assumed to be a homogeneous 
mixture throughout the repos~tory. -. - 

I 

Comment 156 \;. , "\ 
. . "i All vo i ,  

-in the tex=e modeling that was done needs to better reflect w&*' 
has been modeled. For example, throughout the PA the E1E2 scenario is described as a two 
borehole scenario. However m 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 El and 
ElE2 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 ten describing the modeling assumptions for the El and EIE2 scenarios 
appears in Section 4.2.4 of Volume 2 of the 1992 PA. These assumptiom will be cross- 
referenced or erplicitly stated, as you suggest, in the CC4. 

EPA Comment 157 

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 king abandoned. For this reason, future performance 
assessment reports should not reference previous performarre assessments. 

Response. The final CCA will be a stadzlone document that fully describes the PA models 
nnd calculations for compliance cemjication purposes. Some information, such as code 
manuoLr and QA documentation, will obviously be referenced, but it is the (20's intent to 
prepare as complete a compliance cemjicmion package as possible. 

EPA Comment 158 

Undisturbed performarre is also of interest for tht Containment Rcquircmcnrs (191.13) of 
40 CFR 191 (li 30). 

Response. Your observation is correct. Omission of a rcfemce to the containment 
requirements war simply an oversight. 



EPA Comment 159 
v - -\.* L 
w r m a t l o n  dewatering during the disposal stage should more reaso"n~'ti1~ 
represent the condition when a panel is sealed. However, using a 50-year d i i s a l  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 o b s e n k  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 northkouth 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). 

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 idenufy the value leadimg to tbe grratest consoqueaces (lims 25-38). - 
The development of a model for pressure dependent fracturing of anhydrite interbeds is 
imponant and needs to be accomplished as soon as possible. Also, the degree of correiation 
between permeabil i i  and porosities needs to be determined. 

Response. 
A shoner 5-year, stun-up period is now used. 

Adminedty, the range of values chosen for inifial brine safurdon in the 1992 PA was 
"somewhat arbitrary" pol. 5, page 2-8, line 351. However, the estimated range of initial 
brine safurmmron has since been redrcced to bemeen 0 . W  and 0.052 bared on recent 
EG&G/INEL data and frumponation resmkfion on the m u n f  o f f ee  liquid the wane can 
contain. 

A model for interbed factwe has been developed and implemented in PA. Although work is 
underway, there have been no new devclopmem on ascertaining the cornlation, .jfany. 
between penneability and porosity in the imerbed aIrerCmcmon model. lRe model implemented in 
BRACE0 since the I992 PA for presswe-depe~nt alteration of the anhydrite interbeds 
c o ~ ' m  a pressure nt which alremzion begins. At pressures above the alteranranon pressure, 
permeability increases by the magnitude of porosiry raised to a power (the so-called paver-law 



- 
asswnpt~on). Concerns about the power-law acsumpnon for correlanng penneabiliry and 
porosuy resulted in a suggestion for M alternatwe approach (Memo fonn K. Larson and p. 
Danes to M. Tierney. October 11, 1993, found a! Appendix D. Solado Position Paper, March 
17, 1995). This aIternat~ve approach correlates penneability changes direct& with framre 
apemre, and for thar rearon has been termed the Apemue Model. Although no~ithpkmented 
m pe@ormance arsessment, the Apenure Model i l l m r ~ e s  the uncenainry that mists in' 
aftempnng to correlate permeability wuh porosy. 

1 'I* 

92PA EPA Comment 160 - 
In the statement, "brine saturation in the waste rises steeply during the f m  100-300 yean  as 
creep closure reduces the pore volume of the waste more rapidly.. . ," the assumption and the 
numbers that are being used should be supported. 

Based on what data or assumptions were used to come-up with the numbers in this paragraph. 
- 

Response. The statement on page 4-1 in Volume 5 of the I992 PA regarding brine sanvrm'on 
in the waste was intended ar a general introductory rermuk and is based on computer rn that 
are reflected in Figures 4-2 and 4-3. This introductory stat- 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. 

Bared on this and other comments, the DOE will identiB the sources of data for inpu 
parameters and to d o m n r  the logic for derivation of parameter v u k s  in the final CCA in a 
srraighgoonuoard and clear farhion. 

EPA Comment 161 
v 
a) It is not clear how the total iron content was calculated. 

v 
b) Does the DOE design prevent fluids from bypassing the seals via rhe DRZ? 

C) Drift seals as modeled do not prevent fluids from bypassing the seals by way of the DRZ. 
This result should also be aue of panel seals and has implicatiom for the ElE2 scenario where 
it is presently assumed tbat boreholes must be in the samt panel to be h y d r a d i y  counected 
(lines 11-12). 



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 will 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 small percentage of the units and, therefore, not nearly all of the brine at a 
uniform radial distance would have to be displaced. 

e) The results 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 I992 PA was the same as for the 1991 PA. UNll91-0893/3 
Page 3 - 1 4  identifies iron from both the wasre (Table 3.412 instead of Table 3.4-1 1) and the 
metal contamers (Table 3.4-10 instead of Table 3.4-8). 
b) No. Panel and drifr systems do not impedefZuidflow in BRAGFLO. 
c) Panel and drip seals do not impede fluid flow in BRAGFL.0. 
d) Plug flow m!he marker beds is currentiy one of several possible flow behaviors ntOpeI1ed in 
PA. 
e) The final CCA will include all parameters for all realiran'ons. ' t 

b c3 * r. - 
EPA Comment 162 

BRSAT, Initial brine saturation in waste: Does this refer to the starting time of saturation? 

"The variable selected 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. BREQT refers to the initial water content of the wane 
m. The initial water content is assumed to be a combination of Qud in the waste and 
brine in the bad$U. For the 1992 PA, BRSATpommeters ranged in value from 0 to 0.14 with 
a median value of O.O7&Table 3-1, Vol. 5; see aLro pamgroph 3.4.3, Vol. 31.1 This is the 
range of parameter values that UCCOM for the 49percent variability in gar generated by 
inundated corrosion. Recem datrr has reduced the values and uncertainly in this parameter. 
See response to EPA comment #159. 



EPA Comment 163 

The first paragraph needs rewording. 

Response. DOE will ensure that the final CCA is worded in as clear a fashion as possible. 

92PA EPA Comment 164 
Volume 5-25. 
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 ilkstrare that corrosion of metals may be 
sensitive to other factors (other than brine inflow from the interbeds). However, it would be 
correct to say that anhydrite permeability does have an @ecr on corrosion rates and a higher 
permeabiliry would have a higher brine infIux which provides more water for corrosion. 

EPA Comment ias . .  . -v- 
A more thorough explanation of the thne analysis techniques; scatccrplots, stepwise regression 
analysis, and partial correlations analysis may be very useful to wist  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 a .  appendix of each technique. 

Response. DOE w'11 show complete examples with greater discussion in the compliance 
cemJ7cation application. 

EPA Comment 166 - 
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 prrssurr and 
saauations in the surrounding rocks. 

Response. Initial pressure in surrounding rocks was in fact rested and was found to be less 
imponant than initial brine content of wane. Initial pressure was set between 12 and I 3  MPa 
ar MB-139, and adjusted by a hydrosturic grdent  to other units accordingly. Saturntion is 
not varied. - 
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Environmental Protection Agency ., 

Docket No. A-92-56 ,  Air Docket 
Room M-1500 (6102 )  
4 0 1  M  Street, S.W. 
Washington, D.C. 20460 

To The Docket: 

Enclosed is a report prepared for this office by Prof. 
Zlisabeth PatC-Cornell, entitled Conservatism of the Performance 
Assessment and Decision Criteria for WIPP. Prof. Pate-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 or. - . .proposed iegislation on the subject. 

The report constitutes further comments on the proposed 
ccmpliance criteria, 4 0  CFR Part 194 ,  and should be examined fully 
and carefully. Briefly, Prof. PatC-Cornell concludes as follows: 

1. Generally, the 1992  performance assessment ("PAw) 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 EEL-. 
assumptions or the W E  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. Pat€-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 opinion 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 of 
question, (b) identification of desired central value--probablythe 
mean- -and (c) the description of the thought process leading to. the 
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 variableswhose 
distribution is critical to the results through expert opinior. 
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.mode1 variable, and (c) 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 various 
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 

2 



the choice of a threshold based on prudence. The mean may or may 
.-. not reflect that threshold, 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 conditional analyses accordingc 
to the   rob abilities of the underlying hypotheses. j .  

12. The full uncertainty analysis of WIPP has not been done'., 
and would be extremely difficult. 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 find a 
"reasonable expectation" only if its assumptions as to health 
effects (including its cancer risk model) provide the additional 
.ievel 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 expectationa of human safety. The effects of the 
hypotheses as to health effects and release models on the mean 
curves must be assessed. EPA must show that the combination of 
"reasonable expectationa for the PA and conservatism (if it is SO) 
of the health effect model provides "reasonable assurancen of 
actual safety. 

- 
15. W E ,  for its part, must identify the major hypotheses in 

its PA and show the effects of those hypotheses on the family of 
release curves. As an example, one can take the five or six most 
important assumptions of the PA (such as the hypotheses about the 
frequency, means, and effects of drilling; borehole diameters; 
groundwater flow model; sollibility model; engineered barrier 
model) , generate a set of reasonable alternatives, and show that 

3 - 



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 9 5 5  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 
99194.26 aad 194.34 following the analyses by Prof. Pate-Cornell, 
and it is attached to our comments, filed today. We request that 
the Agency consider and adopt the proposed regulatory lkqq~age. 

Very truly yours, - 

JR. 
Assistant Attorney General 

LAL : mh 



110 Coquito Way, 

Portola Valley, CA 94028 
Tel: (415) 723-3823 

(41 5) 854-8052 
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Pornla Valley, July 5th, 1995 

Mr Lindsay Lovejoy 
Assistant Auomey General 
Office of the Auorney General of New Mexico 
P.O. Drawer 1508 
Bataan Memorial Building 
Sanra Fe. New Mexico 87504 

Dear Lindsay: 

You will find enclosed here my final repon to the Attorney General of New Mexico entitled: 
"Conservatism of the performance assessment and decision criteria for WIPP". I enjoyed my 

. interacrion with you in this work and J hope that we will have the oppormnity to continue. 

Sincerely yours. 
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CONSERVATISM OF THE PERPORMANCE ASSESSMENT AND DECISION 

CRITERIA FOR WIPP 

by 

M. Elisabeth Pate-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 

decisions concern the potential need for engineered barriers, the 

- management of the facility in the future, and the-,'timing of the 

start of operations. EPA has been required by Congress to certify 

that WIPP will comply with Federal regulations for the storage of 

- high-level wastes. A 'perfoxuance assesunentm(PA) has been done by 
a') . I 
A a n d i a  National Laboratories for the Department of Energy which is 

in charge of the design, constr~ction, and operation of the - facility. 

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 as sum ti^^^^ 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 isotopes are released 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 'c~lative - 



releases of radionucleides at the accessible environment, either at 

the ground surface or anywhere at depth, 5 kms horizontally from - 
ernplaced 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 the :%, 

overall result has to be checked. 1 

2. Sandia's oerfonnance assessment is a conditirnal analvsis of the 

radionucleide release aiven the hv~ot h eses and co nstraints set bv 

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 h the mean number of human intrusions in 10,000 years per 
. . 

h 2 ) .  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 as~swptions $ere 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 k. The value of 

the parameter(s1 of these distribution were either based on past 

data or on expert opinions (here A=u[o,~o] ) . The propagation of 
these uncertainties through the analysis has been performed using 

simulation (Monte Carlo or Latine Rypercubt sampling methods) to 

obtain a description of the uncertainties about the release levels 

given the uncertainties about the inputs of the analysis (e.g.. 

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 - 
analytical hypotheses specified by EPA. Note again that Sandia does - 
not address directly the uncertainties about the health eifects. 



Ilisabeth Pate-Cornel: 

I do not know. given the way the performance analysis was done, 
whether these conditional results and their klications 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 =he 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 somewhere). 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 analyses;&ch 

as that of WIPP. 

The question is- thus whether the EPA hypotheses are in fact 

conservative with respect to the WIPP site.. ' h e  of them, as 

mentioned above, concercs 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 hfo, 1993, p 6-51. 

It is important to note that the results df  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.'~ analysis to one 
- 

. . - - particular realization of Hypothesis 1. - - 
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SANDIA'S PERFORMANCE 
ASSESSMENT 

AGGREGATED (FULL UNCERTAINTY) ANALYSIS I 
Mean of the condtional ~ e a n  of ihr & o d  
risk cuwe msulting risk cum mrulling 

W e  posillon d hr computed con&bd nwur Possible position d hr cmputd m n b M  mur 
he lull &trikmon IF HI1 is a CONSERVATlVE in the (ul d M o n  IF HI1 is an 
iar for hypDmesis 1 UNCONSERVATlVE oplion for hypohrh 1 

Figure 1: Conditional risk curves (CCDFs), and position of the 
. .~ 

conditional mean in a full uncertainty analysis. - - 
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- This would have required using probabilities for the different 
possible realizations of each hypothesis instead of adopting what is 

probably (but not necessarily) conservative assumptions. Clearly, a 

full analysis of this type is complex. It would also involve much 

larger uncertainties because it would require assessing the 

probabilities of additional poorly known phenomena. 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 requirement) has to be examined in the light of the 
conservatism of the EPA (and later, Sandia's) assumptions. 

h* 

EPA's compliance criteria involve several components: the 

assumptions behind the containment criteria, the criteria 

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.leve1.s. Th&, they chose the mean CCDF for its robusmess in 

the face of large uncertainties for the 10,000-year horizon, a set 

of analytical assumptions for the release model, and a high lwel 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 - 



a high level of confidence (hence the accumulation of two layers of - conservatism) . 1 assumed in that discussion that the PRA results 

came out of a full uncertainty 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. 1'. 

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. Two 

questions thus arise: 1 

O What fractile; of the current distributions (conditional on Sandia 

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. 

O 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 (for example, it can be estimated with smaller 
sample size). Third, in PFUs as performed so far for nuclear power 

plants, the means are often among the high fractiles of the risk 

curves (e.g., 7 0 8 ,  80% or SO%)-. This is true because many of the - 
distributions that represent uncertainties in the results are skewed - 
right. The position of the mean dqes reflect thez level of - 



uncertainty. Wically, 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. 
t 
i 
t 1 

In a recent paper entitled 'A Perspective on the &$92 

Performance Assessment for the Waste Isolation Pilot Plant' (EEG',' 

1 9 9 5 ) ,  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. ~ventuail~, the 

issues are: (1) TO what extent will additional uncertainty analysis 

change the ?A 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 criteria 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 informationg 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 resuits 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 - 
A criteria as set by EPA, the (conditional) performance analysis as 

done by Sanaa for the DOE, and, the compliance reguiremen<s proposed 
- 



by EPA may not provide sufficient conservatism to ensure the 
I. 

long-term safety of the citizens of the State of New Mexico. The 

central issues are thus: .. .. . . 
i. What was the level of conservatism used by EPA in itq'modei'. 

. , linking health effects and release levels? .. . 
> .. . . c , . 

, ,  i ', 
\> '> 

, , 
, '  . 

ii. What is the actual conservatism of Sandia's PA (condition~1.risk 

analysis 1 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 require) that EPA provide a full probabilistic 

version of its model of the link between radionucleide release 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. - 



probabilities are understood in two different ways by different 

people. For classical statisticians, probability means frequency in 

very large samples. For the ~ayesians, probability is a degree of 

belief and is updated in a systematic way given each new piece of 

information. 7-.. 
:'Tgf F ' .  

I @$ : 
f 5 ,  ,?. 1 

uncertainties themselves are also of two different types. 

first type is randomness in samples (or aleatory uncertainty to . 
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 frequentist approach to probability. For this 

second case, one needs Bayesian probability and expert .opinions, 

with the understanding that there are numerous problems associated 

(1) with the encoding- and the validity of this type of information 

and ( 2 )  with the aggregation of expert opinions. 

- Because of the unavoidable sabjectivity 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 approach 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 - 



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 5-ientific comrmnity to base risk acceptance 
, 

and degree of confidence on analytical results alone. 

the acceptability of a particular risk level depends on many more 

factors than its computed magnitude. 
7. . . 

. . 

As I shall discuss further, the issue of aggregation of expert 

opinions is still unresolved, i.e., there is no consensus about how 

to do it. Therefore, the agencies (such as 'the EPA) tend to focus 

their initial efforts about uncertainty analysis on the development 

of methods for the quantification of rqdmess in parameter values. -. 
As far as fundamental (epistemic) uncertainties, they are not 

generclly ready to inco~porate 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 appropriate for mixed methods. In- any case, showing 
- 

that expert data have been gathered in a way that is as objective as ,- 



possible, then properly aggregated is going to be both difficult and 

.- necessary. 

2. QUESTIONS FROM THE OFFICE OF THE ATTORNEY GENEPAL 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. 

Question 1: 
b .  

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 question 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 be& generated (by 

propagating uncertainties about models and parameter values through 

the risk analysis model), how should cqliance with the contai-t 

requirements be determined? i.e., what fractile or other 

characteristic of the CCDF family should w. required to meet the - 
- criteria and with what level of confidence? - 
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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 ~onsistencv~qmd 

practlcallt~. 

Q1. HOW SHOULD EXPERT JUM;MENT ELICITATION BE CONDUCIP)? 
I will separate the question into two parts: choice of the:-erts, 

and elicitation of individual expert opinions. Note.that the 

encoding sf 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. 

Qi.1 Choice of 
. . .  

exncrts and defmition of e x ~ e r w  - 
The choice of the experts should be limited to people 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 co~mnmity for this 

particular domain. The notion of mertise includes knowledge and 

understanding of the generally admited theories and of the available 

base of evidence, and capability to reason about the different 

hypotheses given tbe evidence (i. l . , mastering the scientific method 
of reasoning about existing data). The demonstration of such 

conpetence may have been achieved in different ways: publication in 

the refereed literature, reasoned support 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 -- 



and of the spectrum of possible hypotheses is an essential component 
of the definition of expertise. Obviously, this definition is not 

black and white. There 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 language 
, ~ 

(40 CFR 194.26) generally appears reasonable. : i 
~: ; ; I  

. . +.. . - .  
Q1.2 Elicitation of e x ~ e  rt OD inions for a sinale ooint est fib- ,..*j 

Claritv'test 

First of all, questions to the experts &t be phrased in such a way 

that a hypothetical individual who would know the variables with 

certainty coule immediately answer with a single number. This 

requires that the input variable is clearly defined &id 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 sinple 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 yield an 'unconservative' answer which could be 
- - 

inappropriate because of the possibility gf severe consequ&ces. - 



Central values - Central values of the distribution are generally what one wants from . 
1 

the expert. 

O The mode (the maxirmun of a probability density function) is not 

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. 

0 he medign 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. 

01.3 Elicitation of exoert minions for a distribUripn 

hcodina the orobab~lltres of fundame- 
. . . 

Assume first that the issue is to assign a probability distribution 
- 

to a spectrum of possible hypotheses-. The first step is to - -, 
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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. ~t 

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. 

Very small ones-rnust generally be either decomposed into a sequence 

of conditional variables whose probablities can be more eas,,i.r',., 
"..* <.=- -.., 
.. .~> i:., ., 

assessed, or based on revealed models. r . r 11. .'x 

. ,'. 

I . 
I .. 

Encodina a distribution for a variable of the i 

To encode the distribution for a model variable X, one 

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 abdve (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. 



42. AGGREGATION OF EXPERT OPINIONS - 
How should tho iudments of multi~le emerts be combined? 

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 , . t 
reflecting the spectrum of opinions. 

Q2.1.Sources of disaareement 

They can include semantic misunderstandings, differences in 

experience and evidence base, fundamentally different mental models 

to treat the evidence base, and disagreement about parameter values 

(Ref. Bondcellel. 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 widence in their 

assessment of probabilities. - 
0 -c disaareanent is often overlooked. Therefore, one should 

first check that the variables are precisely defined and understood 

in the same way by all the m r t s .  

0 can differ entirely from expert to expert. 

First, different -rts may have observed the same phenomenon but 

in different settings. In addition, someone who has seen only 

'real-worldm data (e.g., epidemiological 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 s i t u  that has 

to be questioned. fn all instances, the experts should not be 

allowed to arbitrarily truncate the widence base to fit their views 
of what should be done. - - 

- 



O Disaareements about models and uarameter values are the nost 

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 hportance of the variable in the final decision. 

92.2 Different auuroaches to acrurecrat ion of erne rt o ~ ~ n i o n s  . . 
There are three classical approaches to this problem. 
D The iterative amroach: 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 quickiy, but perhaps towards the -tong 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 discuss the probability-'bf 
each theory given the evidence. 

o The analvtical amroach: 

An example of this type of approach is the Bayesian treatment 

of the opinion of each expert by a 'super expert' Ipresumably 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 awegator, 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 

procedure is to s-ly weight the opinions of the different e r t S ,  

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 approach: - 
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o ~nteractive Drocedureg - 
In an interactive procedure, the experts meet (1) to share the 

evidence and discuss the existing data, ( 2 )  to explain their models 

and their reasonings of how they 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 generation of the" --? 

composite distribution. 

' 
~t is important to note that there is currently no standard ' - 

procedure for the aggregation of expert opinions, and that this 

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 recognize 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 designed and implemented. 

by the Seismic Hazard Assessment Cormittee (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 c w e s  that Sandia has obtained for potential release levels at 

WIPP. For a given site, the SHAC conunittee 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 discretization of the frequency of ucceedence .. 
of different peak ground acce1eration levels at the choosen site - 
(Ref. SHAC). Note that this analysis integrates uncertainties about - 
both the source model and the attenuation model (as op&sed to the - 

." 



Elisabeth Pace-Corntii 

use of conservative hypotheses). These curves are similar to tb--..,~. 

CCDFs generated by Sandia for WIPP. ,- d ~ ,  
'!, 

:.~:&\. 
r: * 

.- 'k ::. . - .  *: 
, \ .  . L .' ", 1 How the results (and the uncertainties) should be in~orpo&~~d],: .: 9,. 

in the regulator's decision making is discussed in details in 

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 

recormend 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 

conso- ati ism of tie assumptions. 

4 3 .  SELECTION OF INPUT VARIABLES THAT REQUIRE PROBABILISTIC 

TREATMENT: SENSITIVITY ANALYSIS 

- It is not necessary in many risk analysis problems to put 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 th; variables that do not 
require full treatment of uncertainty, the mean value is &coded 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/went trees, or simulation, for ucample, using Monte Carlo or 

Latin Hypercube sampling). 
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44. DEVELOPMENT OF PROBABILIW 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 currently\.,a,hai /' 
topic within the EPA and the environmental/health risk analy%/ 

cmmunity. [Note, however, that for many years, it has beendone 

systematically for industrial facilities such as nuclear 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 samgles and on distributions 

for the variables explicitly included in the model. The defeult 

solution is thus to .focus on randomness and on some epistemic 

uncertainties. 

Th3ra is seldom any attempt to quantify systematically the -.. 
epistemic uncertainties (about 'partially known 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 attcorpt to come up with a composite 

distribution. I personally belicve that one cannot esca* this full 

uncertainty analysis (i.e., to include .the probabilities of 

alternative hypotheses). Othewise, the problem is ewctly 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 dif?erent hypotheses into sets of 
- 

alternative realizations so that probability distributions can be -, 



attributed to these sets of assumptions. I. 

, . 
y 

.- 2. Encoding and aggregation of expert probabilities for eacQ r;iei . ',' 

, . .  0 " 
* +. . , _ .J 

of assumptions. .. . * ",,> H' 

3. For each fundamental hypothesis, identification of thgG*a* 

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). 

5. 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 FCgure I) . 
(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 relwant 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 Carlo and Latin Hypercube sampling) 

Q5. COMPLIANCE CRITERIA G m  A FAMILY OF &K 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 

objectively . 

For individual decisions, these preferences . .. are represented by - - 
a utility function that allows representing risk aversion-* putting - 



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 f u t u r e  frequency 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 descriptor, but more importantl~, 
the helth effects). 

:., :::b,) i 
.:. ',.I :i, ~ . .  

This rationality paradigm does not apply t o  coll&k&&; 

decisions, except if one assumes that one elected decision"'-ker 

(admir.istrator) 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 used in an 

analytical model). This is impractical because it does not fit our 

pclitical process aqd because there are many attributes to each 
decision that Lould 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 

3emonstrates 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 danonstrating by analytical means thdt the goal 

has been achiwed. 

I would like, .at this point, to go back to what I wrote in my - 
1986 paper: 

The next question is to ensure that the goals have been 

satisfied with 'reasonable certainty'. A cormnon 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 . 



final result, however, is impossible to assess. It is a 

wrong approach 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 kractile or a mean value rather than 

another criterion. In a framework involving numerical 
3 . . 

safety goals, this certainty level must be specified by the > 
, i ' 

U.S. hRC along with the safety goal' ... . +' .".,, ~~ 
,J 

The example that 1 was using was safety of nuclear reactors for 

- which the time horizon is relatively short and the uncertainties can 

be 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 calls '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 lwel 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(s1 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. 



one cannot derive from this analysis a probabilistic distrlbutlon - 
for the health effects, The problem is that a full risk analysls of 
this type would be extremely difficult given the state of the art, 
and that the uncertainties over the next 10,000 years would be so, 

large that the results may not be very informative. 
- i' . -2 

In this highly uncertain, long-term case, I believe that the 

approach based on some 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 

Eifferent radionucleides generally correspond to high fractiles of 

the risk curve families (CCDFs). If that is the case, the 

corbination of hypotheses and means msy incleed prcvide the level of 

'reasonable assurance' that you wish and that is consistent with the 

USNRC requirements for m c h  shorter life facilities. To check that 

the overall analysis is 'globally conservative' you need to verify - 
that the global model (Health Effects + Performance Assessment) 

yields 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 hypotheses provides a higher lwel 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 list&g 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 



the CCDFs families. If 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 PA) 

would correspond 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 cutved 

towards lower fractiles (Figure 1, bottom right). 

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 
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 'reasom3de 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 would . . 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, s d l y  because 

each problem has to be replaced in its context (uncertainties. - 

- existence of alternatives, economic and political context, etc.1.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. . .. . ,, - '+, 
~, 

, . ., . . *. - 
. , ..;,;,:. \ 

Reaulatorv lanauaue. ' I 
i 

I think that you can require that EPA bc more rigorous in its . - 

inplernentation of the 'reasonable expectation' language. They cannot 

just set hypotheses and models (as those leading to Figure 1, 

Appendix A of 4 0 ~ ~ ~ 1 9 1 ) ,  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 ---. 
recessarily support 'reasonable expectation' of h u c w  safety. 

Whereas it may be weasonable (and perhaps, even hazardous given 

how uncertain the results would be) to leave the choice of 

hypotheses and model framing to the applicant, it is not 

unreasonable 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 
hygotheses 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 expectationg for the performance assessment and of the 

conservatism (if it is the case) of the health effect model that 

they have used to set 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 are in a good - 



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. 

Therefore, you want to require EPA: 

the 

( 2 )  

to fully reveal the models that they have used to comefup with 
,: * .* 

release standards, ., ~ z )  :,; 

'I. . .*~~..*,' 
to list all the major assumptions that they have made (those 

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 analysis supports the 

requirement that the current conditional mean is indeed 'above' the 

marginal (overall) mean, and that altogether, the assumptioni 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 C-S ON ISSUES RAISED IN YOUR LETPER 

3.1 r.evel of confidence in the fractiles (or mean) aiven ths 

samnlina size 

This issue is easy to resolve because it is cheap to require 

additional computer 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 5 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 - 



probably "in the noise". as I would on the uncertainties about the 

fundamental hypotheses. -, 

3.2 Encodina of emert ooinion~ 

I agree that you may want EPA to specify better their encoding 

procedures. Anyway, in the case of WIPP, you want to find out hgw 

Sandia exactly did it (especially for parameter values). 

3.3 
i 

Use of the mean I 

I generally agree with EPA that the mean does convey 'a sense of the . 

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 21 . I do not believe, as you do, that the 

applicant car? vary the number of realizations and dilute at will ths 

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 comeq& 

a. Specific guidance for the form of probability distribution 

functions seems to mc inpractical. 
b. Need to deal with correlations: I agree, this is essential. 

c. Appropriateness of the mean: in the case of WIPP, I think that 
the coupling of EPA assumptions (if they are globally coliservative) 

and mean release level (which is likely to be among the high 

fractiles 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 
- 
1 

hypotheses.] Again, I would start by checking what the &rent mean - 



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 r k  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 extr&es 

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. 
1 

4. CONCLUSIONS: i 

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 uncertainties (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 
- 

I- 

the conditional means as the basis for the compliance criteria. . - 
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In order to verify that the conditional means (conditional on 

specified health models and hypotheses) provide indeed 'reasonable - 
expectation" of safety once the effects of the hypotheses on 

expected values are carefully considered, you want to ask Sandia to 

provide add~tional 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 to 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 

tawling size (although it probably does not cost much) because 

increasing it 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 sum~rize 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). 

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 curws. 

=> Ask Sandia to list the major hypotheses that have ken 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 mems towards lower fractiles of the 

risk curve families) . 
". 

4.3 The expert opinion procedures of encoding 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 encoding and aggregation of these judgments if you conclude 

that some of the variables have nor been properly tieated. 

6 

4.4 The uncertainties about WIPP are such that full probabilistic 

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. 
Depending on how far the current means are (assuming full 

probabilistic treatment of hypotheses) from a reassuring (but not - 
sacred) 958 fractile, you may want to ask for additional analysis or 

for a change of risk management strategy. 

4.5 If you really want to es-timate 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 1s 

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 overall risk 

results (their model plus the PA) provide 'reasonable assurance' of 

safety. 

5. APPENDIX 

[What follows on this topic is based on a report that I recently- 

wrote for the Electric Power Research Institute]. 

f unce Six levels of treatment o rtainties in risk analvsis: 
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 amly in the decision making. Ali 

decisions do not 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. 

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-casem approach. It does not involve any 

notion of probability. It is based on the accumulation 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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Five levels  in t h e  t r e a w t  of unceCtillD_tU1D risk analusis 

LEUEL B IOENTIFICRTION OF HRZRRD 
(CRRCINOG~NICITY: YES? 
NO?) 

Probabil ity o f  [q lUll;S~i~~~~UJHOLE exceedence 
PL(I)) PER TIME UNIT 

HOW BRD I S  M E  WORST? 

QUASI-WORST CASE: 
PLRUSIBLE UPPER '2" 

F\?? 
LOSS 

*-I. 

BOUND 
-> Most  sensitive species 
-> Linear model (No threshold) 
-> 95 th  percentile fit 
-> Rnimal t o  human: body surface 

Loss - - - -  

=I "BEST ESTIMRTEg CENTRfiL(?) 
URLUE 

Probabil ity 
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P8r8mmtmr 
Mmch81lllma Function . 'BEST 

(POINT) 
ESTIMATE" Central 

PROBABILITY AND RISK -~a~ue?  
ANALYSIS 

Function 

D n 
vmll 

DISPLRY OF RISK 
UNCERIAINlIES Famlly o f  r isk 

Figure 2: S i x  levels of treatment of uncertainties in risk analysis - . . 
(Pate-Cornell, EPRI report, 1995) . - - 
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Level 2 involves 'plausible upper bounds" (or the "quasi-worst 

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 o f  these approaches include the Maximum 

Credible Earthquake or the Maximum Probable Flood used by the U.S. 

corps of mgineers in the construction and management of dams. 

This popular 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. 
1 

Level 3 relies on 'best estimates' and/or on a search for a 

central value (e.g., the mean, the median oy 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 fu&amental-hypothesis. 



Level 5 allows display of uncertain ti?^ about fundamental 
.+ mechanisms. This can be done in several ways. One 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 squarely the issue of the relative 

probabilities of the different hypotheses 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;~odels 

(given the evidence available: and not on the qerts. ( 
'1, 

S 

Therefore, in order to reach its logical conclusion, ~ebel 5 

requires a full probabilistic 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 lwel 

5 (full uncertainty analysis) . 

5 .  ANNOTATED BIBLI- 
A. 4OCPR191 

1. Russo, September 1991: Vp&ted Uncertainty Analysis of EPA River 

Mode Pathways Model Used for 4OCFR 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 - 



cancers/10,000 years das completed by an uncertainty analysls 
-? 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 insiihtful 

judgment [How was this done?] t 

2. EPA 520/3-80-006. Population Risk 5 

p. 150: 'The expected frequency of human intrusion into a repository 

ranges from a drilling event every 400 years 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. 40CFR191. 

191-13 Containment Requirement: 

"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 demonstratiag compliance in a way that -' 

will not be 'unreasonably difficult or expensive'. [Fine]. 

5. Report of the Review of 40CFR191 by a subcommittee of the 

SAB.1984. 'The subcommittee supports the general form of the 

proposed standard, including the use of a social objective as an 

upper bound of acceptable health (cancer and genetic) effects. [The 

question is: how conservative is the societal risk target given the 

assessment method. Could be very conservative or not. I don't howl 

6. Working draft of final 40CFR191: 11/1/83 

191.16: Guidance for iaplesnentation 

'determination of compliance should be based upon 'best estimate' 

predictions (e.q., 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/ 1/64 

.Instead the isplementing agency may determine' compliance based upon - 
the part of the range of predictions that falls within one standard - 



deviation of the mean . . . "  [That was an idea but it was not 

ir~lementedl . .-- 8. Working Draft of final 40CFR191: 4/23/84 

Mean + one standard deviation = Y  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. => reasonable 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 senerally sufficient to support the choices of the 

risk averse decision maker in rational individual decision making]. 

10. Working Draft of final 40CFR191: 6/15/85 

191.13: same language about 'reasanable ~ctation'. 

11. Working Draft of final 40CFR191: 7/5/85 

Uncertainties, &d long term => reasonable expectation 

12. Report of Meeting with extra-agency personnel concerning EPA 

Docket Number R-82-3. (with NRC staff personnei). 'Subparagraph - 191.16a requires that the standards be iuplemented 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 into 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 

terms 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 inplementation: 
Suggestion again that mean + one standard deviation becomes the 
standard (=>=as% for Normal distribution). 

Further: 'Paragraph 191.16.c unclear and calls for a precision level 
- 

that may not be possible to demonstrate zgmlytically.' . ' - - 



13. EPA background information behind 4OCFR191 1985 

EPA 520/1-85-023. 
I 

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 radionucleide in Table l.tryin 

to evaluate the 1evel.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.6-31: 

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. mvirosphere. June 10, 1983.(problem 

of the original ore body release and river mode exposure pathway). 

Another set of uncertainty assessments for Table 2 of 40CFRl91. 

B. 4OCPRl94 

1. Federal Register 

2. 40CFR194 Proposed Rules: Criteria for the certification and 

determination of the Waste Isolation Plant's comgliance. 

p.81: Expert Judgment *should be used provided that it does not 

substiotute for data that could be obtained through data collection - 
or i.qdementation.* [An apparently reasonable set of requirements. 

No conflict of interest. At least five experts. Not all from DOE]. 

p.113: results of performance 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 population of CCDFs with at least 0.95 -- 



Elisabeth Pace-Ccrne?! 

probability. [Looks conservative. To be checked] 
- .  p.114: 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% 

fractilel . 
3. Background information: EPA 402-R-95002 

p.3-7: Disposal systems shall be designed to provide reasonable 

expectation based upon performance assessments that cumulative 

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) Have a likelihood of less than one chance in ten of 
exceeding the quantitties calculated according to table 1 (Appendix 

A) and 
12) Have a likelihood of less than one chance in 1,000 of 

exceeding ten t h e  the quantities calculated according to Table 1. - 
Table 1 defines a set of pedssble releases ('normalized releasen 

for each isotope). [The question is; what were all the hypotheses 

underlying Table 11 . 
4. Conpliance criteria: March 21, 1995 
g.55: results of performance assessments. 

5. EEG Comnents. April 28, 1995. 

g.5:  the WIPP site does not meet the there stated criteria of 40 CFR 
191.149 (because it is in a resource, rich area)=> unconservative 

assumption. On the other hand, Ip. 6 )  EPA claim that the- hmotehse 

are favorable because of the favorable charhcteristics of the WIPP 
(located in the desert). [net result??] 
p.11: Engineered barriws: 

~rgumcmt for engineered barriers: un~0nseWative a.sumPtion~ 

regarding  hum^ intrusion in a resource rich environment. Also: 

benefits will be small because it would only delay the arrival of 

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 "Reliminaxy 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). 



QmQxa CLI . . . . - . . I ,  . . . . 

Cover Letter, Format and Content 1 . . '-. , . ,  

>, " 

"We reviewed this d~ument  with the idea that it should contain all of the information 
needed to allow us to revlew, understand and evaluate DOE'S approaches, and to 
demonstrate that the approaches were sufficiently justified to support a reauest for 
certification of compliance. " 

The DOE appreciates the perspective aken by the EPA for this review since it provides the 
DOE with significant insight regarding what should k included in a compliance application. 
In addition, the =A's perspective will help identify areas where the two agencies may 
disagree regarding implementation. It is imponant to seek resolution to thcse 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 W E  will establish, as a priority, the nsolution of any 
issues or disagreements that have multed from these comments. 

n 

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 cumnt PA is not a ' s t a d  alone9 document that uses 
references as supporting information. Rather, ref~cllces am OM provided as the proof of 
the validity of DOE'S reasoning, with insufficient information prrsented in the PA to enable 
the reader to follow that Rasoning. ... While wc undentvld that nfaences and 
accompanying documents will be needed, we fccl that the PA (in all its volumes) necds to 
tell a complete story. In our view, the PA should stvt with the basic information and, step 
by step, buiId up to a demonstration of compliance.' 

The DOE agm that the PA is not a 'stand alone' document for compliance purposes. In 
fact, PA is oaly a tod used to detnmine compliance with quantitative limits and to 
understand uncertainty. Numerous 0th- topics axe to be included in the compliance 
application as indicated by the Format and Content Guide isnvd in Mny 1994. 

EPA C0-u 



This not withstanding, the DOE appreciates the broad perspective used by the EPA in iu - 
review as discussed above. The DOE will use this broad rwiew as a guide in prrparing the 
final application. 

Cover Lener, Format and Content 

"For example, it would k helpful if the PA presented a listing of scenarios considered, and 
showed the analysis of probability and consequence for each sepante scenario. The 
presentation of reparate analyses would help ciaxify how d o 9  are combined to create a 
final set of CCDFs.' 

This material wil l  be included in the compliance applidm as appropriate. The DOE now, 
howeva, that separdte analysis of both -ty and am- may not k appmpriate 
for all scenario5 considered. Some d o s  may k shown to k of suffciently low 
probability that consequence analyses arc unnar~uy. 0 t h  d o s  may be shown to be 
of sufficiently low consequence that probability analyses arc not required. In other cares, 
different d o s  may have sufficiently similar ~ U Q L C ~ S  that d t r  of a sin@ 
conscqua~ce analysis may k used in conjunction with different probabilities. ," p.F""--. 

, . +  % C1 

i ', , 
i 

Comment CIA \ 

" 
\ 

--.  
Cova Letter, Format and Content Guide 

The outline in the Nwemba 1993 Format pepad by prrpnted DOE DOE a 
significant improvement ova the cuncnt PA orpMintion. 

Reswnsc 

Comment noted. 

Cova Letter. Access to Informatiioa 

"We are concaned that much of the information rrfmnced or uscd in- put of the 
PA analyrcs is not available for review. The cumnt PA cPnwr k tharoughly miewed 
because the supporting i n f o d o n  is not d b l e .  This includes some ~ f m ,  

1 

EPA c4mmanu 



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 thkr documentation should be available for 
public review.' 

The DOE is currently pursuing access to computer codes and txaining 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 fde at the WMT library at Sandia National Laboratories. For a 
compliance application, reference materials wiU 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 an incompatible with EPA's complta system, they should be rrmotely 
accessible on DOE'S computers to allow independent avnilurion. I rrcogniZe that the coda - and their documentation ue not in !inal form; hwva, our review of the coda will taLe a 
long time, so we need the topics used to pnpnre a perform~cc assessment along with the 
results of that assessment. If we do not get the coda until the final application, it will 
significantly slow our rcvicw of the application." 

The DOE is as concaned u the EPA over the length of time that EPA may require to 
review DOE'S codes. comequa~tly, the DOE has mpde code availabiity a priority. The 
EPA and the DOE ue sua&uUy molving this isrue of aaxs and training. 

Computational efficirncy is r complex topic and would be a welcome topic for the DOEEPA 
technical excbraqe mechgs. Spcific ra?omma&ions concaning nsource allocation, e.g., 
model deveaopmcnt vaftu collection of experimental data, an to be an in- part of the 
systems phxitiEPtioa mctbodology (SPM) effort. The SPM will have 'outside scrutiny' 
inherent in the process design. 

EPA Commmb 



Cover Letter, Repromulgation of 40 CFR 191 

(a) "We rralize that 40 CFR 191 had not been repromulgated when the analyses fbr 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 a m  where changes are n e e s u y  are in the ground- 
water and individual protection requirements, and the use of the committed effective dose. 
The definitions relating to ground water have bee. changed to reflect EPA's policy of 
protecting underground sources of d-g water. DOE will need to identify the potential 
aquifers and their water quality (i.e., total dissolved solids).' 

@) "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 to include scenarios that were pmiously omitted.' 

All Eppects of 40 CFR 191, including thosc portions repromulgated in December 1993, will 
be incorpontcd into compliance documentation. 

(a) The DOE hns takm the position that a decision on when and if undapnnrnd sour#s of --, 
drinking water should be identified and chnctaiztd (i.e., when sucb a chPncterization will 
provide pcrtincnt informatiion for a compliaace application) wil l  be baed on the expectation 
of relews. Briefly, identiFication and chypctainton of USDWs should not be required if 
no radionuclide releasm to the accessible enviroamcnt are prrdicted for 10,000 years or if 
10,000 year peak predicted releases to the PCCeSSible environment are less than or equal to 
the applicable Maximum Contaminant Levels (MCLs). USDWs along the pathway should be 
identified and chprPaerized if peak predicted nlases to the lccesrible eavironment for 
10,000 yars ye greater thon the M a s .  

@) The DOE agrees that calculations for a compliance application must be performed for a 
10.000 year complipncc period as stwd in 40 CFR 191. - 
"The PA also needs to address both 191 and RCRA complivlce.' 



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. 

Comment CL9 

Cover Letter, Regulatory Issues (Guidance to 40 CFR 191) 

"The Guidance for 40 CFR 191 is generic in its application and it is non-biding 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.' 

The DOE agrees thit any deviation from the guidance in 40 CFR 191 must be canfully and 
clearly documented. The DOE ralizts that EPA's guid?ncc, while non-binding, is not 
arbitrary and is provided to assist the implenmtiag agency in Meting EPA's wecall goal of - protecting human health and the environment. S i  EPA's guidance is established as the 
result of the technical basts developed during rulemaking, the DOE rralizes that any 
significant deviation from this guidance must have equally in-depth technical justification. 

n 

Comment CLlO 

C w a  Letter, Re@tory Issua 

"The future applicability of the GuidPace whvithstrading, DOE did not correctly follow the 
Guidance in this PA. If DOE was going to follow the Guidance, the PA should have used a 
constant drilling rate of 30 Borrlrolesllanl pr 10,000  ye^ fw compvisOn with tbe 
containment rcquiremmt. In aidition, tbe PA irrorpantes edit for Ppssive insb;tutioa?l 
controls w i t b t  jmpa justification.' 

The maximum nte for human intrusion considacd by DOE yielded an apcaed number of 
borcholcsequalto30parguanidlomera. Srml la ra te~tswere l l roCOIWidaedto  
allow the evaluation of the sensitivity of dispoY1-sydem pafonnv~ce UI Uncermn . . tyabout 
future drilling rates. Ducrmmng such sensitivities is important to capturing the most 
significant parameters for the compliance calculations. These sensitivity analysts indicated 

EPA Coumu~LI 1-5 DOE/WIPP95-2053 



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 n d  adequate 
justification as discussed previously. This applies to the credit tahn for passive controls, 
drilling rates, and other factors. 

Cover Letter, Use of Expert Panels and Peer Review 
i- 

"Thm should be documentation of the process used to obtain expert opinion, and the process 
should follow written procuiuru.' 

A formal QA procedure for the use of expert judgment by Sandia National Laboratories was 
published in 1992 (Rechard et al., 1992). Furtha ~ f i n e m ~ ~ t s  of this QA procedure can and 
have been incorporited intd WIPP Procedm No. PAPO6, Use of Expat Judgmcat Panel 
Quality Assunna Procedurrs. Compliance Qcumntatiaa will coatain QcuwnEation in 
accordance with this a m y  other f o n d  proadwe wal by the DOE and its coatzmors to 
elicit expat judgment. r 

Comment CL12 

Cwa Letter, Use of Exput Pan& and Pea Review 

"Specifically, we do not agree with the applopch tahn by DOE to estimate a reduction of the 
drilling rate from s p e c u .  on the we of mulms. The markers uca't yet designed; 
therefore, t h e p n n c l w a s i u k a I t o p r o v i d e P d v i s e a b o u t t h e ~ o f t h c ~ a t  
WIPPonthebvisofincompkbintormrtion. Nordidthepndiacludeallthenecesspry 
expertise, e.0.. m ptrdeum enginem or drUiag expats wae included on the panel. The 
infofllltion~themu]mpndanrt&nspparenttyprwidsdpsinpltto~computa 
program that pmduces d t r  io an unclear manner. EPA'r compliPaa criteria will contain 
additional ouidpna on the we of expat pads.' 



- 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 fust develop design guidclines for long-trim 
communicative markers based on the conaibution~ from individuals in dispvve rrlated ficlds 
such as materials science, archlcology, and ~mmunicationa. Based w 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 ovu time were based on the 
conceptual design. Implicit in the deliberations was the assumption that sufficient testing was 
underaken 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 engimcr was not included on the M a t h  Panel, becaw the thrust was geared 
to long-term survivability of a marka system and continued intcrprrtability. A petroleum 
engineer's W s  a 6  not suih as to contribute to this effort. 

Cover Letter, Use of Expert Panels and Peer Review u 
"In future performylce assessmena and intaim documents, it would be helpbl for DOE to 
identify: 1) the veps whac M, dzt? aist, 2) wben expat pPraels md cxpcrt judgement wi l l  
be used in lieu of dilta; and 3) whetha the expert judgamt will be replred with data by 
the time of the final application. We strongly recommend that DOE use data where it is 
possible to obtain it, iasted of relying on expert judgewnt.' 

The DOE agreatbatthc weof expert pYwls in lieu of data must bearefully documental 
and justified. Tht DOE, bowcver, Qes not agree with thc amcludiug stptcment in this 
comment since it is writlen so broadly. Instad, a iml of 'pmcbbity' must be applied 
whendesigning~ats inikuofexpatj~t .  ThisispPrticulviyeucwhentcsumay 
requite unruhtically long time fnmes or nprrsent -le costr. 

- 
EPA Commmb 



Comment CL14 

Cover letter. Models 

"The development and implementation of conceptual, computational, and computer models is 
one of the most important technical agcu of the p a f o ~ m ? l ~ ~  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 cumnt PA, a good discussion of 
conceptual models and their alternatives arc provided in only a few instances, such as the 
porosity model for the Culebn Dolomite. The conceptual models for the potash mining 
scenaiio arc absent.' 

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 
Procedurc~. The mandatory guidelines and rquircments contained in these pmcedurca 
ensm traceability amJ vaif!cation of computational and computer models, as wcll as 
documentation of the underlying concephul models. 

The evaluation of computational-model u w d n t y  involva evaluation of various canceptuzl 
models against n l m t  repository pcrfonn?nce metriu. Cuncnt WIPP PA lccomplishes 

h 

this in two ways: 

1. An "allother-things-being-equ?lg metbod, in which a l t d v e  concephlal models for one 
component of the system are individually enluood over the LBS sampling of 
imprecisely known pyamten, while mPintPining the e f f t y  of panmeten 
included in the tested sub-model ams*mtL 

2. Inclusion of the alterdve c m c q t d  models within the s m p h g  of imprecisely known +̂ I -_ 
parametas. , * 

Examples of Mthod (I) are inclusion of: 3 multiple tnnsport and flow models of the 
Culebra dolomite (abgk-parodty vs. dual-porosity n. frrehm-flow only; cbemial 
retardation vs. a0 chanialre(rrdPti011); a d  b) multipk rrpositay and SPlsdo --tam 
nsponscs (with gas g a e r a t h  vs. without gas genentloa; with room colwolidrticm vs. 
without mom aasIWio11; with a nprr~entlti011 of fracturinO h the Sllpdo VI. With 110 
Salad0 fracturing). 

The example of method (2) to date is inclusion of diffamt twephase-chpnrtaistic curves, 
e.g. the BmWCorey and Van Genuchtcn/Parker submodcls, and sampling on each. - 



.- The DOE believes it is important to evaluate the defensibility of A conceptual models 
continually, both by examining their supporting experimental data and evidence and by 
examining whether or not the different models have significantly different impactcl on 
expected performance. Ultimately, the defensibility of a performance assessment depends on 
the belief of the regulators and major srakeholders 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 CLl5 

Cover Letter, Models 

"The next performance assessment iteration should contain a detailed hescription of all 
conceptual models chosen and the alternative conceptual models that are or have ken under 
consideration. For those conceptual models no longer under considention, DOE should 
justify why they were discarded.' 

During the development of compliance documentltion, a a a c q l d  model scnening p n w r ~  
that has the god of ewnining all conceptual models put forward by Sandia, WID, DOE, and 
stakeholders wi l l  be used to arrive at a prediuim of rrpsorvbly upectal sysbm 
performance. The ocreening process will include the reaming by which the model is 
accepted or rejected for use in the performance assessment. The wmpliance documentation 
will provide the full description of the screening process and its application. 

Cover Letter, Models 

"Before DOE submits an application for catification of wrnphxe, thae should be general 
agreement beNen EPA and W E  on the conceptuzl models that will be used by DOE.' 

The DOE apes tht ongoing dialog regarding conceptual models will be vay  useful. 



Cover Letter, Models 

"The development of the computer codes will take time, especially since many of the 
computer codes arc 'state of the art.' Because of the sophistication of the modeling, the pea 
review and quality assurance of the wdc will also tah t imtthe more complex the code, the 
more time it is likely to take. They will also take more time to miew. 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." 

The DOE agnes and has instituted a thorough d e w  of the quality of the codes and data 
used to implement conceptual models. .. n 

-CL18 - 

Cova Letter, Quality ASSUEUK~ (& 
'...the PA does not seem to pMnss data quality objectives or other related iosues.' 

This was not a rigorous objective of the 92 PA. Tbe DOE has m t l y  initiated a quality 
verification activity to assure data and code quality for compliance dc&mmah 

. . 
ons. 

(Restatcmt) EPA u coaamrd about tbe implematation of QA for the 'old data', such as 
site c- . , orompluedhbomorystudiu. 

In 1993, theDOEbqananextcnsinmiewofarlyandcompletedwok ThcweSSrnent 
is still in ~roaess. Deficierscies identified in tbe .ruumcnt sbaU k Qcumentcd nad . v 

appropriate comctive action tlhm. Before the final complivla pppliatioa is b r ~ g h t  to 
EPA, data, analyses, and d t i n g  conclusions shall be scnuwd Wst QA 

DOUWIPP-95-2oS3 1-10 EPA Cornmenu 



- Comment M01 

Page 1: I. Technical Comments, A. General, Access to Information 

Area in dccurReat 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 should 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 EF'A and to other interested parties." 

The DOE is currently pursuing a c e s  to computer codes and training in their use with the 
EPA and stakeholders. Documentation of codes is k ing  com~1eted:"iiid will be com~lete 
before PA analyses arc used in a compliance application. 

C o m m c n t m  - 
" - 

Page 1: I. Techniai Comments, A. General, Resource Allocation 

'Decisions rrgarding resource allocation (e.g., model develapment 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 computafional efficiency, 
because of the potential for the algorithms themselves to be unnecessrily rrsource limiting to 
the PA effort.' 

-A's comment is wocd a d  will be amsided by the DOE. 



Comment TO03 - 
Page 1: I. Technical Comments, A. General, Limited Resources 

Area in documerlt Volume 2, Chapter 7, page 7-5, Line 17 
w 

"Direct solution of 'fully coupled equation' is said to k Unnalistic using prucnt rc90urcu. 
Why is this true? What resources st&, money, or computer capacity would be required? 
Has W E  tried to use more efficient algorithms and computer program applications? ' 

Reswnse 
I 

The basis for this statement is discussed in Butcher and Mendenhall (1993, page 7-3 middli 
paragraph). An example of typical computer capacity requirements is given in the same 
reference, page 6 5 ,  third puagraph. In regard to algorithms and computer applications, the 
codes used for these analyses have evolved ova the past 30 yeprs and nprrsart the most 
advanced state-of-the-art technology. 

Butcher, B.M., and F. T. I b f d d d .  1993. AS- ofthe M&& Uscdforthe 
Mechanical Response of DLrpacal h n w  in the W e  Irohtibn Pilot Pllonr wiah R c g d  w 
Compliance with 40 CFR 191, Sub-msn B. SAND92-0427. Albuquerque, NM: Sandia - 
National Laboratories. 

Page 2: I. Technical Comments, A. Gmaal, Room Modeling 

(a) "Has DOE developed a fkld theory for l w q h w  flow in a deformable porous media 
withfracturrstht~uruadapolvpedef~irmt~ll?* 

@) 'Can DOE provide jwtificPtion for sepPnbing (ova the wiw timcand-space scales) 
the two-phuc flow, medun& rock rrsponse, md gpc gQKNion models?' 

(a) While a single field thory for two-phue flow in a defonnable porous media with 
fractum that can undergo large deformation m y  k theoretially feasible, it is amsided to 
be technically infeasible because it would be too unwieldy to use in the global context of PA 
(also see response to previous comment). 

-. 
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-. 
0) The justification for separation is discussed in Chapter 7 of Butcher and Mendenhall 
(1993). 

Butcher, B.M., and F. T. Mendenhall. 1993. A Swnmary of the Mod& Used for the 
Mechanical Respome of Disposal Rooms in the Was& Isolation Pilot Plum with Regard to 
Compliance wirh 40 CFR 191, Subpart B. SAND92-0427. Albuquerque, NM: Sandii 
National Laboratories. 

Page 2: I. Technical Comments, A. General, Pan Referencing of Information: Shaft 
Consolidation Epmple 

Area Volume 3, Chapter #, Page 3-35, Line 7, A137, A140 

It is stated that backtill in the lower is pvts of the shah will become consolidated due to salt 
creep, with a find pameability comparable to that of the host rock of the Sllado formation. 
However, no calculations or modeling mults arc presented in the PA repor& to justify this 
assumption. The 1992 PA citcs the 1991 PA, which in turn cites two otha reportr without 

- discussion how the values were derived. This is but oae ase out of many in which the 
reviewer must peruse a succession of docummts to fiad the source of cited date 

The Project is cumntly investigating the prmability W y  to be lchimd by the crushed 
salt components placed in the s h a h  The most currmt published information is summarized 
in Van S a m k k  et al. (1993). Cumnt technical efforts are focused on evaluating the effeas 
of backstr#r, placnnent technique, and pvzmeta miability oa our abiity to achieve an. - 
acceptably low pamcabiility in ach of the sh9fts, effsctivc -t of the awhcd At 
components is an important pnrt of the pmpoacd LygeSaL Seal Tests Prognm. 

Van Sambek, L.L., D.D. Luo, MS. Lin, W. Ostrowski, and D. Oyenuga. 1993. Seal 
Design AlrcrnQhu SNdy. SAND92-7340. Albuquerque, NM: Sladip NItioaal 
Laboratories. 



Comment T006 

Page 2-3: I. Technical Comments, A. ~eneral,  Radionuclide inventories 

Area in doc- General, Volume 3 

"The source of the radionuclide inventories is the memo from Andrew Petenon, 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 longa-lived parents, while 
others do not. For example, Y-90 is in secular equilibrium with Sr-90 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 ~M)u@ information 
to enable it to evaluate the data and make the naxsmry corrections.' 

- 
The Project is evaluating the sensitivity of compliance to thic iuue. A d d i t i d  detlil will be 
included in Project Technical Baseline report. 

me radionuclidG inventory used in the 1992 PA rp a hypotiwial *designg inventory baf$ 
onthenumkngiminthePeta~oamemo;incoasistendesinthe~~ygCllQatM~ ' . '  
quoted the inventories wac ignored in forming the design inmtory. 

" W h y  are the 1991 release limits prrsarted instead of the 1992 limits used? The inmtory in 
1991 was 11.87 million Ci of wute. The 1992 PA invatory is listtd as 4.227 million Ci (in 
tables on pages A-137 and A-140). lhis is morr than "slightly diffcm%' . . than the 1991 



- 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?' 

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: I. Technical Comments, A. General, Inventory and Release Limits 

Aria 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? Wi bounding values k used?" 

Uncertainties in all waste characteristics (e.g., the composition of the waste as well as its 
radionuclide inventory) are presently unknown. The donuclide inventory used in the 
1992 PA was a fixed, hypothetid 'design' inventory based on estimates given by Peterson 
(see response to preceding Commeat TUO6); ullcQtainty wu arbitnrily added to certain 
waste charactuistics also estimated by Peterson (volumes of cellulosics and corrodible 
metallics) in order to test the sensitivity of performance measures to variations in these 
characteristics. 

+. 

Comment- 

Page 3: I. Technical Commats, A. Gaunl, Colloid Tmqmrt 

~ r r a  Volume 2, Chapter 2, Page 2-39, Line 9 

"EPA strongly ~~ICU with the State of New Mexico that distribution coetficients (K,'s) be 
based on 'experimcataUy justified data' and not based solely on expert panel judgment.' 

The DOE has p h y d  program to provide these data if needed. 



Page 3: I. Technical Comments, A. General, Uncertainty 

Area in docurllQlt Volume 1, Chapter 3, Page 3-13, Line 44 

"Please provide a detailed explanation of all methods used to reduce unceminty and methods 
used to evaluate uncertainty. " 

The line referred to in the text references Table 3-1 on the following pages of Volume 1. 
This table contains approximately 48 references and internal cross-references to examples of 
techniques used to as= 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. 

Ar*r Volume 2, Chapta 3, I4ge 3-22, Line 1 - 

The referenced line of text nfa to the ptapPgvi011 of a sample through a model. That step 
of the analysis is briefly explained in the pxcvious sscti011 aa the previous page, and is 
explained in debil in lata chapta~ of Volume 2 and in Volumes 4 and 5. RopPOltion of 
t h e ~ p l e ~ t h e m o d e l d m p l y n f a t o t k c a l c u l n t i o a o f ~ f o r a c h ~  
hypafube sample, usiag ach ofthe amapace models in tk system. 

-. , 
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Page 3: I. Technical Comments, A. General, Grout Seal in MB-139 

Area in document Volume 1, Chapter 4, Page 4-4 (Figure 4-23) 

How does the "Grout Seal" get into Marker Bed 139? 

Effective placement of grout into Marker Bed 139 has been pan of the technology 
development acbv~ties performed at the W P  facility. Specifically, as indicated in the test 
plan for the Small-Scale Seal Performance Test-Series F (Ahnns, 1992), this underground 
test at the WIPP was "intended to demonstrate equipment and techniques for producing, 
mjecting, and evaluating microfine cementitious grout." The grouting was completed 
March, 1993, and the final report is cumntly king prepared. 

Ahrens, Ernst H. 1992. Test P h  - Sealing of the Disnrrbcd Rock Zonc (DRZ), Including 
Ma&r &d I39 (MEIJ9) and the Overlying Halite. Below the Repository Horizon, at the 
Waste Isohrion A ' h  Plant - Small-Scale Seal P e ~ n n a n c e  Tur - Scricr F. Albqrvrque, 

- NM: Saadia National Labontories. 

Comment T013 

Page 4: I. Technical Comments, A. G d ,  Grout S d  in ME-139 

Arra Volume 1, Chnpta 4, hgc 4-4 ( F ' i  4-24 

How will the seal location be selected? 

Tentative locPtioar for he sml companents hve kEn idaitified in the dmncc seal design 
report (Nowak et J., 1990) and the logic for the locotaas is identified. In gamal, locations 
were sdccted on tk bash of the scaling mategy ( ambi t i on  of long- and short-term 
compoamu with rwc desinblc redundancy) and accded function (e.0.. limit wata flow into 
the shaft) of a @cular cornponeat. Locztions have ken slightly modified in a recent update 
of the refemwe seal design; Qcumcntatim of the updated deaip is in progrry. Additiuaal 
information related to the inwed seal locations wi l l  be included in desiga reports on the 
various components that will k primary rcfacnces for complinncc documents. At the time 

- . 
-. 1 

C .  
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of actual placement of the seals, it is likely that location-specific factors such as degre of 
fracturing or 0 b ~ e ~ e d  water inflow will influence the final placement. 

Reference 

Nowak, E.J., J.R. Tillerson, and T.M. Torres. 1990. Iniriol Reference Seal System Design: 
Warre Isolation Pilor Plant. SAND90-0355. Albuquerque, NM: Sandia National 
Laboratories. 

Comment TQ14 
/*- 

Page 4: I. Technical Comments, A. General, Bell Canyon Formation Chancteri 

A- 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 q s i t o r y  
due to exploration activity, then it would be pnrdent to know more about the hydrostatic head 
gradient of the forn@on. If there is data on this topic, it was not presented in the PA.' 

The regional potcntiometric surface of the Bell Canyon FormntiOa u pnsented in Figure 9 of 
Mcrcp (W), and extrapolated static bottomhole prrsarrrs in the Bell Canyon in three 
borehol&AE&7, AEC-8, and ERDA-10) tcstcd by the WIPP project ue givm in Table 4 
of the q f a t n c e .  Pressun and hydraulic head data from the Bell Canyon in two 
a d d i t i h d , w &  (Cabin Baby-1 and DOE-2) tested by the WIPP project are given in 
Eeauheim'ct al. (1983) and Beauheim (1986). JMa from all iiw hdes irsdicote rbat Bell 
Canyon hadr are sufficient to drive brine to the level of the rrpository in an open borehole; 
whether flow would be upwards or &wuwPrds in this borehole would depend on the pre~sun 
conditions existing in the npoJitory at the time. 

Beauheim, R.I.., B.W. HYsinga, and J.A. Klnikr. 1983. B d c  Dmrr -*fir Bonhok 
Cobin Baby-I Deepening and HydroIogic Tudng, Waue Iwhkm Pil# PYom lwlPP) 
h j e c t ,  Southeawn New Maico. WTSBTME.MO. Afbuqump, NM: US. Depnrtment 
of Energy. 

3 .  



- Beauheim, R.L. 1986. Hydraulic-Test Interpretm'om for Well DOE-2 ar the Wasre Isolarion 
Pilot Plant W P P )  Sire. SAND86-1364. Albuquerque, NM: Sandia National Laboratories. 

S o m m ~ n ~  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?' 

The areas of the drifts, waste panels, and other features of the repository arc given in Table 
3.1-1 (which is also keyed to Figurc 3.1-2) oa page 3-4 of Volume 3. The total excavated 
area of the disposal region is 11 1,520 meten' but the total a r a  of the disposal region 
(including pillars dnd room sepanton) is 0.5069 kilomet&. The area used in the 1992 PA 
to compute the drilling intensity into the repository includes the 111,520 m d  of area for 
CH TRU wastc and 14,480 m a d  hypothctially occupied by RH waste e 

- walls of the wasteemplacement panels (total target area of 126,000 

Commmt TO16 

Page 4: I. Technical Comments, A. Gmaal, CNshed Sllt 

Volume 2, Cbapta 2, Page 2-48, Line 19 

'Nhat proce~ mu used to prove that awbsd salt will compact to 95% of initial density 
within 100 years? 

Creep modeling activities, suppoNd by laboratory measurements on crushed salt and host 
rock salt, have led to the klid that sufficient defarrmtioa will k lttaimd to achieve 
compactiontoabout%%. l'kmootrccentmoddhgcfforts~aunmarizedinVul 
Sambeek et al. (1993). The timing for whar the degree of compPction mhu about 95% is 
d i d y  depndmt upon numemus ficton such u the d y - s t a t e  crrep Rtc of the host m k ,  
the initial or empWcmeat density of the awhed salt, the &bass a d  on the formation 
by the crushed salt, moisture content of the cnuhed salt, etc. 

2% 



Van Sambeek, L.L., D.D. Luo, MS. Lin, W. Ostmwski, and D. Oyenuga. 1993. Seal 
Design AltemMmMws Sfluty. SAND92-7340. Albuquerque, NM: Sandia.Nationa1 
Laboratories. 

Page 4: 1. Technical Comments, A. Geneml, Colloid Transport 

Area in d- Volume 2, Chapter 2, Page 2-54 

"Colloids could potentially have a large impact on the migration or retardation of the .--- 
radionuclides; they could have a noticeable effect on solubility and sorption of the 
radionuclides. When will data on colloid formation and transport be collected?' > 9 

A labontory prograin to deLnnine important information about colloid formation and 
hansport in Saldo and R u t l a  brines is in pmgreu. Some qualitative information from this 
p r o g r a p i t P s " ~ k e n t r a n s f d t o P A f o r i n d u s i 0 a i n ~ a t c u l n t o n s ; o t h a  
info&* . . wiU be provided for the compbcc  auaiysis. 

.' . .. I - 
TWO 4 .~?batory prognms address the two major types of radioco~oids. Actinide 
intrinsic c o l l d ,  which form by condensation reactions from dissolved ndionudides, an 
being investigated by a series of sixen expaiments. Potential d a  colloids, which are 
ordinarily non-radioactive particlu that may act ss a substnte for Sorption, an king 
invesfigated sepuztey, by a saies of rrcening upaimam that focuses on evaluating their 
stabilityinbrines. R e s u l t s f r o m t h m c t w o l a b o m m y ~ w i l l b e ~ i n t o a  
model that describu the amccnatiars of colloid-bame rtiniQ in the disposal room . . environment. Rahcmm made with the modd will be compand with ruulb from the 
Source-Tam Test Pmgram (SITP) being conductal as part of the Actinide SourccTam 
Program (sec Phillip and Molecke, 1993). 

Phillips, M.L.F., and M. A. Moleck. 1993. T e c h i d  R c q v t l ~ n m ~ f i r  the Aainih 
So--Tenn W e  Tut P m g m  SAND91-2111. Albuqumluc, NM. Sandia N a l i d  
Laboratories. . 

'3 EPA comments -. 



- Comment TO18 

Page 5: I. Technical Comments. A. General, Colloid Transport 

A r e a i n  Volume 2, Chapter 2, Page 2-54, L i e  29 , - , . .. .. 
. . Z 

, ;; ,j -1 
"When will it [colloid formation and transport] be modeled in future PAS?" 5 :  1 

':,, 1 
: ? 

Transport of colloids will be considered for inclusion in the SPM. Any decision on how '7 

incorporate it in PA for a compliance application will depend on the outcome. 
n 

Comment TO19 

Page 5: I. Technical Comments, A. General, Colloid Transpoa 

Area in d- Volume.2, Chapter 2, Page 2-54, Line 29 

"How does the lack of information on colloids affect the geochemical and hydrology mod& 
developed or under development?' 

Colloids may impact cumnt PA modeling in two plrrs: by affecting total concentrations of 
radionuclides transported in disposal-room brine, and by affecting transport of radionuclides 
in the Cultbra: 

v 

DispaIrrwrn ktinide concenhatim yc presmtly bpscd on values for solubility limits 
dviv&fmm an expen panel (Trauth et al., 1992). The 'solubility' panel rccogniLed that 
suspanded forms could contribute to the total c~~yxlltrptians, but concluded tbat they lacked 
the information to make my estimate of what that conaibution could be. 

Thedistributiaacocfficienaulwdtodemibelctinide~ycalsobowdonexpatpPnel 
judgment (Trruth et al., 1992). and also do not include colloidal effects. The 1992 PA 
reported rrieovs into the Culebra and rel*uts IrYlsportcd in fncturrs only without my 
sorption. Thcsc akulatiau do not consider the effects of colloids in the disposal room. 
With regard to colloid-facititltal ndionuclide trrnsport in the Culebn, it hs ken vgued 
that colloids may incnve transport ratu relative to diYolMd rpecies, b u s t  c~lloids may 
have little nardation and may be preferentially tnnsported in the center of channels whae  
velocities are greater. 

EPA Co- 



Reference 
R 

Tnuth, K.M., S.C. Hon, R.P. Rechard, and D.R. Anduson. 1992. 7hc Use of Erpcn 
Judgment to Quannfi Uncenaimy in Solubility and Sorption Parameters for Woste Isohion 
Pilot Plant Perfomuulce Assessmenr. SAND92-0479. Albuquerque, NM: Sandia National -"-,,- 

Laboratories. 

\.b. 
' -.. ."- J 

Page 5: I. Technical Comments, A. General, Room Closure -vs- Constant Pore Space 

Area in doc- Volume 2, Chapter 7, Page 7-8, Line 13 

"If the 'ha1 porr 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 indirea way'. This appears to be inconsisteat. If you haw closun the pore space must 
decrease. The model appears to be deficient on this point.' 

T i e  statements d a r i n g  to constlnt volume Yrd mnsnt paosity in volume 2 page 7-7, 
lines2Oto24 refatohowtherrpositorywucaaceptuPtizedpriorto 1992. In 1992 the 
porosity and volume in a disposal room varied in time accding to the SANCHO predicted - 
consolidation results, as described in Volume 2, page 7-5. 

Commcntm1 

Page 5: I. Technical Comments, A. G d ,  Boundvy Comhbm 
. . 

d 

Vdrrument 2, QlPpa 7, psOe 7-16 

- 
EPA CommsntI 



procedure is demonstrated by overlaid contour plots of head, gradients, and fluxes obtained - from both regional and local grids. 

Comment TO22 

Page 5: I. Technical Comments, A. General, Boundary Conditions 

Area in d- 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?" 

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 domain an 
described in more detail in Volume 4, page 6 9  through 611. 

. . -. 
'D, 

Page 5: I. Technical Cornmenu, A. C b c d ,  Boundary Conditim r+: '.. 
. , ~ .  .. , %,, . . 

.- . , 
, ? 

L : 5 ;  Arcs Volume 2, Chapter 7, P w  7-16 
, ,.* . . 

"How are the initial boundary conditions pea nvicwed?' 

There was no formal miear limited d y  to rodel boundvy conditirns. Boundvy 
conditions are discussed on page 7-16 d y  in g d  tams. Specific boundvy conditions 
for the regional grouadwata flow &main ye in Volume 4 of the 1992 PA, pages 6 9  
through 611. ~oundvy caditions received the saw pea review as other aspects of the 
1992 PA: in& rrviean paformed prior to publicatiion by coauthors and coworbn, 
by formal SNL trchaicPl revkwar, by tbePerfonannce Auessmnt PeaReview Panel, and 
by SNL and DOE mumgemeat. 

- 
EPA Commrmh 



Page 5: 1. Technical Comments, A. General, Categories of Distributions and Parameter 
Selection 

& in documeat Volume 1, Chapter 4, Page 4-13; Volume 3, Chaprer 1,  Page 1-7; 
Volume 3, Chapter 2, Page 2-1 1 

"The PA discusses categories of distributions for different parameter typs: continuous, 
discrete, constructed based on experiments, constructed b a d  on expert judgement, and 
miscellaneous categories. ' 

"The process used to select a distribution for each panmeter needs to be discussed. How -" is-i)- 
distribution chosen for a particular set of parameters?' 

For more detailed discussions of the ways in which distributions of uncmah parameten 
were constructed in-the 1W, 1991 and 1992 PAS, see Ticmey (1990. in particular. Figure 
E-1) and T i y  (1994). 

T-.-. 

Tierney, M.S. 1990. Commc~n'ng Fmbabitfry D i s W u h s  of Urn- Vmicrblcc in the 
Modcls #the Performance of tht Wave Isohtlon Pilor Prcmt m P). SAND90-2510. 
Albuquerque, NM, Sandia National IabontDriCS. 

Tianey, MS. 1994. 'Using Data and Informntion to Form Distributions of Model 
Parametas in Stochastic Simulations of Paformz~~cc  of the Waste Isolation Pilot Plant 
(WIPP)', Proceedings of PSAM-11, San Diego, Cid@mio, U.S.A., Marrh 20-25, 19%. 
051-9 to 051-16. 

Page 5: 'I. Tshnial Comments, A. Gmeral, Wegcnh of Disbibudo~w and Panmacr 
Selectioa 



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 transmiuivities); 18 were constructed by 
formal elicitation of expert opinion, which may indirectly be Lirrlred to data; and the 
remainder (23) were constructed on the basis of informal expert judgment using the fivestep 
procedure described in Figure E-1 of Tiemey (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. ComtNEilNEilng Probability Distribwwom of Uncenain Variables in the 
Models of the Pelfonnance of the W m e  Isolation PiIor PIonr (WIPP). SAND90-2510. 
Albuquerque, NM: Sandia National Iabo~.tories. 

Page 5-6: I. Technical Comments, A. General, Categories of Distributions and Parameta 
Selection - Area Voocummtume 1, Chapter 4, Page 4-13, Volume 3, Chapter 1, Page 1-7, 

Volume 3, Chapter 2, Page 2-1 1 

"The constructed distribution type should diffaentiate ktwecn values derived from 
measurements and tbose daivcd from expit judgement.' 

"How wen  the input pPRmetas chosa~? How many arc thae, and how many are variable? 
Which ones are important?' ,-"c". r - . 
u?Qw I .* 

I i r  

$. ' a 
In thaxy, exprtjudgiwnthfoundedin mawemenoandotbadahcollstionlctivitieS 
albeit not neceYYiy WIPP specific. Consqmt ly ,  to use the gcaazl rule indicated here 
may not be rrproapbk. Insted, some ntioaple should be provided for the combination of 
the two sourca of pramem values. 

InputpanmeMycdictvcdbythenatunofthermthematicPImodelsuscdinthePA(~ 
Section 1.4 of Volume 3). Thae were nearly 400 input pPnmetas in the 1992 PA; 49 of 
them w e n  beatad as mcuiah (variable) for tbe purposes of d t i v i t y l u n c a t u n  --. ty analyJa 
for human intrusion sections 6.1 and 6.2 of Volume 3). The most 



(important?) parameters in the 1992 PA are described in Table 9-3 of Volume 4, and 
Table 6 1  of Volume 5. 

Page 6: I. Technical Comments, A. Genenl, Assignment of Probability Distributions 

Aria Volume 3, Chapter 1, Page 1-18, Line 37 

"Very general procedures are described for assigning probabiity distributions, but these 
procedures are incomplete and do not answer critical questions.. 

"Please clarify the review process used for assigning probabiity distributions? How do you 
determine confidence in the probabilities?' 

"What are the wnshucted distributions and which docs DOE expect wiU k replaced by data? 
(Volume 2, page 6 4 ) .  ' 

The "replacemcat of constructed distributionr by data' is an lctivity that will k camidad 
for inclusion in the SPM, i.e., the addition of expaimntal data w h  q u i d  to support a 
compliance application. 

- 
The micw process used to assign probabiity distributions in the 1992 PA is briefly 
described in Section 1.3.1 of Volume 3; evidence of the implemmtatiioa of this process is 
shown in the many memos of Appeadix A of the latter Qcument All pnmdas used in the 
1992 PA wae  classitled as 'X' among the thrce quality-assumce categories of ascending 
confidence, X, C, and A. To k clvsified aa 'C', a puPmeta would hpve to have 
docummtation of the line of masoning that cstlblisbed its 

. .  . andthesourcesofury 
data used in ammmhg the distribution. An 'A' cloY pp~meta must also have received a 
docum~lted pea miew. ' 

1 4  

Constructeddishibutiawpreexplninedon~1-1OofVdume3.Thisategoryof 
distr ibutioPtucbvPctaizsdbydirsctuwddam~~fannan~cumulntive  
distributioa fuac&m the 'dam' mav be mcuurementr of reol ausntitia or the set of 

Additional detail on tbe COllStNCtion and use of distributioas will be included' in the final 



Î  
Cornmen1 l ~ 8 ;  

C 

Page 6; I. Technical Comments, A. General, Heterogeneous Reservoin 

Area in documelht Volume 3, Chapter 1, Page 1-21 - Line 60 

"What is meant by 'reservoirs' in the context of the BRAGFLO model?' 

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 BRAGFLO was a multi- 
phase flow code used in the petroleum field -- thus the use of the term 'oil reservoir' or 
'reservoir' modal. 

Commentmg 

Page 6: I. Technical Comments, A. Genaal, Brine Reservoirs 

Brra in doCVmQlt Volume 3, Chapta 1, Page 1-30, Line 15 

"Why is the 'sample intmsity function' multiplied by the 'fraction of the repository area that 
is underlain by brine reservoin'?' 

This question arises in the context of the brkf description of the model for computing 
computational scenario probabilities givm in Section 1.4.2 of Volume 3. A more thorough 
treatment of the same subject, models used to compute human-intnuion probabiith for 
different summary sccnuios, is givm in Section 5.2 of Volume 2; the answa to the p m t  
question is giva  by liaes 10 Uuu 28 of page 54, incIuding Eqdm (5-13), in the latter 
reference. 

The cited text is simply m ample being givcll whadn the W o n  of npository area 
underlain by brhk re~~voira is of intaut for a particular intnrsion mnt, El (El is an event 
inwhichoncawaeborrbdespauthroughawvtepPnelandintoa~l t~~~&) .  

EPA Co-tr 
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Page 6: 1. Technical Comments, A. General, Viscosity 

Area in document Volume 3, Chapter 1, Page 1-34, Lie 9 

"DOE states that 'viscosity measurements for an oil-baud, 1.7 - kg/m3 mud'. Why would an 
oil-based mud be used to drill through the Salado Salt Beds instead of a high-salt water-based 
mud?' 

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 ratiq was'expected to have little impact on the final model diameter. The Project is 
eva lua t iy .n s# iv i t y  of eroded d i i  to this issue. 

Page 7: I. Technical Comments, A. Genal, 'Dual Porosity' Modd 

"The way the 'dual porosity' model is described gcnentes confusion. Does the model really 
allow diffusion through the rock matrix?' 

Yes, the PA's dual porosity model allows diffusioo through the rock e. In this 
transport model flYiQ only fbws (Pdvrcts) along fnrturer. In thic woy, solutu (i.e., 
dissolved ictinides) uegdwukly  mqmtd in the frpeturrvoid volumeand diffueinto 
the much larger matrix void volume. The SECOTP tnmport code numerically dmulatu the 
diffusion process with a mw tnnda term. Thic Oam the free arotrr molecular 
diffusion of epfh solute, the tDttuosity of the matrix, and the solute co~c~lhation gradimt 
betwe~~thefnctunsandthematrix. 

Jones, T.L., V.A. Kclley , J.F. Piclrms, D.T. Upton, R.L. Bauhdm, and P.B. Davies. 
1992. Integration of Intelpntation Results gflhcer Tcsts Perfomud in the Cld.eb~ 

-> 
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-. Dolomire or rhe Ware Isolarion Pilor Plant Sire. SAND%?-1579. Albuquerque, NM: Sandia 
National Laboratories. 

Beauheim, R.L., and P.B. Davies. 1992. EXperirnCntd Plan for Tracer Testing in the 
Culebra Dolomire cu rhe WIPP Site. Revision A. Albuquerque, NM: Sandia National 
Laboratories. 

;. -.., , 
Comment TO32 

Page 7: I. Technical Comments, A. General, "Dual Porosity" 

. Volume 3, Chapter 1, Page 1-39, L i e  1 
> ? A L  , 

."H;W do& flow model (SEC02D) compare with laboratory results? Is it verifiable?" d. 

Results from the SEC02D code have not been cornpad to labontory mults. This code is 
designed to sirnulaic flow that occurs at a scale that is larger than what could be represented 
in a laboratory experiment. The SEC02D flow code sol= the partial differential flow 
equation for heads in a 2D, confined, h e t c r o g m  aquifer that obeys Darcy'r Law. The 

7 
flow code has ken benchmarked, tested and verified for frredom from coding errors, order 
of convergeaa, and dirreriution consistaq (Roache et 1, 1990). 

Reference 

Roache, P., P.M. Knupp, S. Steinbag, and R.L. Blaiae. 1990. 'Experience with 
Benchmark Test Cves for Groundwater Flow,' F o m  on BendaML Tca Gws for 
Computational Fluid DyMmicr, ASME muid hgineering Division @ring Conference, 
Toronto, On!&, COMda, Junc 47.19L10. 

Page 7: I. Tecbniczl Comment,, A. Garml, Bore of AnhyQite III 

Area Volume 3, Chaptg 2, Page 2-4, Line 14 

"If the base of the Anhydritc III is so important it would scem mase occurate, to create a 
regional contour map of the bPse of the Anhydrite III. The North-South grdogic cross- 
section may not accwnt for all unknowlu.' 



The point is well taken. The exact elevation of the base of Anhydrite ITl beneath the WIPP 
is not well 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 elevation. Regional dips are small, however, 
and the un%zrrainty introduced locally by a limited stntigraphic 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 
o f .  1992 PA). 
.& 

*I' 

&me* ~ 0 3 4  

Page 7: I. Technical Comments, A. General, Top of Bell canyon 

document Volume 3, Chapter 2, Page 2-10 . 
. -- 

"A more accurate value for -the Top of Bell Canyon can k found by the method outlind k 
the comment for the Base of Anhydritc III (above).' 

h 

The point is valid. The exact elevation of the top of the Bell Cmyon Formation beneath the 
WIPP is not well constrained. Well data arc not available for the @on beneath the panels. 
Other methods, including the cmmction of regional contour maps on the base of the unit, 
could have ken used to utimatc itc elevation. As s&n in well and seismic data, however, 
regional dips an small, and the WlCQtaiilty introduad by limited strotignphic control may 
be small compared to the uncabinty in the in&pr&Uh of the depth to the conducting layer 
and the intaprrtation of the conducting laya u brine (see page 5-2 and following text in 
Volume 3 of the 1992 PA). 

Page 7: I. Tscbnicpl Comm~~tr,  A. Genenrl, N W - A n n l ~ g  Dur 

"It would seem using p a n m ~ a s  of sPndstones and substituting them for salt is innppropriate 
because the strtsr chamamWs, the pamab'ity and the porosities arc quitC diffacnt The 
puformance of salt docs not compare to szadstoae.' 



Two-phase characteristics of salt (capillary pressure, relative permeability) have not been 
measured experimentally for WIPP-specific materials. Very little research has been done on 
the twephase 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 finegrained sandstone with bedding and 12 percent 
porosity. The dominant pore geometry consists of intergranular cracks between abutting 
quartz grains and solution pores pamally filled with dolomite. The pameability of this 
sample to brine is 43 microdarcies (-43. x 1@" m3 at 3.4 MPa confining pressure and 24 
microdarcies (- 24. x 10" m3 at 34 MPa confining ~MSUIC. Based on these results, and a 
study of threshold pressure (Davies, 1991), two-phase flow in pure or impw halite units is 
not anticipated. Two-phase flow is confined to the various anhydrite mark beds within the 
Salado Formation, making the selection of two-phase properties in the halite units (except for 
threshold pressure) unimportant. 

References 

Morrow, N.R., J.S. Ward, and K.R. Browa. 1986. 'Rock Matrix and Fracture Analysis 

- of Flow in Western Tight Gas Sands.' 1985 Arrmrol Report, N m  M a i c o  Inninuc of M h h g  
and  techno&^+ DOE/MC/21179-2032. 

Davits, P.B. 1991. hrvllvotion ofthe R& of lhrrshoId Rcvvrr in Contmlling How of 
Waste-Generated i n r ~  Bedded Solr of the Wcrn~ Isohrion RoJ P W .  SAND90-3246. 
Albuquerque, W. Sand'i National Labontoria. 

Page 8: I. Technical Commarts, A. Genaal, Lack of Halite and Polyhalite Chemicd 
Interaction 

Volume 3, Chapta 2, Page 2-28, Line 42. 

"What just- or data This thae to supjmt the cwumnt that 'halik ?nd plyhalite ... aze 
assumed . .. ~ l t  to intemct chemically with my contaminants'? This This is very important 
assumption.' 



This statement is misleading. The statement should say that the salts have limited sorption 
potential, and thereforc do not provide a significant retardation mechani.sm. A conservative 
assumption of 0 for the partition coefficient is used. 

Comment TO37 

Page 8: I. Technical Comments, A. General, Radionuclides for Transport Modeling 

Area in document Volume 3, Chapter 3, Page 3-29, Line 31 

"Why were only nine radionuclides considered in the 1992 PA hansport calculations (and 
solubility estimates) for CH-TRU waste? This needs to be more clearly explained.' 

The answer can kfound in Scction 7.3 of Volume 4 of the 1992 PA. F i  7.3-1 @see 7- 
12 of Volume 4) shows plots of radionuclide inventory through time ia nomalid EPA 
units. With the cxceptiar of Pu-238, only those ndionuclides thnt exist at 1,000 years or 
latginactivit iesgre~tcrthpn1W~EPAuaitsweniacludedia~modeling.  me 
reason for excluding the othas is shaightforwprd: thy arnnot contribute to cxceabg .- 
regulatory limits even if their entire inventory is nlauA. Pu-238 wrs omitted from 
groundwater transport calculatim in e m  and wiU be included in future analyses--it is a 
major factor in total inventory kfon 1,000 yew, but rapidly dmps out of the inventory 
after 1,000 years. H o w e v ~ ,  for the fnaureonly m q o r t  model tnvel tik are 
sufficiently short that some Pu-238 could repeh the PCCeSSibk environment boundpy. The 
effect on fraftun-only transport relases could be signhicant for intrusions occurring befon 
1,000 years. 

Note that the use of the cutoff of lWa EPA units is cautious; the total release limit is 1 EPA 
unit. 

Note also that a tocll of 23 ndiaruclidu wen included in cuttings nlaues, allowing for the 
full wnsidcntioa of sbort-lid species in the cuttings rrle4sa. 

See Appendix D of Volume 4 for mmonnd? describing the usc of this rrpsoninO in 
designing actinide and lrmpod expaimental prognuns. i 

i : 8 



I. Technical Comments, A. General, Excavated Area Underlain by Brine Reservoir 

Area in d o c u m  Volume 3, Chapter 5, Pages 5-2 to 5-1 1 

(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 'sa' 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 mcasunments?~ 

@) "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 theso pressuid brine rescrvoin are ass0ciated with anticlinal structures in the 
upper anhydritc layer then a 3D Survey will clearly, with high confidence, define even 
small closure at this depth. ' P 

* "$  .. \ 

We believe that the geophysical studies arc complete and adequnocly documented. At ,' - --- 
present, we bclieve that the resistivity chvactainton of possible brine distribution benam - the waste panels hu provided information to a level of detail exceeding that provided by on- 
sitclncar-site stratigraphic data prcsc~ltly available. Howmr, we bdieve that the assumption 
rhat any wnductor identified within the Castile is due to the prrscna of brine is rrasonably 
wnscrvative for purposes of PA. 

The Project has investigated and nsdved these issues u fdlows: 

1. The vaiidation (accuracy) of the t m m h t  ele- method to detcct brine was 
done at the same time u the panel survey by running tbe same survey ova the W P - 1 2  
area (brine reservoir p r u a ~ t  known from drilling) and the DOE-1 area (brine rrsavoirs 
absent hown from drilling) (Refaena SANDS7-7144, p. 14, Fig. 3-8). Additional 
validation tvork with scvenl methods was dare prior to the pPnel swey Using the 
hownbrinerrsavdruWIPP-l2lad?nvtificialtpr~up~intbeunderground 
W P  W t y .  ERDA-9 was not drilled dcep amugh into the Castile for most brine 
occumnc# However, the muIU of the dud-induction lop of holc ERDA-9 was used 
directly to @ the resistivity of brine-fire SalpddCastile U t e s  and aahydritcs. 

2. SeismicmetbodswarnotthemethodofchoiafosbrinensavdtdcliaePtonafkthe 
Project's expuience with the original seismic refkcha lines for several reasons: a) 
While seismic studies deheate deformed arcas within the Cvtile (called deformpti0~1 
zone. DZ, in Boms others, 1993). not all anticlinu contain brine rcs~voin. a Drillholes, such u P a ,  hanas of modaatcly de fondbt ik ,  as well as 



drillholes in severely deformed Castile both encounter brine and; b) L a w  velocity -, 

structures produce false anticlines. In 1982, drillhole DOE-1 was drilled into an 
apparent anticline that was based on the seismic surveys. This smmure was nonexistent, 
and the original interpretation was due to the lateral velocity variab:ons; c) it has proven 
difficult to propagate high frequency signals in the portion of the basin; d) brine 
reservoirs arc characterized by a low fracture porosity (1 %), which does not mult in a 
change in velocity much above background variation in velocity. The contrast bawkn 
the resistivity of a brine weir (1 ohm-m) and the backgwnd anhydritc (100 - 
1000 ohm-m) is significant. Several early Project conclusions wac  that (1) seismic 
methods alone arr not sufficient to answer whether brine rrscrvoirs arc under the site 
and (2) gravity methods were not effective in mapping deformaton. 

Considerable development and review went into the selection of methods. Specifically 
for the brine reservoirs in the early 1980s. WIPP began to rtudy methods based on the 
measurement of electrical conductivity or resistivity (for example, 'Controlled Source 
Audio Magneto Telluric-CSW and char~ed bodv-mis-a-h-muse) (Elliot. 1982). 
The basic &sumption is that the brine-chaq-ed fracturrs of a brine &rvoir kill 

. 

rrpnsent a significant conductivity contrast within the Castile. CSAMT was the mahod 
most extensively tried at WIPP during this period (Bytcl and others, 1983) to delimate 
the brine reservoin in the Castile. The EEG sponsored rrvicW of the Sandia prosnm 
for dcha t ing  brine rrsavain yd the CSAMT method by J. Waite (U or A) and Peter 
Hoebtn(GeopbySic4Jn). ' Ih isRviewsugpestedthatWIPP~otba 
electromagnetic mabods spcifically the transient ~~ wthod tJ'EM) aka.  -. 
time domain electromagnuic metbods (TDEM). In 1985, SNL cadudcd validation 
surveys in an area around a known brine oocumace (WIPP 12) us@ sevazl methods 
(CSAMT, TEM, and Frequency Domain Electrormgnetic methods m) with the 
Colorado School of Mina and Phoenix Geaphvsics. Some of the s u m y s  also delineated 
an artificial target placed in the WIPP uadc&&. A n a l p  of &ts concur 
with EEG review recommendations that tnasient (or time-dormin) duXTOrmgn&' '\ 

"Thetcxtonp~0e3-9[ofVdume3] stltesthatcaataiaaue55opllondnrmsorSWBs, 
yet on page 4-11 [of Volume 21 it  sat^ that some 'waste coatninar' will be cornpod of 
organic material. Please explain this diraep9ncy.' 

-\ 
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This is an editorial error: The words "and some waste containers" should be deleted in lines 
11-12 on page 4-11 (Volume 2) . 

Page 9: I. Technical Comments, A. General Comments, Ideal Gas Law 

in d m  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." 

A set of comparative calculations were made using the ideal gac law and several non-ideal 
equations of state. Thesc calculations showed vay Little variation in the calculated propaties 
(< 10%). This amount of umrrPinty has very Little effect on PA cdcuhtions, sinceather 
s o m  of unartainty arc much more important. 

i ' 

(: - Comment TO41 
i 

'.. 
Page 9: I. Technical CommaNs, A. GenaP1, Scncaing Process 

Aria Volume 1, Chapta 4, Page 4-2, Line 13 

"The screnhg process described in detail in the 1991 documentation should be included in 
the EPA PA.' 

The 1992 PA was not intcndrd to be intapnted as a compliance application. Additional 
material will be indudcd as needed in tbe compliance application. 



Comment T042 

Page 9: I. Technical Comments, A. General, Screening 

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." 

The DOE has initiated further evaluation of nuclear criticality. 

Page 9: I. Technical Comments, A. Generai, Screening 

Volume 1, Chapter 4, Page 4-2, Line 13 
- 

'How wi l l  the changes in the repromulgated 40 CFR 191 e m  the Scennrios that are 
included?" 

This question is stiU unda evaluation. No changes in scenarios specific to the 
repromulgation of ,191.15 and Subpart C are identified at this time. Qenrly, the time 
interval that must be con~daed for 191.15 and Subpart C has changed. However, 10,000 yr 
undisturbed performance was already included in the d o  development prarss as the 
base case for 191.13. 

"How are smmio rmcaEpinties propagated tiuougb thc analyses; if scenario @ties 
were included in the prarss, would more d o s  k included?' 

As discussed in Chapter 4 of Volume 2. Section 4.2, stmdu arc canstructed fnnn the 
events and processes that may affect the system in the fu(urr. Unartainties about these 



- events and processes are explicitly considered in the screening process. Those events and 
prom- that survive the screening process @a& 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 estimafion of scenario 
probabilities. 

Comment TO45 

Page 9: I. Technical Comments, 
! ! 

A. Genenl. Screening Roxu \w 
&a m d- 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 rcpositoiy.' 

The text in question has been parapluascd, rather than quoted exactly, in the comment. The 
relevant phrase occurs on line 21, and statu '...the impact of subsidence events will be 
examined in future analyses.' A decision to add consequence modeling of subsidma 
effects to the full PA cannot be made until these analyses yc available. As noted eiscwhere 
in this volume, 'CO~~SCQUQKYS of such pauh mining ... will be ddrwscd in future analyses 
when a threedimensional model for grouadwater flow is available' (Volume 1, 
page 3-11, lines 1619; see also page 63, lines 19-22). A -onaI flow model is 
now opuarioaal and ready for prrliminvy d y w .  

As dirusscd in the cvcnt and process sucmhg tat in Volum 1 of the 1991 PA (SAND91- 
08931 1, page 4-35, liuu 7-13), subrideace over mina hs the potmtipl to affect regional 
groundwater flow both by mating catchment basins at the surfice (changing recharge) and 
by fracturing hydrostratiOnphic units (altaing hydraulic conductivity). 

The fulll paint hae, that mining should be COllSidaul within the amtroIled a m ,  is a point 
of regulatory intcrpretuioa. The wording of Appendix C of 40 CFR 191 indicates that 
systematic exploitation can be effectively d e f d  by controls. Mining is such a systematic 
process and does not occur inadvertently and intermittently. 



Page 10: I. Technical Comments, A. General, Probabilities 

Area in documa Volume 1, Chapter 4, Page 4-2 

"How are the probabilities used in the cutoff comparison found, calculated, etc. This 
explanation should be within the PA." 

As the text on page 4-2 of Volume 1 notes, this information is summarized in Chapter 4 of 
Volume 2 and described in detail in Volume 1 of the 1991 PA (SAND91-0893). 

Commentm7 

Page 10: I. Technical Comments, A. Genaal. Probabiities 

Bna Volume 1, Chapta 4, Page 4-2 

"What arc the expected probabilities for ach s d o ?  T k y  should k stvcd on the same 
page as the event tree or on the event tree.' 

The event tree displays summary OCQliVios, as descrikd in mom detail in Section 3.2.2 of 
Volume 2. These summary scenarios arc furtha subdivided into computational scenarios on 
the basis of time and number of intmions, as discusscd in detail in Chpper 2 of Volume 4 
ofthe 1992PA.ProbPbilitiesestimattdusinpthePoirroamodelforintrusionpnassigaedto 
comptat ionalscaur io5 ,nthathvl tothesumm~y~,Mdthaef0r~arnnotbe  
displayed on Figure 4-1 as rcquestcd. PIobsbilitiu for selccttd computltioapl scuurios arc 
givm in table fonn in Chapter 2 of Vdume 4 for spa5& duu of the Po- rate constant. 

Ar*r volume 1, Chnpa 4, Page 4-2, Line 10 

"All of the events pl?ccd in the 'base case' need to be dewhd in detail witb an expladm 
of how the event probability was developed and provide justifidon for p k h g  these 
scaurios in the base case.' 

-. 
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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 TO49 

Page 10: I. Technical Comments, A. General, Nearby Borehola as Communication 
Pathways 

Area in document Volume 1, Page 4-4; Volume 2, Page 2-16 

"Have you considered transport to and through boreholes 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)' -= _ 

.J * T. ' -1 

"Is it possible for the high drilling density around the WIPP site to cause salt dis&kim '! 
much like in oil and gas fields in Pecos County, Texas? Should this scenario be ' 

considered?' - 
The issue of the consequences of "near misses" potentially affects the compliance analysis 
and will be reexamined and evaluated. Ratu of brine flow from the repository to a "near 
miss' were uamined quantitatively in 1991 in mpcmx to commenfr by the EEG on the 
1990 PA. Results of thee analyscs are reported in pages E l 8  tbw@ E 2 6  of Volume 1 of 
the 1991 PA (SAND91-089311). For the lssumptiow of t h e  analyses (including no l a d  
development of the DRZ), flow rates wen &own to darrPse more than two orders of 
magnitude 0.25 m from the waste. Flow was decreased furtha at grata distances. Based 
ontheseyulysts ,PAQ)IIC1udcdthundim~relcoaesupa~lethatdircctly 
penetntaitheanstcwouldbe~thauthosefroma'nc4tmiY.' 

The Project is cumntly investigating the iyue of existing and future boreholes that could 
alter the vertical flow regime. Thncdimasiorul regional flow modeling is in progress to 
pennit evaluation of possible colwcpwaca. 

The Project has alreadyalreadyin&gatcd and resolved the issue of dissolution of salt by oil field 
drilling and work is complete. Dissolution of salt by oil field drilling has ken considered 
quantitatively in the past bythe WJPP Project (re Christensen et al., 1983), although not on 
the scale proposed hue. pmri0~1'work has indicated that dissolution by freshwater flowing 
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through a single well does not pose a threat to the W P .  Possible effects of high-density -. 
drilling outside the controlled area can be evaluated for inclusion in the system prioritization. 
Highdensity drilling within the controlled area constitutes an intrusion s d o  more severe 
than "inadvertent and intermittent.. .exploratory drilling. " 

Christensen, C.L., C.W. Gulick, and S.J. Lambert. 1983. S e d n g  C o w e p ~  for the Ware  
Isolation Pilot Plant (WZPP) Site. SAND81-2195. Albuquerque, NM: Sandii National 
Laboratories. 

Page 10: Section: I. Technical Comments, A. General. Thennal Effect of Pu-238 

General 

'Has the thermal effect of ?u-238 ken taken into account in PA Analyses? What would i& 
effect be?' 

1 

It is assumed that the comment refers to the thermal laad of radioactive wutc. J d c a t i o n  
for ignoring dioactive induced thennal effcas is give0 in Butcher and Mcndenhnll(1993, 
Seaion 3.7, page 3-26). 

In addition, the Pafonnancc Asummt Deportment looked into this issue and concluded a 
muimum~mpultureriseof2'Cintherepositoryfollingto1'C1Ra80ye~n(Voluple , 

I,   age 4-50 of the 1991 PA (SAND91-0893fl~. / ,  

Butcher, B.M., ?pd F. T. P&n&nhd. 1993. A #the MadcIr Usedm the 
M e ~ h o n i c c r l ~ # ~ R o a r u f n r l u W a ~ e L w l a t k m P l l o t P S 4 N n & h R c ~ &  
ComplioKL with 40 CFR 191. Subpan B. SAND92-0427. Albuqua~ue, NM: Sandia 
Natiolul lAa&uh.  



Page 11: I. Technical Comments, A. General, Shaft Seals and Salt Backfill 

A m d o c u m e n t  General 

".,at isue is the behavior of the clay (bentonite) units "sandwiched' between concrete "iy ! 
Resrxrnse 

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 Wccly to innude into all exposed fractum 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 frachlring due to the swelling. 

Nowak, E.J., J.R. Tierson, and T.M. Torres. 1990. Initial Rcfcn?mx Scd Syston Desigc - Waste Isolaiion Pilot Piant. SAND9W3U.  Albuquaque, NM: Sandia National 
Labontolies. 

Page 11: I. Technical Comments, A. General, Shaft Seals and Salt BacldiU ' 

(Paraphrase) Numerous Jpcific Questions are offered related to the removal of shaft linen. 
The essence of the qualions is clpturrd by: Is it necessary to remove the lina? Can this be 
done safely? Whu are the c o n s e q ~ ?  

The questim of whether or not to remove the shaft linas (or portions of them) remains an 
active question within the WLPP scaling program. It is d m  that if the liners need to k 
removed in order to wurr effective Y415, rhey om and will k w e d .  Saf~ rrnrovll of 
portimsofshafflinashukeal~~~mplishedin~CYlsbPduainneprbypotvh~ 
shafts. Only small amounts of water intlow hnve ken atcounted dwkg ~oastnrtion 
operations and drillin8 opaations mducted in the WIPP shafts. Design and paformvlc~ 



considerations for the W P  shaft seals generally stress reliance upon the wmponenu placed 
A 

w~thin 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 linen. Detailed design descriptions to be included in wmpliance documentation wJ1 
describe whether or not removal is mended and (if needed) procedum for the safe removal 
of this material. e 

C o m m a  TO53 

Page 11-12: I. Technical Comments, A. General, Shaft Seals and Salt B a c m  w 

"Compaction details have not been provided which may further impact on the method in 
which the b a c H  is emplaced and the effcctivaess of the backtYl as a seal.' 

This. is an ongoing &a of significant effort. While the Small-Scale Sal Test Program in 
Test Series C and D have provided (see summary in Finley and T i  [1992]) an 
indidon that an initial relative density of about 80% cau k &bed .  ldditional 
demonstrrti0~utplaMedtodetamiaeifankOive~ofrtlart85%ankichicvcd. 
These additional demonstrations are part of the plm& Largc-&ak Seal Tests proposed for 

- 
the WIPP. Results of the demon- are intaded to be part of the compliyla 
documentation. 

Finley, R.E., and J.R. Tihson. 1992. WPP .%hall Sca& Seal Pe&rmance TW - Stam 
and Impacts. SAND91-2247. Albq~aqut ,  NM: SMdia Nltioapl m. 

Page 12: I. Technical Comments, A. G d ,  ShPft SePls and Sllt Brldill 



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 k no reason to do funha 
evaluation of the behavior of blocks. On the other hand, if the use of pmmpactcd blocks 
of crushed salt becomes the preferred technology, evaluations of phenomena such as this will 
be completed. 

Comment TO55 6' ' '  
*" 

/ r r  d , , . , . .".~ Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill : v. .' j 

'...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 pro-vided. Such information is necessary to establish the practicality of the 
approach. ' 

- 
If blocks are to be used in the shafts as pnrt of the scaling approach, there is no question but 
that the practicality of their emplacemmt must be established. In the Small-Scale Seal 
Performance tests, the feasibility of making Md emplacing blocks wu demonstrated. At the 
present time however, efforts are focusing on evaluating methods for in-place compaction of 
crushed salt. If this technology can be demOllStratCd to achieve the desired degne of 
compaction, it offers advantages related to cost ad safety. Danonstation trns are currently 
being planned which will evaluate the degree of compPction thpt can be achimd. If in-place 
compaction of the cnwhcd salt is successful, thae will be no rtvon to further evaluate the 
behavior of blocks. On the other haad, if the use of precomppctcd blocks of aushcd salt 
becomes the p n f d  technology, evaluations of the prrctiality of full-scale placemalt of 
blocks wiU be initiated. rrwstl.r, of the plaaned vquena of evaluations, the use of salt 

EPA 



Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill 

Brea 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 w m c t  to say that SNL has recommended this 
bacldill but that DOE has made no commitment to use it?" 

The EPA suggested statement is correct. SAN'D90-3074 discusses the scientific aspects of 
crushed saltlbentonite b a c w  but no determination has yet been made. B a c k 3  will be 
considered in the SPM. 

Butcher, B. M.,1991, lk Advantages of SoIr/&ntonire m U f o r  the WIPP Disposal 
Rooms, SAND90-30'74, Albuquerque, NM: Sandia National Labommi-. 

(Rutatemart) What data arc thae to support tbe a.uumed long-term permeabilities in the 
shaft Jcals? 

-I 
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Hansen, F.D., G.D. Callahan, and L.L. Van Sambeek. 1993. "Reconsolidation of Salt y 
Applied to Permanent Seals for the Waste Isolation Pilot Plant,' 3nl Conference on rk 
Mechanical Behavior of Salr, September 14-1 6, 1993, Ecole PoIytechniqu, 91 129 Polaiseau, 
Ceder-France. 

Page 12: 1. Technical Comments, A. General, Shaft Seals and Salt Backfill 

Area in documq Volume 2, Page 2-48 

"What is the lih'hood that the panel and shaft seals will k able to prevent migration 
through MB-139, both under the excavation and away from the excavation in the Disturbed 
Rock Zone?" 

The shaft seals uc not designed to prevent lvaal migration thrwgh MB139: flow up the 
shafts from ME139 would be vay limited by the combination of short and long tam 

h 
components included in the shaft system. 

The scaling conc(ptr for the WIPP panel scPls (see Nowak et d. [lm) include provisions 
for grouting of the Marker Beds or the DRZ in the halite u necessPry to limit flow. 
Effective plwment of grwt into Markm Bed 139 has been part of the technology '\ ', 
development activities performed unda the diredim of Sandia National Laboratories. 
Specifically, as indi*ltcd in the test plan for the Small-Sale Sal Pcrfonnancc Ttst-Series F 
(Ahms, 1992). Ulis undaground tut at the WIPP was "intended to demonstrate cquipmmt 
and techniquu for producing, injecting, and evaluating mimfine cementitiw grout.' The 
grouting was completed in Much, 1993, aad the final report is currrntly being prepucd. 

From the standpoint of hag-term performana of the disposal system, the staling of the 
m a r h r b e d i n t h e ~ v i c i n i t y o f t h e w v t c r o o m s i s o f l i a l e ~ ~ ~ ~ e ~ ~ s i n c e ~  
conditi~ll~willaistwithintbeacarvicinityofthe~~~~Mtiaa. I t i s thatv irg incondi th~ 
that provide tbc robust antunl barrier to contaminant tnnspon The project is currclltly 
evaluating the ahmtnga of sealing these units, however, from an operational stand~~int. 

Refmnces 

Nowak, E.J.. J.R. T 990. Initial Rcfenncc Seal Q s m  Dcn'gn: 
Ware lsolarion Pilor , NM: Saudia Nzbional 
Labomtoria. 



Ahrens, Emst H. 1992. Test Plan - Sealing of :hz Disturbed Rock Zone pm), In&&ng 
Marker Bed 139 WE1391 and rhe Overlying Haii:::, Below the Repsitory Horiwn, ot the -, 

Waste Isolarion Pilot Plant - Small-Scale Seal Performance Test - Series F. Albuquerque, 
NM: Sandia National Laboratories. 

Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill 

Area in d o c u m  Volume 2, Pages 2-48 and 2-50 

"It is comctly stated that the current backfill design (which is wed in the 1992 PA 
calculations) is "pure, unconsolidated crushed salt with a relatively high permeability that 
provides little resistance to fluid flow." Salt and bentonite backfdl have becn studied and said 
to be availab1e if necded. However, the PA has not yU nponrd any analyses to indicate the 
benefits this mixture might provide.' 

OptimizatonMllystshavenotkcn@Ormcd.~senr i t iv i ty~sesshowingthe 
potential knefitr of reducing porosity and permeability within the wuPdispoaPt area were 
performed using the 1989 PA modclhg system and reporrcd in Bertram-Haway and Swift 
(1990). 

Butcher, B.M. 1991. Ihc Adwntcrgw @a S a k ~  lh&Wfir Wcrctc Isohrion Pilot 
Plant Disposal RocmrP. SAND%)-3074. Albuquerque, NM: spadip National Laboratories. 

Baham-Rowcry, S.G., mdP.N. Swift. 1990. Sfam &PO*: R ~ d a l f i r  Long-Tern 
Isoiation by tkc WSU Lwlodon Pilor PIOllt DLIposol asran SAND90-0616. Albuquerque, 
NM: Sladii N & d  LPbarrtaies. 

-. 
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Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill 

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. " 

Analyses have not h performed, but backfill consolidation is estimated to occur sn rapidly 
that reduction of the initial void space would comspond to accelerating closure by no more 
than 10 y*m. Crushed-salt porosities are estimated to decrease to less than 10% within 40 
years. For this reason, control of initial emplacement density is considered unimportant, as 
discussed in Butcher and Mendenhall (1993, page 42). 

Reference 

Butcher, B.M., and F. T. Mendmhall. 1993. A Swnnuuy ofthe Models Used for the 
Mechanical Response of Dicposal Roomr in the Wcuu Isohtion Riot Phnt with R e g a d  w 
Compliance with 40 CFR 191, Subpolr B. SAND92-0427. Albuquerque, NM: SYdi? 
National Laboratories. - 

~. 
1 ;;~,, Page 12-13: I. Technial Comments, A. G d ,  Shaft Sals  and Salt Backfill I :% -. e ::.: 

Volume 2, Pages 248 and 2-50 k, . 
' C  

"The design of backfill is part of the engineacd altaaatives (mgineaed barriar) issue and 
evaluations of relative knefits should be included.' 



Page 13: I. Technical Comments, B. Additional General Comments 

Area in d- Volume 1, Page 6- 1, Line 9 

"The statement that the PA Department has a high level of confidence, etc., is perhaps 
premature." 

The 1992 PA was not intended as a compliice application. The sentence in question does 
not say that the PA Department is confident that compliance has kcn demonsmted. 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 

Page 13: I. Technical Comments, B. Additional General Comments 

Arep Volume 1, Page 6 2 ,  Lines 2@28 - 
"More documentation is needed k f m  it cm be umcluded 'that no rodionuclides will reach 
the d b l e  environment from the undisturbed repository for 10,000 years." 

The 1992 PA was not intended to k a compliance application. More documentation will be 
provided in the compliance application. 'Lh Format and Contmt Guide prwides a mapshot 
of the co-vc nature of the appliatioa. 

'Any umclusim about the Groundwata Protcction Rapkenmu arc premature 
since these requirements have ken changed in the rqmmdgata l  stnadud.' 



Conclusions for the 1992 PA were based on 40 CFR 191 as it existed at that time. AU 
aspects of 40 CFR 191, including those portions repromulgated in December 1993, will be 
incorporated in future performance assessments. The specific umclusion about the abity to 
meet the Groundwater Protection Requirements depended only on the rcportcd mutts (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 basccav 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,COO-year performance of natural and engineered barriers and 
excluding human intrusion and unlikely natural events, as defined in 8191.12@).' Thus, the 
10,000 year issue has M y  been addressed for the undisturbed caw, 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 relavd from the disposal system for 
undisturbed performance. The results of any future performance assusmat calculations 
wnducted using different chceptual models, probability distributions, etc., will of course be 
evaluated for compliance with the Groundwater Protection Requirements. 

The concentration l i m b  for the Groundwater Protection Rcquirrmen ts 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 (MCL,) from 40 CFR 141 (5 Kin for 
Ra-226 and Ra-228; 15 Kin for gross alpha particle activity; 4 mmn/yr for beta particla 
and photon radioactivity). Those MCLa have not bcen changed sins, and are now officially 
incorporated into 40 CFR 191. The definition of the groundwata that is to be protected did 
change between the 1985 (special  source^ of groundwater) and 1993 (undagrwnd sources of 
drinking water) versions of 40 CFR 191. The mised definition m y  cause programmatic 
changes if W E  is required to identify all potential u n d q m d  sources of M g  water. 
As stated in a paper m t l y  pnsented at the Waste U w a g a m t  '94 coafaeace (Tmuth et 
al., l994), w e p r o p o s e t o ~ w h e n m d i f ~ s a r r c e s o f d r i n k i n g w a t a  
should be identified and chylctmized (i.e.. when such a &mUmmlm 

. . 
willprovide; 8 

pertinent infonuation for a compliance application). Briefly, identifiation and t 
characterizatim of USDWs should not be rapired if w radionuclide rele?sts to the 
accessible environment are mctcd for 10,000 yarn or if 10,000 year peak predicted . 
releases to the leceyible environment are less than or equal to the applicable Maximum 
Contaminant Imls (MCL,). USDWs along the pathway should be identificd and 
characterized if peak predicted rel*rses to the lccwible environment for 10,000 yCUS 
greater than the MCLs. 

6 
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Trauth, K.M., S.G, Bemam, 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 Managemem '94 Conference, W o n ,  AZ, February 27-Mmh 3, 1994. 

Comment 

Page 13: I. Technical Comments, B. Additional General Comments 

Volume 1,  Page 8-2 (first paragraph) 

"The following needs in performance assessment should be added to thox 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 pameten;' 

ResDonpe 

The r c f d  page does not exist. Tbe uuwa is givcn assuming tbe question nfas to 
page 6.3 of Volume 1. -- 
The conam is appmpriate and the DOE looks forwvd to discwsim with the EPA in this 
matts. 

Commmt- 

Page 13: I. Technical Commmts, B. A d d i t i d  GaKnl Comments 

Aria Volume 1, Page 8-2 (firs pengnph) 

(2) the inclusioll of the sawku rscommended elsewhae in thue c~mm~lts;' 

The rcfrrmced page Qes not exist. The following response is given aYuming the qucaim 
n f a s  to page 8 3  f volume 1. 

< 
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I- 
Scenario development is an ongoing process and the suggested events will be considered for 
inclusion. 

Comment To67 

Page 13: I. Technical Comments, B. Additional General Comments 

Area Volume 1, Page 8-2 (fust 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 
$ventory has not been treated as an &xrk& wiable, even though the PA sta& that 
uncertainty in this inventory is large [Volume 2, page 2-51])." 

The ,ref- Me does imt exist. The following response is given assuming the question 
refers to page 6 3  of Volume 1. 

- Becaw 40 CFR 191 seu limits on the probability of ndionuclide rrlases that have been 
normalized to the total trmsuruic inventory in the systan, prformpnce is not likdy to be 
strongly sensitive to UllCQtainty in the radionuclide. This obsavation has not been tested by 
formal sensitivity analyses, but can k parti?lly supported by comparison of the 1991 and 
1992 preliminary PAS, which used different inventories. Unartainty in the radionuclide 
inventory wil l  be considad in future cvalultim. 

Commmt TO68 

Page 13' :'. Technical Commcllts, B. A d d i t i d  Genal Comments 
- r  

Vdocnmcnt~alume 2 Plge 3-18, (Line 5) 
/ .<. . ;. . 

"Is temperahup a wirble in BRAGFLO?' 

Rtswnse 



Butcher, B.M., and F. T. Mendenhall. 1993. A Swnmclry of the M&Lr Used for the 
Mechanical R r c p o ~ e  of Disposal Rooms in the Waste Isolarion Pilor Plont with Regard to 
Compliance with 40 CFR 191, Subpan B. SAND92-0427. Albuquerque, NM: Sandia 
National Laboratories. 

Comment- 

Page 14: I. Technical Comments, C. General Geology and Hydrology 

Aria 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?' 

Reswnr 

A threedimensional computer model of r e g i d  groundwam flow is being developed. This 
model use a free wrfwlscep~ge face u the upper boundaty. This model is designed to 
simulate areas of discharge and recharge, and pottans of grwadwata flow for assumcd 
spatial md temporal distributions of maximum potmtipl infiltration to tbe water table. TRc - 
ProjcctisusingthismodeltoevPlulbthedtivityofcompliMoetothisiuue. 5 

7. ,, L " -3 ' > . 
1 

Comment TO70 " ' ?Y 
\<41 

Page 14: I. Technical Comments, C. Gmaal Geology and Hydrology, Low Values of Total 
Dissolved Solids 

Volume 2, Chpta 2, Page 2-34 

(a) "WhatistheexplYrttiaoforthewellswiththelowTDS?' 
? 

(b) 'Whatisthe in all the potential aquifax?' a 

Rwwnse 
.-- 

(a) Hypotbescs anrcaning the possible lack of coasistcncy behkr&n infared north-to south 
flow in the Culebra and hydrochemial faciu 9n dimuwd on page 2-36, lina 11 - 20. A h  
see nspaue to the comment from the EPA documnt, pnoe 19 ( I. Technicd Comm~ltr, C. 
Genual Geology and Hydrology, Groundwzta Flow and Hydroseochemical F a c ~ c ~  
Differences). 

D O u w I p p - % - ~ 3  1-52 EPA C o m m c ~ ~  



@) For this response, "potential aquifers" is assumed to mean Potential Underground - Sources of Drinking Water, as defined in Subpart C to 40 CFR Pan 191, in sham above the 
Salado Formation. The principal stratigraphic units hown to k able to produce sufficient 
amounts of water are the Culebra and Magenta dolomites. The TDS of watcn in these units 
is summarized on page 2-34, lines 24 - 31 in Volume 2 of the 1992 PA. Mea~urrd TDS 
values from drill holes in the vicinity of WIPP are given in Table 2-2 of Siege1 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 soma 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 it 
characterization of USDWs should not k requid if no radionuclide Aeaws to the 
accessible environment are predicted for 10,KXl 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 k identified and 
characterized if peak predicted releases to the accessible environment for 10,000 years are 
grrata than the MCLs. 

Refennces 

Siegel, M.D., S.J. Lunbert, and K.L. Robinson, cds. 1991. tfydrogeochemicul Sncrk'es of 
.- the Rustier Formotion a& R r W  Rocb in the Waste Isolorion Pibt Phnr Arca, 

Swrhcuuern New Maico .  SAND88-0196. Albqupgut, NM: Sladia National 
Laboratories. 

Trauth, K.M., S.G. Bertram, and B. Bower. 1994. ' Cawdcmi01w for Guidance for 
Radioactive Waste Disposal Arising from Rulu Uada 40 CFR 191 and 40 CFR 194," 
Proceedings of Wasa Managonmt '91 CbgTmnw. k w n ,  AZ. F e b n ~ m y  27-Man3 3, 1994. 

Page 14: I. Tedmical Commma, C. Gcaad Geology and Hydrology, Low Value$ dif 
Total biudved Salidr i 1 

*.' 
Arra wa= 2, chapta 2. 

'How much uncarainty reduction in aquifa duvactaistics would thae be if DOE drilled 
more test welh mar the conl~~lled area?' 



The Project quests  clarification of this question to insure that the response is a p p ~ r i a t c .  
We are unclear whether the reviewer is concerned about: 1) the errors of estimation of total 
dissolved solids at unmeasured locations near the conrrolled area, or 2) the effect of the 
uncertainty in total dissolved solids on estimates of transmissivity or other aquifa propaties. 

The Project believes that there will always be uncutainty in aquifer characteristics, and that 
the acceptable level of uncerrainty is related to the effect of that uncertainty on regulatory 
performance measures. 

Page 14: I. Technical Comments, C. General h l o g y  and Hydrology, Groundwater Flow 
above the Salado Formation 

"Current and historical head measurements of the weUI pen-ting post-Salado strata would 
be helpful in interpreting the significance of seasoad or annual fluctuations in the reported 
jmtentiometric surface. ' 

Hydrographs for all w e b  at the WIPP site am pnsartcd in Hydrologic Dakt Reports XI-8 
(Hydro Geo Chem, Inc., 1985; In- Technologies, Inc. lad Hydro Geo Chem, Inc., 
1985a,b; Saulnia et al., 1987, Staurud et al., 198&,b; Stmsrud et al., 1990). Richey 
(1987), and Cauffman et al. (1990). No fluchlatiaw related to seasod or mud cycles, 
have ever b identiticd nor, given the dcpth and dc@t~ of confiacmeat of R e  fq, 
Formation units at the WIPP site, are any expcted to occur. ^i 

SAND8S-7263. Albuquerque, NM: Sandia Natiaaal hbfmWrh. 
Inten Technologia, Inc., aad Hydro Geo Chem, Iac. 1985b. W P P  Hydmloogy h g m  
Waste Isohion Pilot Plnnt, &&heasten Ncw Mexico Rydrologic Data Repott X3. 



- SAND86-7109. Albuquerque, NM: Sandia National Laboratories. 

Saulnier, G.J., Jr., G.A. Freeze, and W.A. Stensrud. 1987. WIPP Hydrology Program, 
W a m  Isolan'on Pilot PIant, Southeatfern New Mexico, mrologic Dara Repon #4. 
SAND867166. 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 Hydmlogy Program, %'asre Isolon'on A'h Plant, Southeastem New Mexico, 
Hydrologic Data Repon #5. SAND87-7125. Albquaque, NM: Sandia National 
Laboratories. 

Stensrud, W.A., M.A. Bame, K.D. LanQ, T.L. Cauffman, J.B. Palmer, and G.J. Saulnier, 
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C o m m e n t m  

Page 14-15: I. Tcchaial Comments, C. Genaal Geology and Hydrology, Ground- 
Flow above tk Slldo Fonuation, Groundmrta gc~~hemistty 

"Infared north to south groundwater flow direUim in the CulebrP Dolomite (based on the 
potcntiomeaic mrkc in the Culebn Dolomite) are inconsistmt with the distribution of 
geochemical facies in the Culebra groundwaters (salinities from north tu south). 



Attempts are made to explain this apparent discrepancy, but alternative working hypotheses 
-. should be explored, including the possibility that the potentiometric surface is inaccurate.' 

The comment notes that several hypotheses have bem advanced to explain the apparent 
discrepancy, but that additional (alternative) hypotbeses should be explored. This issue affects 
the compliance analysis in that it relates to alternative collccptual models of groundwater 
flow in the Culebn. Additional work to evaluate alternative hypotheses concerning Culebn 
geochemistry will be considered for inclusion in the systems prioritization. 

The Project will record the issue that the potentiometric surficc might be inaccurate. Pending 
the outcome of the systems prioritization, the Project may consider this issue. It should be 
noted that, becaur of variations in fluid dmsity, the potentiornetric surface is not the best 
indicator of flow d i t i o n s .  Instead, calculated velocity fields should be used. Thesc depend 
on measured values of pressure, fluid density, and tmnsmissivity, as well as the assumptions 
of the model used to calculate them. 

See also responsu to comments in the EPA documart, p. 14 ( I. Technical Comments, C. 
General Geoiogy a d  Hydrology, Low Valucs of Total Diyolved Solids); p. 18 ( I. 
Technical Comments, C. Genaal Geology and Hydrology, Groundwater Transmissivity 
Fields); and p. 19 ( I. Technial Commcnu, C. Gamal Geology and Hydrology, 
Groundwater Flow and Hydrogeochemical Fries Diff- ). 

-, 

Page 15: I. Technical Comm~lts, C. GaKnl Geology and Hydrology L .. 

"Points of groundwWr recharge and dixharge into post-Salado strata are very poorly 
coastmki. Further Jtudy is neuied to document imporornt aspects of the hydrology %$.. .a' . . 
pass the WIPP site.' &.e 

A computer model of regional groundwota flow is king developed. This 
m o d e l u s e s a f r r e a r r f i a / s c e p n g e ~ ~ t h e u p p a b a m d p r y . T h i s m o d e l i s ~ t o  
simulate areas of discharge md mharge, and ppcrans of gmundwat~ 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 isme to compliance. 



A 
Comment TO75 

Page 15: I. Techmcal Comments, C. General Geology and Hydrology. Hydrologic 
Parameters 

(a) 'It is not clear why only horizontal fracturrs were used in PA models for the Culcbra 
Dolomite member (Volume 3, p. 2-85), as v d c a l  fractura are mon W l y  to have greater 
connectivity in most subsurface environments.' 

@) "More data need to be acquired for all relevant stratigraphic units at the WIPP site (i.e., 
Castile through Dewey Lake Redbeds.' 

(a) When modeling a formation as a dual-porosity continuum, the actual orientations of 
frachues arc unimportant. The modeled fiactum arc not used to provide connections 
between points. The important fracture puam#m to k clpturcd in the models are the 
fraaun porosity, which win canlrol the flow velocity, and the nrrfice area of the hrtures, 
which~con~1thevnountofrmtriXdiffurontbptaxws. Asl~~~guthefncturr 
porosityanduufactualarcheptcoastmt,itdoes~1m~mifthefncbuesaremodeledu 
single sets of horizontal or vertical fractum or as three orthogonal s e b  of frxturu. Single . - sets of horizontal fractum ace the simplest to model, so that is what PA has used. 

@) The need for additional hydrologic data for various stntiOnphic units may be considered 
for inclusion in the SP. 

Page 16: I. Technical ComrnCILts, C. Gamal Geology a d  Hydrology, Ground 
Tlansmissivity F i  

Volume 2, Section 7.5 and Appardix D 



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 calibntion. The important point is that the flow 
portion of the code (SWIFT used for the calibration solves differential equations 
formulated in terms of pressure. Variations in density arc fully accounted for in the code. In 
these calibrations, it is assumed that the density of wata varies with position but is fixed in 
time. The evolution of the chemistry of Culebn watm is not sufficiently well understood to 
determine if the assumption that the density distribution does not change over long periods of 
time is valid. 

Page 16: I. Technical Comments, C. General Geology and Hydrology, Groundwater 
Transmissivity Fields 

Volume 2, Section 7.5 and Appendix D 

'...Simulations which arc bved on equivalcnt freshwater head m y  produce c m n m u  
velocity magnitudes and flow directions in this aiticll uc~.' 

Set prrceding rrsponse. TnnsmiYivity fields calibrption accuuner for vatiable dauity. The 
SECO-FLOW calculations in the 1992 PA uscd the c?libnted transmissivity fields but 
assumed constant fluid density. Modifations to SECOFLOW now pennit variable-density 
flow calculations in PA. 

Comment T078 
:"- :-, . ". 

Page 16: I. Technial Comments, Gara;rl Geology Hydrology, ~roundwat~:' 'I.? . ' - ~ ,  

.. 
. ... 

Tnwmissivity F i  ;Y'~,&, 
!? . , . , 

5 5 ,  i 



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 mamissivity 
field. The measured transmissivitie~ were prrscrved in the ~ g c d  transmissivity fields, 
within the estimated error bounds of the rneasurcments. When the model domain was 
discretized into grid blocks, however, average values of the w e d  field were calculated for 
and assigned to each grid block. Therefon, 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 a u n t .  All analyses were done in 
terms of pressure changes, not water-level changes, providing results in the form of 
permeability-thickness products, not transmissivitics. Transmissivities were then calculated 
based 0% the brine density at each location. Aquifer-test analysis  procedure^ arc discussed in 
Beauhcirn (1989). 

LaVenue, A.M., T.L. Cwffmul, and J.F. Pic-. 1990. Growd- Water Flow Modeling of 
the W b r a  Dobmiu. V o w  I: Model Calibration. SAND89-706811. Albuquaquc, NM - Sandii National Laboratories. 

Beauheim, R.L. 1989. Inrcrpnrruion of H-I1M HydrerJic Tests and the H-11 Mullipad 
Pwnping Test of the W b m  Dobmiu at the Wosrc Isolation Pilot P h  m P P )  Site. 
SAND89-0536. Albuquerque, NM Sandia N a t i d  Laboratories. 

Page 1617: 1. TechnicPl Commntr, C. GenaPl Geolo%y lad Hydrology, Culebp 
Transmissivity 

"TransmissiviQ values obtained from the testr should also have been converted to hydraulic 
conductivitia due to thc PYumption of a unifonn thicknus over the area. If tryumissivity 
valuu were used PI calibration points directly, they would have ken in aror by a factor of 
the effective thickness venu thc assumed mOdcl thicknem of 7.7 mums.' 

Y 



The hydraulic tests within the Culebra were interpreted using the full thickness of the 
Culebra because the wells arc fully screened across the Culebra. Givm 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 transmissivitics arc 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 precess of calibrating the model to the measured steady- 
state and transient pressures. .. $*.. 

Camment T080 

Page 17: I. Technical Comments, C. General Geology and Hydrology, Culebra 
Transmissivity, Grid Sensitivity 

Aria Volume 2, Chapter 2, Page 2-34 

'Ascnsitivityyulyrismthefinitc-differrncegridthztwuuscdtogcna~etheM 
hansmissivity fields should be perfofilyd. ... A fina grid may lad to significantly diffemt 
transmissivity fields and should be evaluated.' 

The Project has recently begun a local Pcalc modeling effort with a much grid to 
investigate the transmissivity distribution within the near field (i.e., within the WLPP site). 
Homer, the numerial grid used in the 1992 PA flow reodeling was designed to represent 
the regional groundwater flow uurOunding the WIPP site and the transient mats which have 
beenconddwithinthWIPP-siteboundpy. T h c N x 5 7 x  lgriducsdinthemodefhar 
larger grid bloch (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 bouadyy whae the &at t e a  have 
been conducted. Tbe grid raolution is klicved lcceppble giwn the objectives of the 
modeling sbdy (i.c, to deoamine phusible reqioapl m v i t y  disaibutioas within the 
Culebra). 

Diffamt gridc (dtba co~rscr or fk) may lead to difFaent tmumhivity fields because the 
inverse procedurr identitics e&ctive or avaage trpnsmisrvity valua at the sale of the grid. 
Diffacnces in transmiasivity values using prids with difFaent resdutim may rek t  a scPling 
property of hansmissivity, rather than indicating ~)11~01lvergence of the inwfsc problem. 
Convergence of the tnvd time distribution is important, but thaI convergence of 
transmissivity estimates themselves may not be expeacd, and is not csscntial by itself. 



Page 18: I. Technical Comments, C. General Geology and Hydrology, Culebn 
transmissivity, Boundary condition uncertainty 

Volume 2, Chapter 2, Page 2-34 

"The uncertainty with which the system boundary conditions arc understood has serious 
implications . . . the current approach that has bem taken to obtain the 70 transmissivity fields 
does not evaluate the sensitivity of the o v d  model ~ ~ ~ u l t s  to the boundary conditions.' 

The Project is currently investigating this issue through the development of a three- 
dimensional model to assess vernal recharge into the Culebn. 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 wen estimated from regional water-level 
measurements and by spcciQ& Nuh Draw as a neflow boundvy condition. The south- 
western boundary condition hu some Uncertainty due to the variation in wata-lml 
measurements in ttiis area. 

Note that the horizontal boundary caditions may not produce s i & ~ t  changes to - transmissivitiu within the WIPP-site bouadvy given the conceptull model used in 1992. 
This is because of the signifiant influaxe Aat the l n m h t  pumping tests have tud upon the 
Culebra. nKse tests have stnssed the Culebra to the exmt that the effect of boundary 
conditions is small. /--% 

u- 
Page 18: I. Technical Comments, C. Genaol Geology yd Hydrology, Groundwater 
Tlammissivity Ficlds 

(Summary) 'Ihir pnragnph contains two points: 

It is unclear why more ern- i n t h e p e r f o r r r r m c e ~ t  has hunotppl?ada 
integrating the geochemical data with the hydrogeological data to form a cohesive 
conceptual model(s). 



It is possible that regions of higher transmissivity are due to dolomite dissolution. Howeva a 
few poinu should be clarified. There is no indication that flow is pnsently toward the ast 
from the Pecos River. The possibility that eastward flow occurred in the late Pleistocene has 
been proposed by L a m b  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 pmposed as more important controls on 
the transmissivity distribution molt and Powers, 1988). Circulation of low ionic strength 
water would likly 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 example. Additional work to integrate 
gwchemical and hydrogeological data will be considaed for inclusion 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 ( I. 
Technical Comments, C. Genenl Geology and Hydrology, Groundwates Flow abow the 
Salado Formation, Groundwater Geoche%my); and p. 19 ( I. TcchnicPl Comments, C. 
G e n d  Geology and Hydrology, Groundwver Flow and Hydrogeocbemial Fades 

Lamkit, S.J., and J.A. Carta. 1987. Umniwn-Zmop @ ~ t m r c ~ ~ c s  in (irrxcnrikrPrcrs qfrhc 
Ruukr Formofion. Northem Delaw~lr Basin, Southeasfern New Maico. I: Principles and 
Preliminary Rcrlclu. SAND87-0388. Albuquaquc, NM. Saniiia National Laboratories. 

Iamturt, S.J. 1991. ' F d  Metcork Groundwaters in the Delaware Basin of Southastan 
New Mexico,' Stab& lsotopc Grachcnjsny: A IWbw w Somvl qutcirr Eds. H.P. Taylor, 
Jr., J.R. O'Neil, and I.R. Kaplan. Spa% Fublicatioa NO. 3. SANDS-2660. SPn 
Antonio, TX: Gmchemicll Society. 135-156. 

Holt, R.M., and D.W. hvas .  1988. F& V m  and Pan-Dcparirionor Ahemtion 
Within the Rwrlcr FomaUon in the Vim @the W w  Isolation Rlot Plonr, Sowhurrum 
New Madco. DODOUWIPP-8&004. Cukbad, NM: Westin- Electric -011. 

Siegel, M.D., S.J. Lambat, and K.L. Robinson, ds. 1991. ~gcoahcndoPl  SIudia of 
the Rutler Fomccuion and Related Rock in the Waste Lcohtton PIh PYonr Ama, 
Sowhcasrern hku Maico. SAND88-0196. Albuquerque, NM: suldi? Notionnl 
Laboratories. 



Page 18-19: I. Technical Comments, C. General Geology and Hydrology, Culebn 
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 Culebn may be 
occurring in the vicinity of the Pecos River, at least one other alternative conceptual model 
has been proposed which also involves vertical recharge to the Culebn. This alternative 
model considers significant vatical rrcharge to the Culebn over the entire southern region of 
the modeled area (SAND 8841%). In either caw, if vertical recharge occurs, the 70 
transmissivity fields calibrated to the aquifer tests and equivalent --water heads would be 
lower (i.e. slower velocitia) than those which would be calculated with the present model. 
Vertical recharge should be cvaluatsd in the sensitivity analysis.' 

The Project is currently investigating this issue through the development of a thnc- 
dimensional model lo asses vertical recharge into the Culebra. Future modeling studia may 
include these estimates in the alibntion proass. It should k raqpbd that the exclusion 
of vertical recharge in the region upBradimt of the WIPP site 1- to higher transnkivity 
estimates and higher groundwater velocities as noted by the EPA mieWn. This is .- conservative from a gxwndwata aavd time viewpoint. 

Page 19: I. Technical Comments, C. GaKnl Geology and Hydrology, Groundwarex Flow 
and Hydrogeochemical Faciu Differcllce~ 

indarument~dum 2, ChPpa 2, Plge 2-36, Lines 11-20 

" W h a t i s ~ d a u t o ~ t h e ~ k t w & n t b e n o r t h - t o s o u t h f l o w i n t h c  
Culebn and tk hydmgarrlranial ficies data? How does this d h q m c y  imppa the 
confidmce of thc flow modding?' 



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 spaP (see Figure 1-13 in Siegcl et al., 
1991). ~t is anticipated that a three-dimensional wmputcr model of regional groundwater 
flow that is being developed (EPP study 5.1.1.2, p. 5-8) will pl'ovide information that could 
be used to evaluate andlor 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 d i ~ e p v l c y  affects confidence in the flow modeling in that it suggests the need 
to consider altcmative 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 Fbw 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, G d w a t e r  Transmiuivity Fields). 

Siegel, M.D., S.J. Lunkrt, and K.L. Rob-, eds. 1991. R y d r o g m  Sndfu of I 

the W t k r  Fonarion and Rebed Rocks in the Waue IsolcPion Pila Plaut Ama. 
Southeustern Nrw Maico. SAND88-0196. Albuquerque, NM: Saudis National 
Laboratories. 

Page 19: I. Technical Comments, C. Gcaarl Geology and Hydrology, Fnctun Deasity 

"sinccgoodinfarmntioaonCulebrPfncturrdensityislackiag, plaseaplninwhy youdo 
not use the higher fncturr darsity whac it can be observed.' 

As the comment stota ,  good infarrmtim on CukbR 6rrtun density is hkhg. It is nat 
clear what is meant by 'use the h i g h  fnctun density whrr it cpn be ~bsavsd' k c l ~  
fracturr density can't be observed in the subsurfre ex* in shPfts (Holt and Powas, 
1990). Also, all fnctureJ, whether observed or not, arc not hydrurlidy rignitignt. 
Through tram t e a ,  we uck to demmbc the fnctun daroity that is important for transport 

.- 

EPA commenu 



- througn the Culebra (see Jones et al., 1992). The interpreted 'effective' frachuc density is 
always less than observed fracture densities. Were we to 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. 

Holt, R.M., and D.W. Powers. 1990. Geologic Mapping of the Air IN& Shqp at the 
Wave Isohion Pilot P h .  DOUWIPP-9(M5 1 .  Carlsbad, NM: Westinghouse Electric 
Corporation. 

Jones, T.L., V.A. Kelley, J.F. Pickens, D.T. Upton, R.L. Beauheim, and P.B. Davies. 
19%. Integration of Inzerprerror'on Results of Tracer Tau Pegbmed in rhe Cklebra 
Dolomire at the Wartc lsolafion Pilot P h  Sire. SAND92-1579. Albuquerque, NM: Sandia 
National Laboratories. 

Page 19: I. Techriical Comments, C. Genenl Geology and Hydrology, Vertical Fnaures 

Aria Volume 2, Chapter 2, Page 2-19 

"In volume 3 (1-39) it statm that vertical fracturrJ in the Culebn arc not used in the 
calculations. Why? How arc vertical fractum handled or what assumptim am used?' 

When modeling a formation as a &ubltporosity continuum, the aaual orientations of 
fractum arr unimportant. nK modeled fmcturu are not uscd to provide amncctioaS 
between points. The important fnctun pprawtas to be apturrd in the models are the 
fnctunporosity,whicharillcoatrolthe~velocity,Yrdt&~vlcpoft&fncblrrs, 
which will c o n d  the YDGlnt of rmtrix diffusioa that occun. As laag aa the frpcblre 

pomsityudsurfreuaarehcpCOI1StP11t,itdoesnot~iftbefrrtunsaremodeledas 
single sets of lnnizontzl a wniol fmcturu or as thme orthogonal sets of fnctures. 'ngle 
sets of horiZ0nt.l fncblrrs are the simplest to model, so thu is wha! PA has used. 



Page 20: I. Technical Comments, C. General Geology and Hydrology, Effects of the 
Magenta Dolomite in Transport Calculations 

Area in dgyment Volume 2, Chapter 2, Page 2-23 to 2-24 

"Most of the focw is on the Culebra for transport because it has the highest transmissivity. 
What is the effect on the release when the Magenta and Culebra Dolomitu are combined in 
the calculations?' 

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 otha hydrologic units to 
compliance. 

A three-dimensional computer model of regional groundwater ?ow is king developed. This 
model usts a free sqfadseepage face as the upper boundary. Thh model is designed to 
simulate areas of discharge a;d recharge, and patterns of groundwata flow for assumed 
spatial and temporal distributions of maximum potential infiltntion to the warn table. The 
Project is using this model to evaluate the msitivity of thu iuue to compliance. 

Page 20: I. Technical Comments, C. Genarl Geology and Hydrology, Use of Crushed ... . 
Culebn Rock ,< , . . '\ 

? 9. 
. , +! 7 
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Volume 2, Chapter 2, Page 2 4 / 4 1  

"Please expand the disausioa on [how] th tuts involving crushed Culcbn rock wil l  help - 

detumineK47 I r t h i c t o r i m ~ t b e e & a o f & y s 7  Ifmpnyofthefncturrsarechy 
lined, aremy kslsbeiag amduUal on thdny?' 

Early i?banfny invesbOlttoru 
. . of chemical ntvdnbon in the Rustla Formation w a e  

conducted using traditional batch sorption expaimenu with cnubed mk.  The early 
expaimatr wue lnrgely int- to be scopinO expaimnts to ycatpin whetha chemical 
retardation wu signibnt and they wae ~ u c t c d  under Spccifk acprimental condib.l. 
Results of t h w  experhats are expected to be valuable, howewr, in providing independent 
checks on results from the present experimental lpproscha (see, for expmple, Lynch and 
Dosch [1980] and the miew by N o d  [1992]). Cumntly, o d d s t i c  madsorption 



- experiments coupled with surface complexation modeling are in prognss on very carefully 
prepared ground mineral constituents of the Culebra, dolomite and comnsite, the primary 
clay m i n d  constituent. The resulting surface complexation model will predict values for 
K, as a function of mineralogy, fluid composition, and adsorbam. On the bash of published 
information in pecr-reviewed journals (see also Siegel et al., 1990), we have strong evidena 
that results 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. 

Lynch, A.W., and R.G. Dosch. 1980. Sorption Coeficienrr for Radionuclides on Samples 
from the War-Bearing Magenta and Culebra Members of the h t k r  Fomuuion. SAND80- 
1064. Albuquerque, NM Sandia National Laboratories. 

NOVA, C.F. 1992. An Evaluation of Radionuclide Batch Sorprion M a  on Culebm 
Dolomire for Aqueous Cwnposirio~ Relevant to rhc Hwuur Intrusion Scenario for the Waste 
Isohion Riot P h .  SAND91-1299. Albuquerque, NM Sandia National Laboratories. 

Siegel, M.D., J.O- Leckie, S.W. Park, S.L. Phillips, and T. Sewuds. 1990. 'Studies of 
Radionuclide Sorption by Clays in the Culebn Dolomite at the WIPP Sitc, Southautan New 
Mexico,' Waste Management 'PO, Waue Proc~~~ing,  ftonrpoMtion, Stomge and DirparO, - Technical Program Md Public EducMMon, W o n .  AZ, F e b ~ o r y  25-Morrh 1,  IM. Ed. 
R.G. Post. SAND89-2387. Tucson, AZ: University of Arizoae Vo1. 2, 893-900. 

Page 20: I. Technical Comments, B. Additional G d  Comments, Groundwater Age 
Discussion 

For a discussion of the isoropic data, including tritium, see Cbapta 5 of Siepcl et al. (1991) 
and the n f a a ~ w  cited therein. The statement quoted from Volume 2 of the 1992 PA is 
consistent with the observed data. Meaningful noluno tritium mMlrrments suggest either 



contamination during drilling or sampling or some degree of mixing with modem surface 
C--r water in the hydrostratigraphic unit. For the WIPP, these measunmmts indicate that the 

amount of mixing has been either zero or extremely small. As stated in the mt in Volume 
2, this in turn suggests that groundwater travel time (i.e., the man travel time) from the 
surface to the sampled units is long. The presence of some "younger' wata from the 
surface docs not imply that all water is "young,' nor does it imply thar recharge is npid. 

Effects on disposal-system performance about the rates of vertical flow, and therefore about 
groundwater age, am being examined through regional 3D modeling. 

Reference 

Siegel, M.D., S.J. Lambert, and K.L. Robinson, eds. 1991. Hydrogeochemical Sndies of 
the Rwler Formclrion and Related Rock in the Wane lsolarion PIh Plant Area. 
Sourheastern New Mexico. SAND88-0196. Albuquerque, NM: Sandia National 
Laboratoriu. 

Page 21: I. Technical Comments, C. GaKnl Geology and Hydrology, Porosity of; 
Anhydrite Intakds 

Arra Volume 2, Chapta 2, Page 242, Lina 15-21 - 
"Arc the porosities of the anhydrite intdxds matrix porosity, fracturr porosity or both? 
Wi W E  assume that anhydritc fncturing continues to the d b l e  environment?' 

Porositiu for the anhydrite reference in the cited area of Volume 2 arc presented in 
Volume 3, Chapter 2, p. 2-65 of the 1992 PA. The @ties given are estirmoes, not 
measurements, and are intmded to rrprtsent the total porosity of the anhydrite. No 
dis t inc t ionbaaneafrpct laemd~paroa i ty i sncoess~ykausePA~theanhydr i te  
as a po rw ,  not fncbasd, medium. A lnborotory progr~m is undawoy to meMlre anhydrite 
porosity, both in ao lrntaArA state and as a function of stl#l ( a d ,  1994). 

PA assumes tht the fnrturiag n?tunlly p m a t  in the anhydritu continua to the accessible 
environmmt. Ibc 1992 PA did not explicitly include induced frrturing ouuide of the 
distuebed rock zoae around the repository. It is plnnrred tht future P h  will include a 
relationship W e e n  pr#sure in the firturrs and fracturr pomdty and pamesbility. 
Whethaorwttheprrssurrinthefirturrs,and~the~tymdpameabIlity, 
changes at the accessible environment bouudary will &pard on the coaditioar in the model. 



Howanh, S. M. 1994. Test Plan: Iko-Phase Flow Laboratory Pmgram for the Ware 
Isolation Pilor Plant W P P ) .  Albuquerque, NM: Sandia National Laboratories. 

Page 21: I. Technical Comments, C. General Gadogy and Hydrology, 
Pore -re in A n h v u  

Area in document 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 @ 2-33) does not have any measurements greater than 9.5 MPa, yet the mean 
and median p n s u m  arc between 12 and 13 MPa.' 

Table 2.3-2 shows bnly halite pore prrssun data. Anhydrite data arc presented in Table 2.4- 
2 on p. 2-59. rite b e e  values between 12.4 a d  12.6 MR are considaed to provide the 
best rcpmcnt?tion of anhydritc pore pressures undishubed by the exavatiolls. 

Page 21: I. Technical Commmu, C. Gmaal Geology and Hydrology, Culebn Matrix 
Porosity 

Arra Volume 3, Chapter 2, Page 2-83 

Thematrixporosity~inthemodelshunotkendjusttdtocompensPtcforun~ampled, 
presumably higher porosity, portions of the Culebra. The data include vugs and fnctuns 
only to the extent that they were present in the core samples tested. Both fnctures and vugs 
a u l d  be included in the 'fnctun' porosities detamincd from aoca ta@ (e.g., Jones et al., 
1992), which represent what might be called of the Culd~m. Tbe 

EPA D0EilWIPP-M-2053 



matrix porosity might, in turn, be called the diffusion porosity. If matrix porosity is being - 
underesti-atcd, the potential for matrix diffusion is also being undc~timated. See also 
response to 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. Bcauhcim, and P.B. Davies. 
1992. Intepuion of Interpretation Results of Tracer Tcsrs Performed in the Culebra 
Dolomite at the W4StC Isolation Pilor Plant Sire. SAND%?-1579. Albuquerque, NM: Sandia 
National Laboratories. 

i' 

CommentT093 

Page 22: I. Technical Comments, C. G e n d  Geology and Hydrology, Data on pH and Eh 

Volume 3, Chapter 3, Page 3-41 

"What are the ~ n n t  data or ex- values of the pH and Eh in the Culebra under existing 
conditions? If the da!a exist, they could not k found in the PA.' 

Ranges for pH conditim in the Culebra Dolomite have been well &fwd aud range between 
about 6.5 and 8.0 (sce Siegel. 1991, Chapta 2). The pH of the Culcbra is expected to be 
narrowly constnimd because of the trrmendaus buffering apscity of a b m a t e  minerals. 
Any amficially induced puwtution in pH would rapidly be eliminated by 
dissolutiodpncipitation reactions. 

Ranges for Eh in Culebra Ddomitc groundwaras wae investigated by Myas et al. (see 
Siegel, 1991, Chpcr 6 aod Appadix 6 4 .  Mycn u 11. pmempted tocbPnrctaire Eh by 
evaluating four &ox ooupks (As, N, I, and Se) with ~ ~ ~ S U ~ C M I I U  with a platinum 
eiecttode (refa to Table 6 4  aad F i  6.2 of Sicgel, 1991). Udorhmtdy, many of the 
measurements for individual rrdcrx spccia were below the analytical detection limits. 
Conseq~~~t ly ,  M y m  et al. wac only able to bound the Eh coaditioasandwerrnotlbleto 
decisively qusntify nlua. Myas et ?I. did spculate that growdw?tas south of the site 
boundary arc mgc oxidizing relative to groundwatcn to the north (sce Figure 6 1  and 
dirmosion oa p. 622 of S i ,  1991). 



Siegel, M.D., S.J. Lambert, and K.L. Robinson, eds. 1991. Hydrogeochemical Sncdics of 
the Ruder Formation and Relared Rocks in the Ware Isolation Pilot Planr Area, 
Southemern New Mexico. SAND88-0196. Albuquerque, NM: Sandia National 
Laboratories. 

Page 22: 1. Technical Comments. D. Additional Comments on General Geology and 
Hydrology ,. . 

,L ,., , , .  i ',. a 

Volume 2, Page 2-6 (Figure 2-3) ! :: :: ;,:, ,<- 1, . ,,,. ... 
; ,  . 

\ " 'c;: I-;.. 
"The generalid stratigraphy of the Delaware Basin is inaccurate on several accoun ts...:;. 4 h  ..~ 

% ..-/' 

Castile formation onlaps the terminal platform margin of the Capitan Limestoae and 
extends furtha onto inner parts of the Capitan platform. F i  2-3 shows the top of 
the Castile formatim being located -ally lowa than the top of the Capitan 
LimahDne. Figure 2-5 on p. 2-8 mure a c a m d y  depicts the relationship of the 
Capihn and Castile formatio~w. 

The Dewey Lake Red Beds arc Ochoan in age and should be included in this stage, 
along with the Castile, salpdo, anti Rustla fOIIlllti01w.' 

Both points in the comma~t arc comd u stated by the EPA miewa. Editorial COKC&QIU 

in future dawnenta arc -. 

C o m m m t m  

Hydr01ogy 

Q 
Page 22: I. Technical Comments, D. Mditioanl Commmta on GaKnl Geol 

"No menti011 is mde of the wide variety of dcpositid facia thU pCtUPlly comprise the 
Capitan Limestone. A porcntially impcatant litbofpcia, at least with regard to the hydrologic 
characteristics of the Capitan Limesme, is the forud or fodope fdu, which consisU of 
poorly sorted cybonve clam shed from the high &f Capitm margin. This =a is 



poorly mapped, may have very different flow characteristics than for other facies in the 
c--. 

Capitan Limestone, and tongues of this facies may extend close to or beneath the WIPP site." 

The first sentence of the comment is plainly comct. We are UMWM 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 !he EPA during 
technical exchange meetings. 

Page 22-23: 1. Technical Comments, D. Additional Comments on General Geology and 
Hydrology "i 

Volume 2, Page 2-10, Line 35 1 i .. 
C 

"Lateral variations j.n depo&ional mvironmcnts (in the Culebn Dolomite) w a r  small w i L - - '  
the mappcd region ...' What is the cvida%x for this statement? DcPiled lithologic columns 
for the Culcbn Dolomite with lithologk and scdimentuy sbnrturrs should be shown. ' 

Additional detlil in the level of refamcing will be included as lppropriote in the PTBIdraft 
compliana application. It is not clar that inclusion of stratigraphic columns is relevant to 
compliance, except along possible radionuclide-rrlauc paths. 

pace 5-11 of Holt and Powas (1988) statex "The bulk of thc Culebn is microlvninved to 
,ekintg-&mhtcd. The stnta may be flat to wavy to l a d y  contorted and disccmtinuous. 

v 

"The uppermort few iachas to 1 h (30 cm) of the Culebra oftea differs d a l l y  from the 

A large number of detailed corrrlvions, no~-scctioas, and sartiOrPphic columns of the 
Rustla Formation ue conrained in Holt and Pwrs (1988). 

1 

EPA Cammcnrr 



Elisabeth Pace-Corntii 

use of conservative hypotheses). These curves are similar to tb--..,~. 

CCDFs generated by Sandia for WIPP. ,- d ~ ,  
'!, 

:.~:&\. 
r: * 

.- 'k ::. . - .  *: 
, \ .  . L .' ", 1 How the results (and the uncertainties) should be in~orpo&~~d],: .: 9,. 

in the regulator's decision making is discussed in details in 

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 

recormend 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 

conso- ati ism of tie assumptions. 

4 3 .  SELECTION OF INPUT VARIABLES THAT REQUIRE PROBABILISTIC 

TREATMENT: SENSITIVITY ANALYSIS 

- It is not necessary in many risk analysis problems to put 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 th; variables that do not 
require full treatment of uncertainty, the mean value is &coded 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/went trees, or simulation, for ucample, using Monte Carlo or 

Latin Hypercube sampling). 
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44. DEVELOPMENT OF PROBABILIW 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 currently\.,a,hai /' 
topic within the EPA and the environmental/health risk analy%/ 

cmmunity. [Note, however, that for many years, it has beendone 

systematically for industrial facilities such as nuclear 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 samgles and on distributions 

for the variables explicitly included in the model. The defeult 

solution is thus to .focus on randomness and on some epistemic 

uncertainties. 

Th3ra is seldom any attempt to quantify systematically the -.. 
epistemic uncertainties (about 'partially known 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 attcorpt to come up with a composite 

distribution. I personally belicve that one cannot esca* this full 

uncertainty analysis (i.e., to include .the probabilities of 

alternative hypotheses). Othewise, the problem is ewctly 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 dif?erent hypotheses into sets of 
- 

alternative realizations so that probability distributions can be -, 



attributed to these sets of assumptions. I. 

, . 
y 

.- 2. Encoding and aggregation of expert probabilities for eacQ r;iei . ',' 

, . .  0 " 
* +. . , _ .J 

of assumptions. .. . * ",,> H' 

3. For each fundamental hypothesis, identification of thgG*a* 

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). 

5. 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 FCgure I) . 
(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 relwant 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 Carlo and Latin Hypercube sampling) 

Q5. COMPLIANCE CRITERIA G m  A FAMILY OF &K 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 

objectively . 

For individual decisions, these preferences . .. are represented by - - 
a utility function that allows representing risk aversion-* putting - 



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 f u t u r e  frequency 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 descriptor, but more importantl~, 
the helth effects). 

:., :::b,) i 
.:. ',.I :i, ~ . .  

This rationality paradigm does not apply t o  coll&k&&; 

decisions, except if one assumes that one elected decision"'-ker 

(admir.istrator) 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 used in an 

analytical model). This is impractical because it does not fit our 

pclitical process aqd because there are many attributes to each 
decision that Lould 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 

3emonstrates 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 danonstrating by analytical means thdt the goal 

has been achiwed. 

I would like, .at this point, to go back to what I wrote in my - 
1986 paper: 

The next question is to ensure that the goals have been 

satisfied with 'reasonable certainty'. A cormnon 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 . 



final result, however, is impossible to assess. It is a 

wrong approach 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 kractile or a mean value rather than 

another criterion. In a framework involving numerical 
3 . . 

safety goals, this certainty level must be specified by the > 
, i ' 

U.S. hRC along with the safety goal' ... . +' .".,, ~~ 
,J 

The example that 1 was using was safety of nuclear reactors for 

- which the time horizon is relatively short and the uncertainties can 

be 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 calls '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 lwel 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(s1 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. 



one cannot derive from this analysis a probabilistic distrlbutlon - 
for the health effects, The problem is that a full risk analysls of 
this type would be extremely difficult given the state of the art, 
and that the uncertainties over the next 10,000 years would be so, 

large that the results may not be very informative. 
- i' . -2 

In this highly uncertain, long-term case, I believe that the 

approach based on some 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 

Eifferent radionucleides generally correspond to high fractiles of 

the risk curve families (CCDFs). If that is the case, the 

corbination of hypotheses and means msy incleed prcvide the level of 

'reasonable assurance' that you wish and that is consistent with the 

USNRC requirements for m c h  shorter life facilities. To check that 

the overall analysis is 'globally conservative' you need to verify - 
that the global model (Health Effects + Performance Assessment) 

yields 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 hypotheses provides a higher lwel 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 list&g 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 



the CCDFs families. If 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 PA) 

would correspond 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 cutved 

towards lower fractiles (Figure 1, bottom right). 

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 
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 'reasom3de 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 would . . 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, s d l y  because 

each problem has to be replaced in its context (uncertainties. - 

- existence of alternatives, economic and political context, etc.1.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. . .. . ,, - '+, 
~, 

, . ., . . *. - 
. , ..;,;,:. \ 

Reaulatorv lanauaue. ' I 
i 

I think that you can require that EPA bc more rigorous in its . - 

inplernentation of the 'reasonable expectation' language. They cannot 

just set hypotheses and models (as those leading to Figure 1, 

Appendix A of 4 0 ~ ~ ~ 1 9 1 ) ,  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 ---. 
recessarily support 'reasonable expectation' of h u c w  safety. 

Whereas it may be weasonable (and perhaps, even hazardous given 

how uncertain the results would be) to leave the choice of 

hypotheses and model framing to the applicant, it is not 

unreasonable 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 
hygotheses 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 expectationg for the performance assessment and of the 

conservatism (if it is the case) of the health effect model that 

they have used to set 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 are in a good - 



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. 

Therefore, you want to require EPA: 

the 

( 2 )  

to fully reveal the models that they have used to comefup with 
,: * .* 

release standards, ., ~ z )  :,; 

'I. . .*~~..*,' 
to list all the major assumptions that they have made (those 

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 analysis supports the 

requirement that the current conditional mean is indeed 'above' the 

marginal (overall) mean, and that altogether, the assumptioni 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 C-S ON ISSUES RAISED IN YOUR LETPER 

3.1 r.evel of confidence in the fractiles (or mean) aiven ths 

samnlina size 

This issue is easy to resolve because it is cheap to require 

additional computer 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 5 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 - 



probably "in the noise". as I would on the uncertainties about the 

fundamental hypotheses. -, 

3.2 Encodina of emert ooinion~ 

I agree that you may want EPA to specify better their encoding 

procedures. Anyway, in the case of WIPP, you want to find out hgw 

Sandia exactly did it (especially for parameter values). 

3.3 
i 

Use of the mean I 

I generally agree with EPA that the mean does convey 'a sense of the . 

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 21 . I do not believe, as you do, that the 

applicant car? vary the number of realizations and dilute at will ths 

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 comeq& 

a. Specific guidance for the form of probability distribution 

functions seems to mc inpractical. 
b. Need to deal with correlations: I agree, this is essential. 

c. Appropriateness of the mean: in the case of WIPP, I think that 
the coupling of EPA assumptions (if they are globally coliservative) 

and mean release level (which is likely to be among the high 

fractiles 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 
- 
1 

hypotheses.] Again, I would start by checking what the &rent mean - 



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 r k  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 extr&es 

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. 
1 

4. CONCLUSIONS: i 

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 uncertainties (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 
- 

I- 

the conditional means as the basis for the compliance criteria. . - 
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In order to verify that the conditional means (conditional on 

specified health models and hypotheses) provide indeed 'reasonable - 
expectation" of safety once the effects of the hypotheses on 

expected values are carefully considered, you want to ask Sandia to 

provide add~tional 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 to 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 

tawling size (although it probably does not cost much) because 

increasing it 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 sum~rize 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). 

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 curws. 

=> Ask Sandia to list the major hypotheses that have ken 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 mems towards lower fractiles of the 

risk curve families) . 
". 

4.3 The expert opinion procedures of encoding 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 encoding and aggregation of these judgments if you conclude 

that some of the variables have nor been properly tieated. 

6 

4.4 The uncertainties about WIPP are such that full probabilistic 

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. 
Depending on how far the current means are (assuming full 

probabilistic treatment of hypotheses) from a reassuring (but not - 
sacred) 958 fractile, you may want to ask for additional analysis or 

for a change of risk management strategy. 

4.5 If you really want to es-timate 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 1s 

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 overall risk 

results (their model plus the PA) provide 'reasonable assurance' of 

safety. 

5. APPENDIX 

[What follows on this topic is based on a report that I recently- 

wrote for the Electric Power Research Institute]. 

f unce Six levels of treatment o rtainties in risk analvsis: 
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 amly in the decision making. Ali 

decisions do not 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. 

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-casem approach. It does not involve any 

notion of probability. It is based on the accumulation 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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Five levels  in t h e  t r e a w t  of unceCtillD_tU1D risk analusis 

LEUEL B IOENTIFICRTION OF HRZRRD 
(CRRCINOG~NICITY: YES? 
NO?) 

Probabil ity o f  [q lUll;S~i~~~~UJHOLE exceedence 
PL(I)) PER TIME UNIT 

HOW BRD I S  M E  WORST? 

QUASI-WORST CASE: 
PLRUSIBLE UPPER '2" 

F\?? 
LOSS 

*-I. 

BOUND 
-> Most  sensitive species 
-> Linear model (No threshold) 
-> 95 th  percentile fit 
-> Rnimal t o  human: body surface 

Loss - - - -  

=I "BEST ESTIMRTEg CENTRfiL(?) 
URLUE 

Probabil ity 
Density 

P8r8mmtmr 
Mmch81lllma Function . 'BEST 

(POINT) 
ESTIMATE" Central 

PROBABILITY AND RISK -~a~ue?  
ANALYSIS 

Function 

D n 
vmll 

DISPLRY OF RISK 
UNCERIAINlIES Famlly o f  r isk 

Figure 2: S i x  levels of treatment of uncertainties in risk analysis - . . 
(Pate-Cornell, EPRI report, 1995) . - - 
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Level 2 involves 'plausible upper bounds" (or the "quasi-worst 

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 o f  these approaches include the Maximum 

Credible Earthquake or the Maximum Probable Flood used by the U.S. 

corps of mgineers in the construction and management of dams. 

This popular 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. 
1 

Level 3 relies on 'best estimates' and/or on a search for a 

central value (e.g., the mean, the median oy 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 fu&amental-hypothesis. 



Level 5 allows display of uncertain ti?^ about fundamental 
.+ mechanisms. This can be done in several ways. One 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 squarely the issue of the relative 

probabilities of the different hypotheses 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;~odels 

(given the evidence available: and not on the qerts. ( 
'1, 

S 

Therefore, in order to reach its logical conclusion, ~ebel 5 

requires a full probabilistic 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 lwel 

5 (full uncertainty analysis) . 

5 .  ANNOTATED BIBLI- 
A. 4OCPR191 

1. Russo, September 1991: Vp&ted Uncertainty Analysis of EPA River 

Mode Pathways Model Used for 4OCFR 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 - 



cancers/10,000 years das completed by an uncertainty analysls 
-? 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 insiihtful 

judgment [How was this done?] t 

2. EPA 520/3-80-006. Population Risk 5 

p. 150: 'The expected frequency of human intrusion into a repository 

ranges from a drilling event every 400 years 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. 40CFR191. 

191-13 Containment Requirement: 

"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 demonstratiag compliance in a way that -' 

will not be 'unreasonably difficult or expensive'. [Fine]. 

5. Report of the Review of 40CFR191 by a subcommittee of the 

SAB.1984. 'The subcommittee supports the general form of the 

proposed standard, including the use of a social objective as an 

upper bound of acceptable health (cancer and genetic) effects. [The 

question is: how conservative is the societal risk target given the 

assessment method. Could be very conservative or not. I don't howl 

6. Working draft of final 40CFR191: 11/1/83 

191.16: Guidance for iaplesnentation 

'determination of compliance should be based upon 'best estimate' 

predictions (e.q., 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/ 1/64 

.Instead the bplementing agency may determine' compliance based upon - 
the part of the range of predictions that falls within one standard - 



deviation of the mean . . . "  [That was an idea but it was not 

ir~lementedl . .-- 8. Working Draft of final 40CFR191: 4/23/84 

Mean + one standard deviation = Y  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. => reasonable 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 senerally sufficient to support the choices of the 

risk averse decision maker in rational individual decision making]. 

10. Working Draft of final 40CFR191: 6/15/85 

191.13: same language about 'reasanable ~ctation'. 

11. Working Draft of final 40CFR191: 7/5/85 

Uncertainties, &d long term => reasonable expectation 

12. Report of Meeting with extra-agency personnel concerning EPA 

Docket Number R-82-3. (with NRC staff personnei). 'Subparagraph - 191.16a requires that the standards be iuplemented 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 into 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 

terms 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 inplementation: 
Suggestion again that mean + one standard deviation becomes the 
standard (=>=as% for Normal distribution). 

Further: 'Paragraph 191.16.c unclear and calls for a precision level 
- 

that may not be possible to demonstrate zgmlytically.' . ' - - 



13. EPA background information behind 4OCFR191 1985 

EPA 520/1-85-023. 
I 

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 radionucleide in Table l.tryin 

to evaluate the 1evel.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.6-31: 

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. mvirosphere. June 10, 1983.(problem 

of the original ore body release and river mode exposure pathway). 

Another set of uncertainty assessments for Table 2 of 40CFRl91. 

B. 4OCPRl94 

1. Federal Register 

2. 40CFR194 Proposed Rules: Criteria for the certification and 

determination of the Waste Isolation Plant's comgliance. 

p.81: Expert Judgment *should be used provided that it does not 

substiotute for data that could be obtained through data collection - 
or i.qdementation.* [An apparently reasonable set of requirements. 

No conflict of interest. At least five experts. Not all from DOE]. 

p.113: results of performance 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 population of CCDFs with at least 0.95 -- 
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probability. [Looks conservative. To be checked] 
- .  p.114: 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% 

fractilel . 
3. Background information: EPA 402-R-95002 

p.3-7: Disposal systems shall be designed to provide reasonable 

expectation based upon performance assessments that cumulative 

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) Have a likelihood of less than one chance in ten of 
exceeding the quantitties calculated according to table 1 (Appendix 

A) and 
12) Have a likelihood of less than one chance in 1,000 of 

exceeding ten t h e  the quantities calculated according to Table 1. - 
Table 1 defines a set of pedssble releases ('normalized releasen 

for each isotope). [The question is; what were all the hypotheses 

underlying Table 11 . 
4. Conpliance criteria: March 21, 1995 
g.55: results of performance assessments. 

5. EEG Comnents. April 28, 1995. 

g.5:  the WIPP site does not meet the there stated criteria of 40 CFR 
191.149 (because it is in a resource, rich area)=> unconservative 

assumption. On the other hand, Ip. 6 )  EPA claim that the- hmotehse 

are favorable because of the favorable charhcteristics of the WIPP 
(located in the desert). [net result??] 
p.11: Engineered barriws: 

~rgumcmt for engineered barriers: un~0nseWative a.sumPtion~ 

regarding  hum^ intrusion in a resource rich environment. Also: 

benefits will be small because it would only delay the arrival of 

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 "Reliminaxy 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). 



QmQxa CLI . . . . - . . I ,  . . . . 

Cover Letter, Format and Content 1 . . '-. , . ,  

>, " 

"We reviewed this d~ument  with the idea that it should contain all of the information 
needed to allow us to revlew, understand and evaluate DOE'S approaches, and to 
demonstrate that the approaches were sufficiently justified to support a reauest for 
certification of compliance. " 

The DOE appreciates the perspective aken by the EPA for this review since it provides the 
DOE with significant insight regarding what should k included in a compliance application. 
In addition, the EPA's perspective will help identify areas where the two agencies may 
disagree regarding implementation. It is imponant to seek resolution to thcse 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 W E  will establish, as a priority, the nsolution of any 
issues or disagreements that have multed from these comments. 

n 

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 cumnt PA is not a ' s t a d  alone9 document that uses 
references as supporting information. Rather, ref~cllces am OM provided as the proof of 
the validity of DOE'S reasoning, with insufficient information prrsented in the PA to enable 
the reader to follow that Rasoning. ... While wc undentvld that nfaences and 
accompanying documents will be needed, we fccl that the PA (in all its volumes) necds to 
tell a complete story. In our view, the PA should stvt with the basic information and, step 
by step, buiId up to a demonstration of compliance.' 

The DOE agm that the PA is not a 'stand alone' document for compliance purposes. In 
fact, PA is oaly a tod used to detnmine compliance with quantitative limits and to 
understand uncertainty. Numerous 0th- topics axe to be included in the compliance 
application as indicated by the Format and Content Guide isnvd in Mny 1994. 

EPA C0-u 



This not withstanding, the DOE appreciates the broad perspective used by the EPA in iu - 
review as discussed above. The DOE will use this broad rwiew as a guide in prrparing the 
final application. 

Cover Lener, Format and Content 

"For example, it would k helpful if the PA presented a listing of scenarios considered, and 
showed the analysis of probability and consequence for each sepante scenario. The 
presentation of reparate analyses would help ciaxify how d o 9  are combined to create a 
final set of CCDFs.' 

This material wil l  be included in the compliance applidm as appropriate. The DOE now, 
howeva, that separdte analysis of both -ty and am- may not k appmpriate 
for all scenario5 considered. Some d o s  may k shown to k of suffciently low 
probability that consequence analyses arc unnar~uy. 0 t h  d o s  may be shown to be 
of sufficiently low consequence that probability analyses arc not required. In other cares, 
different d o s  may have sufficiently similar ~ U Q L C ~ S  that d t r  of a sin@ 
conscqua~ce analysis may k used in conjunction with different probabilities. ," p.F""--. 

, . +  % C1 

i ', , 
i 

Comment CIA \ 

" 
\ 

--.  
Cova Letter, Format and Content Guide 

The outline in the Nwemba 1993 Format pepad by prrpnted DOE DOE a 
significant improvement ova the cuncnt PA orpMintion. 

Reswnsc 

Comment noted. 

Cova Letter. Access to Informatiioa 

"We are concaned that much of the information rrfmnced or uscd in- put of the 
PA analyrcs is not available for review. The cumnt PA cPnwr k tharoughly miewed 
because the supporting i n f o d o n  is not d b l e .  This includes some ~ f m ,  

1 
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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 thkr documentation should be available for 
public review.' 

The DOE is currently pursuing access to computer codes and txaining 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 fde at the WMT library at Sandia National Laboratories. For a 
compliance application, reference materials wiU 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 an incompatible with EPA's complta system, they should be rrmotely 
accessible on DOE'S computers to allow independent avnilurion. I rrcogniZe that the coda - and their documentation ue not in !inal form; hwva, our review of the coda will taLe a 
long time, so we need the topics used to pnpnre a perform~cc assessment along with the 
results of that assessment. If we do not get the coda until the final application, it will 
significantly slow our rcvicw of the application." 

The DOE is as concaned u the EPA over the length of time that EPA may require to 
review DOE'S codes. comequa~tly, the DOE has mpde code availabiity a priority. The 
EPA and the DOE ue sua&uUy molving this isrue of aaxs and training. 

Computational efficirncy is r complex topic and would be a welcome topic for the DOEEPA 
technical excbraqe mechgs. Spcific ra?omma&ions concaning nsource allocation, e.g., 
model deveaopmcnt vaftu collection of experimental data, an to be an in- part of the 
systems phxitiEPtioa mctbodology (SPM) effort. The SPM will have 'outside scrutiny' 
inherent in the process design. 

EPA Commmb 



Cover Letter, Repromulgation of 40 CFR 191 

(a) "We rralize that 40 CFR 191 had not been repromulgated when the analyses fbr 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 a m  where changes are n e e s u y  are in the ground- 
water and individual protection requirements, and the use of the committed effective dose. 
The definitions relating to ground water have bee. changed to reflect EPA's policy of 
protecting underground sources of d-g water. DOE will need to identify the potential 
aquifers and their water quality (i.e., total dissolved solids).' 

@) "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 to include scenarios that were pmiously omitted.' 

All Eppects of 40 CFR 191, including thosc portions repromulgated in December 1993, will 
be incorpontcd into compliance documentation. 

(a) The DOE hns takm the position that a decision on when and if undapnnrnd sour#s of --, 
drinking water should be identified and chnctaiztd (i.e., when sucb a chPncterization will 
provide pcrtincnt informatiion for a compliaace application) wil l  be baed on the expectation 
of relews. Briefly, identiFication and chypctainton of USDWs should not be required if 
no radionuclide releasm to the accessible enviroamcnt are prrdicted for 10,000 years or if 
10,000 year peak predicted releases to the PCCeSSible environment are less than or equal to 
the applicable Maximum Contaminant Levels (MCLs). USDWs along the pathway should be 
identified and chprPaerized if peak predicted nlases to the lccesrible eavironment for 
10,000 yars ye greater thon the M a s .  

@) The DOE agrees that calculations for a compliance application must be performed for a 
10.000 year complipncc period as stwd in 40 CFR 191. - 
"The PA also needs to address both 191 and RCRA complivlce.' 



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. 

Comment CL9 

Cover Letter, Regulatory Issues (Guidance to 40 CFR 191) 

"The Guidance for 40 CFR 191 is generic in its application and it is non-biding 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.' 

The DOE agrees thit any deviation from the guidance in 40 CFR 191 must be canfully and 
clearly documented. The DOE ralizts that EPA's guid?ncc, while non-binding, is not 
arbitrary and is provided to assist the implenmtiag agency in Meting EPA's wecall goal of - protecting human health and the environment. S i  EPA's guidance is established as the 
result of the technical basts developed during rulemaking, the DOE rralizes that any 
significant deviation from this guidance must have equally in-depth technical justification. 

n 

Comment CLlO 

C w a  Letter, Re@tory Issua 

"The future applicability of the GuidPace whvithstrading, DOE did not correctly follow the 
Guidance in this PA. If DOE was going to follow the Guidance, the PA should have used a 
constant drilling rate of 30 Borrlrolesllanl pr 10,000  ye^ fw compvisOn with tbe 
containment rcquiremmt. In aidition, tbe PA irrorpantes edit for Ppssive insb;tutioa?l 
controls w i t b t  jmpa justification.' 

The maximum nte for human intrusion considacd by DOE yielded an apcaed number of 
borcholcsequalto30parguanidlomera. Srml la ra te~tswere l l roCOIWidaedto  
allow the evaluation of the sensitivity of dispoY1-sydem pafonnv~ce UI Uncermn . . tyabout 
future drilling rates. Ducrmmng such sensitivities is important to capturing the most 
significant parameters for the compliance calculations. These sensitivity analysts 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 n d  adequate 
justification as discussed previously. This applies to the credit tahn for passive controls, 
drilling rates, and other factors. 

Cover Letter, Use of Expert Panels and Peer Review 
i- 

"Thm should be documentation of the process used to obtain expert opinion, and the process 
should follow written procuiuru.' 

A formal QA procedure for the use of expert judgment by Sandia National Laboratories was 
published in 1992 (Rechard et al., 1992). Furtha ~ f i n e m ~ ~ t s  of this QA procedure can and 
have been incorporited intd WIPP Procedm No. PAPO6, Use of Expat Judgmcat Panel 
Quality Assunna Procedurrs. Compliance QcumntPtion will coatain QcuwnEatioa in 
accordance with this a m y  other f o n d  proadwe wal by the DOE and its coatzmors to 
elicit expat judgment. r 

Comment CL12 

Cwa Letter, Use of Exput Pan& and Pea Review 

"Specifically, we do not agree with the applopch tahn by DOE to estimate a reduction of the 
drilling rate from s p e c u .  an the we of mulms. The mPrkas uca't yet designed; 
therefore, thepnnclwasiukaItoprovidePdviseaboutthe~ofthcmPrkasat 
WIPPonthebvisofincompkbintormrtion. Nordidthepndiacludeallthenecesspry 
expertise, e.0.. DO ptrdeum enginem or drUiag expats wae included on the panel. The 
infofllltioa~themu]mpndanrt&nspparenttyprwidsdpsinpltto~computa 
program that pmduces d t r  io an unclear manner. EPA'r compliPaa criteria will contain 
additional ouidpna oa the use of expat pads.' 



- 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 fust develop design guidclines for long-trim 
communicative markers based on the conaibution~ from individuals in dispvve rrlated ficlds 
such as materials science, archlcology, and ~mmunicationa. Based w 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 ovu time were based on the 
conceptual design. Implicit in the deliberations was the assumption that sufficient testing was 
underaken 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 engimcr was not included on the M a t h  Panel, becaw the thrust was geared 
to long-term survivability of a marka system and continued intcrprrtability. A petroleum 
engineer's W s  a 6  not suih as to contribute to this effort. 

Cover Letter, Use of Expert Panels and Peer Review u 
"In future performylce assessmena and intaim documents, it would be helpbl for DOE to 
identify: 1) the veps whac M, dzt? aist, 2) wben expat pPraels md cxpcrt judgement wi l l  
be used in lieu of dilta; and 3) whetha the expert judgamt will be replred with data by 
the time of the final application. We strongly recommend that DOE use data where it is 
possible to obtain it, iasted of relying on expert judgewnt.' 

The DOE agreatbatthc weof expert pYwls in lieu of data must bearefully documental 
and justified. Tht DOE, bowcver, Qes not agree with thc amcludiug stptcment in this 
comment since it is writlen so broadly. Instad, a iml of 'pmcbbity' must be applied 
whendesigning~ats inikuofexpatj~t .  ThisispPrticulviyeucwhentcsumay 
requite unruhtically long time fnmes or nprrsent -le costr. 

- 
EPA Commmb 



Comment CL14 

Cover letter. Models 

"The development and implementation of conceptual, computational, and computer models is 
one of the most important technical agcu of the p a f o ~ m ? l ~ ~  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 cumnt PA, a good discussion of 
conceptual models and their alternatives arc provided in only a few instances, such as the 
porosity model for the Culebn Dolomite. The conceptual models for the potash mining 
scenaiio arc absent.' 

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 SO- Quality Assurance 
Procedurc~. The mandatory guidelines and rquircments contained in these pmcedurca 
ensm traceability amJ vaif!cation of computational and computer models, as wcll as 
documentation of the underlying concephul models. 

The evaluation of computational-model u w d n t y  involva evaluation of various canceptuzl 
models against n l m t  repository pcrfonn?nce metriu. Cuncnt WIPP PA lccomplishes 

h 

this in two ways: 

1. An "allother-things-being-equ?lg metbod, in which a l t d v e  concephlal models for one 
component of the system are individually enluood over the LBS sampling of 
imprecisely known pyamten, while mPintPining the e f f t y  of panmeten 
included in the tested sub-model ams*mtL 

2. Inclusion of the alterdve c m c q t d  models within the s m p h g  of imprecisely known +̂ I -_ 
parametas. , * 

Examples of Mthod (I) are inclusion of: 3 multiple tnnsport and flow models of the 
Culebra dolomite (abgk-parodty vs. dual-porosity n. frrehm-flow only; cbemial 
retardation vs. a0 chanialre(rrdPti011); a d  b) multipk rrpositay and SPlsdo --tam 
nsponscs (with gas g a e r a t h  vs. without gas genentloa; with room colwolidrticm vs. 
without mom aasIWio11; with a nprr~entlti011 of fracturinO h the Sllpdo VI. With 110 
Salad0 fracturing). 

The example of method (2) to date is inclusion of diffamt twephase-chpnrtaistic curves, 
e.g. the BmWCorey and Van Genuchtcn/Parker submodcls, and sampling on each. - 



.- The DOE believes it is important to evaluate the defensibility of A conceptual models 
continually, both by examining their supporting experimental data and evidence and by 
examining whether or not the different models have significantly different impactcl on 
expected performance. Ultimately, the defensibility of a performance assessment depends on 
the belief of the regulators and major srakeholders 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 CLl5 

Cover Letter, Models 

"The next performance assessment iteration should contain a detailed hescription of all 
conceptual models chosen and the alternative conceptual models that are or have ken under 
consideration. For those conceptual models no longer under considention, DOE should 
justify why they were discarded.' 

During the development of compliance documentltion, a a a c q l d  model scnening p n w r ~  
that has the god of ewnining all conceptual models put forward by Sandia, WID, DOE, and 
stakeholders wi l l  be used to arrive at a prediuim of rrpsorvbly upectal sysbm 
performance. The ocreening process will include the reaming by which the model is 
accepted or rejected for use in the performance assessment. The wmpliance documentation 
will provide the full description of the screening process and its application. 

Cover Letter, Models 

"Before DOE submits an application for catification of wrnphxe, thae should be general 
agreement beNen EPA and W E  on the conceptuzl models that will be used by DOE.' 

The DOE apes tht ongoing dialog regarding conceptual models will be vay  useful. 



Cover Letter, Models 

"The development of the computer codes will take time, especially since many of the 
computer codes arc 'state of the art.' Because of the sophistication of the modeling, the pea 
review and quality assurance of the wdc will also tah t imtthe more complex the code, the 
more time it is likely to take. They will also take more time to miew. We recommend that 
DOE takes the necessary time to ensure that the peer review and quality assurance is 
implemented in a thorough manner, especially w h m  there is uncertainty in the conceptual 
models used in the codes." 

The DOE agnes and has instituted a thorough d e w  of the quality of the codes and data 
used to implement conceptual models. .. n 

-CL18 - 

Cova Letter, Quality ASSUEUK~ (& 
'...the PA does not srtm to pMnss data quality objectives or other related iosues.' 

This was not a rigorous objective of the 92 PA. Tbe DOE has m t l y  initiated a quality 
verification activity to assure data and code quality for compliance dc&mmah 

. . 
ons. 

(Restatcmt) EPA u coaamrd about tbe implematation of QA for the 'old data', such as 
site c- . , orompluedhbomorystudiu. 

In 1993, theDOEbqananextcnsinmiewofarlyandcompletedwok ThcweSSrnent 
is still in ~ r o ~ r r s s .  Deficierscies identified in tbe .ruumcnt sbaU k Qcumentcd nad . v 

appropriate comctive action  taka^. Before the final complivla pppliatioa is b r ~ g h t  to 
EPA, data, analyses, and d t i n g  conclusions shall be scnuwd Wst QA 
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- Comment M01 

Page 1: I. Technical Comments, A. General, Access to Information 

Area in dccurReat 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 should 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 EF'A and to other interested parties." 

The DOE is currently pursuing a c e s  to computer codes and training in their use with the 
EPA and stakeholders. Documentation of codes is k ing  com~1eted:"iiid will be com~lete 
before PA analyses arc used in a compliance application. 

C o m m c n t m  - 
" - 

Page 1: I. Techniai Comments, A. General, Resource Allocation 

'Decisions rrgarding resource allocation (e.g., model develapment 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 computafional efficiency, 
because of the potential for the algorithms themselves to be unnecessrily rrsource limiting to 
the PA effort.' 

-A's comment is wocd a d  will be amsided by the DOE. 



Comment TO03 - 
Page 1: I. Technical Comments, A. General, Limited Resources 

Area in documerlt Volume 2, Chapter 7, page 7-5, Line 17 
w 

"Direct solution of 'fully coupled equation' is said to k Unnalistic using prucnt rc90urcu. 
Why is this true? What resources st&, money, or computer capacity would be required? 
Has W E  tried to use more efficient algorithms and computer program applications? ' 

Reswnse 
I 

The basis for this statement is discussed in Butcher and Mendenhall (1993, page 7-3 middli 
paragraph). An example of typical computer capacity requirements is given in the same 
reference, page 6 5 ,  third puagraph. In regard to algorithms and computer applications, the 
codes used for these analyses have evolved ova the past 30 yeprs and nprrsart the most 
advanced state-of-the-art technology. 

Butcher, B.M., and F. T. I b f d d d .  1993. AS- ofthe M&& Uscdforthe 
Mechanical Response of DLrpacal h n w  in the W e  Irohtibn Pilot Pllonr wiah R c g d  w 
Compliance with 40 CFR 191, Sub-msn B. SAND92-0427. Albuquerque, NM: Sandia - 
National Laboratories. 

Page 2: I. Technical Comments, A. Gmaal, Room Modeling 

(a) "Has DOE developed a fkld theory for l w q h w  flow in a deformable porous media 
withfracturrstht~uruadapolvpedef~irmt~ll?* 

@) 'Can DOE provide jwtificPtion for sepPnbing (ova the wiw timcand-space scales) 
the two-phuc flow, medun& rock rrsponse, md gpc gQKNion models?' 

(a) While a single field thory for two-phue flow in a defonnable porous media with 
fractum that can undergo large deformation m y  k theoretially feasible, it is amsided to 
be technically infeasible because it would be too unwieldy to use in the global context of PA 
(also see response to previous comment). 

-. 
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-. 
0) The justification for separation is discussed in Chapter 7 of Butcher and Mendenhall 
(1993). 

Butcher, B.M., and F. T. Mendenhall. 1993. A Swnmary of the Mod& Used for the 
Mechanical Respome of Disposal Rooms in the Was& Isolation Pilot Plum with Regard to 
Compliance wirh 40 CFR 191, Subpart B. SAND92-0427. Albuquerque, NM: Sandii 
National Laboratories. 

Page 2: I. Technical Comments, A. General, Pan Referencing of Information: Shaft 
Consolidation Epmple 

Area Volume 3, Chapter #, Page 3-35, Line 7, A137, A140 

It is stated that backtill in the lower is pvts of the shah will become consolidated due to salt 
creep, with a find pameability comparable to that of the host rock of the Sllado formation. 
However, no calculations or modeling mults arc presented in the PA repor& to justify this 
assumption. The 1992 PA citcs the 1991 PA, which in turn cites two otha reportr without 

- discussion how the values were derived. This is but oae ase out of many in which the 
reviewer must peruse a succession of docummts to fiad the source of cited date 

The Project is cumntly investigating the prmability W y  to be lchimd by the crushed 
salt components placed in the s h a h  The most currmt published information is summarized 
in Van S a m k k  et al. (1993). Cumnt technical efforts are focused on evaluating the effeas 
of backstr#r, placnnent technique, and pvzmeta miability oa our abiity to achieve an. - 
acceptably low pamcabiility in ach of the sh9fts, effsctivc -t of the awhcd At 
components is an important pnrt of the pmpoacd LygeSaL Seal Tests Prognm. 

Van Sambek, L.L., D.D. Luo, MS. Lin, W. Ostrowski, and D. Oyenuga. 1993. Seal 
Design AlrcrnQhu SNdy. SAND92-7340. Albuquerque, NM: Sladip NItioaal 
Laboratories. 



Comment T006 

Page 2-3: I. Technical Comments, A. ~eneral,  Radionuclide inventories 

Area in doc- General, Volume 3 

"The source of the radionuclide inventories is the memo from Andrew Petenon, 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 longa-lived parents, while 
others do not. For example, Y-90 is in secular equilibrium with Sr-90 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 eaougb information 
to enable it to evaluate the data and make the naxsmry corrections.' 

- 
The Project is evaluating the sensitivity of compliance to thic iuue. A d d i t i d  detlil will be 
included in Project Technical Baseline report. 

me radionuclidG inventory used in the 1992 PA rp a hypotiwial *designg inventory baf$ 
onthenumkngiminthePeta~oamemo;incoasistendesinthe~~ygCllQatM~ ' . '  
quoted the inventories wac ignored in forming the design inmtory. 

" W h y  are the 1991 release limits prrsarted instead of the 1992 limits used? The inmtory in 
1991 was 11.87 million Ci of wute. The 1992 PA invatory is listtd as 4.227 million Ci (in 
tables on pages A-137 and A-140). lhis is morr than "slightly diffcm%' . . than the 1991 



- 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?' 

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: I. Technical Comments, A. General, Inventory and Release Limits 

Aria 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? Wi bounding values k used?" 

Uncertainties in all waste characteristics (e.g., the composition of the waste as well as its 
radionuclide inventory) are presently unknown. The donuclide inventory used in the 
1992 PA was a fixed, hypothetid 'design' inventory based on estimates given by Peterson 
(see response to preceding Commeat TUO6); ullcQtainty wu arbitnrily added to certain 
waste charactuistics also estimated by Peterson (volumes of cellulosics and corrodible 
metallics) in order to test the sensitivity of performance measures to variations in these 
characteristics. 

+. 

Comment- 

Page 3: I. Technical Commats, A. Gaunl, Colloid Tmqmrt 

~ r r a  Volume 2, Chapter 2, Page 2-39, Line 9 

"EPA strongly ~~ICU with the State of New Mexico that distribution coetficients (K,'s) be 
based on 'experimcataUy justified data' and not based solely on expert panel judgment.' 

The DOE has p h y d  program to provide these data if needed. 



Page 3: I. Technical Comments, A. General, Uncertainty 

Area in docurllQlt Volume 1, Chapter 3, Page 3-13, Line 44 

"Please provide a detailed explanation of all methods used to reduce unceminty and methods 
used to evaluate uncertainty. " 

The line referred to in the text references Table 3-1 on the following pages of Volume 1. 
This table contains approximately 48 references and internal cross-references to examples of 
techniques used to as= 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. 

Ar*r Volume 2, Chapta 3, I4ge 3-22, Line 1 - 

The referenced line of text nfa to the ptapPgvi011 of a sample through a model. That step 
of the analysis is briefly explained in the pxcvious sscti011 aa the previous page, and is 
explained in debil in lata chapta~ of Volume 2 and in Volumes 4 and 5. RopPOltion of 
t h e ~ p l e ~ t h e m o d e l d m p l y n f a t o t k c a l c u l n t i o a o f ~ f o r a c h ~  
hypafube sample, usiag ach ofthe amapace models in tk system. 

-. , 
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Page 3: I. Technical Comments, A. General, Grout Seal in MB-139 

Area in document Volume 1, Chapter 4, Page 4-4 (Figure 4-23) 

How does the "Grout Seal" get into Marker Bed 139? 

Effective placement of grout into Marker Bed 139 has been pan of the technology 
development acbv~ties performed at the W P  facility. Specifically, as indicated in the test 
plan for the Small-Scale Seal Performance Test-Series F (Ahnns, 1992), this underground 
test at the WIPP was "intended to demonstrate equipment and techniques for producing, 
mjecting, and evaluating microfine cementitious grout." The grouting was completed 
March, 1993, and the final report is cumntly king prepared. 

Ahmrs, Ernst H. 1992. Test P h  - Sealing of the Disnrrbcd Rock Zonc (DRZ), Including 
Ma&r &d I39 (MEIJ9) and the Overlying Halite. Below the RLposirory Horizon, at the 
Waste Isohrion A ' h  Plant - Small-Scale Seal P e ~ n n a n c e  Tur - Scricr F. Albqrvrque, 

- NM: Saadia National Labontories. 

T013 

Page 4: I. Technical Comments, A. G d ,  Grout S d  in ME-139 

Arra Volume 1, Chnpta 4, hgc 4-4 ( F ' i  4-24 

How will the seal location be selected? 

Tentative locPtioar for tbc sml companents hve kEn idaitified in the rdmncc seal design 
report (Nowak et J., 1990) and the logic for the locotioas is identified. In gamal, locations 
were sdccted on tk bash of the scaling mategy ( ambi t i on  of long- and short-term 
compoamu with rwc desinbt redund?acy) and accded function (e.0.. limit wata flow into 
the shaft) of a @cular cornponeat. Locztions have ken slightly modified in a recent update 
of the refemwe seal design; Qcumcntatim of the updated deaip is in progrry. Additiuaal 
information related to the intended seal locations wi l l  be included in desiga reports on the 
various components that will k primary rcfacnces for complinncc documents. At the time 

- . 
-. 1 

C .  
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of actual placement of the seals, it is likely that location-specific factors such as degre of 
fracturing or 0 b ~ e ~ e d  water inflow will influence the final placement. 

Reference 

Nowak, E.J., J.R. Tillerson, and T.M. Torres. 1990. Iniriol Reference Seal System Design: 
Warre Isolation Pilor Plant. SAND90-0355. Albuquerque, NM: Sandia National 
Laboratories. 

Comment TQ14 
/*- 

Page 4: I. Technical Comments, A. General, Bell Canyon Formation Chancteri 

A- 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 q s i t o r y  
due to exploration activity, then it would be pnrdent to know more about the hydrostatic head 
gradient of the forn@on. If there is data on this topic, it was not presented in the PA.' 

The regional potcntiometric surface of the Bell Canyon FormntiOa u pnsented in Figure 9 of 
Mcrcp (W), and extrapolated static bottomhole prrsarrrs in the Bell Canyon in three 
borehol&AE&7, AEC-8, and ERDA-10) tcstcd by the WIPP project ue givm in Table 4 
of the q f a t n c e .  Pressun and hydraulic head data from the Bell Canyon in two 
a d d i t i h d , w &  (Cabin Baby-1 and DOE-2) tested by the WIPP project are given in 
Eeauheim'ct al. (1983) and Beauheim (1986). JMa from all iiw hdes irsdicote rbat Bell 
Canyon hadr are sufficient to drive brine to the level of the rrpository in an open borehole; 
whether flow would be upwards or &wuwPrds in this borehole would depend on the pre~sun 
conditions existing in the npoJitory at the time. 

Beauheim, R.I.., B.W. HYsinga, and J.A. Klnikr. 1983. B d c  Dmrr -*fir Bonhok 
Cobin Baby-I Deepening and HydroIogic Tudng, Waue Iwhkm Pil# PYom lwlPP) 
h j e c t ,  Southeawn New Maico. WTSBTME.MO. Afbuqump, NM: US. Depnrtment 
of Energy. 

3 .  



- Beauheim, R.L. 1986. Hydraulic-Test Interpretm'om for Well DOE-2 ar the Wasre Isolarion 
Pilot Plant W P P )  Sire. SAND86-1364. Albuquerque, NM: Sandia National Laboratories. 

S o m m ~ n ~  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?' 

The areas of the drifts, waste panels, and other features of the repository arc given in Table 
3.1-1 (which is also keyed to Figurc 3.1-2) oa page 3-4 of Volume 3. The total excavated 
area of the disposal region is 11 1,520 meten' but the total a r a  of the disposal region 
(including pillars dnd room sepanton) is 0.5069 kilomet&. The area used in the 1992 PA 
to compute the drilling intensity into the repository includes the 111,520 m d  of area for 
CH TRU wastc and 14,480 m a d  hypothctially occupied by RH waste e 

- walls of the wasteemplacement panels (total target area of 126,000 

Commmt TO16 

Page 4: I. Technical Comments, A. Gmaal, CNshed Sllt 

Volume 2, Cbapta 2, Page 2-48, Line 19 

'Nhat proce~ mu used to prove that awbsd salt will compact to 95% of initial density 
within 100 years? 

Creep modeling activities, suppoNd by laboratory measurements on crushed salt and host 
rock salt, have led to the klid that sufficient defarrmtioa will k lttaimd to achieve 
compactiontoabout%%. l'kmootrccentmoddhgcfforts~aunmarizedinVul 
Sambeek et al. (1993). The timing for whar the degree of compPction mhu about 95% is 
d i d y  depndmt upon numemus ficton such u the d y - s t a t e  crrep Rtc of the host m k ,  
the initial or empWcmeat density of the awhed salt, the &bass a d  on the formation 
by the crushed salt, moisture content of the cnuhed salt, etc. 

2% 



Van Sambeek, L.L., D.D. Luo, MS. Lin, W. Ostmwski, and D. Oyenuga. 1993. Seal 
Design AltemMmMws Sfldy. SAND92-7340. Albuquerque, NM: Sandia.Nationa1 
Laboratories. 

Page 4: 1. Technical Comments, A. Geneml, Colloid Transport 

Area in d- Volume 2, Chapter 2, Page 2-54 

"Colloids could potentially have a large impact on the migration or retardation of the .--- 
radionuclides; they could have a noticeable effect on solubility and sorption of the 
radionuclides. When will data on colloid formation and transport be collected?' > 9 

A labontory prograin to deLnnine important information about colloid formation and 
hansport in Saldo and R u t l a  brines is in pmgreu. Some qualitative information from this 
p r o g r a p i t P s " ~ k e n t r a n s f d t o P A f o r i n d u s i 0 a i n ~ a t c u l n t o n s ; o t h a  
info&* . . wiU be provided for the compbcc  auaiysis. 

.' . .. I - 
Two 4 . w r y  prognms address the two major typu of radioco~oids. Actinide 
intrinsic c o l l d ,  which form by condensation reactions from dissolved ndiaaudides, arc 
being investigated by a series of sixen expaiments. Potential d a  colloids, which are 
ordinarily non-radioactive particlu that may act as a substnte for Sorption, arc king 
invesfigated sepuztey, by a saies of rrcening upaimam that focuses on evaluating their 
stabilityinbrines. R e s u l t s f r o m t h m c t w o l a b o m m y ~ w i l l b e ~ i n t o a  
model that describu the amccnatiars of colloid-bame rtiniQ in the disposal room . . environment. Rahcmm made with the modd will be compand with ruulb from the 
Source-Tam Test Pmgram (SITP) being conductal as part of the Actinide SourccTam 
Program (see Phillip and Molecke, 1993). 

Phillips, M.L.F., and M. A. Molecke. 1993. T e c h i d  R c q v t l ~ n m ~ f i r  the Aainih 
So--Tenn W e  Tut P m g m  SAND91-2111. Albuqumluc, NM. Sandia N a l i d  
Laboratories. . 

'3 EPA comments -. 



- Comment TO18 

Page 5: I. Technical Comments. A. General, Colloid Transport 

A r e a i n  Volume 2, Chapter 2, Page 2-54, L i e  29 , - , . .. .. 
. . Z 

, ;; ,j -1 
"When will it [colloid formation and transport] be modeled in future PAS?" 5 :  1 

':,, 1 
: ? 

Transport of colloids will be considered for inclusion in the SPM. Any decision on how '7 

incorporate it in PA for a compliance application will depend on the outcome. 
n 

Comment TO19 

Page 5: I. Technical Comments, A. General, Colloid Transpoa 

Area in d- Volume.2, Chapter 2, Page 2-54, Line 29 

"How does the lack of information on colloids affect the geochemical and hydrology mod& 
developed or under development?' 

Colloids may impact cumnt PA modeling in two plrrs: by affecting total concentrations of 
radionuclides transported in disposal-room brine, and by affecting transport of radionuclides 
in the Cultbra: 

v 

DispaIrrwrn ktinide concenhatim yc presmtly bpscd on values for solubility limits 
dviv&fmm an expen panel (Trauth et al., 1992). The 'solubility' panel rccogniLed that 
suspanded forms could contribute to the total c~~yxlltrptians, but concluded tbat they lacked 
the information to make m y  estimate of what that conaibution could be. 

Thedistributiaacocfficienaulwdtodemibelctinide~ycalsobowdonexpatpPnel 
judgment (Trruth et al., 1992). and also do not include colloidal effects. The 1992 PA 
reported rrieovs into the Culebra and IrYlsportcd in fncturrs only without my 
sorption. Thcsc akulatiau do not consider the effects of colloids in the disposal room. 
With regard to colloid-facititltal ndionuclide trrnsport in the Culebn, it hs ken vgued 
that colloids may incnve transport ratu relative to diYolMd rpecies, b u s t  adloids may 
have little nardation and may be preferentially tnnsported in the center of channels whae  
velocities are greater. 

EPA Co- 



Reference 
R 

Tnuth, K.M., S.C. Hon, R.P. Rechard, and D.R. Anduson. 1992. 7hc Use of Erpcn 
Judgment to Quannfi Uncenaimy in Solubility and Sorption Parameters for Woste Isohion 
Pilot Plant Perfomuulce Assessmenr. SAND92-0479. Albuquerque, NM: Sandia National -"-,,- 

Laboratories. 

\.b. 
' -.. ."- J 

Page 5: I. Technical Comments, A. General, Room Closure -vs- Constant Pore Space 

Area in doc- Volume 2, Chapter 7, Page 7-8, Line 13 

"If the 'ha1 porr 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 indirea way'. This appears to be inconsisteat. If you haw closun the pore space must 
decrease. The model appears to be deficient on this point.' 

T i e  statements d a r i n g  to constlnt volume Yrd mnsnt paosity in volume 2 page 7-7, 
lines2Oto24 refatohowtherrpositorywucaaceptuPtizedpriorto 1992. In 1992 the 
porosity and volume in a disposal room varied in time accding to the SANCHO predicted - 
consolidation results, as described in Volume 2, page 7-5. 

Commcntm1 

Page 5: I. Technical Comments, A. G d ,  Boundvy Comhbm 
. . 

d 

Vdrrument 2, QlPpa 7, psOe 7-16 

- 
EPA CommsntI 



procedure is demonstrated by overlaid contour plots of head, gradients, and fluxes obtained - from both regional and local grids. 

Comment TO22 

Page 5: I. Technical Comments, A. General, Boundary Conditions 

Area in d- 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?" 

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 domain an 
described in more detail in Volume 4, page 6 9  through 611. 

. . -. 
'D, 

Page 5: I. Technical Cornmenu, A. C b c d ,  Boundary Conditim r+: '.. 
. , ~ .  .. , %,, . . 

.- . , 
, ? 

L : 5 ;  Arcs Volume 2, Chapter 7, P w  7-16 
, ,.* . . 

"How are the initial boundary conditions pea nvicwed?' 

There was no formal miear limited d y  to rodel boundvy conditirns. Boundvy 
conditions are discussed on page 7-16 d y  in g d  tams. Specific boundvy conditions 
for the regional grouadwata flow &main ye in Volume 4 of the 1992 PA, pages 6 9  
through 611. ~oundvy caditions received the saw pea review as other aspects of the 
1992 PA: in& rrviean paformed prior to publicatiion by coauthors and coworbn, 
by formal SNL trchaicPl revkwar, by tbePerfonannce Auessmnt PeaReview Panel, and 
by SNL and DOE mumgemeat. 

- 
EPA Commrmh 



Page 5: 1. Technical Comments, A. General, Categories of Distributions and Parameter 
Selection 

& in documeat Volume 1, Chapter 4, Page 4-13; Volume 3, Chaprer 1,  Page 1-7; 
Volume 3, Chapter 2, Page 2-1 1 

"The PA discusses categories of distributions for different parameter typs: continuous, 
discrete, constructed based on experiments, constructed b a d  on expert judgement, and 
miscellaneous categories. ' 

"The process used to select a distribution for each panmeter needs to be discussed. How -" is-i)- 
distribution chosen for a particular set of parameters?' 

For more detailed discussions of the ways in which distributions of uncmah parameten 
were constructed in-the 1W, 1991 and 1992 PAS, see Ticmey (1990. in particular. Figure 
E-1) and T i y  (1994). 

T-.-. 

Tierney, M.S. 1990. Commc~n'ng Fmbabitfry D i s W u h s  of Urn- Vmicrblcc in the 
Modcls #the Performance of tht Wave Isohtlon Pilor Prcmt m P). SAND90-2510. 
Albuquerque, NM, Sandia National IabontDriCS. 

Tianey, MS. 1994. 'Using Data and Informntion to Form Distributions of Model 
Parametas in Stochastic Simulations of Paformz~~cc  of the Waste Isolation Pilot Plant 
(WIPP)', Proceedings of PSAM-11, San Diego, Cid@mio, U.S.A., Marrh 20-25, 19%. 
051-9 to 051-16. 

Page 5: 'I. Tshnial Comments, A. Gmeral, Wegcnh of Disbibudo~w and Panmacr 
Selectioa 



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 transmiuivities); 18 were constructed by 
formal elicitation of expert opinion, which may indirectly be Lirrlred to data; and the 
remainder (23) were constructed on the basis of informal expert judgment using the fivestep 
procedure described in Figure E-1 of Tiemey (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. ComtNEilNEilng Probability Distribwwom of Uncenain Variables in the 
Models of the Pelfonnance of the W m e  Isolation PiIor PIonr (WIPP). SAND90-2510. 
Albuquerque, NM: Sandia National Iabo~.tories. 

Page 5-6: I. Technical Comments, A. General, Categories of Distributions and Parameta 
Selection - Area Voocummtume 1, Chapter 4, Page 4-13, Volume 3, Chapter 1, Page 1-7, 

Volume 3, Chapter 2, Page 2-1 1 

"The constructed distribution type should diffaentiate ktwecn values derived from 
measurements and tbose daivcd from expit judgement.' 

"How wen  the input pPRmetas chosa~? How many arc thae, and how many are variable? 
Which ones are important?' ,-"c". r - . 
u?Qw I .* 

I i r  

$. ' a 
In thaxy, exprtjudgiwnthfoundedin mawemenoandotbadahcollstionlctivitieS 
albeit not neceYYiy WIPP specific. Consqmt ly ,  to use the gcaazl rule indicated here 
may not be rrproapbk. Insted, some ntioaple should be provided for the combination of 
the two sourca of pramem values. 

InputpanmeMycdictvcdbythenatunofthermthematicPImodelsuscdinthePA(~ 
Section 1.4 of Volume 3). Thae were nearly 400 input pPnmetas in the 1992 PA; 49 of 
them w e n  beatad as mcuiah (variable) for tbe purposes of d t i v i t y l u n c a t u n  --. ty analyJa 
for human intrusion sections 6.1 and 6.2 of Volume 3). The most 



(important?) parameters in the 1992 PA are described in Table 9-3 of Volume 4, and 
Table 6 1  of Volume 5. 

Page 6: I. Technical Comments, A. Genenl, Assignment of Probability Distributions 

Aria Volume 3, Chapter 1, Page 1-18, Line 37 

"Very general procedures are described for assigning probabiity distributions, but these 
procedures are incomplete and do not answer critical questions.. 

"Please clarify the review process used for assigning probabiity distributions? How do you 
determine confidence in the probabilities?' 

"What are the wnshucted distributions and which docs DOE expect wiU k replaced by data? 
(Volume 2, page 6 4 ) .  ' 

The "replacemcat of constructed distributionr by data' is an lctivity that will k camidad 
for inclusion in the SPM, i.e., the addition of expaimntal data w h  q u i d  to support a 
compliance application. 

- 
The micw process used to assign probabiity distributions in the 1992 PA is briefly 
described in Section 1.3.1 of Volume 3; evidence of the implemmtatiioa of this process is 
shown in the many memos of Appeadix A of the latter Qcument All pnmdas used in the 
1992 PA wae  classitled as 'X' among the thrce quality-assumce categories of ascending 
confidence, X, C, and A. To k clvsified aa 'C', a puPmeta would hpve to have 
docummtation of the line of masoning that cstlblisbed its 

. .  . andthesourcesofury 
data used in ammmhg the distribution. An 'A' cloY pp~meta must also have received a 
docum~lted pea miew. ' 

1 4  

Constructeddishibutiawpreexplninedon~1-1OofVdume3.Thisategoryof 
d i s t r i b u t i o P t u c b v P c t a i z s d b y d i r s c t u w d d a m ~ ~ f a n n a n ~ c u m W v e  
distributioa fuac&m the 'dam' mav be mcuurementr of reol ausntitia or the set of 

Additional detail on tbe COllStNCtion and use of distributioas will be included' in the final 



Î  
Cornmen1 l ~ 8 ;  

C 

Page 6; I. Technical Comments, A. General, Heterogeneous Reservoin 

Area in documelht Volume 3, Chapter 1, Page 1-21 - Line 60 

"What is meant by 'reservoirs' in the context of the BRAGFLO model?' 

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 BRAGFLO was a multi- 
phase flow code used in the petroleum field -- thus the use of the term 'oil reservoir' or 
'reservoir' modal. 

Commentmg 

Page 6: I. Technical Comments, A. Genaal, Brine Reservoirs 

Brra in doCVmQlt Volume 3, Chapta 1, Page 1-30, Line 15 

"Why is the 'sample intmsity function' multiplied by the 'fraction of the repository area that 
is underlain by brine reservoin'?' 

This question arises in the context of the brkf description of the model for computing 
computational scenario probabilities givm in Section 1.4.2 of Volume 3. A more thorough 
treatment of the same subject, models used to compute human-intnuion probabiith for 
different summary sccnuios, is givm in Section 5.2 of Volume 2; the answa to the p m t  
question is giva  by liaes 10 Uuu 28 of page 54, incIuding Eqdm (5-13), in the latter 
reference. 

The cited text is simply m ample being givcll whadn the W o n  of npository area 
underlain by brhk re~~voira is of intaut for a particular intnrsion mnt, El (El is an event 
inwhichoncawaeborrbdespauthroughawvtepPnelandintoa~l t~~~&) .  

EPA Co-tr 
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Commenl TO30 
t7 

' . : . . . * ,.I. ' ". -,. 
" $1 .... . -.., 

Page 6: 1. Technical Comments, A. General, Viscosity 

Area in document Volume 3, Chapter 1, Page 1-34, Lie 9 

"DOE states that 'viscosity measurements for an oil-baud, 1.7 - kg/m3 mud'. Why would an 
oil-based mud be used to drill through the Salado Salt Beds instead of a high-salt water-based 
mud?' 

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 zuo 
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 valw chosen 
for the ratiq was'expected to have little impact on the final model diameter. The Project is 
eva lua t iy .n s# iv i t y  of eroded d i i  to this issue. 

Page 7: I. Technical Comments, A. Genal, 'Dual Porosity' Modd 

"The way the 'dual porosity' model is described gcnentes confusion. Does the model really 
allow diffusion through the rock rmtrix?' 

Yes, the PA's dual porosity model allows diffusioo through the rock e. In this 
transport model flYiQ only fbws (Pdvrcts) along fnrturer. In thic woy, solutu (i.e., 
dissolved ictinides) uegdveukly mqmtd in the frpeturrvoid volumeand diffueinto 
the much larger matrix void volume. The SECOTP tmsport code numerically dmulatu the 
diffusion proce~  with a mw tnnda term. Thic Oam the free arotrr molecular 
diffusion of epfh solute, the tDttuosity of the matrix, and the solute co~c~lhation gradimt 
betwe~~thefnctunsandthermtrix. 

Jones, T.L., V.A. Kclley , J.F. Piclrms, D.T. Upton, R.L. Bauhdm, and P.B. Davies. 
1992. Integration of Intelpntation Results gflhcer Tcsts Perfomud in the Cld.eb~ 

-> 

DOE'wlPP-9s-2053 1-28 EPA Cammantr 



-. Dolomire or rhe Ware Isolarion Pilor Plant Sire. SAND%?-1579. Albuquerque, NM: Sandia 
National Laboratories. 

Beauheim, R.L., and P.B. Davies. 1992. EXperirnCntd Plan for Tracer Testing in the 
Culebra Dolomire cu rhe WIPP Site. Revision A. Albuquerque, NM: Sandia National 
Laboratories. 

;. -.., , 
Comment TO32 

Page 7: I. Technical Comments, A. General, "Dual Porosity" 

. Volume 3, Chapter 1, Page 1-39, L i e  1 
> ? A L  , 

."H;W do& flow model (SEC02D) compare with laboratory results? Is it verifiable?" d. 

Results from the SEC02D code have not been cornpad to labontory mults. This code is 
designed to sirnulaic flow that occurs at a scale that is larger than what could be represented 
in a laboratory experiment. The SEC02D flow code sol= the partial differential flow 
equation for heads in a 2D, confined, h e t c r o g m  aquifer that obeys Darcy'r Law. The 

7 
flow code has ken benchmarked, tested and verified for frredom from coding errors, order 
of convergeaa, and dirreriution consistaq (Roache et 1, 1990). 

Reference 

Roache, P., P.M. Knupp, S. Steinbag, and R.L. Blaiae. 1990. 'Experience with 
Benchmark Test Cves for Groundwater Flow,' F o m  on BendaML Tca Gws for 
Computational Fluid DyMmicr, ASME muid hgineering Division @ring Conference, 
Toronto, On!&, COMda, Junc 47.19L10. 

Page 7: I. Tecbniczl Comment,, A. Garml, Bore of AnhyQite III 

Area Volume 3, Chaptg 2, Page 2-4, Line 14 

"If the base of the Anhydritc III is so important it would scem mase occurate, to create a 
regional contour map of the bPse of the Anhydrite III. The North-South grdogic cross- 
section may not accwnt for all unknowlu.' 



The point is well taken. The exact elevation of the base of Anhydrite ITl beneath the WIPP 
is not well 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 elevation. Regional dips are small, however, 
and the un%zrrainty introduced locally by a limited stntigraphic 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 
o f .  1992 PA). 
.& 

*I' 

&me* ~ 0 3 4  

Page 7: I. Technical Comments, A. General, Top of Bell canyon 

document Volume 3, Chapter 2, Page 2-10 . 
. -- 

"A more accurate value for -the Top of Bell Canyon can k found by the method outlind k 
the comment for the Base of Anhydritc III (above).' 

h 

The point is valid. The exact elevation of the top of the Bell Cmyon Formation beneath the 
WIPP is not well constrained. Well data arc not available for the @on beneath the panels. 
Other methods, including the cmmction of regional contour maps on the base of the unit, 
could have ken used to utimatc itc elevation. As s&n in well and seismic data, however, 
regional dips an small, and the WlCQtaiilty introduad by limited strotignphic control may 
be small compared to the uncabinty in the in&pr&Uh of the depth to the conducting layer 
and the intaprrtation of the conducting laya u brine (see page 5-2 and following text in 
Volume 3 of the 1992 PA). 

Page 7: I. Tscbnicpl Comm~~tr,  A. Genenrl, N W - A n n l ~ g  Dur 

"It would seem using p a n m ~ a s  of sPndstones and substituting them for salt is innppropriate 
because the strtsr chamamWs, the pamab'ity and the porosities arc quitC diffacnt The 
puformance of salt docs not compare to szadstoae.' 



Two-phase characteristics of salt (capillary pressure, relative permeability) have not been 
measured experimentally for WIPP-specific materials. Very little research has been done on 
the twephase 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 finegrained sandstone with bedding and 12 percent 
porosity. The dominant pore geometry consists of intergranular cracks between abutting 
quartz grains and solution pores pamally filled with dolomite. The pameability of this 
sample to brine is 43 microdarcies (-43. x 1@" m3 at 3.4 MPa confining pressure and 24 
microdarcies (- 24. x 10'' m3 at 34 MPa confining ~MSUIC. Based on these results, and a 
study of threshold pressure (Davies, 1991), two-phase flow in pure or impw halite units is 
not anticipated. Two-phase flow is confined to the various anhydrite mark beds within the 
Salado Formation, making the selection of two-phase properties in the halite units (except for 
threshold pressure) unimportant. 

References 

Morrow, N.R., J.S. Ward, and K.R. Browa. 1986. 'Rock Matrix and Fracture Analysis 

- of Flow in Western Tight Gas Sands.' 1985 Arrmrol Report, N m  M a i c o  Inninuc of M h h g  
and  techno&^+ DOE/MC/21179-2032. 

Davits, P.B. 1991. hrvllvotion ofthe R& of lhrrshoId Rcvvrr in Contmlling How of 
Waste-Generated i n r ~  Bedded Solr of the Wcrn~ Isohrion RoJ P W .  SAND90-3246. 
Albuquerque, W. Sand'i National Labontoria. 

Page 8: I. Technical Commarts, A. Genaal, Lack of Halite and Polyhalite Chemicd 
Interaction 

Volume 3, Chapta 2, Page 2-28, Line 42. 

"What just- or data This thae to supjmt the cwumnt that 'halik ?nd plyhalite ... aze 
assumed . .. ~ l t  to intemct chemically with my contaminants'? This This is very important 
assumption.' 



This statement is misleading. The statement should say that the salts have limited sorption 
potential, and thereforc do not provide a significant retardation mechani.sm. A conservative 
assumption of 0 for the partition coefficient is used. 

Comment TO37 

Page 8: I. Technical Comments, A. General, Radionuclides for Transport Modeling 

Area in document Volume 3, Chapter 3, Page 3-29, Line 31 

"Why were only nine radionuclides considered in the 1992 PA hansport calculations (and 
solubility estimates) for CH-TRU waste? This needs to be more clearly explained.' 

The answer can kfound in Scction 7.3 of Volume 4 of the 1992 PA. F i  7.3-1 @age 7- 
12 of Volume 4) shows plots of radionuclide inventory through time in nomalid EPA 
units. With the cxceptiar of Pu-238, only those ndionuclides thnt exist at 1,000 years or 
latginactivit iesgre~tcrthpn1W~EPAuaitsweniacludedin~modeling.  me 
reason for excluding the othas is shaightforwprd: thy arnnot contribute to cxceabg .- 
regulatory limits even if their entire inventory is nlauA. Pu-238 wrs omitted from 
groundwater transport calculatim in e m  and wiU be included in future analyses--it is a 
major factor in total inventory kfon 1,000 yew, but rapidly dmps out of the inventory 
after 1,000 years. H o w e v ~ ,  for the fnaureonly m q o r t  model tnvel tik are 
sufficiently short that some Pu-238 could repeh the PCCeSSibk environment boundpy. The 
effect on fmctun-only transport relases could be signhicant for intrusions occurring before 
1,000 years. 

Note that the use of the cutoff of lWa EPA units is cautious; the total release limit is 1 EPA 
unit. 

Note also that a tocll of 23 ndiaruclidu wen included in cuttings nlaues, allowing for the 
full wnsidcntioa of sbort-lid species in the cuttings rrle4sa. 

See Appendix D of Volume 4 for mmonnd? describing the usc of this rrpsoninO in 
designing actinide and lrmpod expaimental prognuns. i 

i : 8 



I. Technical Comments, A. General, Excavated Area Underlain by Brine Reservoir 

Area in d o c u m  Volume 3, Chapter 5, Pages 5-2 to 5-1 1 

(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 'sa' 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 mcasunments?~ 

@) "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 theso pressuid brine rescrvoin are ass0ciated with anticlinal structures in the 
upper anhydritc layer then a 3D Survey will clearly, with high confidence, define even 
small closure at this depth. ' P 

* "$  .. \ 

We believe that the geophysical studies arc complete and adequnocly documented. At ,' - --- 
present, we bclieve that the resistivity chvactainton of possible brine distribution benam - the waste panels hu provided information to a level of detail exceeding that provided by on- 
sitclncar-site stratigraphic data prcsc~ltly available. Howmr, we bdieve that the assumption 
rhat any wnductor identified within the Castile is due to the prrscna of brine is rrasonably 
wnscrvative for purposes of PA. 

The Project has investigated and nsdved these issues u fdlows: 

1. The vaiidation (accuracy) of the t m m h t  ele- method to detcct brine was 
done at the same time as the panel survey by running tbe same survey ova the W P - 1 2  
area (brine reservoir p r u a ~ t  known from drilling) and the DOE-1 area (brine rrsavoirs 
absent hown from drilling) (Refaena SANDS7-7144, p. 14, Fig. 3-8). Additional 
validation tvork with scvenl methods was dare prior to the pPnel swey Using the 
hownbrinerrsavdruWIPP-l2lad?nvtificialtpr~up~intbeunderground 
W P  W t y .  ERDA-9 was not drilled dcep amugh into the Castile for most brine 
occumnc# However, the muIU of the dud-induction lop of holc ERDA-9 was used 
directly to @ the resistivity of brine-fire SalpddCastile U t e s  and aahydritcs. 

2. SeismicmetbodswarnotthemethodofchoiafosbrinensavdtdcliaePtonafkthe 
Project's expuience with the original seismic refkcha lines for several reasons: a) 
While seismic studies deheate deformed arcas within the Cvtile (called deformpti0~1 
zone. DZ, in Boms others, 1993). not all anticlinu contain brine rcs~voin. a Drillholes, such as P a ,  hanas of modaatcly de fondbt ik ,  as well as 



drillholes in severely deformed Castile both encounter brine and; b) L a w  velocity -, 

structures produce false anticlines. In 1982, drillhole DOE-1 was drilled into an 
apparent anticline that was based on the seismic surveys. This smmure was nonexistent, 
and the original interpretation was due to the lateral velocity variab:ons; c) it has proven 
difficult to propagate high frequency signals in the portion of the basin; d) brine 
reservoirs arc characterized by a low fracture porosity (1 %), which does not mult in a 
change in velocity much above background variation in velocity. The contrast bctwkn 
the resistivity of a brine weir (1 ohm-m) and the backgwnd anhydritc (100 - 
1000 ohm-m) is significant. Several early Project conclusions wac  that (1) seismic 
methods alone arr not sufficient to answer whether brine rrscrvoirs arc under the site 
and (2) gravity methods were not effective in mapping deformaton. 

Considerable development and review went into the selection of methods. Specifically 
for the brine reservoirs in the early 1980s. WIPP began to rtudy methods based on the 
measurement of electrical conductivity or resistivity (for example, 'Controlled Source 
Audio Magneto Telluric-CSW and charrred bodv-mis-a-h-muse) (Elliot. 1982). 
The basic &sumption is that the brinc-chaq-ed fracturrs of a brine &rvoir kill 

. 

rrpnsent a significant conductivity contrast within the Castile. CSAMT was the mahod 
most extensively tried at WIPP during this period (Bytcl and others, 1983) to delimate 
the brine reservoirs in the Castile. The EEG sponsored rrvicW of the Sandia prosnm 
for dcha t ing  brine rrsavain ad the CSAMT method by J. Waite (U or A) and Peter 
Hoebtn(GeopbySic4Jn). ' Ih isRviewsugpestedthatWIPP~otba 
electromagnetic mabods spcifically the transient ~~ wthod tJ'EM) aka.  -. 
time domain electromagnuic metbods (TDEM). In 1985, SNL cadudcd validation 
surveys in an area around a known brine oocumace (WIPP 12) using sevazl methods 
(CSAMT, TEM, and Frequency Domain Electrormgnetic methods m) with the 
Colorado School of Mina and Phoenix Geaphvsics. Some of the s u m y s  also delineated 
an artificial target placed in the WIPP uadc&&. A n a l p  of &ts concur 
with EEG review recommendations that tnasient (or time-dormin) duXTOrmgn&' '\ 

"Thetcxtonp~0e3-9[ofVdume3] stltesthatcaataiaaue55galloadnrmsorSWBs, 
yet on page 4-11 [of Volume 21 it sates that some 'waste coatninar' will be cornpod of 
organic material. Please explain this diraep9ncy.' 

-\ 
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This is an editorial error: The words "and some waste containers" should be deleted in lines 
11-12 on page 4-11 (Volume 2) . 

Page 9: I. Technical Comments, A. General Comments, Ideal Gas Law 

in d m  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." 

A set of comparative calculations were made using the ideal gac law and several non-ideal 
equations of state. Thesc calculations showed vay Little variation in the calculated propaties 
(< 10%). This amount of umrrPinty has very Little effect on PA cdcuhtions, sinceather 
s o m  of unartainty arc much more important. 

i ' 

(: - Comment TO41 
i 

'.. 
Page 9: I. Technical CommaNs, A. GenaP1, Scncaing Process 

Aria Volume 1, Chapta 4, Page 4-2, Line 13 

"The screnhg process described in detail in the 1991 documentation should be included in 
the EPA PA.' 

The 1992 PA was not intcndrd to be intapnted as a compliance application. Additional 
material will be indudcd as needed in tbe compliance application. 



Page 9: I. Technical Comments, A. General, Screening 

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." 

The DOE has initiated further evaluation of nuclear criticality. 

Page 9: I. Technical Comments, A. Generai, Screening 

Volume 1, Chapter 4, Page 4-2, Line 13 
- 

'How wi l l  the changes in the repromulgated 40 CFR 191 e m  the scennrios that are 
included?" 

This question is stiU unda evaluation. No changes in M a  specific to the 
repromulgation of ,191.15 and Subpart C are identified at this time. Qenrly, the time 
interval that must be con~daed for 191.15 and Subpart C has changed. However, 10,000 yr 
undisturbed performance was already included in the d o  development prarss as the 
base case for 191.13. 

"How are smmio rmcaEpinties propagated tiuougb thc analyses; if scenario @ties 
were included in the pmcus, would more d o )  k included?' 

As discussed in Chapter 4 of Volume 2. Section 4.2, s e m r h  arc canstructed fnnn the 
events and processes that may affect the system in the f-. Unartainties about these 



- events and processes are explicitly considered in the screening process. Thosc events and 
prom- that survive the screening process @a& 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 estimafion of scenario 
probabilities. 

Comment TO45 

Page 9: I. Technical Comments, 
! ! 

A. Genenl. Screening Roxu \w 
&a m d- 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 usc? When will 
the effect of subsidence due to potash mining be added?' 

"The mining scenario should consider mining in the potash urne in the controlled area, but 
above the rcpositoiy.' 

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 subsidma 
effects to the full PA cannot be made until these analyses yc available. As noted eiscwhere 
in this volume, 'CO~~SCQU~ICU of wch pauh mining ... will be ddrwscd in future analyses 
when a threedimensional model for grouadwater flow is available' (Volume 1, 
page 3-11, lines 1619; see also page 63, lines 19-22). A -onaI flow model is 
now opuarioaal and ready for prrliminvy d y w .  

As dirusscd in the cvcnt and process sucmhg tat in Volum 1 of the 1991 PA (SAND91- 
08931 1, page 4-35, liuu 7-13), subrideace over mina hs the potmtipl to affect regional 
groundwater floov both by mating catchment basins at the surfice (changing recharge) and 
by fracturing hydrostratiOnphic units (altaing hydraulic conductivity). 

The fulll paint hae, that mining should be COllSidaul within the amtroIled a m ,  is a point 
of regulatory intcrpretuioa. The wording of Appendix C of 40 CFR 191 indicates that 
systematic exploitation can be effectively d e f d  by controls. Mining is such a systematic 
process and does not occur inadvertently and intermittently. 



Page 10: I. Technical Comments, A. General, Probabilities 

Area in documa Volume 1, Chapter 4, Page 4-2 

"How are the probabilities used in the cutoff comparison found, calculated, etc. This 
explanation should be within the PA." 

As the text on page 4-2 of Volume 1 notes, this information is summarized in Chapter 4 of 
Volume 2 and described in detail in Volume 1 of the 1991 PA (SAND91-0893). 

Commentm7 

Page 10: I. Technical Comments, A. Genaal. Probabiities 

Bna Volume 1, Chapta 4, Page 4-2 

"What am the expected probabilities for ach s d o ?  T k y  should k stvcd on the same 
page as the event tree or on the event tree.' 

The event tree displays summary OCQliVios, as descrikd in mom detail in Section 3.2.2 of 
Volume 2. These summary scenarios arc furtha subdivided into computational scenarios on 
the basis of time and number of intmions, as discusscd in detail in Chpper 2 of Volume 4 
ofthe 1992PA.ProbPbilitiesestimattdusinp~Poirroamodelforintrusionpnassigaedto 
comptat ionalscaur io5 ,nthathvl tothesumm~y~,Mdthaef0r~arnnotbe  
displayed on Figure 4-1 as rcquestcd. PIobsbilitiu for selccttd computltioapl scuurios arc 
givm in table fonn in Chapter 2 of Vdume 4 for spa5& duu of the Poissa~ rate constant. 

Ar*r volume 1, Chnpa 4, Page 4-2, Line 10 

"All of the events pl?ccd in the 'base case' need to be dewhd in detail witb an expladm 
of how the event probability was developed and provide justifidon for p k h g  these 
scaurios in the base case.' 

-. 
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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 TO49 

Page 10: I. Technical Comments, A. General, Nearby Borehola as Communication 
Pathways 

Area in document Volume 1, Page 4-4; Volume 2, Page 2-16 

"Have you considered transport to and through boreholes 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)' -= _ 

.J * T. ' -1 

"Is it possible for the high drilling density around the WIPP site to cause salt dis&kim '! 
much like in oil and gas fields in Pecos County, Texas? Should this scenario be ' 

considered?' - 
The issue of the consequences of "near misses" potentially affects the compliance analysis 
and will be reexamined and evaluated. Ratu of brine flow from the repository to a "near 
miss' were uamined quantitatively in 1991 in mponx to commenfr by the EEG on the 
1990 PA. Results of thee analyscs are reported in pages E l 8  t b u g h  E 2 6  of Volume 1 of 
the 1991 PA (SAND91-089311). For the lssumptiow of these analyses (including no l a d  
development of the DRZ), flow ntts wen shown to darrPse more than two orders of 
magnitude 0.25 m from the waste. Flow was decreased furtha at grata distances. Based 
ontheseyulysts,PAQ)IIC1udcdthundimucliderelcoaesupaborrholethatdircctly 
penetntaitheanstcwouldbe~thauthosefroma'nc4tmiY.' 

The Project is cumntly investigating the iyue of existing and future boreholes that could 
alta the vertical flow regime. Thncdimasiorul regional flow modeling is in progress to 
pennit evaluation of possible colwcpwaca. 

The Project has alreadyalreadyin&gatcd and resolved the iuuc of dissolution of salt by oil field 
drilling and work is complete. Dissolution of salt by oil field drilling hu ken considered 
quantitatively in the past bythe WJPP Project (re Christensen et al., 1983), although not on 
the scale proposed hue. pmri0~1'work has indicated that dissolution by freshwater flowing 
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through a single well does not pose a threat to the W P .  Possible effects of high-density -. 
drilling outside the controlled area can be evaluated for inclusion in the system prioritization. 
Highdensity drilling within the controlled area constitutes an intrusion s d o  more severe 
than "inadvertent and intermittent.. .exploratory drilling. " 

Christensen, C.L., C.W. Gulick, and S.J. Lambert. 1983. S e d n g  C o w e p ~  for the Ware  
Isolation Pilot Plant (WZPP) Site. SAND81-2195. Albuquerque, NM: Sandii National 
Laboratories. 

Page 10: Section: I. Technical Comments, A. General. Thennal Effect of Pu-238 

General 

'Has the thermal effect of ?u-238 ken taken into account in PA Analyses? What would i& 
effect be?' 

1 

It is assumed that the comment refers to the thermal laad of radioactive wutc. J d c a t i o n  
for ignoring dioactive induced thennal effcas is give0 in Butcher and Mcndenhnll(1993, 
Seaion 3.7, page 3-26). 

In addition, the Pafonnancc Asummt Deportment looked into this issue and concluded a 
muimum~mpultureriseof2'Cintherepositoryfollingto1'C1Ra80ye~n(Voluple , 

I,   age 4-50 of the 1991 PA (SAND91-0893fl~. / ,  

Butcher, B.M., ?pd F. T. P&n&nhd. 1993. A #the MadcIr Usedm the 
M e ~ h o n i c c r l ~ # ~ R o a r u f n r l u W a ~ e L w l a t k m P l l o t P S 4 N n & h R c ~ &  
ComplioKL with 40 CFR 191. Subpan B. SAND92-0427. Albuqua~ue, NM: Sandia 
Natiolul lAa&uh.  



Page 11: I. Technical Comments, A. General, Shaft Seals and Salt Backfill 

A m d o c u m e n t  General 

".,at isue is the behavior of the clay (bentonite) units "sandwiched' between concrete "iy ! 
Resrxrnse 

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 Wccly to innude into all exposed fractum 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 frachlring due to the swelling. 

Nowak, E.J., J.R. Tierson, and T.M. Torres. 1990. Initial Rcfcn?mx Scd Syston Desigc - Waste Isolaiion Pilot Piant. SAND9W3U.  Albuquaque, NM: Sandia National 
Labontolies. 

Page 11: I. Technical Comments, A. General, Shaft Seals and Salt BacldiU ' 

(Paraphrase) Numerous Jpcific Questions are offered related to the removal of shaft linen. 
The essence of the qualions is clpturrd by: Is it necessary to remove the lina? Can this be 
done safely? Whu are the c o n s e q ~ ?  

The questim of whether or not to remove the shaft linas (or portions of them) remains an 
active question within the WLPP scaling program. It is d m  that if the liners need to k 
removed in order to wurr effective Y415, rhey om and will k w e d .  Saf~ rrnrovll of 
portimsofshafflinashukeal~~~mplishedin~CYlsbPduainneprbypotvh~ 
shafts. Only small amounts of water intlow hnve ken atcounted dwkg ~oastnrtion 
operations and drillin8 opaations mducted in the WIPP shafts. Design and paformvlc~ 



considerations for the W P  shaft seals generally stress reliance upon the wmponenu placed 
A 

w~thin 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 linen. Detailed design descriptions to be included in wmpliance documentation wJ1 
describe whether or not removal is mended and (if needed) procedum for the safe removal 
of this material. e 

C o m m a  TO53 

Page 11-12: I. Technical Comments, A. General, Shaft Seals and Salt B a c m  w 

"Compaction details have not been provided which may further impact on the method in 
which the b a c H  is emplaced and the effectivaess of the backtYl u a seal.' 

This. is an ongoing &a of significant effort. While the Small-Scale Sal Test Program in 
Test Series C and D have provided (see summary in Finley and T i  [1992]) an 
indidon that an initial relative density of &out 80% cau k &bed .  ldditional 
demonstrrti0~utplaMedtodetamiaeifankOive~ofrtlart85%ankichicvcd. 
These additional demonstrations are part of the plm& Largc-&ak Seal Tests proposed for 

- 
the WIPP. Results of the demon- are intaded to be part of the compliyla 
documentation. 

Finley, R.E., and J.R. Tihson. 1992. WPP .%hall Sca& Seal Pe&rmance Tcsrr - St- 
and Impacts. SAND91-2247. Albq~aqut ,  NM: SMdia N l t i o a p l m .  

Page 12: I. Technical Comments, A. G d ,  ShPft SePls and Sllt Brldill 



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 k no reason to do funha 
evaluation of the behavior of blocks. On the other hand, if the use of pmmpactcd blocks 
of crushed salt becomes the preferred technology, evaluations of phenomena such as this will 
be completed. 

Comment TO55 6' ' '  
*" 

/ r r  d , , . , . .".~ Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill : v. .' j 

'...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 pro-vided. Such information is necessary to establish the practicality of the 
approach. ' 

- 
If blocks are to be used in the shafts as pnrt of the scaling approach, there is no question but 
that the practicality of their emplacemmt must be established. In the Small-Scale Seal 
Performance tests, the feasibility of making Md emplacing blocks wu demonstrated. At the 
present time however, efforts are focusing on evaluating methods for in-place compaction of 
crushed salt. If this technology can be demOllStratCd to achieve the desired degne of 
compaction, it offers advantages related to cost ad safety. Danonstation trns are currently 
being planned which will evaluate the degree of compPction thpt can be achimd. If in-place 
compaction of the cnwhcd salt is successful, thae will be no rtvon to further evaluate the 
behavior of blocks. On the other haad, if the use of precomppctcd blocks of aushcd salt 
becomes the p n f d  technology, evaluations of the prrctiality of full-scale placemalt of 
blocks wiU be initiated. rrwstl.r, of the plaaned vquena of evaluations, the use of salt 
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Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill 

Brea 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 w m c t  to say that SNL has recommended this 
bacldill but that DOE has made no commitment to use it?" 

The EPA suggested statement is w m c t .  SAN'D90-3074 discusses the scientific aspects of 
crushed saltlbentonite b a c w  but no determination has yet been made. B a c k 3  will be 
considered in the SPM. 

Butcher, B. M.,1991, 7 7 ~  Advantages of SoIr/&ntonire m U f o r  the WIPP Disposal 
Rooms, SAND90-30'74, Albuquerque, NM: Sandia National Labommi-. 

(Rutatemart) What data arc thae to support tbe a.uumed long-tam permeabilities in the 
shaft Jcals? 

-I 
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Hansen, F.D., G.D. Callahan, and L.L. Van Sambeek. 1993. "Reconsolidation of Salt y 
Applied to Permanent Seals for the Waste Isolation Pilot Plant,' 3nl Conference on rk 
Mechanical Behavior of Salr, September 14-1 6, 1993, Ecole PoIytechniqu, 91 129 Polaiseau, 
Ceder-France. 

Page 12: 1. Technical Comments, A. General, Shaft Seals and Salt Backfill 

Area in documq Volume 2, Page 2-48 

"What is the lih'hood that the panel and shaft seals will k able to prevent migration 
through MB-139, both under the excavation and away from the excavation in the Disturbed 
Rock Zone?" 

The shaft seals uc not designed to prevent lvaal migration thrwgh MB139: flow up the 
shafts from ME139 would be very limited by the combination of short and long tam 

h 
components included in the shaft system. 

The scaling conc(ptr for the WIPP panel scPls (see Nowak et d. [lm) include provisions 
for grouting of the Marker Beds or the DRZ in the halite u necessPry to limit flow. 
Effective plwment of graut into Markm Bed 139 has been part of the technology '\ ', 
development activities performed unda the diredim of Sandia National Laboratories. 
Specifically, as indi*ltcd in the test plan for the Small-Sale Sal Pcrfonnancc Ttst-Series F 
(Ahrcns, 1992). Ulis undaground tcst at the WIPP was "intended to demonstrate cquipmmt 
and techniquu for producing, injecting, and evaluating mimfine cementitiw grout.' The 
grouting was completed in March, 1993, aad the final report is curmtly being prepucd. 

From the standpoint of hag-term performana of the disposal system, the staling of the 
m a r h r b e d i n t h e ~ v i c i n i t y o f t h e w v t c r o o m s i s o f l i a l e ~ ~ ~ ~ e ~ ~ s i n c e ~  
conditi~ll~willaistwithintbeacarvicinityofthe~~~~Mtiaa. Itisthuevirgincondiths 
that provide tbc robust antunl barrier to contaminant tnnspon The project is currclltly 
evaluating the ahmtnga of sealing these units, however, from an operational sandpoint. 

Refmnces 

Nowak, E.J.. J.R. T 990. Initial Rcfenncc Seal Q s m  Dcn'gn: 
Ware lsolarion Pilor , NM: Saudia Nzbional 
Labomtoria. 



Ahrens, Emst H. 1992. Test Plan - Sealing of :hz Disturbed Rock Zone pm), In&&ng 
Marker Bed 139 WE1391 and rhe Overlying Haii:::, Below the Repsitory Horiwn, ot the -, 

Waste Isolarion Pilot Plant - Small-Scale Seal Performance Test - Series F. Albuquerque, 
NM: Sandia National Laboratories. 

Page 12: I. Technical Comments, A. General, Shaft Seals and Salt Backfill 

Area in d o c u m  Volume 2, Pages 2-48 and 2-50 

"It is comctly stated that the current backfill design (which is wed in the 1992 PA 
calculations) is "pure, unconsolidated crushed salt with a relatively high permeability that 
provides little resistance to fluid flow." Salt and bentonite backfdl have becn studied and said 
to be availab1e if necded. However, the PA has not yU nponrd any analyses to indicate the 
benefits this mixture might provide.' 

OptimizatonMllystshavenotkcn@Ormcd.~senr i t iv i ty~sesshowingthe 
potential knefitr of reducing porosity and permeability within the wuPdispoaPt area were 
performed using the 1989 PA modclhg system and reporrcd in Bertram-Haway and Swift 
(1990). 

Butcher, B.M. 1991. Ihc Adwntcrgw @a S a k ~  lh&Wfir Wcrctc Isohrion Pilot 
Plant Disposal RocmrP. SAND%)-3074. Albuquerque, NM: spadip National Laboratories. 

Baham-Rowcry, S.G., mdP.N. Swift. 1990. Sfam &PO*: R ~ d a l f i r  Long-Tern 
Isoiation by tkc WSU Lwlodon Pilor PIOllt DLIposol asran SAND90-0616. Albuquerque, 
NM: Sladii N & d  LPbarrtaies. 

-. 
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Page 12: I. Technical Comments, A. General, Shaft Seals and Salt BacldiU 

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. " 

Analyses have not h performed, but backfill consolidation is estimated to occur sn rapidly 
that reduction of the initial void space would comspond to accelerating closure by no more 
than 10 y*m. Crushed-salt porosities are estimated to decrease to less than 10% within 40 
years. For this reason, control of initial emplacement density is considered unimportant, as 
discussed in Butcher and Mendenhall (1993, page 42). 

Reference 

Butcher, B.M., and F. T. Mendmhall. 1993. A Swnnuuy ofthe Models Used for the 
Mechanical Response of Dicposal Roomr in the Wcuu Isohtion Riot Phnt with R e g a d  w 
Compliance with 40 CFR 191, Subpolr B. SAND92-0427. Albuquerque, NM: SYdi? 
National Laboratories. - 

~. 
1 ;;~,, Page 12-13: I. Technial Comments, A. G d ,  Shaft Sals  and Salt Backfill I :% -. e ::.: 

Volume 2, Pages 248 and 2-50 k, . 
' C  

"The design of backfill is part of the engineacd altaaatives (mgineaed barriar) issue and 
evaluations of relative -fits should be included.' 



Page 13: I. Technical Comments, B. Additional General Comments 

Area in d- Volume 1, Page 6- 1, Line 9 

"The statement that the PA Department has a high level of confidence, etc., is perhaps 
premature." 

The 1992 PA was not intended as a compliice application. The sentence in question does 
not say that the PA Department is confident that compliance has kcn demonsmted. 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 

Page 13: I. Technical Comments, B. Additional General Comments 

Arep Volume 1, Page 6 2 ,  Lines 2@28 - 
"More documentation is needed before it can be umcluded 'that no radionuclides will reach 
the d b l e  environment from the undisturbed repository for 10,000 years." 

The 1992 PA was not intended to k a compliance application. More documentation will be 
provided in the compliance application. 'Lh Format and Contmt Guide prwides a snapshot 
of the co-vc nature of the appliatioa. 

'Any umclusim about the Groundwata Protcction Rapkenmu arc premature 
since these requirements have ken changed in the rqmmdgata l  stnadud.' 



Conclusions for the 1992 PA were based on 40 CFR 191 as it existed at that time. AU 
aspects of 40 CFR 191, including those portions repromulgated in December 1993, will be 
incorporated in future performance assessments. The specific umclusion about the abity to 
meet the Groundwater Protection Requirements depended only on the rcportcd mutts (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 basccav 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,COO-year performance of natural and engineered barriers and 
excluding human intrusion and unlikely natural events, as defined in 8191.12@).' Thus, the 
10,000 year issue has M y  been addressed for the undisturbed caw, 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 relavd from the disposal system for 
undisturbed performance. The results of any future performance assusmat calculations 
wnducted using different chceptual models, probability distributions, etc., will of course be 
evaluated for compliance with the Groundwater Protection Requirements. 

The concentration l i m b  for the Groundwater Protection Rcquirrmen ts 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 (MCL,) from 40 CFR 141 (5 Kin for 
Ra-226 and Ra-228; 15 Kin for gross alpha particle activity; 4 mmn/yr for beta particla 
and photon radioactivity). Those MCLa have not bcen changed sins, and are now officially 
incorporated into 40 CFR 191. The definition of the groundwata that is to be protected did 
change between the 1985 (special  source^ of groundwater) and 1993 (undagrwnd sources of 
drinking water) versions of 40 CFR 191. The mised definition m y  cause programmatic 
changes if W E  is required to identify all potential u n d q m d  sources of M g  water. 
As stated in a paper m t l y  pnsented at the Waste U w a g a m t  '94 coafaeace (Tmuth et 
al., l994), w e p r o p o s e t o ~ w h e n m d i f ~ s a r r c e s o f d r i n k i n g w a t a  
should be identified and chylctmized (i.e.. when such a &mUmmlm 

. . 
willprovide; 8 

pertinent infonuation for a compliance application). Briefly, identifiation and t 
characterizatim of USDWs should not be rapired if w radionuclide rele?sts to the 
accessible environment are predicted for 10,000 yarn or if 10,000 year peak predicted . 
releases to the leceyible environment are less than or equal to the applicable Maximum 
Contaminant Imls (MCL,). USDWs along the pathway should be identificd and 
characterized if peak predicted rel*rses to the lccwible environment for 10,000 yCUS 
greater than the MCLs. 

6 
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Trauth, K.M., S.G, Bemam, 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 Managemem '94 Conference, W o n ,  AZ, February 27-Mmh 3, 1994. 

Comment 

Page 13: I. Technical Comments, B. Additional General Comments 

Volume 1,  Page 8-2 (first paragraph) 

"The following needs in performance assessment should be added to thox 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 pameten;' 

ResDonpe 

The r c f d  page does not exist. Tbe uuwa is givcn assuming tbe question nfas to 
page 6.3 of Volume 1. -- 
The conam is appmpriate and the DOE looks forwvd to discwsim with the EPA in this 
matts. 

Commmt- 

Page 13: I. Technical Commmts, B. A d d i t i d  GaKnl Comments 

Aria Volume 1, Page 8-2 (firs pengnph) 

(2) the inclusioll of the sawku rscommended elsewhae in thue c~mm~lts;' 

The rcfrrmced page Qes not exist. The following response is given aYuming the qucaim 
n f a s  to page 8 3  f volume 1. 

< 
WUwIpP-%-2(]53 '@ 1-50 



I- 
Scenario development is an ongoing process and the suggested events will be considered for 
inclusion. 

Comment To67 

Page 13: I. Technical Comments, B. Additional General Comments 

Area Volume 1, Page 8-2 (fust 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 
$ventory has not been treated as an &xrk& wiable, even though the PA sta& that 
uncertainty in this inventory is large [Volume 2, page 2-51])." 

The ,ref- Me does imt exist. The following response is given assuming the question 
refers to page 6 3  of Volume 1. 

- Becaw 40 CFR 191 seu limits on the probability of ndionuclide rrlases that have been 
normalized to the total trmsuruic inventory in the systan, prformpnce is not likdy to be 
strongly sensitive to UllCQtainty in the radionuclide. This obsavation has not been tested by 
formal sensitivity analyses, but can k parti?lly supported by comparison of the 1991 and 
1992 preliminary PAS, which used different inventories. Unartainty in the radionuclide 
inventory wil l  be considad in future cvalultim. 

Commmt TO68 

Page 13' :'. Technical Commcllts, B. A d d i t i d  Genal Comments 
- r  

Vdocnmcnt~alume 2 Plge 3-18, (Line 5) 
/ .<. . ;. . 

"Is temperahup a wirble in BRAGFLO?' 

Rtswnse 



Butcher, B.M., and F. T. Mendenhall. 1993. A Swnmclry of the M&Lr Used for the 
Mechanical R r c p o ~ e  of Disposal Rooms in the Waste Isolarion Pilor Plont with Regard to 
Compliance with 40 CFR 191, Subpan B. SAND92-0427. Albuquerque, NM: Sandia 
National Laboratories. 

Comment- 

Page 14: I. Technical Comments, C. General Geology and Hydrology 

Aria 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?' 

Reswnr 

A threedimensional computer model of r e g i d  groundwam flow is being developed. This 
model use a free wrfwlscep~ge face u the upper boundny. This model is designed to 
simulate areas of discharge and recharge, and pottans of grwadwata flow for assumcd 
spatial and temporal distributions of maximum potmtipl infiltration to tbe water table. TRc - 
ProjcctisusingthismodeltoevPlulbthedtivityofcompliMoetothisiuue. %. 

7. ,, L " -3 ' > . 
1 

Comment TO70 " ' ?Y 
\<41 

Page 14: I. Technical Comments, C. Gmaal Geology and Hydrology, Low Values of Total 
Dissolved Solids 

Volume 2, Chpta 2, Page 2-34 

(a) "WhatistheexplYrttiaoforthewellswiththelowTDS?' 
? 

(b) 'Whatisthe in all the potential aquifax?' a 

Rwwnse 
.-- 

(a) Hypotbescs anrcaning the possible lack of coasistcncy behkr&n infared north-to south 
flow in the Culebra and hydrochemial faciu 9n dimuwd on page 2-36, lina 11 - 20. A h  
see nspaue to the comment from the EPA documnt, pnoe 19 ( I. Technicd Comm~ltr, C. 
Genual Geology and Hydrology, Groundwzta Flow and Hydroseochemical F a c ~ c ~  
Differences). 

D O u w I p p - % - ~ 3  1-52 EPA C o m m c ~ ~  



@) For this response, "potential aquifers" is assumed to mean Potential Underground - Sources of Drinking Water, as defined in Subpart C to 40 CFR Pan 191, in sham above the 
Salado Formation. The principal stratigraphic units hown to k able to produce sufficient 
amounts of water are the Culebra and Magenta dolomites. The TDS of watcn in these units 
is summarized on page 2-34, lines 24 - 31 in Volume 2 of the 1992 PA. Mea~urrd TDS 
values from drill holes in the vicinity of WIPP are given in Table 2-2 of Siege1 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 soma 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 it 
characterization of USDWs should not k requid if no radionuclide Aeaws to the 
accessible environment are predicted for 10,KXl 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 k identified and 
characterized if peak predicted releases to the accessible environment for 10,000 years are 
grrata than the MCLs. 

Refennces 

Siegel, M.D., S.J. Lunbert, and K.L. Robinson, cds. 1991. tfydrogeochemicul Sncrk'es of 
.- the Rustier Formotion a& R r W  Rocb in the Waste Isolorion Pibt Phnr Arca, 

Swrhcuuern New Maico .  SAND88-0196. Albqupgut, NM: Sladia National 
Laboratories. 

Trauth, K.M., S.G. Bertram, and B. Bower. 1994. ' Cawdcmi01w for Guidance for 
Radioactive Waste Disposal Arising from Rulu Uada 40 CFR 191 and 40 CFR 194," 
Proceedings of Wasa Managonmt '91 CbgTmnw. k w n ,  AZ. F e b n ~ m y  27-Man3 3, 1994. 

Page 14: I. Tedmical Commma, C. Gcaad Geology and Hydrology, Low Value$ dif 
Total biudved Salidr i 1 

*.' 
Arra wa= 2, chapta 2. 

'How much uncarainty reduction in aquifa duvactaistics would thae be if DOE drilled 
more test welh mar the conl~~lled area?' 



The Project requests clarification of this question to insure that the response is a p p ~ r i a t c .  
We are unclear whether the reviewer is concerned about: 1) the errors of estimation of total 
dissolved solids at unmeasured locations near the conrrolled area, or 2) the effect of the 
uncertainty in total dissolved solids on estimates of transmissivity or other aquifa propaties. 

The Project believes that there will always be uncutainty in aquifer characteristics, and that 
the acceptable level of uncerrainty is related to the effect of that uncertainty on regulatory 
performance measures. 

Page 14: I. Technical Comments, C. General Chlogy and Hydrology, Groundwater Flow 
above the Salado Formation 

"Current and historical head measurements of the weUI pen-ting post-Salado strata would 
be helpful in interpreting the significance of seasoad or annual fluctuations in the reported 
jmtentiometric surface. ' 

Hydrographs for all w e b  at the WIPP site am pnsartcd in Hydrologic Dakt Reports XI-8 
(Hydro Geo Chem, Inc., 1985; In- Technologies, Inc. lad Hydro Geo Chem, Inc., 
1985a,b; Saulnia et al., 1987, Staurud et al., 198&,b; Stmsrud et al., 1990). Richey 
(1987), and Cauffman et al. (1990). No fluchlatiaw related to seasod or mud cycles, 
have ever b identiticd nor, given the dcpth and dc@t~ of confiacmeat of R e  fq, 
Formation units at the WIPP site, are any expcted to occur. ^i 

SAND8S-7263. Albquerque, NM: Sandia Natiaaal hbfmWrh. 
Inten Technologia, Inc., aad Hydro Geo Chem, Iac. 1985b. W P P  Hydmloogy h g m  
Waste Isohion Pilot Plnnt, &&hemem Ncw Mexico Rydrologic Data Repott X3. 



- SAND86-7109. Albuquerque, NM: Sandia National Laboratories. 

Saulnier, G.J., Jr., G.A. Freeze, and W.A. Stensrud. 1987. WIPP Hydrology Program, 
W a m  Isolan'on Pilot PIant, Southeatfern New Mexico, mrologic Dara Repon #4. 
SAND867166. 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 Hydmlogy Program, %'asre Isolon'on A'h Plant, Southeastem New Mexico, 
Hydrologic Data Repon #5. SAND87-7125. Albquaque, NM: Sandia National 
Laboratories. 

Stensrud, W.A., M.A. Bame, K.D. LanQ, T.L. Cauffman, J.B. Palmer, and G.J. Saulnier, 
Jr. 198% WIPP Hydrology Program, Warn Isohtion Pilot Plant, Soiuheacrem New 
Maico, Hydrologic Data Repon #6. SAND87-7166. Albquaqw,  NM: Sandia National 
Laboratories. WIPP 

Stensrud, W.A., M A .  Bame, K.D. Lantz, J.B. Palmer, and G.J. Saulnia, Jr. 1988b. 
WIPP Hydrology Program. Wave Isolarion Pih P h .  Sourhcmem New Maico, 
Hydrologic Data Repon #7. SAND88-7014. Albuquerque, NM: Sandia National 
Laboratories. 

Smsrud, W.A., M A .  Bame, K.D. Lanb, J.B. Palmer, andG.J. Saulnim, Jr. 1990. WIPP 
- Hydrology Program, Wate Isolation Pih Plant, Southanem Mu M a i m ,  Hydmlogic Lkta 

Rrpon #a. SAND89-7056. Albquaque, NM: S?ndia National Labontories. 

Richey, S.F. 1987. Water-Lrwl Data from We& in tht VicMy of tht Waue Isolorion Pilot 
Plant, Souhcast~m New Mm'co. Open-Fi Rpt 87-120. Albuquerque. NM. USGS. 

Cauffman, T.L., A.M. Lavenue, and J.P. McCord. 1990. Ground-Water FIow Modeling of 
the &bm Dolomirc. Volrmu 11: Dato Bw. SAND89-7068/2. Ahwucmue. NM: Sandta . - 
National Labontoria. 

C o m m e n t m  

Page 14-15: I. Tcchaial Comments, C. Genaal Geology and Hydrology, Ground- 
Flow above tk Slldo Fonuation, Groundmrta gc~~hemistty 

"Infared north to south groundwater flow direUim in the CulebrP Dolomite (based on the 
potcntiomeaic mrkc in the Culebn Dolomite) are inconsistmt with the distribution of 
geochemical facies in the Culebra groundwaters (salinities from north tu south). 



Attempts are made to explain this apparent discrepancy, but alternative working hypotheses 
-. should be explored, including the possibility that the potentiometric surface is inaccurate.' 

The comment notes that several hypotheses have bem advanced to explain the apparent 
discrepancy, but that additional (alternative) hypotbeses should be explored. This issue affects 
the compliance analysis in that it relates to alternative collccptual models of groundwater 
flow in the Culebn. Additional work to evaluate alternative hypotheses concerning Culebn 
geochemistry will be considered for inclusion in the systems prioritization. 

The Project will record the issue that the potentiometric surficc might be inaccurate. Pending 
the outcome of the systems prioritization, the Project may consider this issue. It should be 
noted that, becaur of variations in fluid dmsity, the potentiornetric surface is not the best 
indicator of flow d i t i o n s .  Instead, calculated velocity fields should be used. Thesc depend 
on measured values of pressure, fluid density, and tmnsmissivity, as well as the assumptions 
of the model used to calculate them. 

See also responsu to comments in the EPA documart, p. 14 ( I. Technical Comments, C. 
General Geoiogy a d  Hydrology, Low Valucs of Total Diyolved Solids); p. 18 ( I. 
Technical Comments, C. Genaal Geology and Hydrology, Groundwater Transmissivity 
Fields); and p. 19 ( I. Technial Commcnu, C. Gamal Geology and Hydrology, 
Groundwater Flow and Hydrogeochemical Fries Diff- ). 

-, 

Page 15: I. Technical Comm~lts, C. GaKnl Geology and Hydrology L .. 

"Points of groundwWr recharge and dixharge into post-Salado strata are very poorly 
coastmki. Further Jtudy is neuied to document imporornt aspects of the hydrology %$.. .a' . . 
pass the WIPP site.' &.e 

A computer model of regional groundwota flow is king developed. This 
m o d e l u s e s a f r r e a r r f i a / s c e p n g e ~ ~ t h e u p p a b a m d p r y . T h i s m o d e l i s ~ t o  
simulate areas of discharge md mharge, and ppcrans of gmundwat~ 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 isme to compliance. 



A 
Comment TO75 

Page 15: I. Techmcal Comments, C. General Geology and Hydrology. Hydrologic 
Parameters 

(a) 'It is not clear why only horizontal fractures were used in PA models for the Culcbra 
Dolomite member (Volume 3, p. 2-85), as v d c a l  fractura are mon W l y  to have greater 
connectivity in most subsurface environments.' 

@) "More data need to be acquired for all relevant stratigraphic units at the WIPP site (i.e., 
Castile through Dewey Lake Redbeds.' 

(a) When modeling a formation as a dual-porosity continuum, the actual orientations of 
frachues arc unimportant. The modeled fmctum arc not used to provide connections 
between points. The important fracture puam#m to k clpturcd in the models are the 
fraaun porosity, which win canlrol the flow velocity, and the nrrfice area of the hrtures, 
which~con~1thevnountofrmtriXdiffurontbptaxws. Ashguthefncturr 
porosityanduufactualarcheptcoastmt,itdoes~1m~mifthefncbuesaremodeledu 
single sets of horizontal or vertical fractum or as three orthogonal s e b  of frxturu. Single . - sets of horizontal fractums am the simplest to model, so that is what PA has used. 

@) The need for additional hydrologic data for various stntiOnphic units may be considered 
for inclusion in the SP. 

Page 16: I. Technical ComrnCILts, C. Gamal Geology a d  Hydrology, Ground 
Tlansmissivity F i  

Volume 2, Section 7.5 and Appardix D 



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 calibntion. The important point is that the flow 
portion of the code (SWIFT used for the calibration solves differential equations 
formulated in terms of pressure. Variations in density arc fully accounted for in the code. In 
these calibrations, it is assumed that the density of wata varies with position but is fixed in 
time. The evolution of the chemistry of Culebn watm is not sufficiently well understood to 
determine if the assumption that the density distribution does not change over long periods of 
time is valid. 

Page 16: I. Technical Comments, C. General Geology and Hydrology, Groundwater 
Transmissivity Fields 

Volume 2, Section 7.5 and Appendix D 

'...Simulations which arc bved on equivalcnt freshwater head m y  produce ~OIWOUS 

velocity magnitudes and flow directioa~ in this aiticll uc~.' 

Set prrceding rrsponse. TnnsmiYivity fields calibrption accuuner for vatiable dauity. The 
SECO-FLOW calculations in the 1992 PA uscd the c?libnted transmissivity fields but 
assumed constant fluid density. Modifations to SECOFLOW now pennit variable-density 
flow calculations in PA. 

Comment T078 
:"- :-, . ". 

Page 16: I. Technial Comments, Gara;rl Geology Hydrology, ~roundwat~:' 'I.? . ' - ~ ,  

.. 
. ... 

Tnwmissivity F i  ;Y'~,&, 
!? . , . , 

5 5 ,  i 



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 mamissivity 
field. The measured transmissivitie~ were prrscrved in the ~ g c d  transmissivity fields, 
within the estimated error bounds of the rneasurcments. When the model domain was 
discretized into grid blocks, however, average values of the w e d  field were calculated for 
and assigned to each grid block. Therefon, 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 a u n t .  All analyses were done in 
terms of pressure changes, not water-level changes, providing results in the form of 
permeability-thickness products, not transmissivitics. Transmissivities were then calculated 
based 0% the brine density at each location. Aquifer-test analysis  procedure^ arc discussed in 
Beauhcirn (1989). 

LaVenue, A.M., T.L. Cwffmul, and J.F. Pic-. 1990. Growd- Water Flow Modeling of 
the W b r a  Dobmiu. V o w  I: Model Calibration. SAND89-706811. Albuquaquc, NM - Sandii National Laboratories. 

Beauheim, R.L. 1989. Inrcrpnrruion of H-I1M HydrerJic Tests and the H-11 Mullipad 
Pwnping Test of the W b m  Dobmiu at the Wosrc Isolation Pilot P h  m P P )  Site. 
SAND89-0536. Albuquerque, NM Sandia N a t i d  Laboratories. 

Page 1617: 1. TechnicPl Commntr, C. GenaPl Geolo%y lad Hydrology, Culebp 
Transmissivity 

"TransmissiviQ values obtained from the testr should also have been converted to hydraulic 
conductivitia due to thc PYumption of a unifonn thicknus over the area. If tryumissivity 
valuu were used PI calibration points directly, they would have ken in aror by a factor of 
the effective thickness venu thc assumed mOdcl thicknem of 7.7 mums.' 

Y 



The hydraulic tests within the Culebra were interpreted using the full thickness of the 
Culebra because the wells arc fully screened across the Culebra. Givm 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 transmissivitics arc 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 precess of calibrating the model to the measured steady- 
state and transient pressures. .. $*.. 

Camment T080 

Page 17: I. Technical Comments, C. General Geology and Hydrology, Culebra 
Transmissivity, Grid Sensitivity 

Aria Volume 2, Chapter 2, Page 2-34 

'Ascnsitivityyulyrismthefinitc-differrncegridthztwuuscdtogcna~etheM 
hansmissivity fields should be perfofilyd. ... A fina grid may lad to significantly diffemt 
transmissivity fields and should be evaluated.' 

The Project has recently begun a local Pcalc modeling effort with a much grid to 
investigate the transmissivity distribution within the near field (i.e., within the WLPP site). 
Homer, the numerial grid used in the 1992 PA flow reodeling was designed to represent 
the regional groundwater flow uurOunding the WIPP site and the transient mats which have 
beenconddwithinthWIPP-siteboundpy. T h c N x 5 7 x  lgriducsdinthemodefhar 
larger grid bloch (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 bouadyy whae the &at t e a  have 
been conducted. Tbe grid raolution is klicved lcceppble giwn the objectives of the 
modeling sbdy (i.c, to deoamine phusible reqioapl m v i t y  disaibutioas within the 
Culebra). 

Diffamt gridc (dtba co~rscr or fk) may lead to difFaent tmumhivity fields because the 
inverse procedurr identitics e&ctive or avaage trpnsmisrvity valua at the sale of the grid. 
Diffacnces in transmiasivity values using prids with difFaent resdutim may rek t  a scPling 
property of hansmissivity, rather than indicating ~)11~01lvergence of the inwfsc problem. 
Convergence of the tnvd time distribution is important, but thaI convergence of 
transmissivity estimates themselves may not be expeacd, and is not csscntial by itself. 



Page 18: I. Technical Comments, C. General Geology and Hydrology, Culebn 
transmissivity, Boundary condition uncertainty 

Volume 2, Chapter 2, Page 2-34 

"The uncertainty with which the system boundary conditions arc understood has serious 
implications . . . the current approach that has bem taken to obtain the 70 transmissivity fields 
does not evaluate the sensitivity of the o v d  model ~ ~ ~ u l t s  to the boundary conditions.' 

The Project is currently investigating this issue through the development of a three- 
dimensional model to assess vernal recharge into the Culebn. 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 wen estimated from regional water-level 
measurements and by spcciQ& Nuh Draw as a neflow boundvy condition. The south- 
western boundary condition hu some Uncertainty due to the variation in wata-lml 
measurements in ttiis area. 

Note that the horizontal boundary caditions may not produce s i & ~ t  changes to - transmissivitiu within the WIPP-site bouadvy given the conceptull model used in 1992. 
This is because of the signifiant influaxe LW the l n m h t  pumping tests have tud upon the 
Culebra. nKse tests have stnssed the Culebra to the exmt that the effect of boundary 
conditions is small. /--% 

u- 
Page 18: I. Technical Comments, C. Genaol Geology yd Hydrology, Groundwater 
Tlammissivity Ficlds 

(Summary) 'Ihir pnragnph contains two points: 

It is unclear why more ern- i n t h e p e r f o r r r r m c e ~ t  has hunotppl?ada 
integrating the geochemical data with the hydrogeological data to form a cohesive 
conceptual model(s). 



It is possible that regions of higher transmissivity are due to dolomite dissolution. Howeva a 
few poinu should be clarified. There is no indication that flow is pnsently toward the ast 
from the Pecos River. The possibility that eastward flow occurred in the late Pleistocene has 
been proposed by L a m b  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 pmposed as more important controls on 
the transmissivity distribution molt and Powers, 1988). Circulation of low ionic strength 
water would likly 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 example. Additional work to integrate 
gwchemical and hydrogeological data will be considaed for inclusion 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 ( I. 
Technical Comments, C. Genenl Geology and Hydrology, Gmundwates Flow abow the 
Salado Formation, Groundwater Geoche%my); and p. 19 ( I. TcchnicPl Comments, C. 
G e n d  Geology and Hydrology, Groundwver Flow and Hydrogeocbemial Fades 

Lamkit, S.J., and J.A. Carta. 1987. Umniwn-Zmop @ ~ t m r c ~ k s  in (irrxcnrikrPrcrs qfrhc 
Ruukr Formofion. Northem Delaw~lr Basin, Southeasfern New Maico. I: Principles and 
Preliminary Rcrlclu. SAND87-0388. Albuquaquc, NM. Saniiia National Laboratories. 

Iamturt, S.J. 1991. ' F d  Metcork GroundarPtcrs in the Delaware Basin of Southastan 
New Mexico,' Stab& lsotopc Grachcnjsny: A Wnue w Somvl qutcirr Edr. H.P. Taylor, 
Jr., J.R. O'Neil, and I.R. Kaplan. Spa% Fublicatioa NO. 3. SANDS-2660. SPn 
Antonio, TX: Gmchemicll Society. 135-156. 

Holt, R.M., and D.W. m. 1988. F& V m  and Pan-Dcparirionor Ahemtion 
Within the Rwrlcr FomaUon in the Vim @the W w  IroMon Rlot Plonr, Sowhurrum 
New Madco. DODOUWIPP-8&004. Cukbad, NM: Westin- Electric -011. 

Siegel, M.D., S.J. Lambat, and K.L. Robinson, ds. 1991. ~gcoahcndoPl  SIudia of 
the Rutler Fomccuion and Related Rock in the Waste Lcohtton PIh PYonr Ama, 
Sowhcasrern hku Maico. SAND88-0196. Albuquerque, NM: suldi? Notionnl 
Laboratories. 



Page 18-19: I. Technical Comments, C. General Geology and Hydrology, Culebn 
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 Culebn may be 
occurring in the vicinity of the Pecos River, at least one other alternative conceptual model 
has been proposed which also involves vertical recharge to the Culebn. This alternative 
model considers significant vatical rrcharge to the Culebn over the entire southern region of 
the modeled area (SAND 8841%). In either caw, if vertical recharge occurs, the 70 
transmissivity fields calibrated to the aquifer tests and equivalent --water heads would be 
lower (i.e. slower velocitia) than those which would be calculated with the present model. 
Vertical recharge should be cvaluatsd in the sensitivity analysis.' 

The Project is currently investigating this issue Uuough the development of a thnc- 
dimensional model lo asses vertical recharge into the Culebra. Future modeling studia may 
include these estimates in the alibntion proass. It should k raqpbd that the exclusion 
of vertical recharge in the region upBradimt of the WIPP site leads to higher transnkivity 
estimates and higher groundwater velocities as noted by the EPA mieWn. This is .- conservative from a gxwndwata aavd time viewpoint. 

Page 19: I. Technical Comments, C. GaKnl Geology and Hydrology, Groundwarn Flow 
and Hydrogeochemical Fries Differcllce~ 

indarument~dum 2, ChPpa 2, Plge 2-36, Lines 11-20 

" W h a t i s ~ d a u t o ~ t h e ~ k t w & n t b e n o r t h - t o s o u t h f l o w i n t h c  
Culebn and tk hydrogarrlranial ficies data? How does this d h q m c y  imppa the 
confidmce of thc flow modding?' 



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 spaP (see Figure 1-13 in Siegcl et al., 
1991). ~t is anticipated that a three-dimensional wmputcr model of regional groundwater 
flow that is being developed (EPP study 5.1.1.2, p. 5-8) will pl'ovide information that could 
be used to evaluate andlor 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 d i ~ e p v l c y  affects confidence in the flow modeling in that it suggests the need 
to consider altcmative 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 Fbw 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, G d w a t e r  Transmiuivity Fields). 

Siegel, M.D., S.J. Lunkrt, and K.L. Rob-, eds. 1991. R y d r o g m  Sndfu of I 

the W t k r  Fonarion and Rebed Rocks in the Waue IsolcPion Pila Plaut Ama. 
Southeustern Nrw Maico. SAND88-0196. Albuquerque, NM: Saudis National 
Laboratories. 

Page 19: I. Technical Comments, C. Gcaarl Geology and Hydrology, Fnctun Deasity 

"sinccgoodinfarmntioaonCulebrPfncturrdensityislackiag, plaseaplninwhy youdo 
not use the higher fncturr darsity whac it can be observed.' 

As the comment stota ,  good infarrmtim on CukbR 6rrtun density is hkhg. It is nat 
clear what is meant by 'use the h i g h  fnctun density whrr it cpn be ~bsavsd' k c l ~  
fracturr density can't be observed in the subsurfre ex* in shPfts (Holt and Powas, 
1990). Also, all fnctureJ, whether observed or not, arc not hydrurlidy rignitignt. 
Through tram t e a ,  we uck to demmbc the fnctun daroity that is important for transport 

.- 

EPA commenu 



- througn the Culebra (see Jones et al., 1992). The interpreted 'effective' frachuc density is 
always less than observed fracture densities. Were we to 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. 

Holt, R.M., and D.W. Powers. 1990. Geologic Mapping of the Air IN& Shqp at the 
Wave Isohion Pilot P h .  DOUWIPP-9(M5 1 .  Carlsbad, NM: Westinghouse Electric 
Corporation. 

Jones, T.L., V.A. Kelley, J.F. Pickens, D.T. Upton, R.L. Beauheim, and P.B. Davies. 
19%. Integration of Inzerprerror'on Results of Tracer Tau Pegbmed in rhe Cklebra 
Dolomire at the Wartc lsolafion Pilot P h  Sire. SAND92-1579. Albuquerque, NM: Sandia 
National Laboratories. 

Page 19: I. Techriical Comments, C. Genenl Geology and Hydrology, Vertical Fnaures 

Aria Volume 2, Chapter 2, Page 2-19 

"In volume 3 (1-39) it statm that vertical fracturrJ in the Culebn arc not used in the 
calculations. Why? How arc vertical fractum handled or what assumptim am used?' 

When modeling a formation as a &ubltporosity continuum, the aaual orientations of 
fractum arr unimportant. nK modeled fmcturu are not u d  to provide amncctioaS 
between points. The important fnctun pprawtas to be apturrd in the models are the 
fnctunporosity,whicharillcoatrolthe~velocity,Yrdt&~vlcpoft&fncblrrs, 
which will c o n d  the YDGlnt of rmtrix diffusioa that occun. As laag aa the frpcblre 

pomsityudsurfreuaarehcpCOI1StP11t,itdoesnot~iftbefrrtunsaremodeledas 
single sets of lnnizontzl a wniol fmcturu or as thme orthogonal sets of fnctures. 'ngle 
sets of horiZ0nt.l fncblrrs are the simplest to model, so thu is wha! PA has used. 



Page 20: I. Technical Comments, C. General Geology and Hydrology, Effects of the 
Magenta Dolomite in Transport Calculations 

Area in dgyment 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 Dolomitu are combined in 
the calculations?' 

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 otha hydrologic units to 
compliance. 

A three-dimensional computer model of regional groundwater ?ow is king developed. This 
model usts a free sqfadseepage face as the upper boundary. Thh model is designed to 
simulate areas of discharge a;d recharge, and pattems of groundwata flow for assumed 
spatial and temporal distributions of maximum potential infiltntion to the warn table. The 
Project is using this model to evaluate the msitivity of thu iuue to compliance. 

Page 20: I. Technical Comments, C. Genarl Geology and Hydrology, Use of Crushed ... . 
Culebn Rock ,< , . . '\ 

? 9. 
. , +! 7 

3 

Volume 2, Chapter 2, Page 2 4 / 4 1  

"Please expand the disausioa on [how] the tuts involving crushed Culcbn rock wil l  help - 

detumineK47 I r t h i c t o r i m ~ t b e e & a o f & y s 7  Ifmpnyofthefncturrsarechy 
lined, aremy mbeiag amduUal on theclay?' 

Early i?banfny invesbOlttoru 
. . of chemical ntvdnbon in the Rustla Formation w a e  

conducted using traditional batch sorption expaimenu with cnubed mk.  The early 
expaimatr wue lnrgely int- to be scopinO expaimnts to ycatpin whetha chemical 
retardation wu signibnt and they wae ~ u c t c d  under Spccifk acprimental condib.l. 
Results of t h w  expahats  are expected to be valuable, howewr, in providing independent 
checks on results from the present experimental lpproscha (see, for expmple, Lynch and 
Dosch [1980] and the miew by N o d  [1992]). Cumntly, o d d s t i c  madsorption 



- experiments coupled with surface complexation modeling are in prognss on very carefully 
prepared ground mineral constituents of the Culebra, dolomite and comnsite, the primary 
clay m i n d  constituent. The resulting surface complexation model will predict values for 
K, as a function of mineralogy, fluid composition, and adsorbam. On the bash of published 
information in pecr-reviewed journals (see also Siegel et al., 1990), we have strong evidena 
that results 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. 

Lynch, A.W., and R.G. Dosch. 1980. Sorption Coeficienrr for Radionuclides on Samples 
from the War-Bearing Magenta and Culebra Members of the h t k r  Fomuuion. SAND80- 
1064. Albuquerque, NM Sandia National Laboratories. 

NOVA, C.F. 1992. An Evaluation of Radionuclide Batch Sorprion M a  on Culebm 
Dolomire for Aqueous Cwnposirio~ Relevant to rhc Hwuur Intrusion Scenario for the Waste 
Isohion Riot P h .  SAND91-1299. Albuquerque, NM Sandia National Laboratories. 

Siegel, M.D., J.O- Leckie, S.W. Park, S.L. Phillips, and T. Sewuds. 1990. 'Studies of 
Radionuclide Sorption by Clays in the Culebn Dolomite at the WIPP Sitc, Southautan New 
Mexico,' Waste Management 'PO, Waue Proc~~~ing,  ftonrpoMtion, Stomge and DirparO, - Technical Program Md Public EducMMon, W o n .  AZ, F e b ~ o r y  25-Morrh 1,  IM. Ed. 
R.G. Post. SAND89-2387. Tucson, AZ: University of Arizoae Vo1. 2, 893-900. 

Page 20: I. Technical Comments, B. Additional G d  Comments, Groundwater Age 
Discussion 

For a discussion of the isoropic data, including tritium, see Cbapta 5 of Siepcl et al. (1991) 
and the n f a a ~ w  cited therein. The statement quoted from Volume 2 of the 1992 PA is 
consistent with the observed data. Meaningful noluno tritium mMlrrments suggest either 



contamination during drilling or sampling or some degree of mixing with modem surface 
C--r water in the hydrostratigraphic unit. For the WIPP, these measunmmts indicate that the 

amount of mixing has kcn either zero or extremely small. As stated in the mt in Volume 
2, this in turn suggests that groundwater travel time (i.e., the man travel time) from the 
surface to the sampled units is long. The presence of some "younger' wata from the 
surface docs not imply that all water is "young,' nor does it imply thar recharge is npid. 

Effects on disposal-system performance about the rates of vertical flow, and therefore about 
groundwater age, am being examined through regional 3D modeling. 

Reference 

Siegel, M.D., S.J. Lambert, and K.L. Robinson, eds. 1991. Hydrogeochemical Sndies of 
the Rwler Formclrion and Related Rock in the Wane lsolarion PIh Plant Area. 
Sourheastern New Mexico. SAND88-0196. Albuquerque, NM: Sandia National 
Laboratoriu. 

Page 21: I. Technical Comments, C. GaKnl Geology and Hydrology, Porosity of ,J 
Anhydrite Intakds 

Arra Volume 2, Chapta 2, Page 242, Lina 15-21 - 
"Arc the porosities of the anhydrite intdmis matrix porosity, fracturr porosity or both? 
Wi W E  assume that anhydritc fncturing continues to the d b l e  environment?' 

Porositiu for the anhydrite reference in the cited area of Volume 2 arc presented in 
Volumc 3, Chapter 2, p. 2-65 of the 1992 PA. The @ties given are estirmoes, not 
measurements, and ye intmded to rrprtsent the total porosity of the anhydrite. No 
dis t inc t ionbaaneafrpct laemd~paroa i ty i sncoess~ykausePA~theanhydr i te  
as a po rw ,  not fncbasd, medium. A lnborotory progr~m is undawoy to meMlre anhydrite 
porosity, both in ao lrntaArA state and as a function of stl#l ( a d ,  1994). 

PA assumes tht the fnrturiag n?tunlly p m a t  in the anhydritu continua to the accessible 
environmmt. Ibc 1992 PA did not explicitly include induced frrturing ouuide of the 
distuebed rock zoae around the repository. It is plnnrred tht future P h  will include a 
relationship ktween pr#sure in the firturrs and fracturr pomdty and pamesbility. 
Whethaorwttheprrssurrinthefirturrs,and~the~tymdpameabIlity, 
changes at the accessible environment bouudary will &pard on the coaditioar in the model. 



Howanh, S. M. 1994. Test Plan: Iko-Phase Flow Laboratory Pmgram for the Ware 
Isolation Pilor Plant W P P ) .  Albuquerque, NM: Sandia National Laboratories. 

Page 21: I. Technical Comments, C. General Gadogy and Hydrology, 
Pore -re in A n h v u  

Area in document 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 @ 2-33) does not have any measurements greater than 9.5 MPa, yet the mean 
and median p n s u m  arc between 12 and 13 MPa.' 

Table 2.3-2 shows bnly halite pore prrssun data. Anhydrite data arc presented in Table 2.4- 
2 on p. 2-59. rite b e e  values between 12.4 a d  12.6 MR are considaed to provide the 
best rcpmcnt?tion of anhydritc pore pressures undishubed by the exavatiolls. 

Page 21: I. Technical Commmu, C. Gmaal Geology and Hydrology, Culebn Matrix 
Porosity 

Arra Volume 3, Chapter 2, Page 2-83 

Thematrixporosity~inthemodelshunotkendjusttdtocompensPtcforun~ampled, 
presumably higher porosity, portions of the Culebra. The data include vugs and fnctuns 
only to the extent that they were present in the core samples tested. Both fnctures and vugs 
a u l d  be included in the 'fnctun' porosities detamincd from aoca ta@ (e.g., Jones et al., 
1992), which represent what might be called of the Culd~m. Tbe 

EPA D0EilWIPP-M-2053 



matrix porosity might, in turn, be called the diffusion porosity. If matrix porosity is being - 
underesti-atcd, the potential for matrix diffusion is also being undc~timated. See also 
response to 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. Bcauhcim, and P.B. Davies. 
1992. Intepuion of Interpretation Results of Tracer Tcsrs Performed in the Culebra 
Dolomite at the W4StC Isolation Pilor Plant Sire. SAND%?-1579. Albuquerque, NM: Sandia 
National Laboratories. 

i' 

CommentT093 

Page 22: I. Technical Comments, C. G e n d  Geology and Hydrology, Data on pH and Eh 

Volume 3, Chapter 3, Page 3-41 

"What are the ~ n n t  data or ex- values of the pH and Eh in the Culebra under existing 
conditions? If the da!a exist, they could not k found in the PA.' 

Ranges for pH conditim in the Culebra Dolomite have been well &fwd lad range between 
about 6.5 and 8.0 (sce Siegel. 1991, Chapta 2). The pH of the Culcbra is expected to be 
narrowly constnimd because of the trrmendaus buffering apscity of a b m a t e  minerals. 
Any amficially induced puwtution in pH would rapidly be eliminated by 
dissolutiodpncipitation reactions. 

Ranges for Eh in Culebra Ddomitc groundwaras wae investigated by Myas et al. (see 
Siegel, 1991, Chpcr 6 aod Appadix 6 4 .  Mycn u 11. pmempted tocbPnrctaire Eh by 
evaluating four &ox ooupks (As, N, I, and Se) with ~ ~ ~ S U ~ C M I I U  with a platinum 
eiecttode (refa to Table 6 4  aad F i  6.2 of Sicgel, 1991). Udorhmtdy, many of the 
measurements for individual rrdcrx spccia were below the analytical detection limits. 
Conseq~~~t ly ,  M y m  et al. wac only able to bound the Eh coaditioasandwerrnotlbleto 
decisively qusntify nlua. Myas et ?I. did spculate that growdw?tas south of the site 
boundary arc mgc oxidizing relative to groundwatcn to the north (sce Figure 6 1  and 
dirmosion oa p. 622 of S i ,  1991). 



Siegel, M.D., S.J. Lambert, and K.L. Robinson, eds. 1991. Hydrogeochemical Sncdics of 
the Ruder Formation and Relared Rocks in the Ware Isolation Pilot Planr Area, 
Southemern New Mexico. SAND88-0196. Albuquerque, NM: Sandia National 
Laboratories. 

Page 22: 1. Technical Comments. D. Additional Comments on General Geology and 
Hydrology ,. . 

,L ,., , , .  i ',. a 

Volume 2, Page 2-6 (Figure 2-3) ! :: :: ;,:, ,<- 1, . ,,,. ... 
; ,  . 

\ " 'c;: I-;.. 
"The generalid stratigraphy of the Delaware Basin is inaccurate on several accoun ts...:;. 4 h  ..~ 

% ..-/' 

Castile formation onlaps the terminal platform margin of the Capitan Limestoae and 
extends furtha onto inner parts of the Capitan platform. F i  2-3 shows the top of 
the Castile formatim being located -ally lowa than the top of the Capitan 
LimahDne. Figure 2-5 on p. 2-8 mure a c a m d y  depicts the relationship of the 
Capihn and Castile formatio~w. 

The Dewey Lake Red Beds arc Ochoan in age and should be included in this stage, 
along with the Castile, salpdo, anti Rustla fOIIlllti01w.' 

Both points in the comma~t arc comd u stated by the EPA miewa. Editorial COKC&QIU 

in future dawnenta arc -. 

C o m m m t m  

Hydr01ogy 

Q 
Page 22: I. Technical Comments, D. Mditioanl Commmta on GaKnl Geol 

"No menti011 is mde of the wide variety of dcpositid facia thU pCtUPlly comprise the 
Capitan Limestone. A porcntially impcatant litbofpcia, at least with regard to the hydrologic 
characteristics of the Capitan Limesme, is the forud or fodope fdu, which consisU of 
poorly sorted cybonve clam shed from the high &f Capitm margin. This =a is 



poorly mapped, may have very different flow characteristics than for other facies in the 
c--. 

Capitan Limestone, and tongues of this facies may extend close to or beneath the WIPP site." 

The first sentence of the comment is plainly comct. We are UMWM 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 !he EPA during 
technical exchange meetings. 

Page 22-23: 1. Technical Comments, D. Additional Comments on General Geology and 
Hydrology "i 

Volume 2, Page 2-10, Line 35 1 i .. 
C 

"Lateral variations j.n depo&ional mvironmcnts (in the Culebn Dolomite) w a r  small w i L - - '  
the mappcd region ...' What is the cvida%x for this statement? DcPiled lithologic columns 
for the Culcbn Dolomite with lithologk and scdimentuy sbnrturrs should be shown. ' 

Additional detlil in the level of refamcing will be included as lppropriote in the PTBIdraft 
compliana application. It is not clar that inclusion of stratigraphic columns is relevant to 
compliance, except along possible radionuclide-rrlauc paths. 

pace 5-11 of Holt and Powas (1988) statex "The bulk of thc Culebn is microlvninved to 
,ekintg-&mhtcd. The stnta may be flat to wavy to l a d y  contorted and disccmtinuous. 

v 

"The uppermort few iachas to 1 h (30 cm) of the Culebra oftea differs d a l l y  from the 

A large number of detailed corrrlvions, no~-scctioas, and sartiOrPphic columns of the 
Rustla Formation ue conrained in Holt and Pwrs (1988). 

1 
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Holt, R.M., and D.W. Powers. 1988. Facies Variability and Post-Depositional AItermMon 
Within the Rwtkr FommUlllon in the Vicinity of the Waste Isohtion Pilot Planr, Southeastern 
New Mexico. D O W P - 8 8 4 0 4 .  Carlsbad, NM: Westinghouse Electric Corporation. 

Comment T097 

Page 23: I. Technical Comments, D. Additional Comments on General Geology and 
Hydrology, General 

Volume 2, Chapta 2, Page 2-19 

"Use of tools like Schlumbuger'r Formation MicroScannu may help to chancteria in  situ 
fractures in most stratigraphic units at the WIPP.' 

New geophysical tdols such as FMS arc being evaluated for their potential use during tcsts 
associated with new trYrr tcsts in the Culeba dolomite (Bauheim and Saulniu, 1994). 

Page 23: I. Technical Commcnts, D. Mditiaoal Comments on M Geology and 
H ~ h l o g y  

"'Thae roch arc ab scnt...' Which roch axe Pbwnt the Dewey Lala Red Beds? or the 
Dockurn Group?' 

 he mhun ~roup  (arhich includes the Santp ROS s9adstone). We recognize that the 
subject mtuice bad an unclear antcccdent. 

- 
EPA 



Page 23: I. Technical Comments, D. Additional Comments on Gmeral Geology and 
Hydrology 

Area in @urnen[ Volume 2, Page 2-39, Line 26 

"Wi the effect of gases on &s for radionuclides be considered in experiments?' 

Gases produced in the WIPP disposal room may include hydrogen, methane, carbon dioxide, 
hydrogen sulfide, nitrogen, and ammonia from corrosion and microbid processes (e Brush, 
1990). The primary gasses produced, howwa, are likely to be hydrogen, carbon dioxide, 
and methane. Quantification of the g w s  produced by corrosion and microbid degradation is 
currently being investigated. The disposal room is cxpeaed to kcome anoxic in a relatively 
short period of time. In the went of a human inausion, an influx of radionuclides into the 
Culebra Dolomite would be accomplished by some of those disposal-room gases. 

The effect is expected to be negligible. In orda for gases to affect sorption pnxwses 
(includes adsorption and ion exchange), thc dissolved gas must in tar t  with eitha the 
dissolved radionuclides or with species oa m i  surfPces. Methaw is a recognized as a 
strong complexant for dissolved ions, not is it likely to interact with minaal surface species. -, 

The effect of hydrogen is indirect, in that it Iff& pH, which plays a strung role in 
controlling the reactivity of minenl Jurf.dce species and the extent of complexation in 
solution. As mentioned in the rcqmsc to au carlia comment, however, pH is constrained 
bv the of vast auantitiu of arbonate m i n d s  in the Culebn Dolomite. An influx 
& hy&cn from the di* room annot significantly perturb the natural equilibrium in 
the Culebn, unless massive qwtities are introduced in a short time. Like hydrogen, the 
concentntion of carbon dioxibe is ltmngly ticd to pH, which is anutnined & thiculebra 
Dolomite. The range of pCQ ic limited to k t w e ~ ~  about lo)-' Itm (umoJpheric pC4) and 
about 1W2' atm (lox ztmaapbcric) b a d  on equilibrium calculntim (sce Siege1 et 
Chapter 2). Howeva, both pH md pCQ arc expaimenhl pvrmeters in the mechpnistic 
adsorption urpaimnts bring conducted on dolomite and d t t .  

Siegel, M.D., SJ. Lambat, and K.L. Robinson, sds. 1991. Rydrgcachmu'cd Sndia of 
thc Rustler Fo& and Related Rocks in the W~nc Isolation Pilor Phnr A m .  
Southep~tern New M a i m .  SANDWl%. Albuquaquc, NM: Sandia National . 
Laboratories. ~ -- . + 2.. 

01; , -  

-. 
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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 shotten transport time to the accessible 
environment), although incorporated into the base case scenario, are not used in transport 
dculations in the disturbed scenario. The reasons for the differing treatment should be 
explained. ' 

The sentence in question is badly worded and is misleading. AU events and processes 
included in the base case are also included in all disturbed-performance scenarios. The 
intended point was that because thcy are included in all Scmvios, they an not used in the 
process of distinguieg between the disturbed-performvlce scenarios. 

Note that the parenthetical obsavatim in the comment, although logical, is in part 
mqpomispuAatian. Incr*ucdprecipitviaawouldvaylikelylcadtoanincrclsein 

- recharge (depndent an other factors such as ternpaatwe, ODpOgrrtphy, and plant cover). 
However, increased recharge need not l a d  to aa incrasc in hydraulic gndient aud shorter 
transport times. modeling of the rrgioML flow system is in to 
provide the basis for obscxvatio(w of this sort. 

9 

Commmt TlOl 

Page 23: I. Technical Commnts, D. Additional Cornmeats an Geaarl Geology and 
Hydr01ogy 

(Paraphnre)'lbcF9Aaoocrthtthcw~taqu?lityinthcCulebnmpybe~u?tefordust 
control, oil field injcctioa, ad fin control. "A rcpuirrment that the water be potable for 
humaa or stock use (which is implied by this strrrment) i a  is m x s d l y  a pa ffor 
all water-well dmlapment.' 

This suggestion wi l l  be c a m k k d  for inclusion in thc sysDmu priorbti~~. - - 

EPA 



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). -, 

Page 23: I. Technical Cornmenu, D. Additional Comments on General Geology and 
Hydrology 

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 
dissolved 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.' 

Information on the solubiity of gasu in NaCl b r k  has been evaluated and p u b W  by 
Cygan (1991). The t m q m  of gas out of the repository 9s dissolved gas is not cumatly 
modeled in PA. The PA modd (BRAGFU)) has the capability to consider gas solub'ity in 
brine, but pr&mmry . . 

c v a l u s t i o n s u g g e s U t h i s t o k a m i m P ~ ~  Amore 
systematic analysis nads to k perfonaed and is plnnaed to batrr evaluate the assumption of 
negliale gas solubility. The isuv wi l l  be considacd for inclusion in the SP. 

Cygan, R.T. 1991. 23e Solubility q f G a ~ . .  in NaCl Brine and a Critical Evakcation of 
Avaihbk Dota SAND9&2848. Albuqucrpuc, NM: Sandia N&od Laboratories. 

Page 17: I. TecbnicPl Commcntr, C. Geaenl Geology and Hydrology 

"Thelastsen~on~pa~eindiaPsthattheJtonOecoefIicientrmdtheCulebn 
thiclolus w a e  tnated as mstantr (9s opposed to tunctim of position) in the 1992 series of 
calculations. How was the sensitivity of the storage coefficient evaluated in the traasient 
tnosmissivity calculatioas descrikd in Section 4.3 of LaVaut (SAND 92-7306)?' 



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 transmiuivity, based on the following argument: 

Calibration of the response of wells H-15 and DOE-1 to the H-11 pumping test pmvides 
critical information on aquifer properties along potential Culebra flow paths. The 
drawdown at well H-15 is not well matched using hansmissivity fields calibrated from 
steady-state data alone (Lavenue et al., 1990 SAND89-706811 Figure 5.6a). Simulated 
drawdown at H-15 might be incmased by increasing transmissivity between H-11 and H- 
15, or by lowering the storage coefficia~t. 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 including hanoient data in the 
calibration. If storage coefficients w a e  also adjusted in the calibration, a srnalla 
increase in transmissivity would be required to match the critical drawdown obscrvatim 
during the H-1 1 pumping test. The resulting travel times would therefore be lvga than 
the travel ti- produced by adjusting trano&vity alone. We therefore klieve that 
excluding storage coefficients from the calibxation produces a msavative utimatc for 
travel time. 

Lavenue, A.M., T.L. Cauffman, and J.F. Pic-. 1990. G r d - W u r e r  How Modeling of 
the Culebm DoIomi&. Volmc 1: Modcl Wmrion.  SAND89-706811. Albuquerque, NM: 
Sandia National Labontoria. 

Lavenue, A.M., and B.S. RmaRw. 1992. A Modcling A p p d  To Addnst S@'d 
Variability within the W b m  L b h i &  lhvwnisivity I;CcId. SSAND92-7306. Albuquenl\Ee, 
NM: Sandia National m. 

i 
1 

Page 24: 1. Technical Comments, D. Additional Commcnt on Garcnl Geology and 
Hydrology 

"The nature of the p o s t - c l ~ ~ ~ ~ ~  repository wi l l  probably resemble a frrcturr network more 
closely than a p o w  media, the equation for cplculntino ntnrdation fieton in PANEL 
should perhaps be based on surfaa area as is described in Section 7.6.2.2 of lVolume 21.' 



Comment acknowledged; the discussion of the waste-mobibtion model (PANEL) in 
Sexion 1.4.4 of Volume 3 is a g c m d  discussion, allowing for non-zero 0. In actual 
calculations with PANEL, the &s have so far been set to zero, thus simuiating the 
retardation in a fracture network. 

Page 24: I. Technical Comments, D. Additional Comments on General Geology and 
Hydrology 

Area Volume 3, Page 1-47, Lines 30 - 32; Volume 3, Page 147, Lies 36-37 

(lines 30 - 32) "'Geologic history of the Delaware Basin ... began.. .during the Ordovician 
period.. . ' This is inaocurate because at least put of the Bliss Form?tion and l o w  
Ellenburger Group arc Cambrian in age.' 

(lines 3637) ' . . .the Central Basin Phtfonn uplifted during the Pamylvanian Mod.. ' 
Subtle uplift of the Central Basin Platform probably began as srly as the ~~ (WU 
86) and continued on into the Wolfcampian (early Permian) (Wu 86, Ya 93, YaDo 92, 
YaDo 93): 'a 

! h 

Reswnre 
I , ' 

p' -. 
Additional dctail will be included in the PI'B qor t ,  as -. Regvdles~ of thethe" - -  ' @' 

impact on compliance or lack of same, we my;B ensure that wbat is stvtd in the Vlg report 
and/or compl.&ce submittal is techniolly coma, to the extent possible. SQmt level of 
disagreement in some area of work will k -1. 

W e ~ t h a t t b a e i s s o m ~ t y c o a c a n i a g t h e ~ g e a o f t b e B l i s s P n d E l l e n b q ~  
formations, and that the taminology ngvdinp the kginaing of the history of the 'Delaware 
Basin' is opcn to diffaeat ininterpnotkms. We also mcqpk that thae is some UllCertainty 
regardingthe~ofupliftoftheCmtnlBasinPhtfm. W e w a e p m i o u s l y ~ l l ~ ~ ~ l ~ o f  
thc ref- (W-, and appm4ak the informath. 

-_ 
EPA Cornmanta 



- Comment TI06 

Page 24: I. 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 andlor calculated?" 

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 arc planned (Howarth, 1993). The absence of such 
measurements is recognized as a sisruficant source of uncertainty in prrscnt analyses. 
Current relative peimeability calculations rely on models developed by Brooks and Corey 
(1964) and by van Genuchtcn (1980) and Parker et al. (1987). Brooks and Corey developed 
their model from relative pamability data using oil and air as the fluids. Vaa Gcnuchtcn 

- used some of the Brooks and Corey data with oil and air as the fluids as well as some other 
data with unspcclfied fluids. The Parka et al. (1987) atauioa to van Genuchtcn for the 
nonwetting phase relative permeability did not include any data-model compvisons iti' fheu 
development. '1 

Howarb, S.M. 1993. Conceptual Phn. lb&kw FJow L&orutory Pm8mmjbr rh;-w&a 
Isolarion Pilot Phnr. SAND921 197. Albuquaguc, NM: Sandia National Laboatories. 

Brooks, R.H., and A.T. Corey. 1964. 'Hydrwlic Pmpatiu of P o r n  w' HyddOgy 
Pupers No. 3. Colorado State University. 

van Genuchtca, M.'lh. 1980. 'A Closed-form Equation for Predkthg the Hydraulic 
Conductivity of Unstuntcd Soils,' Soil Sci. Soc. Am J. Vol. 44. 892-898. 

Parker, J.C.. RJ. LanhPrd, and T. K u p p w y .  1987. 'A Pvrmetric Model for 
Constitutive Proprties Regding MultiphPst Flow in Porau M&&' War Ruow. Ru. 
Vol. 23, No. 4, 618-624. 



Page 24: I. Technical Comments, D. Additional Comments on General Geology and 
Hydrology 

in d a  Volume 3, Page 2-43 

"The 'disturbed porosity' in halite and plyhalite within the Salado formation is, at kst, an 
estimate. I n  sim data may be necessary to refine estimates for this parameter.' 

The Project acknowledges that this parameter is estimated. Cumntly there are no plans to 
collect in sim data. 

Page 24: I. Technical Comments, D. Additional Comments on General Geology and 
HY-Iogy 

Aria Volume 3, Page 2-61 
h 

"he '&tuW permeability' in anhydrite layas within the SPlpdo formatia~ is only au 
estimate. In sinr data may be maspry to nfine estimphes fot this ppmm#a.' 

Page 24-25: L Technical Comments, D. Additional Commmts oa General -logy and 
HYhlogy 

"The came of frrauring (in the Culebra Dolomite), haweva, is d v c d . '  A b d f ~ ~  
understanding of the origin of fncaues in the C W r a  Dolomite would help ,- the 
models on the flow of groundwater and brine.' 



The reviewer's comment is valid. However, the sentence referred to in Volume 3 is not 
particularly informative. Considerably more information is hown about Culebn fracturing 
than is implied here. Sa, for example, the discussion in Volume 2 of the 1992 PA @. 2-16, 
line 33 through p. 2-23, line 13) and the refcrcn~cs cited therein for more information on 
the relationship between fnctuM and hydrologic pr0pmes of the Culebn. Questions 
remain about the precise origin of fnctuns in the Culebn (and in most geologic 
environments). Present work emphasizu the relationship between the present condition of 
facturn (rather than their origin) and hydrologic Proputics. Regional 3-D groundwater 
flow modeling in progress (EPP 5.1.1.2) uses the presglt spatial dimibution of fncturing in 
the Rustler Formation and Dewey Like Red Beds as a basis for characterizing hydrdulic 
conductivity. 

Commea TllO 

Page 25: I. Technical Comments, D. Additional Comments on Gwnl Geology and 
Hydrology 

"No well control points or total depths an indicated on this cross section.' 

The point is well taken. Control points m 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 T l l l  

Page 25: 1. Technial Commcntr, C. Gencnl Geology and Hydrology 

Ar*r vol~olume 3, Page 2-77 

"Clay filling in b%ru through the Culebn Dolomite is poorly channaized. Fracture 
apatun, day (and aba p h u )  miacnlopy, day volume, and pctropnphic relathships are 
not fully documented. 'Ibac may affect trrnsport of ndioauclides through permeable 
fracture systems in the Culdm Dolomite.' 



A significant amount of effort has been given to investigating the sedimentology and 
petrology of the Culebra (see Powers et al. [1978]; Femll and Gibbons [1980]; Sewardr a 
al. [1991]; Siege1 et al. [1990]; Krumhansl a al. [1990]; Sewards et al. [1992]; Sewards 
[1991]; Holt and Powers [1986]; Holt and Powers [1988]; Holt and Powers [1990]; 
Chaturvedi [1987]; Lowenstein [1987]; U.S. DOE [1984]). A concise and accu!ate 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 compliance 
to this issue wil l  be considered for inclusion in the systems prioritization. , - 

6. .,, :<, ". 
Rtferences r;; .,. 1 1 

,;; i.i 
;: " 

Powers, D.W.. S.J. Lambert, S-E. Shaffer, L.R. Hill, and W.D. Weart, eds. . , l> .: 
~!$ ,' 

Geological C?ur~ertron'on Rcpon W~cfc Isolation Pilot PIonr (WIPP) Site. So ." 

New Muico. SAND7&15%. Albuquerque, NM: Sandia National Labontoria. 

Ferrall, C.C., and J.F. Gibbons. 1980. Corr Study @Rider Formation Ovrr the WZPP 
Site. SANDW7llO; CSI 2055-03. Albuquerque, NM: Sandia National Labontoria. - 
Sewards, T. 1991. C h n m a c m n  of Fmcmre S q h m  in Dolamite Rod; WM 
Dolomirc Member, Rustler F o m a h a  SAND90-7019. Albuquerque, NM: Sandia National 
Laboratories. 

Siegei, M.D., J.O. Leckk, S.W. Puk, S.L. Willips, and T. Sewuds. 1990. 'Studies of 
Radionuclide Sorption by Clays in the Culebxa Dolomite at the WIPP Site, Southurstern New 
Mexico," Watt Managanc~ 'PO, W e  Proccscing, T r ~ ~ p o r m ' o n ,  Storage and Dirposd. 
Tcchnicd Programs and JWic Edvcrrrion, Itcron. AZ. Fcbmuy 2.5-Maxh 1, I%@. Ed. 

-. R.G. Post. SAND89-2387. Tucroa, AZ: Univenity of Ariurnz Vol. 2, 893-900. 

Sewuds, T.. A. Brraly, R Glmn, I.D.R. M o c W ,  and M.D. Siegd. 1992. N w u r  
OndGcncc i ro fC loyMinrro l s#h~ lc rForrno t ion inhWcin i ry#h  Waftxbhtios,  
Pilot Plant in Southeastem llkw Maico. SAMSO-2569. Albuquaguc, NM: SIladio 
National Laboratories. 
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Sewards, T. 1991. Characterization of Fracture Surfaces in Dolomire Rock, Culebra 
.- Dolomite Member, Ruler Forman'on. SAND90-7019. Albuquerque, NM: Sandia National 

Laboratories. 

Holt, R.M., and D.W. Powers. 1986. Geotechnical Activiries in the Erhaurr Shq? - Ware 
Iesolan'on Pilot P h .  DOE-WIPP-86008. Carlsbad, NM: Westinghouse Electric 
Corporation. 

Holt, R.M., and D.W. Powers. 1988. Facies Vm'abiliry and Posr-Depositional Alteration 
Within the Rustler Formorion in the Vicinity of the Wpcu Isolation Pilor Plant, Southeastern 
New Maico. DOEIWIPP-88-004. Carisbad, NM: Westinghouse Electric Corporation. 

Holt, R.M., and D.W. Powers. 1990. Geologic Mapping of the Air IN& Shq? or the 
Waste Isolation Pilor P h .  DOUWIPP-90-051. Carlsbad, NM: Westinghouse Electric 
Corporation. 

Chaturvedi, L., ed. 1987. lk Rustler Fomuuion ot the WIPP Sire. EEG-34. Santa Fe: 
NM: Environmental Evaluation Group. 

Lowenstein, T.K. - 1987. -Post-Mal Altemion of the Permian RIL(r&r ForrnMrmMon 
Emponm, WPP Site, New Mcrico: T d  Snorigrophic and Qlanical hidmcc. E€G 
36, DOElAIJ10752-366. SVltP Fe, NM: NCW fia Environment91 Evaluation Group. 

- U.S. DOE (Depanment of Enagy). 1984. GeoteMcal Acncnviricr in the Ware H d i n g  
Shop - Wasre Isolation Pilot Plant (WIPP) Project Southecrn N m  MCXI~CO. WSTD-TME- 
038. Carlsbad, NM: U.S. Department of Enagy. 

"How wu 'clay porosity' m?' 

my porosity was aot masuxcd. It was estimated by WlPP investisaton (see 1992 PA, 
Volume 3, p. A-130). 



Page 25: I. Technical Comments, D. Additional Comments on General Geology and 
Hydrology 

Area in document Volume 3, Chapter 2, Page 2-83, Lints 9-12 

"'For many of the wells, 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 andlor highly fractured zones may control flow paths in the Culcbn Dolomite 
and measurements of matrix porosity may be inconsequential.' 

The Roject agrees that vuggy and/or highly fractured wnes probably 'control flow paths in 
the Culcbra, but this do= not make matrix porosity irrelevant. M?trix porosity is still 
important because it represents the potential storage m o i r  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 physial retardation provided directly by 
matrix diffusion, sorption occurring following diffusion into the maaix porosity wi l l  provide 
a chemial rrorQtiar mshpnism. See also rrsponsc to commnt in EPA document, p. 21 
(I. Technical Comments, C. General W o g y  and Hydrology, Culebra Matrix M t y ) .  

Page 25: I. Technical Cornmarts, D. Additional Comments on Genaal Geology and 
Hydrology 

Comment acknowkdgcd. The models in question (SECOZD and SECOITP) arc bridly 
described ia Scctioas 1.4.5 and 1.4.6 of Volum 3 of the 1992 PA, and in more detPil in 
Sections 7.5, 7.6 md Appendix C of Volume 2. 

When modeling a fonnatioa u a dual-porosity continuum, the actual orientations of frrturrs 
are unimportant. The modeled fractum arc not uscd to provide amnections ktwan points. 
T h e i m p o r o n t ~ p ~ ~ ~ t a s t o b e c a p t u r r d i n t h e m o d e l s ~ t b e f r r c n r r e p o r O a i t y ,  
which will control tbe flow velocity, and the surface a m  of tbe fnauns, which will control 

A 
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...... the amount of matrix diffusion that occurs. As long as the fracturr porosity and surface area 
are kept constant, it does not matter if the fractures are modeled as single sets of horizontal 
or venical fractures or as three orthogonal sets of fractures. Single sets of horizontal 
fractures an the simplest to model, SO that is what PA has used. 

Comment TI15 

Page 25: I. Technical Comments, D. Additional Comments on General Geology an 
Hydrology 

Area in documa Volume 3, Page 2-92! 101 

"Partition coefficients of radionuclides arc very pppdy constrained and further experimental 
work is necessary." 

An experimental program de~i6~ied to address ntardation is planmd. This program includes 
- 

0 Mechanistic adsorption studies (surface complexation modeling) on primary mind 
constituents of the Culcbn, 
Column upaiments with intact Culcbra core, and, if needed and justified - Field m b i i  multi-well tnccr test. 

The model dejcribing actinide sorption to be developed from these experiments will ppvide 
data to PA. a I 

.I , 
? 

Commmt TI16 

Page 25-26: I. Technical Comwntr, D. Additioapl Ommats on Gamd Geology and 
HY-jogy 

'In the Waste Rmiml P)m @OE 93). the depth of the &tory u 2,150 feet below the 
surface, which is thc depth at the floor or dl. In thc paformancc lutsswnt (Volume 3). 
the surface eleMtioa is given PS 1,023.3 meters and thc npoaitory level at 379.0 meters or a 
depth of 644.3 metem, which equatca to 2,114 fed - a dSf&ram of 36 fat. Otha 
difference include the thickness of the Magenta mcmba of the Rustler FOrrmtion, listed as 
25 fect thick in Volume 3 and ranging from 22 to 35 feet thick in &~WKX No 90, and the 
thickness of the CuLebra member, listed ps 23 fed in Volume 3, and mghg from 22 to 29 
feet in reference No. 90.' 

EPA CommmU 1-85 DOUwIPP-95-2053 



We recognize that some Project-internal contradictions in quoted elevationsldepths within the 
WIPP repository have arisen through time. As part of the plugging and scaling 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 wiabity in both 
depth and elevation within the repository, due to the slight dip of both the Salado Formation 
and the land surface. 

Table 2.61 @g. 2-76) of Volume 3 lists a thickness range for the Cuiebra 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 
considend as a potential radionuclide-release pathway in the~e  calculatiw. 

Comment TI17 

Page 26: I. Technical Comments, C. General Geology and Hydrology 

Aria Volume 3, Page 3-37 

"It is uncl*~ how the ange for the -liquid diffusion coefficients in Table 3.34 were -. 
determined. Typically, frse-liquid diffusion coefficients arc deDrmiaed in low ionic strength 
solutions which precludes competition among im. However, diautoa cafficieats for the 
radionuclides at WIPP should be detamined under expcctrd salinities to awn that diffusion 
is not ovenstimated. ' 

The source of the h l i q u i d  difhha coeffidcatr in Table 3.3-4 is Table E-7 of + et 
al. (1989). A d i d m  of the @ties in these numkn b gim in Sdm E.2.4.2 of 
the same documa~t. PlcPv nfa also to: Dykhuizen and rVey (1989). 

Dykhuizen, R.C., and W.H. Cuey. 1989. An AMiysis qfSdvtc D @ s h  in the Webm 
Dolomite. S A N D M N .  A l b u q ~ u c ,  NM: Sandia National Lsborrtoria. 

.? 
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Page 26: I. Technical Comments, D. Additional Comments on General Gcology 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.' 

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 raiscs issues 
that will be considered for inclusion in thc system prioritization. 

, 
Butcher, B.M., and F. T. Mendenhall. 1993. A Summary ofthe Mohlr Used 
Mechanical R e s p o ~ e  of Disposal Rwvnr in the Wate  Isolation Pilot Pkrnt with rr)  

Compliance with 40 CFR 191. Subpon B. SAND92-0427. Albuquaque, NM: Sandia 

Page 26: I. Technical Commmts, D. Additional Comnmts on Genaal Gcology and 
Hydr01ogy 

Volume 3, Page 5-3 (Figure 5.1-2) and Volume 3, Page 5-4 (Figure 5.1- 
3) 

'Volume 3, page 5-3 ( F i i  5.1-2). No cantour in& is giwn for this map. It m y  be 
obvious, but tk amtour intaval should still be indicated.' 

"Volume 3, page 5 4  ( F i i  5.1-3). No contour in& is gim for this map. It m y  be 
obvious, but this amtou~ intaval should still be indicated.' 

Comment accepted. In Figure 5.1-2, the contour interval is 100 m. Ln Figure 5.1-3, the 
contour interval is 50 m, with the even 1OGm intervals being indicated by a heavier line. 

C 
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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 rcleares at more than the one intrusion at 
1000 years. What support docs DOE have for not including additional releases? Have 
different time periods been modeled and put into a sensitivity analysis?' 

The sampling of intrusion times may be needed fdr a complete analysis that would be used 
for compliance application. The 1992 PA was not intended a a compliance application. 
Thc decision to limit subsurface release calculations to a single time of intrusion was based 
solely on resource limitations in 1992. 

The 1991 PA included analysis of subsurface deasu from 5 times of inewion (1,000, 
3,000, 5,000, 7,000, and 9,000 yr). Compnrison of fisuns 4.1-2 (bum right fnm) and 
5.1-4 (upper right fnm) of Volume 4 of the 1991 PA (SAND91493/4) h the effect of 
later timu of inausioo on dual-porosity subsurfia rrlaua. The 1990 PAspmpled the time 
of intrusion (ratha than including it in the probability model), and raults of a formal - 
sensitivity analysis including time of intrusion are published in Hcltaa a al. (1991). 

Helton, J.C., J.W. Garner, R.D. McCurley, andD.K. Rudem. 1991. S c n r i r i v i ~ h ~ ~ & s f s  
Techniques and Rcnrlufir Pe@wnance Assessmenr ot the W e  Isolcrrion Pilot Phnt. 
SAND90-7103. Albquapue, NM. Sandia Nltioanl Labontoria. 

Page 27: I. Tecbnial Cammcnts, E Drilling Rate and Intrusion Related 
Human Inhucioar in 10,000 Years 

Volvdume 3, Chapm 2, P w  2-3 ( F i i  2.1.3) 

"On Figure 2.1-3, arc hex DOE or commucial wdh?' 



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 genenl saatigraphy. Note 
also that the total depth of these wells is not given. Many ue wells drilled for potash 
exploration, and do not penetrate the repository horizon. These wells should not be included . . 
in an attempt to estimate the probability of penetrating the repository. .,-. 

Comment TI22 

Page 27-28: I. Technical Comments, E. Drilling Rate and Intrusion Related Comments, 
Human Intrusions in 10,000 Years 

Area in d o c u m  Volume 3, Chapter 2, Page 2-3 (Figure 2.1.3) 

a) "Assuming that the wells arr commercial wells, a simple calculation of human inmsion 
based on the boreholu shown on Figure 2.1-3 derives a value of 28 borcholeslkm2 p a  
10,000 years. T h w  results arc based on 459 boreholu drilled on 13356.6 km '. It w a ~  

assumed that these boreholes were drilled during 50 years.' 

b) "A study of oil and gas drilling will discover a cyclic nature. Farly exploration wiU 
generally be shallow drilling with high density drilling for asy oil prwpas, then this phase 
will  subside. After a time of hiatus, the next phPw will progrrsr to deqa oil and gas 
prospects with additional ina*ucd density drilling. This phve may include enhanced 
recovery from old shallow production such u steam or water flood techniques, this may also 
increase drilling density. R#r with dvancemnts in technology, af?er another hiatus, 
enhanced recovery techniqua wiu popus and deepr more lggrrssive pmqccts will be 
drilled. ' 

C) "The number of borrhdcs drilled per area may increase with time, potentially to very 
high densities. The oil fields of Pennsylvania, which ue more than one hundred years old, 
may provide a way to gain m urdastanding of this cydc of drilling.' 

Drilling Rate Model 

d) "The expat panel xuults lad to a significantly Iowa number of bonholes per square 
kilo- in 10,000 years thpn suggested in the Appeadix B Guidance to 40 CFR 191. The 
probabiity of mo intrusioas ova 10,000 years is inaaued from 2.4 p a a n t  for a constant 
drilling rate of 3.28 x 1V pa year (Volume 4, Table 2.5-2) to 87 pacent if the t ime 
dependent drilling-rate function with the highut cumula!ive number of intrusian~ is 
(Volume 4, Table 2.5-1). The rue of 'exput' opinion to reduce the drilling rate by this 
amount appears to belie the original intention of including the guideline of 30 boreholes pa 
square kilometer in 10,000 years. Other exput panels could be mmrnissid to devise 



- 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 drillingrate panmeter used in both the 
1991 and 1992 PAS is 3.28 x lvlyear. This is equivalent to a disposal am of 
approximately 0.11 km2. Yet the 1991 and 1992 PA used 0.5 km2 as an approximate 
disposal area. In addition, the 1992 PA (Volume 1, page 5-31 no- 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 
boreholesl km2 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 addnssed adequately in the 
current PA.' 

Renmnsc 
Performance asxssments conducted for the WIPP have made every effort to be consistent 
with the provisions of 40 CFR 191 and with the guidance in Appendix C @miouPly 
Appendix B) and in-the Supplem~1tary Information published in the Fedenl Register with 40 
CFR 191. 

The m i e w a ' s  observations in pvts b) and c) about exploration pnctices arc useful. 

a) We wae not able to c;rlcul?te 28 borrbokslhn' pr 10,000 yarrs from the numbers rT 

w. Usim vour valuc of 459 boreholes with an am of around 4000 
'km2 for Figure 5.i-3, yields o valuc of a p p m x h d y  22-23 borrholallnn2 per 10,000 y-. 
Howeva, many of the wells in P i  2.1-3 would not be included rcarding to ~ppendix C 

An evaluation of drilling ratu for area undalain by bedded salt indicates a value of 
approximately 20 bonhokslhnl pa 10,000 ycpn for New Mexico (Cxanwdlct 'dl., 1990, 
Appendix C). 

b) The discuvioa of the cyclic nature not just of cxpIoration, but of development appears to 
beinconflictwithouidprreinAppendixC@rrviouslyAppardixB)thptonlyexplontory 
boreholes are to be anrsidasd, not explorotory @ developmeat b ~ d o k :  

TT 
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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 
intnrsion. These shallow wells should not be included in the calculation/considcration of 
boreholes/)un2 per 10,000 years. 

d) There may be some misunderstanding about the use of expert judgment and the " o r i m  
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 h a e  may imply an extension of 
the existing regulatory requhments. 

Specifically, the following response to the reviewer's comments that 'Ihe expar panel 
results lead to a significantly lower number of boreholes pa square kilometa in 10,000 
years than suggested in the' Appendix B Guidance to 40 CFR 191,' and 'The use of 'expat' 
opinion to reduce the drilling rate by this unount appears to klie the original inteation of 
including the guideline of 30 boreholes pa square kilometer in 10,000 yars' is based on 

.- previously published EPA guidance. 

Guidance from the EPA in Apptndix C (previously Appeadix B) indicates that the 
the implementing agency: 

'...should consider the effects of ach pvticulv dirposal system's site, design, and 
passive institutional controls in judging the lihlibood and, consequences of such 
inadvatcnt urploratoly drilhg.' 

-- 
"Howeva, lsSessing the ways and the 
un- in the futurr-and 
&tcr such cxpAontioa near a repository- 
speculation. It will not be possible to develops a 
of such intrusion. The Agency klieva thlt aSSCSJments should 
consider the possibilities of such intrusion, but that limits should be placed on the 
severity of the assumptions used to make the assessments. Appendix B to the final 
rule describes a set of panmeters about the lilalihood and COweq- of . . .  

Agency assumed were the 



e in m ~ o c r f o n n a n c e  assessments [emphasis added]. The - 
implementing agencies may adopt these assumptions or develop similar o n a  of their 
own. " (50 FR 38077a) 

Making assumptions allowing the effect of markers to lower the probabilitia is consistent 
with text in the Supplementary Information: 

'Therefore, determining compliance with the standards involves performance 
assessments that consider the probabiitia and consequences of a variety of 
disruptive events, including potential human intrusion. Not allowing passive 
institutional controls to k taken into account to some degrrc when estimating the 
consequences of inadverrent human inmsion could lead to lu s  protective geologic 
media being selected for repository sites." (50 FR 38080t1,c) 

The miewer's comment that "Other expat panels cwld be commissioned to devise 
additional f u ~  scenarios leading to lower or higher drilling ntes, a situation which the 
guideline intended to avoid" is inconsistent with EPA guidance. Guidance in the 
Supplementary Information quoted above clearly sPtes that .informed judgment and 
speculation' would be invdved and indiatu that the impact of passive institutional controh 
should k taken into a m t  when considering the lilalihood of insdvatcnt human intrusioa. 
In addition, the guidvlce clearly s&tu that in fact thae is no 'n0' value and appmtly 
onewasexpccted. - 
e) The points raised in the final paragraph all atta~tion to aron and a lack of clarity in the 
PA documentation. The maximum rate amstants wae 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 expeaed values of 30 borcholulkd 
per 10,000 yeas. They diffa only kawe the target area of the waste was adjusted from 
0.109 lad in 1991 to 0.126 kma in 1992, rcflrctinO the inclusion of the area occupied by 
horizontal RH-TRU waste emplacement. Rcfefaences to 0.5 k d  in both tk 1991 and 1992 
PAS ue anm. That area includm the axhd volume (the pillus), and was not used in 
probebity modeling. Ihe statanmt that 8 maximum of 1 the 1992 
PA is c o r n .  Howeva, thosc intrusioas ocaarrd into 0. 0.5 km2. 
mscomsp0edsto79intrusi011lin1km=,month~n~wiathe inthe 
EPA guidance. 

EPA Commcnu 
P 



.- Commmt TI23 

Page 28: I. Technical Comments, E. Drilling Rate and Intrusion Related Comments 

Area in document Volume 1, Page 4-6 

"In the El and E2 scenarios, any plugs between the repository and the Culebta arc assumed 
to fail immediately ...' Figure 4.2-2 on page 4-6 of polume 31 shows permeability 
remaining constant for 75 years at 10" ma and increasing to 10" mz at 150 years after 
intrusion. Which values were used in the calculation?' 

The 1992 PA assumed that the borehole permeabiity immediately following intrusion was 
that of a silty sand, lognormally distributed with a range of 10'' to I@" m2 (see page 4-3 of 
Volume 3 of the 1992 PA). Figure 4.2-2 was included to provide background information. 

C-I~ TI24 

Page 28: I. Technical Comments, E. Drilling Rate and Intrusion Related Comma! 
, - Arrp Volume 1, Page 4-9, Lines 12-14. 'It is not c la r  how these values'for 

number of intrusim arr related to the 70 rraliPtiom shown in Appendix 
D of Volume 3 whac the lugest number of intnuim in 10,000 years 
was slightty gmtcr than one per square kilometer.' 

Area Volume 1. Page 5-3, Lines 35-37. 'It is stattd here that "the largest 
n u m k o f  intnuiom in theO.5 km20f thewYPdisposalareawas 10 ..." 
The Iargest n u m k  shown for the 70 d h t i o n s  shown in Volume 3. 
Appeadix D, was slightly greater than 1 for one sgm kilometer. Why 
don't tbere numbm agree? In addition why das 0.5 hn' apjmr to be 
used wbm the waste area hs a footprint of about 0.11 k d  (Volume 3, 
Table 3.1-I)? (As an lside it should be n o d  that the shifting frame of 
rcf~m~efromholupakm~tohokspa0.5km~cr*ltesfuaha 
amfwion in unQstanding an M y  complex subject.)' 

The discussion in the 1992 PA was lesr thau clear. 

First, all references to 0.5 km2 wac  incorrcct. The target area for the waste used in the 
1992 PA was 0.126 &. 



Second, the curves labeled "intrusions" in Appendix D of Volume 3 should morc properly 
have been labeled 'integrated intrusion rate". The integrated rate wnstant docs not yield the 
number of intrusions that arc included in the PA. Rather, it yields the expccted value of the 
Poisson equation. (See section 5.2 of Volume 2). The assumption that drilling is random in . 
time and space (i.e., a Poisson process) means that thm is no absolute upper bound on the 
total number of intrusions. For any nonzero ntc constant, t h m  is always some finite 
probability that one morc intrusion will occur within the time intaval. The rate constant 
defines the expected value of the function, not its limit. In the 1992 PA, the aul number of 
intrusions considered in consequence analysts w m  limited to either tho* which occurred 
with a probability greater than 106 in 10,000 years or to the number 10, whichever occurred 
first. Note that 10 intrusions in 0.126 km2 wmsponds to 79 intrusions in 1 km2. 

for = 3.78xlP Iyr and n = 10 indicatu that 10 intnuions occur in 10,000 yr with a 
probability of 3.75~10). As shown in Tablu 2.5-2 and 2.54 of Volume 4 of the 1992 PA 
(pages 2-24 and 2-30), the assumption of 100 yarn of institutional cantrol reduces this 
probability to 3.50 x I@. Consideration of only one time inocrvll(0-2,000 yr) reduces this -, 

probability to 4.87xlW 

Inspection of Tables 2.5-2 and 2.54 of Volume 4 indicates that the maximum number of 
intrusions occurring in the time interval (0,2000 yr) with a probability greater than l(r is 7. 
Thus, the largest number of inhusiw included in subsurfice nlaues in 1992 was 7. 
Cuttings nleasu cllculated for all time intcrnls contained up to 10 inausions. 

Comment TI25 
.. I .  

Page 29: I. Technical Commeats, E. Ddllinp RaCe and Intrusion Related Comments 

Brm Volume 2 Page 44, Linu 30-35 

I 
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.- 
Reswnw 

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 e i k  
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. 

u r n m e t  T126 

Page 29: I. Technical Comments, E. Drilling Rate and Intnrsion Related Comments 

Area in doc- 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?" 

Yes. See Chapta 4 of Volume 1 of the 1991 PA (SAND91-0893). The appropriate tea is ,- 
>,. on page 4-52, lines 5-26. &., : . 

' ' I  ,. . 4. j >, '* , , 
, $ ,  ,' i. ; 
1 f:, "; , . ' , ; 
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Page 29: I. Technical Comments, E. Drilling Rue and Intrusion Related Comments, 
Drilling Rate Model 

Volume 2, Page 7-26, Lim 19 

"The equations pnsmtcd for calculating the pressurr drop for turbulent flow appear accurate. 
... Muds having high salt amta~ts seldom have high gelati011 propatics.' 

We agne with these obYMtions. Activities rel?ting to them f?U under ongoing cuttings 
release model dnnlopment and labontory sludies. 



Page 29: I. Technical Comments, E. Drilling Rate and Intrusion Related Comments, 
Drilling Rate Model 

in d o c u m  Volume 2, Page 7-27, Line 23 

"The possibility of high pressure gas king created by the waste material and eventually 
flowing into the wellbore is an important factor. Should such wents 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.' 

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. 

Page 29: I. Technical Comments, E. Drilling Rate and Intnuion Relatsd Comments, a 

Drilling Rate Model 

\ 
b, @ 

"The scewio pnscntat, in which the driller graduaUy works his way through such a .. 
formation is questionable, and would depend on the pmperties of the compacted waste 
material. The waste mataial may respond as a v a y  compacted, solidified rock and not k 
detected at the surfaceaceptforitsndiopctivepropaties, or it may mpond as 'a 
Montmorillonite clay suspcarioa' with all solids ruspeDdcd in a highly preYurizcd slurry 
which flows into the wellborc. Thir httm sarrprio would be vay troublaorne beawe it 
wouldnotb:possibletoshuttbewellin~narmplwell~~lltrolplocedure~,without 
fraauring otha forrmtioas in the d portioa of the hole.' 

We with tbcse obaawhw. Haweva, the pmspect of a montmorilloaite clay 
suspauion is caubkd  vay unlikely. Activities dating to tbue comments fall unda 



Page 30: I. 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 parameten an given here. Throughout the three volumes there is 
considerable discussion about the theory of drilling and the various facton 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 prrsentation 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.' 

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 aoded diameter was 2-3 times the 
sampled drill bit &eta. ' 

Page 30: I. Technical Comments, F. Source Term, Waste Related Issues / .. 

"The perfonnancc asses~amt analysis is only as good as the data on which it is based. 
Using the PA to identify critical or key p~metas to evaluate the ovasll integrity of the 
repository is appropriate. Thc PA &odd save as the driver to clearly identify thox 
parameten on which activities drh  as waste chonctaiElton and experimental testing need 
to focus. For example, vsumed ppnmeta ranges, valua, or @tory conditions identified 
in the performance assescmnt should be tested with exprimarts to the extent possible. For 
instance, the adinidc sou~cc-tam has kar identified as a key compomnt to the evaluate [sic] 
the total performance of the rrposltory. The mmcc-term test prognm must uu a waste 
source reflective of a comprrbcnsive review of waste pnxrss knowledge and 
characterintiaa. Ihic r e q h  input from the was& chanctaintion program. A source 
t e r m t e ~ t ~ g ~ F u i w a r ~ ~ ~ t h e ~ e t o r n d y ~ c a f t e c t ~  
waste [sic] that could support or nullify the cunmt valua used in the PA. A test performed 
with non rrprcsartative wvte dots not.' 



Non-radioactive constituents of the wastes are expected to alter the brine composition (for 
example, dissolution of portions of cement andlor 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 solubilitia (and 
potential colloid formation). The DOE invites further discussion on these topics. 

Page 31: I. Technical Comments, F. Source Terin, Waste Related Issues 

"In addition to the experimental testing program, the PA can also identify the important 
parameten necessary for waste chanaeriution. Data gcnaated from waste experiments 
aimed at gas gmuarion, solubiity, viscometric functions, and evaluation of chelaring agena 
and colloid formation, needs to be vaified by identifying the appropriate waste stmms. '  

Non-radioactive constituents of the wastes ye expaed to alter the brine composition (for 
example, dissolution of portions of cement and/& the generation of CQ gu from the 
microbial degradation of combustible&. The brine comwsition controls radionuclide 
solubilities. -ihe Source-Tenn Test Pkgnm, designed b asstss the appropriateness of the 
Actinide Sounx-Tam Model, usa waste forms that wac sclcctcd to have significant , 
potential impacts on the brine compoaitioa, and harce on the actinide solubilities (and 
potential colloid fonnatioa). ?Ire DOE invites further dircussion on t h e  topics. 

Commmt T133 

Page 31: I. Tcchnial Commmts, F. Source Tan, Waste Related Iuua 

"It is mentioned that the waste produced as a W t  of JpPllinO u vay dcpoldmt on the 
constitutive nature of the compacted composite waste. DOE should ddress in the PA its 
approach for detumining how assumed values or mges  of hcton such as viscometric 
functions of the waste will be supporkd by information obtained by chvaacnnn 

. . 
g -. 

This would detenninc the complete response of such compaaed 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 caws, 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. Otha formations 
which exhibit similar behavior are thick salt beds drilled at great depths, and "gumbo shale" 
drilled at shallow depths. " 

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. 

Page 31: I. Technical Comments, F. Source Term, Uncharacterized RH-TRU Waste 

in document Volume 2, Page 2-51, Line 19 

"There is very little information about the RH-TRU waste inventory.' 

A From a Pu-formana A~sessment (PA) papective, large quatities of data are not nquiral 
for RH TRU. The waste streams ue not sisnifiantly diffamt from CH TRU exapt for the 
fuel examination samples. 'Ibac is , of coune, anotha difference - the radioactive 
component, which is stated relative to PA: othawiYe it is only an opaational concun. 

Page 31: I. Technid Comments, F. Source Tam, Unchanclaized RH-TRU waste 

Aria Volume 2, Chapter 2, Page 2-51, Line 19 

"What d m  'unchulctaind waste' mean in ngvds to RH-TRU waste?' 

The category 'unchurtaizcd wute' is mentioned in the 1991 IDB (U.S. DOE, 1991); it 
applies to wastes that arc suspected to be TRU cantambated mataials but whose otha 
characteristics an presently unknown. 



U. S. DOE @epartment of Energy). 199 1. Integrated Data Bosc for 1991: U. S. Spen~ &l 
and Radioactiw Wasre Inventories. Projections, and Characteristic(. D O W - 0 0 6 ,  Rev. 7 .  
Oak Ridge, TN: Oak Ridge National Laboratory. 

Page 32: I. Technical Comments, F. Source Term, Solubility 

Area in document Volume 2, Chapter 2, Page 2-52 

"What data arc available on solubilities of the target elements (& their various species)?" 

Additional detail will be included in Project Technical Baseline. 

Some data exist for solubiities of targc! elements in specific brine compositions, but the 
data cannot be gannlized to cover all expected changes in brine compositions due to waste 
interactions with briaes (including gu gamation). The solubility model unde~ developmeat 
is designed to calculate the miation of actinide solubilities u a fuctbo of brine --. 
compoaition,wbichinturnwillallowsoIubility~ysestoberrl?osdtothetypesofwYtcin 
therepoaitory. Lvgeam~~~~tsofQtohovekengaKntcdinthisprognm,andthedata 
arc being used to develop a numerical model. RK Project iS working to assimilate existing 
information and gather the new information ncessvv to complctc the solubility model. The 
relative importance of the experimentally b a d  ac e commation infOrrmtion compared 
with otha information needed for the prformance saneat wil l  be msidaed for 
inclusion in the systems prioritintion analysis. 

Comment TI37 

Page 32: I. Tehnial Commmts, F. Sotme Tam, Solubility 

Arra Volume 2, Chlptcr 2, Page 2-52 

"Will the source tam exput psnel be ~1paJeded by actual data on solubiitiu and colloids? 
When?' 



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, when 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 conccnaations model to 
suppon the compliance application. The relative importance of the experimentally based 
actinide concentration information compared with other information needed for the 
performance assessment included in the SP analysis. 

Page 32: I. Technical Comments, F. Source Tam, Quantity and General Form of Waste 

documm Volume 3, Chapter 3, Page 3-9, 10. 

"Please identify the quantity of radionuclides and the genaal form that they arc in, e.g., 
sludge, on rags, a. How would this effect the PA?' 

- 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 arc stated in Section 3.4 (see cq&aUy  Table 3.4-1) of that report. 

The 1992 saies of sensitivity and uncertainty anaIyres did not investigate the effects of 
uncMainty in radiaactivity amtent of the waste. 'he effects of uncertzinty of physical 
compositions (varying volume frictions of cellulosics, maPllics and sludges) wae 
investigated and mulb of thuc investigatim may be found in Table 9-3 of Volume 4 of.* 

6- 1992 PA. t * 

r . 
Comment TI39 

Page 32: I. Techniczl Commcmts, F. Source Tam, Quantity aad Genenl Form of Waste 

Arra Volume 1, Page 5-4 



Formal sensitivity analyses have not been performed using an uncertain radionuclide 
inventory. In general, integrated nofinalized radionuclide releases are relatively insensitive to 
changes in the inventory because they arc normalized to the total regulated curie content of 
the system. This effect can be observed informally by compering cuttings releases from the 
1991 and 1992 PAS, as shown in Figure 4.1-2 of Volume 4 of the 1991 PA (SAND91- 
089314) 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 considad and the relative abundance of specific 
radionuclides, and the inclusion of early-time intrusions in 1992, cuttings+nly CCDFs for 
the two PAS lie within an order of magnitude of each other. 

Waste fom may affect cuttings releases by influencing the amount of waste eroded by 
circulating drilling fluid or Spaued into the borehole. The 1990 PA examined sensitivity of 
cuttings releases to a change in effective waste shear strength from 1 Pa to 5 Pa, and 
observed little effect (Bertram-Howery et al., 1990, Figure VI-5). Subscquent PAS have 
used a fixed value of 1 Pa for waste shear strength. Other values of waste shear strength 
have not ken examined in full PAS. Sensitivity of eroded borehole diameter to changes in 
borehole roughness and waste shear stnngth has ken rcportd by Bcrglund (1992, 
Figures 2-5 and 26). Modeling and experimental work in progress (EPP 5.4) will provide 
additional informztion about the bounding cuttings rcle49ts. More detail will be provided in 
the PTB report. 

Bertram-Howeq, S.G., M.G. Mvietta, R.P. Rcchard, P.N. Swift, D.R. Andenon. B.L. 
Baker, J.E. Bean, Jr., W. Beyela. K.F. &in=, R V .  GuzowsLi, J.C. Heltan, R.D. 
McCurley, D.K. Rudeen, I.D. Schreiber, and P. Vaugh. 1990. P n h h n y  C h p i s o n  
with 40 CFR 191, Subpan Bjbr the Winte Isolation Mat PYonr, December, 19PO. S A N W J  
2347. Albuquaquc, NM: Sandia National Labonrtori#. 

Berglund, J.W. 1992. M c c h a n h s  Gowming the D i m  Removal of Wosmfrom the Winte 
Zsolaion Pilot Phnt Rcpariroy Covrcd by ~ r 0 u ) r y  Dn'Uing. SSAND92-7295. 
Albuquerque, NM. Slndio NPtionnl Mnmtmits. 
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Page 32: I. Technical Comments, G. Source Term 

Area in d o c u r n  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 typ, isotopic composition, 
production ratc, 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. 

The conclusion is accurate and the DOE acknowledges that additional data arc requid. The 
DOE has assigned a task to update this type of informath and is planned for publiation as 
the WIPP tcansuranic Waste Baseline inventory Report, Revision 1, in December, 1994. 
Saadia will receive the w~lrcc information contained in this document by the end of 
Nmemba, 1994, to ux in their ongoing PA analyses. 

Area Volume 1, Page 2-16 w 
"The uncertainties associated with the source term need to be mlved. For example the PA 
statu that 'Many of h u e  chemicals mCRA constituents], if presalt in signhicant quantities, 
could affect the ability of rsdioaudides to migrate out of the rqository by influencing Rtcs 
o f ~ o n o f t f i e o r p r a i a , m i a o b i a l r t i v i t y , a n d g a s ~ .  Theefkasofthese 
pnxrsots am being shrfisd.' ?h srntur of these shdies should be reported in the next PA. ' 

The term 'cbemlalrg in the quoted text refemd to all cbnnialr in the wl9te, and not 
merely the RCRA-quhW COrUtitua~U. In fact, with the exceptiar of SXIE meals, all 
i n d i a t i ~ ~ ~ a m t h t f o r m o s t w p s t c s , t h e R C R A - ~ ~ ~ ~ ~ t  
quantities (Table 2-1, DOUWIPP 89-003). 

This information will be reported in future compliance applications and other documCntS 
when available. 

h 

DOUWIPP-575-2053 1-10) EF'A Comma~tr 



US. DOE (Tkptment of Energy). 1990. No-Migrarion Variance Perifion for rhe Ware 
Isohion Pilot Plant. DOUWIPP-003, Appendix B. Carlsbad, NM. Waste Isoiation Pilot 
Plant. 

Comment T143 

Page 33: I. Technical Comments. G. Source Term 

Area in d- Volume 2, Page 2-47 

"Using a 'scaleup' of masses estimated from expanded waste chvacterization information is 
only as accurate as the degree to which the projected waste agrcu with what is produced 
currently. As indicated elsewhere in this report, this is very uncertain. 

The comment is &rrect. The data w m  entered in 1992 using avlilabk records. The DOE 
hasinitiatcdatzsktoimprovethewvtchv~~torydztaladhucPUedfornewprajecti~ 
from evay site based on cumnt site missions. This rrport will be issued in December, 

- 1994, as the WIPP Tmsunak Waste Baseline Inva~tory Repart, Revision 1. A subscq~~1t 
update to that documcnt is scbaiuled for 1M. The 1994 data wil l  be rucd for my new 
aSSeSPments conducted. 

I 

Commmt TI44 

Page 33: I. Tcchaial Commnts. G. Source Tam 

Arra volvdumc 2, Page 2-50 

The PA uses thc &@I vdume for CH-TRU wvtes and the RE-TRU maximum curie limit 
forcalculadmr TbchoegntedDztPBue(IDB)hitscurrmtfannannotprovidemy 
more than a d m t ~  of wvte volumes, types, and isotopic compositio~w. Some of the 
sources of uacar?inty in the IDB with tho potmtial to affect the PA are as follows: 

a) The ntioapl for dwifyhg cutain RH-TRU wvtes currmtly in interim stonge at 
Hanford~andtheSaviumhRivaSite(SRS)isunclear. 'LhatwPstesareirrdiatcd . . 
fuel components that the sites manage as RH-TRU, lpp~nntly fop drmnutntive reasom. 
Based on the n a ~ c  and origin of these mataials they appear to be- m&t the definition of 
high-level wvte as defined in the Nuclear Waste Policy Act. Should these be rcclasdfied 

- 
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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 diSCO~caed from those 
activities that can provide the best quality information regarding radionuclide inventory, i.e., 
waste characterization. Additionally, there arc several sources of uncertainty within DOE'S 
waste characterization program. X U  waste generators tend to take a conservative approach 
when categorizing wastes, leading to clwification of many 'suspect' wasw as TRU. It 
appears that as much as 37% of these wastes could be reclassified as low-level wastes, based 
on their radioassay. 

C) The IDB contains many internal inconsistencies, i.e., Section 3.42, Table 3.13 vs. 
Table 3.16. etc. Sitespecific radionuclide inventoria am based on the information obtained 
from "data calls" made to the generators. Thw calls take the form of requests for 
information on current and projected radionuclide C O ( I C C I ~ ~ ~ ~ ~ O ~ W  and waste volumes. Due to 
the site-specific differences in waste characterization, ndionuclide mix and data rrporting, 
and the need to fit diverse data into a single format, much of this infonnation is of limited 
utility. 

d) The 1992 IDB lisb the changes relative to the 1991 IDB. Of these, the volumes of TRU 
waste incraced 35% for SRS, M% for HANF, and 'dnmnticm for LANL, projections of 
fuhlrewastcsfromRFPwatduadanddchpnoesin~tinventorieswacrrported 
for all otha g a ~ n t o n  except INEL, which rqwrtal no siOnificpat Chylpes. It is difficult to 
conduct rcPPOnable perfotm~oc assessments when a defining cbmcm&c 

- . . ofthesource 
term, radionuclide invartory, is subject to this amount of aonual change. 

a) Part of the weapon's program was the sectioniag of the fuel rods for metalographic , 4 

examination. '2befuelwu~specifiallyfortheproductiollofplutoniwn. These ."" 
sliasoffuelwqe~inhotaltratHnnfdladS1~Riva,uwdas atofha 
laboratories. The grit, polishing matmid, pbeaolic sample holdem, and small fuel samples 
were then dirarded as RE TRU was&, beausc of the preponQyla of plutarium 
con tzmiauioa. W l i l P d y t b c s e w i l l n o t k ~ u h ~ l e v e l w P s D c b y t h D O E a t  
thesit#mclltioryd,~tbeyycmPinoincdintheRBTRUwrsteinventory. Evenif 
t h e y w a e t o k ~ , t h c r e u e l v p e i n v e n ~ o f o t h c r w P s D e s t h . t m s u s p c t R B  
TRU. 'Ihose will k churtcritcd, and if REI TRU, would fill the voided capacity. 

b) T h e ~ m P d e i n t h I D B ~ t h e n s u l a o f ~ y ~ o f ~ u l r t i o 1 1 o f T R U  
wastu. Instruvratioa used for dvrifiation could not always disam the lowa limits 
applicdatthattipe. Asthaewastumntrievcd,tbeywillbe~~1ycdwithmodan 
instrUmenptio11~ifckrsifiedulowlevelwute,willberrmovedfromtheCHTRU 
inventory. There remains a large quantity of unknown waste tht will come from the DOE 
facility decontamination and decommissioning activities, some of which will k classified as 



CH TRU. In any event, there is a sufficient quantity of waste to be generated to meet the 
W P  stated volume capacity. 

c) 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 IDES and future data calls will 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 comcted with the BIR. This is 
not a short term effort, however. It will take time to get all the databam 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. 

Page 34: I. Technical Comments, G. Source Term 

V d u m  2, Pages 2-50 ad 2-5 1 

"The first two pvagnphs [ of Section 2.3.3 of Volume 21 comctly note the uncertainty in 
the future radionuclide inventory caused pvtially by anticipated changes in weapons 
production. This inveatory change is W y  to also change the radionuclide composition and 
this could affect the location of the CCDF curve. Changes in the waste form mix could also 
alter the W o n  that escapes to the accusible ~Vironment.' 

This comment is acknowledged. (*el 
Page 34-35: I. Technial Cornmenu, G. Source Tam 

Volume 2, Page 2-5 1, Line 20-23 

'The number of curies of RH-TRU in Petawn's mew, is inooma because his Table 4 does 
not contain all the short-lived radioactive daughtas of Cs-137, Sr-90, Ru-106, and Ce-144. 

EPA CommroO 



The WIPP Land Withdrawal Act (PL 102-579, Section 7) limitatim of 5.1 million curies in A 

RH-TRU waste includes all the short-lived radioactive daughter products. The total in Table 
4 should be 3.97 million Curia. Also, the TRU waste unit factor from Table 4 should 
actually be 3.91 E+OQ because Cm-244 has a half-life of < 20 years and should not be 
included. ' 

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. 

U.S. DOE ppamnent  of Energy). 191. Integrated Dora -for 1991: U.S. S p e n ~  Fuel 
and RndioMiyc W e  ~ ~ W N O ~ ~ C J ,  Projecn'om, Md Wuvacterisriu. DOEJRW406, Rev. 7. 
Oak Ridge. TN: Oak Ridge National Laboratory. 

i 

Comment TI47 
. . , ,  . 
,.~, , . 1 

Page 35: I. Technical Comments, G. Sours Tam ..~. 

Aria Volume 2, Page A-3, Line 24 u 
"It was stated previously, on page 7-5, liae 4, that the amount of gas in the brine is 
negligible, but here it stat# that gas aists 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?' 

The only significrnt dfcdof p, dissolved in brine mwgnid to date is the effect of gases 
such as CQ a d  on brine pH. Brine pH is utremcly importvlt to d o n  and gas 
generation alarktioas aad potentially to radionuclide solubilities. The effect of dissol~ed 
g a s e s o n b r i a t p h y s i c P l ~ i s c o n ~ t o b t m i n o r , a l ~ f u t u r r m o d e l  
calculations will ddrrss this Question. Solubility datD for g ~ s  dimlvtd in briae 
summarized by Cygan (1991). 

The tw~phase flow equltioas solved by BRAGFLO lad described in Volume 2, 
Appendix A, of the 1992 PA contain tamr which r r w n t  for the &U on flow of dissolving 
gas in brine and its gas solubility dependence on prrwre. In the ase of Hz, the dominant 

-. 



gas phase component, this effect is of a secondary nature and the term in the equation w a  .- assumed to be zero in the 1992 calculations. If significant amounts of C 4  arc present, 
which is likely if biodegradation occurs, then more significant amounts of dissolved gas may 
occur. The Project is currently investigating this effect on b ~ e  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 Dora. SAND90-2848. Albuquerque, NM: Sandia National Laboratories. 

Comment T148 

Page 35: I. Technical Comments, G. Source Term 

Volume 3, Page 3-20, L i e  22 

'The estimated inventory also includes over 600,000 Ci each of Strontium-90 and Cesium- 
137 which have half-liva greater than 20 years.' 

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 ova 600,000 Ci. 

Comment TI49 

Page 35: I. Technical Comments, G. Source Tam 

Volume 3 Page 3-20, Line 34 

"The volume limit on RH-TRU waste is 250,000 @ (about 7,080 mp not Z0.m m'.. 

- 
EPA ComauiU 



Page 35: I. Technical Comments, G. Source Term 

4sea in d o c u m  Volume 3, Page 3-21 

"DOE has often used detailed data from generators and draft reports (that have not km 
made available to reviewers) to develop their inventory (e.g., Peterson in Appendix A cites 
Draft Report DOUWIPP 91-058). It is very important that all of this input data be made 
accessible to EPA. 

All relevant information and data sources used in the demonstration of compliance will be 
made available to the EPA. 

Commmt TlSl ( ::, 
1, 

Page 35-36: 1. Technical Comments, G. Sours Tam %,. x .~. '.' 
" l..,". .. -*# 

Volume 3, Page 3-28 w -. 

"The statements made on this page about RH-TRU being of less long-term concern than CH- 
TRU are correct for the cumnt understvlding of the RH-TRU inventory. Howeva, the 
inventory is much more uncaCain than that for the CH-TRU. Little attention has ken given 
to the behavior of an RH-TRU canister after it is p h c d  in the wall of a CH-TRU stcnage 
room and creep closure bcgm. The RH-TRU canista is simply three 55-@on drums of 
untrrated waste placed inside a metal pipe thot is sealed at ePch end. The waste is expected 
to have gas genuation chprtaistics similar to CH-TRU waste of the sme compositiw. 
The RH-TRU wvte would have a surface a m  about 13% of the Ca-TRU and this area 
needs to be indudcd what calcuM~g the numba of drilling intwim. 'h stntcmaU 
about RH-TRU will need to be vaifed by a mom detliled analysis in the future.' 

The gas genartion porcntial vsocived with the RH-TRU waste, amt?inas, and plugs is 
included in the cumnt 1994 data base. It was not COlWidatd for the 1992 PA '-. 
The @tory footprint uscd to detamine the number of drilling intrufioru was incrrYed 
15.5% (from 1.09 x 10' m1 in 1991 to 1.26 x 10' d in 1992) to account for emplacement of 
RH waste in the side walls. This larger footprint value was uscd in the 1992 PA calculations 
(Volume 3 of the 1991 PA [SAND914893/3], p. 5-17, line 45; Volume 4 of the 1992 PA, 
p. 2-20, linc 35). -. 

DOUWmP-95-PM3 1-110 EPA Cornmenu 



Page 36: I. Technical Comments, G. Source Term 

Area in doc- 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." 

The objective of the ongoing Actinide SourccTcrp 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 W P ,  and the model is based on experimental data. The 
relative importance of the experimentally based actinide concentration information compared 
with other information necded for the performance assessment will be considered for 
inclusion in the systems prioritization analysis. 

Page 36: I. Technical Comments, G. Source Tam \ G 

Volume 3, Page 3-55, 1st pvagraph 

(Restatement) Tk commQItor notea two typographical mors on page 3-55 of Sandia WIPP 
Project, 1992. 

Thank you for pointing out thue typoaaphical err0n. 

Commmt TI% 

Page 36: I. Technicll Commnu, G. Sounr Tam 
\-1 

Volume 3, Page 3-53, 2nd pPngnph 

'RH-TRU waste to be emplaced at WIPP is limited by volume to 7.08 x 10' m3 and by 
activity to 5.1~10' Ci.' 



Agreed. 

Page 36: 11. Format and Content, Stand Alone Document 

"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.. 

The DOE has prepared the 1994 Compliance Status Rcport (CSR), in part, to solicit artanal 
comment on the appropriate format ad umtmt of a compliance application. It would k 
helpful for EPA to revisit this comment when m h h g  the CSR and indicate whctba the 
CSR outlines an appropriate approach for a compliance application. Note tbat the PA is 
incorporated into the CSR as an integral put of compliana documentation as apposed to a - 
stand-alone document. The usefulnus of the comment as it applies to a future compliance 
application is acknowledged. 

". 

Comment TI56 
B 
t i 

Page 37: 11. Format and Content, including Examples 

"The PA should include calcuI&ow (e.g., asod ta l  with CCDFs and hth Hypacuk 
Sampling) with lctuPl data to illustrate how the mathematics wae implemented.' 

This was done in Chapter 3 of Volumc 2 of the 1991 PA (SAND91489312) for sample 
elema146. LHS inpltvamrsand sekaedpafomaaccme4sunsuenportedfordl 
sample elements in the 1992 PA in lppeadias to Volums 4 and 5 of tk 1992 rrpoa. 

1 
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Comment T157 

Page 37: II. Format and Content, CCDF Development 

Area i n  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?' 

This material can be included in the compliance application. Chapter 3 of Volume 2 of the 
1991 PA (SAND91-089312) contains a useful discussion of this subject. 

Comment TI58 

Page 37-39: 11. Format and Content, Latin Hypercube Sampling 

Volume 1, Chapter 4, Page 4-9, Line 39; Page 4-14, Line 9 

"The discussion on Latin Hypercube Sampling (LFIS) is incomplete. Thac should be an 
example of how it was used in the perfonname assessment. Doa LHS introduce additional 
uncertainty into the PA?' 

"Please provide evidence that 413 times the number of uncertzin variables is sufficient for 
Latin Hypercube Sampling procedures. The rcfcrena quoted in the PA providu no furthu 
information on the specific criteria. ' 

"The lack of inforrmbioa oa sampling aror for LHS-daived estimates is a serious omission 
in the cumnt PA m#hodology. When summvy curves, such as the mean or percentile 
CCDFs, are gamad from the ret of LHS CCDFs, a procedure for dctamining the 
sampling crra of the cdmatal mean and percentile curves should be established. Ow 
procedure ruOpertcd in the PA is to use multiple LHS samples. An alternative procedure for 
estimating smplinO arot b a d  on resampling methods within a single LHS sample may be 
morr efficiatt.' 

"It is to be expcctcd thu estimates of the mean and cxtmnc percentiles will have ratha wide 
regions of sampling vYintioa for a sample size of 70. AAa such analysis, it may be found 
necessvy to d u c e  tbe magnitude of sampling aror by inmasing the smplc size.' 

EPA 



"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 d s f i e s  requirements (1) and (2) of Section 191.13(a).' 

Correlation between LHS variables 

"Current LHS procedures treat the uncertain input variables as uncorrelatcd. Although this 
is a generally accepted statistical practice, some justification for this assumption is necessary. 
Several variables may be expected to exhibit cornlation, 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 > 0 and Y > 0 are strongly correlated, then a new parameterization defined as X and the 
ratio X/Y will often be lcsl wrrelated.' 

List of Variables not included in LHS Procedures. 

'The selection procedure by which variables were excluded from the LHS proccdurrs is 
unclear. Starting with a list of all input variables, and the models affected by each, 
documentation shoujd be provided of the I*lsoning by which a c h  variable was excluded 
from the LHS procedures. What evidence can be pmcnted that these excluded variables are 
'better known' than those vlected for assignment of LRS distributions? The sensitivity af - 
modeldtSto~variablesuldestirmtcs~ftheprcdJionofachvariableshoutdbe I... 

included in a discussion of the rationale for their selection or omission.' E I 

More complete discussions of LRS tau k found in Chapter 3 of Volume 2'of the 1992 PA. 
in Chapter 3 of Volume 1 of the 1991 PA @ages 3-62 and following), and in referrnces cited 
in those places. 

Thc Project is amcatly inveftigzting the issues of the 'four thirds' rule, the effect of sample 
nize on CCDFs, correktioas ktwern LHS variables, and Qcumentlti011 of &CCtillg 
variables for sampling. 

The rrviewa's comma~tr aa the i r k  of information about the effect of the sample size on 
theloutionofthenunmyyCCDFsycuscful. 

C o ~ o n s  ktwetn LHS variables will k included when a deknsible bssis for ruch 
corrrlvions is available. Until data are available to defend cmchtio~w, it is lppropriate to 
sample variables independently. 

n - 
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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. _,",,~ ....-., . 

,: / 
Page 39: II. Format and Content, List of Variables not Included in LHS ~ r o ~ l c ~ u r e e - ~  

-m Volume 1, Pages 5-9 to 5-15. 

"These CCDF plots for different conceptual models and the suppodg 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 are 
less than 1 % of the amounts allowed by the Standard. Yet some of the values k i n g  
used are unproved., e.g., the use of plutonium wlubility values that are two to three 
orders-of-magnitude less than those being found in SNL laborvory reports (SAND92- 
1579). The very important drilling ntc pvvneta is icy thn 1% of the maximum 
suggested in the Guidance to the 40 CFR 191 StanQrd. The K p O  assumption is 
consistent with the agreement betwear DOE and the State of New Mexico unless valid 
experimental values are obtained. 

(2) The nuximum c w e  plotted has rrl*rses that are 3040% of the Standard. While 
it secms unlikely that both the K, and single @ty values wiU tum out to be as 
pessimistic as indicated hen, several potentially negative phcnomcna are not 
incorponted. 'Ihesc include: (a) various d m  bringing brine to the &, (b) 
gnats solubility valua for trannrrrnics in the waste stDnge room and Culebn Aquifa, 
(c) the formation and transport of colloids in the Culebn Aquifer or to the surface; (d) 
uncatainties in the hmtay;  (e) -ties in the d o  PrObpbilitieS., and (f) use 
0 f t h e I N x i m u m ~ n t e 0 f 3 0 b o r r h o k s / k m 2 0 v a 1 0 , 0 0 0 ~ '  

AU but one of the rrvkwa's points here are essentially c o r n  and well taken. The 1992 
PA was not intmdcd to k a compliance application. Most of these avarts are noted in the 
text of the 1992 PA. (See, for example, page 6-3 of Volume 1 of tbe 1992 PA for 
comments about a d d i W  work needed in the areas of actinide solubiity, a, and brine 
flows to the urrfrx.) Because 40 CFR 191 scts limits on the probab'ity of radionuclide 
releases that have been nonnzlired to the total hansuranic inventory in the system, 
performance is not likely to be strongly sensitive to uncutainty in the radionuclide. This 



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 usc 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 scewio to k considered and its probability, then there is little 
remaining uncertainty in scenario probabilitia. 

Page 40: 11. Format and Content, Estimated Dose 

in documc;nf Volume 1, Chapter 3, Page 3-23, Line 23 

(a) 'EPA neat? to @ve the complete detailed method used to estimate dose included in the 
PA. ' 

(b) 'In addition, future vsessmarts wi l l  need to usc the committed effective dose as rcquind 
in the new 40 CFR 191.' 

-. 

(a) The complete, detailal method used to calculate committed effective dose can k included 
in a compliance applicatiaa. The GENII-S code is capable of cplculating the committed 
effective dose. Tbae was no detail on thu code provided in the 1992 PA kcouse no 
radionuclide nleePa occurrsd from tbe uadishubed repository and thedore doses wat 
zero. The degil quutcd will k provided in the Project Technical Bsselinc (PTB) report. 



If. Format and Content, Definitions 

Area in docummi Activity load categories (Volume 1. Page 5-6, Line 29) Gauge Borrhole 
(Volume 2, Chapter 7, Page 7-25, Line 3) Dimensions of the controlled 
area (Volume I. ,  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 mremthr because of internal lead shielding?" 

"Since a performance assessment is such an interdisciplinary activity, it would k useful to - , 
have a glossary of kms in addition to the list of acronyms.' 

- 
The State of New Mexico Oil Conservation Division (OCD) provides a d#zilcd definition of 
the "Salt Protection String' required in the Potash Area of Eddy and Lea Counties (including 
the WIPP) in Order R-111-P: 

"A salt protcCtion sbing of new or used oil field casing in good condition shall be set not 
lessthanwhundrcd(100) fectwrmorethansixhhundrrd(600) fcetbelow thebaseof 
thesaltPcction;plwidedtb?t~stringshllaotbesetbelowthetopofthe~ 
known oil or gu mae.' (OCD Orda R-111-P, page 7; two additional pages of text 
follow specifying proccduru for instahth of the salt string). 

The distinction ktw- CH-TRU and RH-TRU waste for transport to the WIPP is described 
in the WIPP Wpste Acaprrncc Criteria (U.S. DOE, 1991) on page 3-45, and is based on 
TRUPACr-II R4uimnmtr. 

"The cxOaaPl dose rites on the loaded TRUPACT-LI placed on the tnila axe limited to 
2 0 0 ~ a t t f u s u r f i c e 0 f t h e T R U P A C T - i I a a d l O ~ m / h r a t t w o m e t a s .  Dose 
ratu on the TRUPACT-I1 m u  comply with 10 CFR 71.47. DNms or SWBs shall not 
exceed the 200 mmnlhr surface reading or 10 mrem/hr at two meten. Shielded waste 
containers arc allowed for As Low As Reasonably Achievable (ALARA) pvposes only 
and must comply with Section 12.0 of Appendix 1.3.7 of tlw TRUPACT-LI SARP.' 

EPA CommaDIl 1-117 DOUWIPP-95-2053 



The TRUPACT-I1 SAR @age 1.3.7-55) further states: - 
"Occasionally, drums of TRU waste that meet the radiation level (surface dose rate) 
requirements require ALARAIdose 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 

US. DOE @epartment of Energy). 1991. Waste Acceptaxe Criterir " 7  the Waste 
Isolation Pilor Plant. WPP-DOE-069, Rev. 4. Carlsbad, NM: Wes ~ s e  Electric 
Corpontion. 

Page 41: 11. Format and Content. Use of Bounding Analyses in PA (Genual) 

"The PA should include results from bounding analysis in anu such as the evaluation of 
-* 

alternative coaceptual models.' 

While thac may be cws when bounding analyses arc appropriate, they, as a genaal rule, 
arc dkouaged for compliance detaninvio~. The rtyon for this i~ clar, the Standard 
encourages rrasoa?bhcs in expctvian. Bounding analyses may be useful for ppramaejs__ 
that arc of little consc~umcc or alternative coeceptull models that arc clearly boundsg ~y 
the concepnul model being pursued. 

Page 41: 11. Fmnat and Cmtent, Misnumknd Equation 

Am Vdocumrnt~dume 2, Appadix A, Pag~ A-14, Line 1 

'Should Equation (A-11) be (A-lo)?' 

1 
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Yes. 

Page 41: II. Format and Content; Potential WIPP Resources 

in docurn- Volume 1, Page 2-4 

"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." 

The Project has initiated a reevaluation of rrsources based on available data and c a n t  
market conditions. This information will be part of the Project Technical Baseline and will 
be used in the compliance application. 

Comment TI65 

; , .  Page 41: II. Format and Content, Additional Format and Contcnt Comments ; \ 
L 

Arra Volume 1, Page 4-6 
" ,  

"The statement is made that Volume 4 of the 1992 PA d~cumcntation will contain 
prelinunary analyse~ of the potential for the nl*lscs of ndionuclides dissolved in brine at the 
ground surface. No analyses or d i d o n  of this d o  was found in Volume 4.' 

Theanalysuwcrrnotpaformedkcwseoftimeandnsoruce~ts. Theywillbe 
msidersd for iadush in tbe systems prioritization. The decision to omit the analysh was 
made aftn publicotioa of Volume 1. 



Page 41: II. Format and Content, Additional Format and Content Comments 

Area Volume 1, Page 5-17, Lies 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. Volume 4 
does not contain these results.' 

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 Volume 4, "Undisturbed Performance (RepositoryIShaft).' The conclusion is clearly 
stated on page 4-53, lines 1-3: "Neither in the previous [I9911 analyses nor in the 1992 PA 
was thae any dcasc of contaminated brine to the accessible environment in the undisturkd 
scewio. ' 

. * - * 

Page 42: IU. Models, Coaceptuzl Models -. 

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 
understvd thc conccptull mod& that DOE plans to use in its compliance wcssment 
package. Future 1sscssrnents should indude the reasons why dbcardd axmptd models are 
no longer being considacd.' 

i n g h o u t ;  Volume 1, Chapter 6, Page 6 1 ,  6 2  

"The PA uses 'three conceptual modes for radionuclide transport in the Culebn and- .-' 
approy:hes to estimating the probability of inadvertent human intrusion into the WIPP by. .. 



- exploratory drilling.' (The 1,000 year period used for the cornpanson limit needs to be 
revised to a 10,000 year period.)" 

"What other altcmate conceptual models are to be included in the Future? The PA should 
contain results using alternative wnceptual models where there is a significant difference 
between the alternatives, and the models that DOE prefers." 

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 full 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 
limitcd to lo00 yr.) 

a 1 

Page 42: III. Models, Computer Generated Maps 

- Volume 2, Chapter 2, Figures 2-9, 2-14, 2-16 to 2-17 

"The grid spacing selected for tbe computer generated maps could be improved. For 
example, on the southan half of the map in figure 2-18 the computer generated 'gwse eggs' 
around the spvsc well data lwk questionable. A more realistic map would continue the 
regional chvlcta and shspe established in the northesn portion of the map.' 

The point is well takx the 'goc#e eggs' are probably not realistic. However, subjective 
contouring of ~ p ~ n e  data OOUld create the impIcSSion of man information than is actually 
available. A mae suitable q p m x h  might be to simply display the data points without 
contours. 

Note that themapa arc sbown for display purposes only. These  contour^ arenot uscd in 
quantiwiw cauequence d y s i s .  

EPA Corn 



Comment T170 

Page 43-44: III. Models, Code Linkage and Data Flow 

Area of d m  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 al l  the information on the conceptual model that is 
u W  by the WIPP performance assessment analyses, is discussed in one brief pangraph. 
No information is presented on the structure of the files in this data base, how access to the 
data is controIIed, QA procedures, etc. The computational data base CAMDAT, which is at 
the heart of code linkage in the PA analyses, receives an wen briefer discussion--then is no 
explanation of what is meant by the "dg-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 role in code linkage and data flow, although it presents a 
brief conceptual discussion of CAMDAT which somewhat expands the previous discusion. 
It is neceSSary to tuin to a third ref-, a separate report on this topic (Re 89), to find 
such information. This last report does, in fact, p m t  a thorough discusion of the 
saucturc and function of the two aforementioned data basts. This mawrial should be 
included in the PA report. ' - 
"The o v d  plaa for code linkage and data flow described in the PA report and the 
supporting documents cited above, if fully implemented, constitutu a consistent and tractable 
methodology for assessing the performance of the repository at this stage of the analysis: 

"One shortcoming of the 1992 PA was the fail- to integrate several key codes into the 
CAMCON system, namely BRAGFU), SECOTP2D and CUlTINGS. Since 70 simulations 
of three disIinct SCQUIj.oa wae  analyzed, this posed a large burden on the individual 
analym, requiring hundreds of maaual data transfers with concomitant chamxs of ass and 
breakdowns of tbe QA prary. Integrating these codes should k a high priority.' 

"Given the frd that subrtratkl manual data transfa is cumntly n e w ,  it is uaclar' how 
un~tymdpPrrmera~vitiesucbdngdedthroughfromonemodeltotheaext. 
For exampk, oaa tk Vasitivity and ullcatainty analysis is performed on the sourcotam 
model, how uc tk distribution of relevc ates, etc. being input into the flow and trvlspart 
models such as SECO and BRAGFLO? Furthennm, it is not clear how uadtivib to 
variaus uncaEpinties auo&cd with the model boundary conditions f a  e4ch of the models 
are being accommodated within the analysis.' 

"Two area where improvements could have major impacts on future PAS am kam code 
integration and expanded computational facilities. Despite its cumnt drawbacks, the 
CAMCON system is a practical approach to linking disparate codes which have kcn urd 

-, 

EPA Commenu 



,.- 
continue to k developed by various code designers working with specialists in diffemt 
disciplines. It seems to be a suitable 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 cornputatioruUy efficient. 
Each pre- and post-processor to the major codes involves additional computational steps. 
Furthermore, running each code ab mvo for each realization involves many npttitive 
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 rope 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." 

CAMCON and CAMDAT are an integral part of the code linkage and data communication 
Drocess which mvide the c o m ~ u t a t i d  spuchlre of WIPP ~crfonnance assessment. It is 
important that &f~cient detail k presented in a compliance&splication or supporting * 
information that the regulator can easily understand the computational structurr and / 1.  

3 

methodology used. Thc level of detail in describing CAMCON and CAMDAT in 
Section 1.3 of Vol~me 2 is in?dsquate and wil l  be expanded for the application. 

The Project is cumntly investigating the issue of software QA. Computational codes such as 

.- BRAGFLO, SECO TRANSPORT 2D, and CUTTINGS wae not included within the 
CAMCON system primarily because these coda were still in the development and transition 
stages. One of the highest priority tash for PA in 1994 is in the area of software QA. 
BRAGFLO currently receives all of its input from CAMDAT via a pn-processor and writes 
alI 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 i n d y  suggests that the data entry and data transcrib'ig proass was inconvenient, 

Inefficient, and possibly aror pmnc. Actually, what was meant by "manual data transfer" 
was "elanmic data trullfer outside of the CAMCON executive controller.' This involved 
the direct reading of output of one model by anotha to obtain the latter's input. 

The issuc of using a si@ aumaid model was considered in the past and dismissed. In a 
modeling envimament as large as that of the WIPP PA, and chvactaized by d i v e  and 
distinct phenommP occwrhg in well-defined regions within the repository and nvural barr i~  
systems, it is oat oaly iPcffident but undesirable to develap a single allzncompassing 
numerical model. It is iaeadent kcwsc phenomena impomnt in one region would be 
canicd along as extn baggage in othtr regions. Sensitivity vlalyscs o h  requh 
intermediate results which focus only on the p e r f o r m ~ a  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 

- n 



parcicuian as rigorously as necessary. The amount of computational effort upended 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 TI71 

Page 4445: IU. Models, Cuttings Model 

Area in document General 

"Most of the technical assumptions and data quality appear to be reasonable and accumtc." 

"It is important to reiterate the comment that the spalling mechanism is difficult to handle 
and is not well undmtood. This doej 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 aosion including effective shePr rtrengtb for 
d o n o f W y t C ~ ? I Y f w l ~ ~ ~ ~ ~ o f m ? t e r i ? l d i s c h a r g a i t o t h e n n f r c ~ f u a h a  
t~:hnicalsuppon~hepl~andsbvldoain~proced&andthed~tnfordri l l in~inthe  
Delaware basin seem to k in order.' - 
"One obvious we4hK55 observed in tbe CUlTINGS model is tbe lack of physical propaty 
data for the waste material. The prrdictions for drilling, erosioa, and rpplling, an highly 
dependent on the material properties. These proputiu may need to be developed through a 
joint effort betwm paqle working on performance asasmeat and waste characterization. 
A very soft, highly pressurized mztaial may pre~ent a unique 'blow-out' potential.' .- '.I 

X;* i 

lka?als . >  

4 1 
*? ? 

We agree with tlbcw obocrvrtioas and they an included in our thinking in ngvd to direction 
of the ongoing cuUiqp rrtuo model developmart and labontory studies (ue EPP 3.2.4.3, 
5.4.3.1, 5.4.3.2). r 

-. 
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Page 45: II. Format and Content, Cuttings Model 

Area in d- General 

"A sefond weakness observed is in the rheology model which used only two data poinu to 
develop a model which describes the entire rheogram." 

The observation is m t .  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 & h e  the Oidroyd 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 w h a  drilling through 
the Salado. The Oldroyd model q u i m  a value for the ratio of the initial viscosity (at zcn, 

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 bved on aa oil 
based mud waa chosen. Sina high shear rates occur at the borehole wall the value chmn 
for the rat0 waa expaed to have little impact on the final model diamebr. The Rojcct is 

- evaluating the sensitivity of aoded diameta to this issue. 
n 

Commmt Tl73 
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Page 45: m. Models, Cuttings Model 

Volume 2, Figure 7.6, Page 7-24 

"Figure 7.6 located am page 7-24 of Volume 2 shows the drill pipe being rotated an a counter 
clockwise dinction, which is inconsistent with standard drilling plocessn. Although this 
misrcprescntatiam will not a&d the actual calculations for was@ removal, if docs pnsent an 
unrealistic caadition wbieh cauld be coastnvd as lack of undastanding of drilling 
technology. Should the drill pipe be rotate as shown, the entire drilling vsembly would 
come apart hrnur of thC tool joint would u n m w  as torque is applied to the bit.' 

Thank you for pointing out this m. The rotation direction in the figure has becn 
comted. 



Page 45: III. Models, Cuttings Model 

&a in d- 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.' 

The computation was rechecked and found to be comct. 
/7 

TI75 

Page 45-46: ID. Models. Cuttings Model 

"In further refining the CUTllNGS model, the following &odd be confidaed: -~ 
Include ullcQtaintiu PYociWd with the range of waste inventory instead of basing 
source tcrm on drum equivalent. 

Additional analyses are needed on the practicabitlity of drilling exploratory wells in the 
Delamn basin wing slim holes 

The physical p o p a h  including viscometric propada of compncted slurries of 
waste matuial uc needed. EvaluPtions possibly tests shouAd be paformed unda 
dniaedladuadrPinsdcoaditioas. 



These comments raise issues that will be considered for inclusion in the SP. 

/-7 

Cornrnetq T176 

Page 46-47: 111. Models, BRAGFLO Changes 

Area in &wmn$ Volume 2, Appendix A, Page A-19, Line 10~olume2,  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 to BRAGFLO, or do you mean that the code itself tahs so long to run? It 
would seem the addition of general behavior would enhance versatility and the value of 
BRAGFLO. W i  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 docs not appear that the well boundary conditions are pmpaly formulated.' 

Rcswnsc 

.- 
Clarification of the 1992 PA, Volume 2, Page A-19, lines 9-10: 

"To program the integration and summary calculations to be completely guwal  to 
enable it to perform on any mesh is not feasible under the PA time amstrahts.' 

The time cmsaahts rcfured to are not computing or run time for BRAGFLO, but rather 
analysts' and code developas' time. This includes code that might makc BRAGFLO more 

has since been upOnded to use tkm. B R A G M  can now print out 'history variables,' 
which are ruultr printed out at evay time step, thereby ambling intcgRtioas to be 
puformedinport-pmces\inltothe~degrreofaccuracyutheycouldbedoneinternally 
to BRAGFLO. Algebra is thn used to perform integrations or otha summvy calculations. 
This c a p a b ' i  hra 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 p m  well arc proportional to their relative sanuation in the well block. In this 
way, the model does calculate these pacmtages. 



Page 47: III. Models, BRAGFLO Changes 

Area in d m  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 arc very inefficient 
and would lead to very long simulation times. Specifically, the finitedifference spatial 
discretization scheme should be reexamined; numerous pre-processing packages arc 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 finitcelement mesh would have allowed 
the same descrrtization without sacrificing thc ababIlity 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 simultaneously 
solves five equations.' This approach is very inefficient and by substituting the constraints 
into the balance cquafions only two unknowns would have to be simultananuly solvd. 

rC - 
Furthermore, adaptive implicit procedures exist which would allow only one unhtom @..be 
solved at nodes where only one phase (i.e., gas or brine) exists.' %'a :a ,: '! 

.. .. 
a) The tempomi disaetintion method used in BRAGFLO is adaptive and thaefon efficient. 
The spatial discretintiar and solution method is drivea by the need for robushless. The 
partic-& 2-phue problems solved for the WIPP, with la& preswe gradients and property 
discontinuities (of s e v d  orden of magnitude) is very demanding of n u u m h l  methods. 

b) B R A G M  actually only sol- two quatias p a  grid block. The three constraints are 
uscdtoeliminotcunlmoamsintbc~tialqultions. Theuuknowmsolvedforambriae 

Pnd gy e. M@ve implicit methods, adaptive in the seam of switching 
dependent variables, yc difhcult to implement in a robust form wben the depardart variable 
at a naWckmmt switch within a time step, i.e., when one phse disappaus or rapp*us. 

Page 47-48: Ill. Modds, BRAGFLO Changes 

Volume 2, Appendix A. Page A-19, Line 10; Volume 2, Chlpta 7, 
Pape 7-315 

"The PA assumes that the propulies of the gas phue am approximwd by those of hydrogen 
(Volume 2, p. 7-3). The PA further states that using hydrogen serves as a 'worst case' 

I-\ -I 
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.... analog because hydrogen is much less viscous than the other gases expected to exist in the 
repository (CQ, etc.) and, as a result, would more likely be msponed to the accessible 
environment. This assumption is valid, but the ease with which hydrogen escapu from the 
repository may in fact alter the ease with which brine moves out of the npository. 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 C02 may be more representative of the fluid flow 
properties of gases present, why not use C02 in the model or at least compare the behavior 
of the two gases?" 

Hydrogen produced by corrosion is expected to be the most abundant gaseous component in 
the WIPP environment. Approximately 213 of the gas to be generated is beliwed to be Hz 
and the remainder to be C4. Assuming less mobile properties for the gas is not expected to 
increase the migration of eitha the gas or brine phase. Calculations arc planned to evaluate 
this effect and the cumnt PA assumptions. 

Comment TI79 - 

Page 48: III. Models, BRAGM Changes 
w 

Area Volume 2, Appcadix A, Page A-19, Liae 10; Volume 2, Chapter 7, 
Page 7-315 

"The model also assumes that now of the gas is transported as a dissolved component in the 
brine (Volume 2, p. 7-5). C onsidmble data exist on gas solubilities in water and salt 
solutions at prrssurr-tempaatrrre d t i o n s  similar to those expected to uist at WKPP 
(SAND90-2848 ...), and t h e  should be built into the model, ratha than assuming no 
solubility of gasu in the brine.' 

The Projed is evaluating the sensitivity of compliance to this issue by means of performance 
assessmart and otbcr modcliag sauitivity otudies. 

Information an the solubility of pnscs in NaCl brines has bcen evaluated and published by 
Cygan (1991). The t m s p t  of gu w t  of the repository as dissolved gas is not ~urnntly 
modeled in PA. The PA model (BRAGFLO) has the capabiity to consida gas solubility in 
brine, but prrliminvy evaluation suggests this to be a minor secondary effect. A more 
systematic analysis needs to be performed and is planned to bena evaluate the assumption of 
negligible gas solubility. 

EPA 



Cygan, R.T. 1991. 7hc Solubility of Gases in NaCl Brine and a Crirical Evaluation of 
Available Data. SAND90-2848. Albuquerque, NM: Sandia National Laboratories. 

Page 48: III. Models, BRAGFLO Changes 

In document Volume 2, Appendix A, Page A-19, Line 10; Volume 2, 
Page 7-3 to 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 am not required. Cooling (or hating) of the br in t  
gas mixture as it flows into or out of the WIPP repository might have a signiticant affect on 
the transport of hazardous materials, particularly, VOCs, to the accessible environment. Are 
there plans to incorponte energy and momentum conservation into the flow equations?' 

The Project has already invessipued and resolved the issue of tharmlly drivm repository 
proasses and work is complete. With rrspect to analyses primarily concaned with 
horizontal pathways the assumption of isothamal flow is considered to be an appmpriate 
representation. However, for vertial migration, the effect of the geohcmul gradient on 
migratim of ndionuclidu and VOCs has not b&n addnssed. 

This issue affects the compliance analysis as follows: For issues ass0ciated with vatial 
migration there may k a need for analyses to determine the effect of the geotharml gradient 
on migration of radionuclides and RCRA constituents. The issue wiU be considered for 
inclusi& in the systems prioritintion. n 

(a) (Rutatcment) Consida changes to the Groundwater Protection RequirmKnts. 

@) 'Future lssessments should identify the potential aquifers, the water quality (i.e., total 
dissolved solids), and potential underground sources of drinking water." -. 
WUWmP-95-2053 1-130 EPA Comms~U 



(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 muth 
et al., 1994), we propose to determine when and if underground sources of drinking warn 
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 xeleases to the 
accessible environment arc predicted for 10,000 years or if 10.MO year peak predicted 
releases to the accessible environment are less than or equal to ;ie applicable Maximum 
Contaminant Levels (MCLs). USDWs along the pathway should be identified and 
characterized if peak pxtdicted releases to the accessible environment for 10,000 years are 
greater than the MCLs. 

Trauth, K.M., S.G, Beraam, and 8. Bower. 1994. "Considaations for Guidance for 
Radioactive waste-~isposil Arising from Rules Under 40 CFR 191 and 40 CFR 194,' 
Proceedings of Waste Managemem 'W Conference, W o n ,  AZ. February 27-Mamh 3,1994. 

/" ~ 
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Page 49: IV. Regulatory Issuu, Use of Passive Institutional Controls _.. Y , .  , ' ' 
%~ -..-__ 

Volume 1, Page 3-1 1; Throughout 

'The Guidance does stW that pwive institutional controls could reduce the likelihood and 
consequcnas of hdvertaM driuinp intrusion, but DOE should presmt the calculation and 
their results before taking acdit for the passive controls.' 

The 1992 PA did this. Ruults uc pnscnted in Chapter 5 for intrusion probabiities 
estimated both with and without the effects of passive markers. 

EPA 



Page 49: IV. Regulatory Issues, Justification of Drilling Rate 

Volume 1, Chapter 3, Page 3-1 1, 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...,' W E  still needs to justify its rationale for accepting or 
not accepting the Guidance drilling rate. The drilling rate used in the performance 
assessment is dramatically diffmnt than that discussed in the Guidance. The compliance - - 
cnteria will further address this topic." ,' P. , 

as 
The drilling rates used in PA will be reevaluated when the compliance criteria arc 
Past PAS have deliberately used an uncertain rate (i.e., they have sampled values of the u 

Poisson nte constant from a range which results in an expected value of 30km2/10,000 yr at 
its maximum) to examine system sensitivity to the drilling nte. Thcse preliminary PA 
analyses have demonstrated that performance is extremely smsitive to future drilling rates. 

Commmt TI84 

Page 49-50: IV. Regulatory, Engineaing Mcasum 

Volume 1, Chapter 5, Page 5-20, Line 12; Volume 2, Chapter 2, Page 2- 
50 

"W 'additional cngineainO mvures for the WIPP' should be modeled in the PA to 
evaluate the effect of thew mawres on the institutional control MII during COllStNCtion of 
WIPP (EEG 92). ' 

Reswnr 

Engmad akuativu wil l  k evaluated for inclusion in the systems prioritization. 

1 
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Page 50: IV. Regulatory Issues, Undisturbed Performance 

Volume 1, Chapter 5, Page 5-21. Line 9 

(a) "The new Subpart C requires the disposal system be designed for 10,000 yean of 
undisturbed performance. " 

@) "All possible groundwater uses should be considered and evaluated." 

(a) All aspects of 40 CFR 191, including those porIions repromulgated in December 1993, 
will be incorporated in future performance assessments. 

(b) The text in question refem to the consideration of 'special sources of groundwater' as 
defimd in the 1985 venion of 40 CFR 191. The regulation now requires consideration of 
underground sources of drinking water in the accessible environment. Future docum~~ration 
w i l l . r d k t  that reqilkmali. 

Page SO: N. Regulatory I-, Incomplcttness of Modeling System and  at& 

Volume 1. Chapter 6, Page 6 1 ,  Line 12 

'Whatpuuofthemadelingrystemanddatabaseanstillincomplete? Whatiskingdoneto 
till the data gaps? Statemats like this should not be presented in the PA without 
explanation. This problem oceun throughout the PA.' 

Thc complete senta~x rrfarrd to begins: 'As summarized in the following discussion, 
however, the nmdding systan and dotl base an still incompl etc...' The discuuion 
following on h g e  6 3  pmvida a vuy brief summary of the major parts of the system that 
remain iaconnpletc. It was not possible to compress this information into a single scntmce. 
Instead, the aveat was arpplicd with the r e fuwx  to the following text for additional 
informatioa. 

n 



Page 50-51: IV. Regulatory Issues. Inwmpleteness of Modeling System and Database 

Area in document Volume 1, Chapter 6, Page 3-1 1 

(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 yuvs after 
WIPP decommissioning. However, in the 1992 PA this possibility is included. This is a 
preferred interpretation because a 1 W y a r  period of institutional conwl is not required by 
the Standard or the LWA and DOE has not committed to such action." 

@) There have been lapses in institutional control even during construction of WIPP." 

' i* 

(a) Hora's memo in (Volume 3, Appendix A, p. A-69 to A-99) contains guidance frob & 
Futures Panel on the timing of intrusions, including the possibility of intrusions in the f3x-q 
100 years after closure of the repository. in the performance assessment calcuktio~w, 
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 releasea of waste from a 
disposal system' (50 FR 3808Oa) for some time after closure, not to a d  100 yean. This 
is clearly stated in Volume 1, Chapta 5, p. 5-18, 1. 20-22 that in the 1992 PA 'no inhusions - 
are assumed to occur during the first 100 years after decommissioning.' Degils of the 
DOE'S active institutional control wi l l  be included in the compliance application. 

@) The reference to lap= 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 mguhbs in effect at the time) nor the written ncord suggest 
that institutional memory was lost. Propa control of the activities taking p k  in the area of 
the WLPP was maintained throughout the canstruction of the WIPP. 

Cornmart TI88 

Page 51: IV. Rcguktoy Isaws, IncompMaKss of Modeling System and Data Base 

"It is stated that 'Thus, the EPA vsumes that satipfying the numaic rquirrments is 
sufficient to demonsate compliance with 191.13(a) but not mandatory.' This statement is 
inconcct. EPA did not make such an assumption. ~A!s,statements about 40 CFR 191 
appcar to have bcm aLar out of context and mis in te rpd  in the PA report.' 



EPA is requested to clarify the meaning of the text quoted on pages 3-20, lincs 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. 

Page 51: IV. Regulatory Issues, Incompleteness of Modeling System and Database 

&ea in document Volume 1, Chapter 5, Page 5-17, L i e  39-42 

(Rcstatcment) '...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. 

Guidana in what l's now AAppend C (identical to the text that was Appmdix B in the 1985 
promulgiition of 40 CFR 191) sta tu :  'The implementing agencies should consider tbe effects 
of each pPrticular disposal system's site, design, and passive institutional controls in judging 
the U d h o d  and c o a s e q ~ ~ l l ~ ~ ~  of such inadvertent exploratory drilling.' EPA has statcd - 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 consequencu of inadvatcnt human intrusion could lead to 1- protective 
media being selected for repository sites.' (50 FR 38080b,c) 

and 

"The Agcncy also wumcd thpt pwive institutional conhols should reduce the chance of 
inadve~t~ltin~compPrrdtotbelikelihoodifnomvkersandrrcordrwaeinplace. 
Specific judgmnts about thc chPnces and consequcnccs of intrusion should be made by the 
implementing whea mrrr information about particular disposal sites and @ve 
control syotcmr h anilnbk.' (50 FR 38080b) 

.- 

EPA CommaDtl 



Page 51: IV. Regulatory Issues, Incompleteness of Modeling System and Database 

Volume 1, Chapter 5, Page 5-18 

(a) 'The Standards do not automatically grant a 100-year period free from inmsions. The 
statement on page 3- 11 is a more accurate interpretation. " 

@) "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." 

(a) Text in the Supplementary Information for the 1985 version of 40 CFR 191 included: 

"The proposed rule limited r e l i c e  on 'active institutional controls' (such as controlling 
access to a disposal-site, paforming maintenance operations, or cleaning up releases) to a 
rcpsonable period of time afta dispoml,' (50 FR 38079c-380801) 

In thc f i d  rule, thc "remaable pried of time' was changed to no more tban 100 years. PA 
calculatim we what was considaed to be a "rcasomble paid of time.' 

-I 

The text on page 3-11 was not clau in Jtzting that in 1992, as in previous yaus, no 
intrusions were allowed during the fint 100 yars. Text on page 5-18, lines 21-22 is cleua. 

@) Comment acknowledged. The DOE'S active control p r o g m  will be descrikd in the 
compliance application. 

Page 51: IV. Reguktay Ira#, Inannpleta~~s of Modeling System and Daabase 

(a) 'ItisrevcdhatthPt,withrespatodrilling, DOEhascontroloftkarcawithhthe 
land-withdrawal bourdPry from thc surfice to a depth of 6,000 feu. This is not rrwooe.' 

(b) 'The WIPP Land W~thdrawal Act provides no lower limit to the control of the 
subsurface, except for those two lases which &lie Sectio1131 and for which the 6,000 
foot limit cumntly appies.' 



(a) 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)(l)). It should also 
quote the exception (Section 4@)(4)) for the rights under Federal Oil and Gas Lases 
No. NMNM 02953 and No. NMNM 02953C. 

@) It is correct that the Land Withdrawal Act places no lower limit on the withdraws, ~f 
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'). 

1 B 
document Volume 2, Page 4-4, Lines 2&27 ,, 

'\ i,> 
"The regulatory nquircments which preclude the possibiity of inadvertent explosions in 
waste storage rooms from gases created by degradation of waste should be cited." 

.- The sentmce r c f d  to is poorly w o w ,  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 acrrening procedure in Volume 1 of the 1991 PA (SAND91-0893/1), page 4-31, 
lines 3-12. The rcfcrmcc should have been only to inadvertent explosions that are not a 
spontaneous result of the khvior of the disposal system (e.g., accidental nudar  bombing 
of the site). The PA interprdcd the guidance to 40 CFR 191 indicating that 'exploratory 
drilling ...can be the most same intrusion scarario...' to allow the exclusion of accidental 
explosions. 

Explosions of ~stcgawntcd gas uc amsided ar page 4-52 of Volume 1 of the 1991 PA 
(SAND914893Jl). QuaatiatiVe analysis of possible peak pmsu~cs resulting from a waste- 
gas explosiaa indiate m potential to affect performance of the pane1 seals. 

h 
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Page 51-52: IV. Regulatory Issues, Incompleteness of Modeling System and Data Base 

Area in d o c u m  Volume 3, Page 1-51, Lies 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." 

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. 

.,.- 
.4 . 

Comment TI94 

Page 52: V. Quality Assunnce, Including Quality Assurance 

%-. Ar*r Volume 1, Chapta 3, Page 3-17, Line 41 

"Quality asmamx (QA) vpctr of experiments, computation development, code 
development, and code execution must be combined and included as part of the PA 
documentation. ' 

The PA reports arc wnsidmd srapabotr, aad never wen intended tobe stand alone 
documents upoa which to buc compliance. The amount of muerial suggested abow is 
significant. Iz EPA suggesting thot all QA wpporting documentuion be included dirrctly in 
the compliance aqpliatioa or in the docket? 

QA documentation is cunmtly amIained in the Project's records center. 

Comment TI% 

Page 52: V. Quality A.uunna, CAMCON Control Code 

Arra Volume 2, Chapter 1, Page 1-3, Line 30 

"HOW does CAMCON 'automatically handle quality assurance during the calculations'?' 

WUWIPP-%-S053 1-138 EPA Comment8 



No system can completely automatically handle all aspects of quality assurance. CAMCON 
provides an analyst with a system to aid in QA. CAMCON docs this through database 
management, dimtory structure, and an on-line help file system. 

Page 52: V. Quality Assurance, Data Quality Objectives -. 
I ' 

i Î,. 

-a &$ g . 
Volume 1, Chapter 3, Page 3-17, L i e  41; Volume 2, Chapter 1; *L 8 
Volume 3 data g. '. " . . 

,',, ; ;, / 
, , .I 

(a) "How docs the PA require that the data is good enough for the purpose for which it is - . 
used?" 

@) "What data quality objectives are required of the data in the database?" 

(a) The 1990 - 1992 series of preliminary PA studies d m  upon a wide variety of sources of 
data and information, but mainly from the work of SNL principal investigators (PIS). 

@) Data quality objectives for exprimentally duived data and information are described in 
each PI'S Test Plan. But thsc objectiva do not directly address the quality of atria in 
PA's dambase of model. QA proccdurrs for cunstruction of modcl parametas 
arebeingdevdopduddywrsionsoftbeseproccd~~~aredescribedinRcchardetal. 
(1992). 

If the tam .dm @ty objectives' used by the reviewen means the specific DQO pmcasa 
outlined in EPA QA doammts, then the following should also be cons idad The WIPP 
Project belims that tk DQO proce~ outlined in EPA documents is not directly applicable 
to data wed in forming tk parametas of the complex numerical models that simulate WlPP 
performance. Th =A's DQO proce~ appevs to apply to situations in which wlsund 
quantities (the 'data') are used directly to dwrmine colllplirncc with stamhds, e.g., water- 
quality standards. 

The WIPP pafonnancc assessment is vay different from these situations in that field and 
laboratory data are wed as indirect inputs to a large numerical model that g a m a t ~  



compliancerelated quantities, e.g., the CCDF required in 40 CFR Pan 191, Subpart B. - 
. . .  DataDnonbes, but not data quality, can be determined through sensitivity analyses with 

these large numuid  models of the WIPP. In general, existing WIPP QA procedures for 
assuring the quality of the (field data to model parameter) p m s  strongly emphasize pea 
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 h a  always been applicable to the 
WIPP, the more s m g m t  data requircmenrs 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 pmrdures for 
Parameter Sekmcnon and Use of Erpcn Judgment Panels Syppom'ng Performance Ass~ss?ne~s 
of the Wate Isolation A'Iot.Plan!. SAND91-0429. Albuquerque, NM: Sandia National 
Laboratories. 

Comment TI97 - 
Page 53: V. Quality Assurance, Pvvneta Sheet Format and Data Quality Indicators 

Area Volume 3, Chapter 1, Page 1-12 

"The quality of the prrnmetar uscd in the PA are of critical importance. The p~ramctcn 
presented on the pmmucc s&ct arc not graded as to quality or level of confidence. 
Panmaa sbects should have a statemmt of data quality or a rtatcment of the level of 
Umfihcc for ach pnmeta.' 

The point is well taka. The form will k mimed. 



Page 53: VI. Use of Expert Panels and Review, Expert Panels and Expert Judgment 

Area in documeu 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 penel 
elicitation procedures. ' 

@) "The use of expert judgement should be replaced wth data as soon as data bccome 
avdable, 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 

(a) A fonnal QA procedure for the use of expert judgment was published in 1992 &"haid' 
et al., 1992). Furthcr rrfinemcntr of this QA proccdun can aod have kea b r p o n t e d  into 
WIPP Procedure No. PAPO6, Ure of Expert Judgmcnt Paml Quality Ass- Proccdum. 

Specific uses of expert judgment ye documented in Hon et al. (1991), Tnuth e( al. (1993), 
,- and Tmth  et al. (1992). A further SAND report is being prepared by the expert panel 

addressing solubility to provide additional information on the p r o m  and results. 

With respect to 'substituting estimates for actual data,' even when additional WP-spcif ic  
data arc collected, judgment may still be required to reconcile WIPP and non-WP data, to 
recOtlcile possible conflicting data, and to intuprct the data for the current probabilistic 
application. 

(b) It is appropriate to describe how experimental data arc used in the cumat application. 
However, it may be marc wcful to diuw the type of data available ntha than those 
limited cam whae no data at all exist. Judgments are b a d  on the available data (however 
abundant or spme, uada whPtcva experimental conditions they were collected). For 
example, dl data may not be WIPP-specific. All data may not have b c a ~  wllectcd for the 
current lpplicption (to aruwa the cumnt questions). Ln addition data may exist, yet thge 
may also exist u&ods by which to collect additional data to improve the uadaanding 
(e.g., batch K, data w. column expcrimentc). E m  when additional WIPP-Specitic &ta are 
collected, judgmmt may still be quirul to reconcile W P  and non-WIPP data, to reumcile 
possible conflicting data, and to interpret the data for the cumnt probabilistic appli~ti011. 
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w Page 53-54: VI. use of Expat PanCL.3 and Review, 

Volume 3, Chnpta 1, Page 1-27, Line 62-64; Volume 3, Appendix A, 
Page A-71 to A-99 

(a) ' S i  atreme an ncds to be talcen when substituting estimoW for actual data, DOE 
shouldconsultwithEPAudtheplbl ic~theweofexpat~.Thaesbouldk 
docum~ltationof thepmaacuscdtoobtPinexpcrtopinion, and theprocess should follow 
writtenguidcliaesinaclarlydefimdpr#r~s.' 

(b) ' S p e d f i c P n y , w e & n o t ~ w i t h t h e l p p r o a c h t a k m b y D O E i n ~ t h e ~  
panel to a b a t e  a duction of the drilling rate from the usc of mulcen. ... Nor did the 
panel include dl the mcusaq expenhe, e.g., no petroleum a@ecm or d d h g  expatr 
wacindudcdoa thepywl...' 

(c) "Although the compliance crituia will  dctamim the final approach to human intrusion, 
DOE should.. .study the drilling expaicncc in the oil, gas, mineral, and water urplmti~n 
industries and develop historical trends to establish characteristics of drilling." -. 

DOUWIPP-9s-2053 1-142 EPA Comm~n~ 
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(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 bem incorporated into 
WIPP Procedure NO. PAP06, 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, fd' 
reconcile possible conflicting data, and to interpret the data for the current probabilistic ' f" 
application. k 

@) The process used by the Markers Panel was to fmt 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 team comprising the Markers Panel each developed a conceptual design 
for a system of markas. Bthatm of efficacy of the markers system over time wac based 
on the conaphvl design. Implicit in the delibaatiom was the assumption that sufficient 
testing was undertaLm to detaminc, for example, the appropriate dcsign of the foundation 
for stom marks 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 mvka system (as a 
fvst 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 dated 
to marker design that suggest avenues to pursue to improve long-term survivability and 
communication. 

We did not include a pctmleum engineer on the Markers Panel, whose efforts wae g d  to 
long-term swivabili$ of a mark& system and continued intapretabiity. We concluded that 
a petroleum ~&ICCX'S &ills arc wt such u to contribute to long-tam communication with 
& k c  societiu or caasauctioa of durable markers. 

(c) If thu guidance is includrd in 40 CFR 194, expert judgment will still be requid to 
evaluate &Sing dat8, oodderhg fluctuations in drilling intensity and depletion of 
resources, to utbWe drilling intensities to use. Expert judgment will still n d  to be used in 
the design md duot ian  of pauive institutional controls for the consideralion of their i m p 3  
on inadvatent  hum^ intrusion, u allowed by Appendix C of 40 CFR 191: 'lk 
implementing a p c h  should coarida the effccts of each pvticular diPpoaPl system's site, 
design, and pauive institutional coatroh in judging the likelihood and -uences of such 
inadvertent explontory drilling.' 



Rechard, R.P., K.M. Trauth, and R.V. Guzowski. 1992. Qualify A s s w m  Procedures for 
Parameter Sekcrion and Use of Erpert Judgment Panels Suppom'ng P e l f o n r ~ ~ ~ ~ e  Ass~(sm~nts 
of the Wuste Isolation Pilor Plant. SAND91-0429. Albuquerque, NM: Sandii National 
Laboratories. 

W P  PA Department. Use of Erpcrt Judgment Panel Qualify Assurance Procedures. PAP- 
06. Albuquerque, NM: Sandia National Laboratories. 

Hon, S.C., D. von Wmterfeldt, and K.M. Trauth. 1991. Erpen Judgment on Inadvertent 
Human Intrusion into the Waste Isolation Pilor Plonf. SANDW-3063. Albuquerque, NM: 
Sandia National Laboratories. 

Trauth, K.M., S.C. Hora, and R.V. Guzowski. 1993. Erpcn Judgment on Markers to 
Deter Inadvertent Human Innusion into the Warre Isolation Pilot Plant. SAND92-1382. 
Albuquerque, NM: Sandia National Laboratories. 

Trauth, K.M., S.C.-Hora, R.P. Rechard, and D.R. Anderson. 1992. l%e Use of Expen 
Judgment w QuannB UncerWrWnry in Solubiliry and Soption Parametersfor Wate Isolation 
Pilor P h  P e g % r m ~ ~ e  Asreument. SAND92-0479. Albuquerque, NM. Sandia National 
Labo11toria. 

--* 

VI. Use of Expert Panels and Review, Review of Investigator Judgement 

Area Volume 3, Chapter 1, Page 1-7 

"Is thae any quality c0atn.d or review of panmetas derived from investigator's 
judgement?. . . Is thae a way to specify the level of confidara in the invedgator's 
judgement? 

As to the conMence in investiguor's judgement, further dhusion on thu tcrpic with .=A 
would be useful. EPA is rrqwted to provide clarificltion. 



Page 55: W. EPA Review of SNL Responses to selected EEG Comments, Comment 
No. 3 @art 1). 

Area in doc- Volume 1, Appendix B 

(Restatement) The EPA agrees that SNL's request that EEG d i i t  "constructive 
criticism.. . [toward] data.. .and models rather than on labeling the outcome as 
'nonconservative" is Rasonable, but notes that the modeling system is complex and its 
evaluation requires 'specialized expertise and significant perso~el  r e s o u r n .  No outside 
review group, including EEG has rigorously evaluated the basic mVhematical 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 rope 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 detamining the level of effort to 
apply to altemarive mceptual models. Paforming only realistic modeling could severely 
limit the n u m k  of r't&ve conceptual models or issues that are evaluated; and 2) The 
bounding analysis is be k used a i r g  tool to evaluate tbe relative impacts of 
senaxios or altsIlrPtive mccptull models and help identify important Ppnmetas.' 

- 3csQms 

Revim of the WIPP PA may well require msiduable expatise and effort. QA oa 
computes codes and miewer acceu to the modeling system are high prioritia for SNL. 

"Bounding or conservative' analyses will be considaed for inclusion in the systems 
prioritizatim. 

While thac may be clscs w h  bounding analyses are appropriw, they, used a general rule, 
are discaumed for c o m ~ h c e  d e r a r m n ~  

. 
'ens. The r*rson for this is deat, the Stvldard 

encourages ;;uarslbla& in expctatim. Bounding analyses may be useful for ppnmetas 
that are of little consccluarce or al-ve conceptual models that an clearly bounded by 

EPA Co- 



Comment R02 

Page 55-56: VII. EPA Review of SNL Responses to selected EEG Comments, Comment 
No. 3 (part 2) 

Area in documm 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 
paramem." The comment further notes that PA analyscs suggest that "the maximum 
amount of brine saturation that will ever occur in an undisturbed room (at the l(r probability 
level) is about 30%. This seems to be inconsistent with some assumptions in the Test Phase 
Plan and elsewhere when testing under fully inundated conditions is considered important." 

The 1991 PA (and the 1992 PA) did not use mean or median values for "most key 
parameters.' Mean or median valua wae used for many of the hundreds of parameters 
required in mathematical modeling, but not for the 'key" pyametcrs. nose parametm for 
which uncertainties wae dcemcd to be large or which had a strong influeace on model 
outcomes w a r  mpled  fmm a distribution (see Section 6.2 of Volume 3 of the 1992 PA). 

As long as any p o d  of the waste is Ytunted with brine, inundated gas-gencratioo A 

processesarcimportant. Notethatifthebrineslhlntioninthedispomlarcais30%, then 
inundated gas-generation rrretians will occur in 30% of the waste. Note llso that all valuu 
of brine sahlntion after time zero, including the 30% value rcfemd to here, arc model 
outcomes, ntha h a  model Ysumptioru or extanaUy imposed limits. They arc simply 
observations of the d B  of simulations involving complex coupled processes. Conceptual 
models and data used in the 1992 PA for twephasc flow and gas generation resulted in a 

. i n t h e u a d h f b d  wide range of brine Ytuntlaas waste (up to about 60%. sa Volumc 4, 
Figure 4.4-3). These coaceptuPl modds ad altaMtives will k considmd for inclusion in 
the systems prioritization. n 

, - 

Mected EEG ~ o m e n t s ,  comment * Page 56: VIL EPA Re* of SNL Respon 
Nos. 15.25, 82 

Aria Volume 1, Appendix B 

(Restatement) The EPA repeats the EEG's comment that level 4 activity levels used in 
calculating cuttings rel*19~ could not exist at 3,000 years or later, because radioactive deay 
would have reduced the activity to lower levels. Activity levels high enough at time zgo to - 



- result in activity level 4 of 184.01 Ci/m2 at 3,000 years would be higher than anything 
reported in the system. 

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 activitim reported at later times for the highest level exceed the 200 
fissile-gram-equivalent requirement of the WAC. The decision to include 
"nonuansportable' waste in the 1991 PA was deliberate, and was based on uncertainty about 
future transportation nquirements. 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-probabilitylhigher-consequence cuttings releases. Figure 3-4 in 
Volume 2 of the 1991 PA (SAND91-089312) shows cuttings-only CCDFs calculated for a 
single realization using average-activity cuttings and cuttings of multiple activity levels. 

Page 56: W. EPA Rcview of SNL responses to Selected EEG comments, Comment 
No. 53 

,) - 
Volume 1, Appardix B 4 3 %  1 . 

% tr, " 2  
"EEG stated 'the effect of colloidal materials and chelation on radionuclide transport lhs-nc% .' 
been addressed in PA to date, nor has the full interaction of gas pre.ssurizarion on transport 
down MB139 been fully conoeptualized.' Sandia's response merely refemd to two previous 
responses, neither of which addressed colloids, chelation or transport down MB139. EPA 
agrees this issue needs to k addressed in the PA." 

All of thesc iYucs are presently bciag examined, and will be included in UK system 
prioritization. Cdloidr and c h U n g  agenu in the disposal mom arc considered in the 
actinide vwrec tam program (sse Expaimental Program Plan [EPP] 5.3.2.2 and 5.3.2.1). 
Colloids and &king aga~ts in the Culebn are considered in the non-SaWo Transport 
Activity (set EPP 5.1.2). Pnsrlue-depcndent fracturing of anhydrite marker beds is being 
examined in the field with the Hydrofnaun Studies (see EPP 5.2.4.7). and transport of 
VOCs is being msidacd in the Mado Transport Activity (see EPP 5.1.4). 



Comment T2OS 

Page 57: W. EPA Review of SNL Responses to selected EEG Comments, Comment 
No. 88 

A rea in d o c u m  Volume 1, Appendix B 

(Restatement) EPA repcaU the EEG's q u e s t  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) E l  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. ' 

These scenarios may be considered for inclusion in the SPM. 

-. 
EPA Commenta 



- 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 calculatiom to 
10000 years." 

The compliance application will include performance assessments for the required time 
periods. 

Page 2 

"Very few new results are presented in volumes 1, 2, and 3 of the I992 Perfomance 
Assment." 

- 

- 
"We look fomani to odrtitional raulYs on undishtrbed perfomance, distwhd pe#omance, 
sensitivity and uncertointp analysk in futum wlrunrs. " 

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, k E  noted that the dculated CCDF's are at 
least an order of magnitude below the allowable limits in the EPA Standards. In the 
1992 Perfwmrrnce h ~ ~ u n a r t ,  for the *tse of total release from h a m - f l o w  in the 
Cuiebra, 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. 5-41. 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 parameten, the mean 
CCDF is about a factor of ten away from the containment requirement." 
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Recommendation: 

" n e  DOE should show the full uncertainty band of CCDFs when comparison with the 
containment requirement (40 CFR 191) is made. " 

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 8191.13. The Agency assumes that, whenever, practicable, the 
implementing agency will assemble all of the results of the performance 
assessments to determine compliance with 8191.13 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 9191.13 if this single distribution function 
meets the requirements of 9191.13(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 9191.13(a). The EPA is e x p e y  provide relevant criteria in 40 CFR 194. 

Comment MI-3a 

Page 2 

"Beginning with the 1992 Performance Assessment, "expert judgmentm is used.,for -_._.- 

a: solubilities of actinides. . ." 
Recommendation: 

"As uprrimuWl solrrwlytl wkur become available (e.g. NitscIk et al., 1992), use them in 
p e r f o l l ~ ~ ~ e  ae -n t .  " 

The DOE is currently investigating the issue and an activity involving the collection of 
experimental solubilities will be included in the System Prioritization Methodology 
(SPW. - 
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SNL is developing a model that describes actinide solubility and colloid stability that will 
utilize experimental results as they become available to replace the current solubility 
estimates based on expen 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 Agreement 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 
1." 

Recommendation: 

uAs cxperinental retahtion co@i&nts become awihbk, use them in pedormance 
assessment. " 

Reswnse _- 
The DOE is currently investigating the issue, and an activity involving the determination 
of non-zero retardation coeffiaents will be addressed by SPM. 

The 92 PA was not intended to be a compliance document. Ranges of many parameters, 
including retardation coeffiaents, were induded 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. Measufed K, data will be used directly to the extent 
possible and meanineful d 

Comment MI-3c 

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 

EEG Co-ta 2-3 DOUWIPP-95-2053 



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 pmcticed to estimate the 
probability of inadveeent intnrsion and we offer a specific alfemutive suggestion, beginning 
on page sir. Our specific objeclions 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 "recognized 
expert" is usually applied to an individual who has published extensively in the particular 
field, but the interpretation of a "recognized expert" canies no more weight, and is qot 
necessarily better, more accurate, or more valid, than the interpretation of an I '- " - / "\-#-' 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 
anempt to establish the quucat ions  of the panel members as experts on the future is 
telling. They simply are not" I 

"(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 multidisciplinary data 
interpretation over interpretation by an expert in a single discipline is not at all clear. 
For example, the marker panel (Rechard et a& 1993; Table I) lists experts in materials 
science, architecture, linguistics, communications, e t c  How is the judgment of a Linguist 
on materials hardness and durabilitv relevant? Either the linguist 8ccepts the material 
scientist's judgment, in which case ihe interpretation is not ink%scipl&y, or the two 
differ in interpretation, in which case the material scientist's interpretation is clearly the 
more valid ah that judgment should not be diluted." 

"(c) The panels are not representative of modern United States, not representative of the 
modern world, and not representative of the historical continuity of the human race. 
There was only one woman on the markers panels [sic] and none in the futllres panels 
[sic]. There are no representatives of indigenous cultures of the sauthwcstern 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 unlmown, let alone where they want to mine it, for a 

I 
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specific area the problem is simpler. An example is the Outer Continental Shelf Lands - Act, which allows for oil and gas drilling in the sea beyond the three-rnile 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 sulfur. By the mid-1970's the focus of 
other minerals became construction aggregates around coastal cities. In the early 199(Ys, 
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 rnetamorphoiis, 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 

where X is the int~usion 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 fi is the 
probability thaq surviving markers arc 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." 

"(0 A flagrant and important abuse of the analyst-assessor role is when Hora decided 
that there wil l  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 yean? 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 sample 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 docs not work. On page A-94, line U. 
there is a three-dimensional array BOSTAB2 which is undimensioned and undefined, 
thus the program cannot passlily work Since May 1992, EEG has requested a working 
copy of this program, k t  from Rofcssor Hora, then from WIPP Performance 
Assessment Department, to no avail" 

"(h) Appendix D of Vol. 3 of the 1992 Performance AYessment contains 12 pages of 
realizations of drilling intensity functions that are p v  - .~ the results of using Hora's 
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algorithm. The graphs show the intrusion rate and the cumulative number of inuusions 
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 
misleading 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 kilomete? 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 dedine can be 
represented by an experimental [sic] decay fwJ.ction, y = yourp4. The rate of decrease is 
characterized by a single parameter, c. 

For the long term, there should be a rate of intrusion that is 

(a) non-zero; and 

@) 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 2 1p per year. 

The long-term, low intrusion rate cannot be zero becaw the hazard of the waste in the 
repository would not have decayed to harmless levels in just a few thousand yean. TO 
ignore such probabilities is to do an incomplete analysis. 

The parameters a, b, c, and d completely spec@ 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): 

(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 
methodologes 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 controls. 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." 
Experience (defined as "Active participation in events or activities, leading to the 
accumulation or knowledge or skilln) 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 haw materials 
and communication aspects, among others. Eacb member of the team brougbt 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.& 
use titanium for markers as it is highly resistant to corrosion) may be subject to other 
constraints (human beings will recyde any materials from an unattended marker system 
if recycling is cost effective) and may need to be modified (use only a small subset of 
buried markers made from titauium 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 discusion of 
interdisciplinary teams is provided in Boatno et al. (1989). 

(c) The selection of the members of the Futures Panel and the Markers Panel focused 
more on the expertise within the p e r h a t  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  resource^ 



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 pan, 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 
viewgraphs 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 T i e .  Society, Mode of Intrusion, and Marker Criteria." This vimrgraph 
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 
calculate the effective drilling intensity. 

The Markers Panel Issue Statement d c s c r i i  the probabilities that are to be eliated, all 
of which are conditional on the previous sequential state occurriag. The Markers Panel 
was shown a viewgraph entitled "How wiU the Expert Judgments be Used in the WIPP 
Performance Assessment?" 'Ihis 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 mining example showing the calculation of 
needed information from a series of sequential states that together define the 
idonnation reqpired. 

This part of the comment seems to contradict part d of this comment and also the 
EEG's 

-, 
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- (9 This comment is factually in error. The paragraph referred to deals exclusiv& with 
the findings of the Boston 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 DISIXIBUTIONS. 

Particularly in light of the following discussions of the findings of the three other teams, 
the assembly and analysis of results, and the listing in Volume 1 (pp. 4-8 and 5-4) of the 
six times of intmsion (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 drat? of Dr. Hora's memo explaining how the 
judgments of the Futuresand Markers Panels could be incorporated into the 
performance-assessment calculations (including a FORTRAN code for assembling 
human intrusion judgments) that SNL received was dated June 9, 1992. 

The comment refen 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 BOSTABZ. This was done when a decision was made to include 
only expl&atory boieholes, as required by 40 CFR 191. 'Ibe 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 docs 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 contmls can never be assumed to eliminate the 
chance of inadvertent and intermittent human intrusion into these disposal site&" 

The WIF'P Project will continue to follow EPA's guidance related to inadvertent human 
intrusion and passive institutional controls in future performance assessments. 



As an alternative to the procedures used by the WIPP Performance Assessment staff, T 

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 /" -" 
problem rather than having to accept an arbitrary structure such as that imposed by tb&"'-, 
EEG procedure. There is a growing body of evidence (Armstrong, Denniston, and ( 
Gordon [1975]; Hora, Dodd, and Hora [1992]; MacGregor, Lichtenstein, and Slovic i ' 
[1988]) that demonstrates that the decomposition or structure used to analyze a problek . - 
is one of the most important determinants of the findings. This has long been hown  to 
decision analysts and is often used in probability elicitation for complex issues (Electric 
Power Research Injtitute [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 praws. 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 aaining 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 priuaple: 

The expert elidtation methodology explicitly put the importance of rationales ahead of 
the numerical findings. This is because the numerical findings are not aedi'ble 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 ~ r t s  to 
analyze (decompose) the problem in a manner that matchu their thbkkg. The EEG 
proposal would substitute a rigid model and would thwart obtaining the rationales for the 
judgments. - 



- 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 (Winkler 
119671; Cooke 11992)). 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 shefhe 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 IUrt 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 
controls or the intruders' om 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 drillig rate (including exploration a development) 
is a judgment by the EEG that the EPA's guidance on the m a r  should not be 
followed. While the EPA's guidance states that only exploratory drilling be considered, 
the EEG has made a judgment that ucploratoxy 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 



institutional control." Should b be based on geologic knowledge c ,Ts policy 
judgments? 

On page 6 of the comments, the sixth line from the bottom, a justitication is attempted 
for a lo4 cutoff on drilling rates. The statement is made that the drilling 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 inadvenent 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 disposal sites; and (2) can reduce the ~ikelihoo&~; 
of inadvenent, 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." 

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 s [emphasis added] believe the exploratory drilling 
rate to be in any specific area This figure shows how [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. Pan 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 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 proass. Any new treatment 
of human intrusion for the WIPP should be addressed by an independent ucpen 
judgment panel with appropriate expertire. The process should be approached in a 
manner whereby all unknowns/parameters are investigated in a way that reduces the 
assumptions made by interested parties. 
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Journal of the American Statistical Association. 62, 1105-1120. 
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Page 8 
u 

The EEG is distressed about the status of documentation of computer codes used in the 
1992 Performance Assessment. 
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Recommendation: 

"DOE is urged to come up with a workable system of providing EEG with relevant 
documentation, so that EEG has reasombIe access without undue buden on the wonkrm." 

Documentation of computer codes necessary for compliance is in progress and will be 
completed to the extent needed to support the compliance application. 

This documentation of WIPP performance assessment models and codes necessary for 
compliance is anticipated to be completed by the end of September 1995 or shortly 
thereafter. 

Comment M14a 

Page 9 

"For. PANEL the actual equation solved is given at page 1-33. The documentation is 
needed to see if it is true." 

Recommendation: 

"DOE is urged to come up with a workclblr sydm of pmvlling EEG with nlcwnt 
&cwne*rtion, so that EEG hus masonab& access *ut undue bunien on the wonkrrs." 

PANEL is currently at QA level "C" and is available on the remote I - i eS  PA computer 
system in executable-only fonn. Work is underway to bring the code to full QA level "A" 
by September 30, 1995. Documentation and the source code will be available at that 
time. 

i - '  

comment MI-4b 

Page 9 

SECOTP2D needs full documentation. l%e following questions need to be addressed in 
such documentation 

-1 
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- How does SECOrPZD handle the conversion of the source term from zeroth 
dimensions? How is the injection rate, Q, determined? How does the source, 
Qc, spread? 
How are matrix diffusion effects in the Culebra calculated? 
Are there benchmarking results for the codes used for flow and transport . 
calculations for the Culebra? 

Recommendation: 

"DOE urged to come up with o wonGnble system of providing EEG with rrlrvant ' 
documentation, so that EEG has reasonablr access without undue burden on the wotkers. " 

Documentation of SECOTP2D is in progress and will be completed along with other 
WlPP performance assessment models necessary for compliance by September 30, 1995. 
Documentation is currently available for PRESECOTPZD, POSTSECOTPZD, 
PRESECOFUD, and POSTSECOFUD. 

We acknowledge your comment and the following information will be included in 
documentation 

- The 1992 PA involved only 2-D flow and transport calculations. The source term Q is 
introduced at a single computational cell. (This could be viewed as a vertical "line 
source", but this is redundant terminology for a 2-D calculation) Physically, the source 
term is not "zeroth dimension". Certainly the source is not modeled as being spread out 
horizontally. The Qc term is provided by a decoupled calculation involving two-phase 
flow at the site and flow up the borehole (calculated by BRAGFLO and PANEL) as 
indicated in the 1992 PA documentation. 

The "classic Neretnieb equation for matrix diffusion" is not used in our calculations. 
That approach is criticized in Huyakorn et aL.1983. The method outlined in Huyakorn is 
followed in the 1992 PA calculations. 

There are benchmarking results comparing SWDT and STAFF2D to the SECO codes. 
The SWIFT results agree with SECO- FLOW, as expected, except for one peculiar 
boundary condition problem for which SWIFT degenerates to only first order accuracy. 
These comparisons are presented in detail in an open literature publication from 1990. 
In 1993, open literature publication of the description of the SECO-TRANSPORT code 
(with many details) included a sample comparison with the STAFF2D algorithm 
(Roache, 1993a; Roache, 1993b; Salari et al., 1992, Roach, 1992, Roache, 1991; Roache 
et al., 1990). There is no need to perform extensive benchmarking, since the sample 
calculation already confirmed what is obvious from examination of the algorithms; 
STAFF2D is only fint order accurate, while SECO-TRANSPORT is second order 
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accurate, as well as 1-2 orden of magnitude more efficient for the same time step. There -. 
is no purpose served in examining STAFFZD since i t  has been superseded. The 1992 PA 
calculations were snapshots of progress at that time, requested by the National Academy 
of Sciences and DOE. ~"-... . 

Huyakorn, et al., Water Res. Res. Vol. 19, No. 3, Page 841, June 1983. .> p 

- - 
Roache, PJ. 1993. The SECO Code Algorithms for Groundwater Flow and Transpon. 
Finite Elements in Fluids. Morgan, K., Ofiate, E., Penaux, J., and Zienkiewicz, O.C., eds. 
Pineridge Press. 1993. 

Salari, K, Knupp, P., Roache. PJ., and Steinberg, S. 1992. TVD Applies to 
Radionuclide Transport in Fractured Porous Media Numerical Methods in Water 
Resources: IX International Conference on Computational Methods in Water 
Resources. Denver, Colorado, 9-12 June 1992. 

Roache, J.P., Knupp, P.M., Steinberg, S., and Blaine, R.L 1990. Experience with 
Benchmark Test Cases for Groundwater Flow. Benchmark Test Cam for Computational 
Fluid Dynamics Ceiik, I. and Freitas, CJ., eds. 

Roache, PJ.  1993. The SECO Suite of Codes for Site Performance Assessment. 1993 - 
International High-Level Radioactive Waste Management Conference, April 26-30, 1993, 
Las Vegas, Nevada 

Roache, PJ .  1992. Computational Fluid Dynamics Algorithms Developed for WIPP 
Site Simulations. IX International Conference of Computational Methods in Water 
Resources. Denver, Colorado, 9-12 June 1992. 

Roache, PJ. 1991. Computational Fluid Dynamics Algorithms and Codes Developed 
for WlPP Site Simulations. Computational Mechanics. Cheung, Lee, and Leung, eds. 
Balkema, Rotterdam 1991. 

Comment MI* 

Page 9 

The technical paper by Roache, ~~e TVD algorithm, but does not define it. 
The algorithm begins with a variable transformation, and a key variable J is not defined. 
No results are given for verification of the dual porosity option in the paper. 

- 
EEG Cornmats 



Recommendation: 

"DOE is urged to come up wilh a workable system of providing EEG with relevant 
documentation, so that EEG has reasonable access without undue buden on the workers." 

Documentation of all WIPP performance assessment models and codes necessary for 
compliance will be completed by September 30, 1995 or shortly thereafter. 

The technical papers written and cited are not intended to be a substitute ultimately for 
full user documentation. However, neither are internal Sandia reports a substitute for 
open literature publications which have the advantage of wider scrutiny. We have 
produced 6 papers for external release on the SECO suite of codes, and more are in 
preparation. 

'TVD" is a class of Total Variation Diminishing algorithms. There are more accurate 
algorithms than TVD in existence, though not, to our knowledge, embodied in robust 
production codes. There are also several algorithm families of comparable accuracy. 
Any tone of "touthg" TVD occurs inadvertently due to the comparison with the 
inaccurate algorithms used in STAFEZD, for example. Tbc variable J is the Jacobian of 
the transformation. No results were given for the dual porosity option because of time 
and space limitations; these results will be included in open literature papers now in 
preparation as well as in the final documentation 

(=omment 

Page 9 

"Finally, it is often claimed that b e c a u s e h q d t e r  code is constantly being revised, its 
documentation status is affected." 

W O E  is urged to come up with a w o w  system of providing EEG with nlrmnt 
documenWon, so that EEG has nasonabk access wirhoul undue bunien on the workers." 

We agree that the documentation status of specific code versions used in PA calculations 
are not affected by subsequent revisions. However, none of the codes used in the 1992 
PA Snapshot were at QA level A, a requirement for release of source code. The 
primary reason for this is that the PA effort was focused on annual snapshots of 
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compliance, model development required to capture alternate conceptual models, and - 
QA of current code versions. PA codes necessary for compliance will be at a QA level 
A by the end of September 1995 or shortly thereafter. Codes are currently being made 
available to EPA and EEG on the WIPP Open VMS Network. Prioritization of the 
availability of codes is being set by EPA. 

Page 10 

'The 1992 Perfamance Assessment elucidates the role of the Culebra as an isolation 
barrier. From Figure 5-6 of Vol. 1, it is seen that if there is enough flow in the Culebra, 
it does not offer much help in isolation. With matrix diffusion and sorption, the Culebra 
is a major natural barrier." 

Recommendation: 

" m e  DOE should iielineate the mIes of matrir w i & n  and sorprion thmugh occelcmtd 
upckmentation. " 

SNL is currently conducting experiments designed to collect data upon which a 
defensible retardation model can be constructed. for use in future comvliance PAS. 
These experiments examine the roles of matrix diffusion (physical ret&dation) and 
sorption (chemical retardation), and resulting model will also contain both mechanisms. 

"While the DOE has analywd the beneficial effects of gas generation, the EEG 
continues to be conamed that the deleterious effect of gas generation, particularly the 
opening of new discharge pathways, has not been analyled." 

Recommendation: 

This question raises issues that will be included in the SPM. 



- In the past the project has studied gas generation mechanisms, its impact on fluid 
transport in the Salado, and its effect on room closure mechanisms. Currently the 
project is evaluating the potential for gas-driven enhanced permeability in the 
markerbeds as well as gas-driven spalling mechanisms. 

The deleterious effects of gas generation are recognized. This question is very similar to 
EPA comment 118 and our answer is the same; these issues are not fully resolved and 
the project intends to use the SPM to identify acceptable methods for dealing with these 
concern. 

. , 
Page 10 .. 

"Currently, there is no correlation between sampled variables using Latin Hypercube 
sampling. In real life, many of the variables are related." 

Recommendation: 

' m e  per/ormance assessment should &her give reasons why physical comhrions have 
been ignored, or show results with comhhbns. " 

Correlations between variables will be included if and when defensible information is 
available to quantify them. In the absence of defensible data to support correlations, it 
is appropriate to treat variables as independent. Ld g-d, so long as the sampled 
parameter range includes the range of coupled parameters, we believe that the treatment 
of uncoupled parameters, as used in the 1992 PA, is conservative. 

Comment MI-08 

Page 10 

The '92 PA is incorrect and - the extent of natural resources near the WIPP 
site. There are more than oil and gas wells than the 56 indicated in the PA. DOE is 
basing its estimate on incorrect information from 1986. EEG showed (Sihm and 
Channell, 1992) some of this [sic] data were incorrect. 

The PA also states that with the exception of one well, resource extraction is not allowed 
within the proposed land withdrawal boundary. 
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The 1992 WIPP Land Withdrawal Act recognizes the validity of two specific oil and gas 
leases within the WIPP site boundary. The owner of one of those leases has recently ,- 

filed an application for permits to drill eight directionally drilled oil wells that would be 
completed within the WIPP site boundary, but at depths greater than 6,000 feet to 
produce oil from within the WIPP site boundary. Thus, there seems to be no basis for 
the statement in the PA which indicates that resource extraction is not allowed within 
the boundary, except that the restriction is contained in the second modification to the 
Cooperation and Consultation Agreement (C & C) between the DOE and State of New 
Mexico. 

EEG believes the second modification to the C & C has been incorrectly interpreted. 
The agreement is not limited to the first 6,000 feet of depth. 

Recommendation: 

#As in all DOE repom performance assessment mports should occumtely n$ed the status 
of resource devebpment near the W7PP site. ' 

The WIPP project continues to collect information on the existence and nature of natural 
resource-related boreholes in the vicinity of the WIPP site. The WIPP position on this 
issue was discussed at length in the DOE'S response to EEG-50 (Memo Artbur to Neill, 
November 3, 1992, Copy sent to EPA) and will not be reiterated here. - 

. ' -- 

Silva and Channell (l-that the document, W E  Implementation of the 
Resource Disincentive Plan in 40 CFR 191.1qe) at the Waste Isolation Pilot Plant" (U.S. 
DOE, 1991) is inconsistent in reporting the number af oil and gas leases within the 
WIPP site boundary and the production status of these leases. 

In the NeMigrarion Variance Petition (U.S. DOE, 1990a) the DOE states: 

". . . Oil and gas exploratory d d l h g  requires permits from the state and it is unlikely 
that prospective fntnre well drillers would not be iatoxmed about the existence of WIPP. 
As an additional protective mearure, the DOE has purchased all oil and gas leases in the 
area of the WIPP site to prevent any exploration now and in the future (Section 6-32)." 

With respect to petroleum exploration and the human intrusion issue, the last sentence 
in this paragraph is simply wrong. 



A Wean (1983) and Brausch et a1 (1982) failed to recognize the potential crude oil 
resources for this area. Crude oil is now being produced from the former control 
zone IV. 

Recommendation: 

T h e  perfomnce assessment effort must use the latest and v e m l e  da!a on oil and gas 
production near the WlPP, because the extent of oil and gas resources in this area is likely 
to be an impotiant determinant of inadvertent human intrusion." 

The WIPP project continues to collect information on the existence and nature of natural 
resource-related boreholes in the vicinity of the W P  site. The WIPP position on this 
issue was discussed at length in the DOE'S response to EEG-50 (Memo Arthur to Neill, 
November 3, 1992; Copy sent to EPA) and will not be reiterated here. 

c- MI-10 

Page 13 

"One of the most important - P performance assessment is BRAGFLO 
and a brief summary is given in voL 3, section 1.4.1. Equations 1.4.1-1 and 1.4.1-2 use 
rate constants and mole h c t i o r ~ ~  (called "stoichiometq factors*) to calculate the rate of 
gas generation These factors, although not specifically referenced in this section, are 
referred to in the discussion on pp. 3-44 to 345. Median corrosion gas production rates 
are given as 63  x 10" moles HJm'-s for inundated steel and 0.1 [-] for humid steel 
under aerobic conditions, and 0.5 [-I for iuundated steel under a n d c  conditions. An 
analogous set of rates are given for microbial gas generation, with units of moles of 
gas& cellulosics given only for inundated conditions. It should be noted that in the 
development of the equations on pp. 1-24 to 1-26, the rate constants and stoichiometric 
factors are given with perfectly acceptable units. Why aren't the dimensions the same 
for all these rates, if they are used for the same variable in BRAGFLO? How can a 
corrosion rate have the unit, of moles per unit area of exposed substrate in one case and 
no units in another? How can a dimensionless variable be used in the same place in an 
equation as a variable with units?" 

IliwQlU . . . " 
The gas production rate associated with h d a t e d  corrosion has units of mole gas/m2-s. 
The units for the gas production rate associated with humid corrosion are the same. 
What is reported and stated in voL 3 p. 4-46 is the relative humid rate. The product of 
the relative humid rate and the inundated rate is the humid rate. Similarly for 
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biodegradation, the units for gas production rate due to biodegradation are reported as 
mole gas/kg-cellulosic/s not moles gas&, vol. 3 p. 3-50. The reason these units are 
different are due to differences in the way the rates are measured experimentally. Both 
corrosion rates and biodegradation rates are convened in the BRAGFLO preprocessor 
to units of [kg-metal/m3/s] or [kg-cel1ulose/m3/s] as required by BRAGFLO, vol. 3 
p. 1-22. 

Comment MI-lOa 

Page 14 

"Although the assumption that radiolysis will contribute only negligible hydrogen 
formation at WDPP appears to have found general acceptance, the data developed by 
Kosiewia (1981) show this need not be the case. In fact, the gas generation problem 
was 6rst noticed in stored drums of TRU waste in which hydrogen had been generated 
by radiolysis. Moreover, the microbial generation model does not recognize the 
dependence of the microbial gas generation rate on the initial and continued presence 
and availability of microbes." 

- ---- 
,I 

Recommendation: ,+ P 

RadiolyJis of combustiila and of brine is included in the reaction-path gas generation 
model currently under development, and will be evaluated as part of the SPM for 
inclusion in future (compliance) PAS. Current uperimcntal idonnation suggests that H2 
production by brine radi0Iys.h is inriPnificant if actinide solubilities arc as predicted by 
the expert pan& If aurent and planned experiments detetminc actinide concentrations 
(including colloids) to be signi6cantly higher than predicted, then radiolytic hydrogen 
production may k significant and will be included in future PAS. Methane generation is 
addressed in tbe response to the next comment, MI - lob. 

ccmmlt M I - l a  

Page 14 

"A more serious question arises abou-f these results. 'Ibe gas generation 
rates and stoichiometry facton cited are those calculated by a model and are thus the - 
DOUWIPP-95-2053 2-22 EEG Commtatd 



,- result of model inputs rather than experimental data. Table I summarizes the results 
of the Sandia scientific investigations into gas generation, and distinguishes model 
calculations !3om experimental measurements. Model results are only as good as 
model inputs. Some model inputs include unsupported assumptions, such as the 
failure to include methane. Experimental data exist - see Table I - but have not 
been used in modeling. Moreover, as the Table I shows, models given different gas 
generation rates when given different inputs and assumptions, and the median of such 
calculated rates has little validity." 

Recommendation: 

"77w rehrionships in the gas gemmrion model should be vrJidoed beforr the gas 
genemtion model is incorponued into BRAGFLO. ' 

Methane production was not included in the 92 PA calculations. However, microbial 
methane production (methanogenesis) is included in the reaction-path gas generation - 
model currently being developed. The SPM will examine the utility of the reaction 
path model. It sh0uld be noted that current experimental information has not 
resolved whether methanogenesis will occur, and, if so, whether it will result in a net 
inaease or deaease in the total amount of gas in the repository. Current and 
planned experiments investigate miaobial gas production under a range of 
conditions. The effect of the availability of microbes is being investigated (implicitly) 
by varying parameters such as the amount of nutrients in the various experiments, 
inoculation, humid vs. inundated conditions, e t c  The possible long-term existence of 
microbes is simulated by non-inoculated experiments. The gas generation rates were 
based on experimental data and expert estimates. Additional relevant experimental 
data continue to be collected 

n 
e. MI-lla 

Page 16-17 

In 1984 an EEG consultant analyzed potential nuclear criticality in the Culebra 
Aquifer and concluded that this needed to be thoroughly evaluated by DOE. 

The potential nuclear aiticality auld occur if: 

(1) sufficient quantities of a iissile radionuclide such as Pu-239 or U-233 are 
adsorbed on a large enough volume of aquifer matrix', 

(2) there is sufficient hydrogen or other moderator available in the brine or matrix', 
,- 
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(3) the matrix or brine does not contain sufficient quantities of stable nuclides that --, 
can "poison" the reaction 

EEG's analysis indicated that, with the expected elemental composition of the brine 
and the Culebra aquifer matrix, nuclear criticality could occur in a block 7 m high x 
0.5 m wide x 1 m long if the product of the distribution coefficient (K, mL/g) and 
plutonium solubility (rnoles/L) was greater than about 5.6 x 1U' moles/g. 

The possibility of a K,S product of > 5.6 x 10" moles/g is credible. For example, the 
probability distributions for K, and solubility from Volume 3 of SAND 91-0893 
(pages 2-104 and 3-64) have approximate probabilities of occurrence oE 

Two pages were devoted to discussing nuclear criticality in the I991 Prrlimincly 
Compnrison (Volume 1, page 4-52). SNL recognized that sorption can also occur in 
the badrfill and at certain components of the seal system as well as in the Culebra 
Aquifer. The very remote possiiility of a high-yield nuclear explosion is also 
diswsed. We find no am@k of nuclear criticality in the 1992 PerpmrmCe 
Rrse~rment. No schedule has been given for performing additional criticality 
evaluatiom. 

EEG also believes the possibility of a high-yield nucleafuplosion is very remote. 
One concern is with an instantaneous criticality excursion in which there is a brief 
burst of enem, neutrons, and gamma radiation. Perhaps more likely in this 
situation, where M e  material is being added very slowly in a solution, is a delayed 
criticality whre  the system does not become promptly critical Such a system would 
behave much like a nuclear reactor and could produce fissions, perhaps in bursts, for 
extended periods of time. 'Ihis phenomena has occutled in several process Criticality 
accidents in the US, e.g. at Hnaford in 1962 one system boiled for 37 houn. Also, 
the Oklo "natural reactor" in Gabon is believed to have opetoted in a similar fashioa 

It is not obvious that a Criticality accident would have a significant effect on a 
repository waste disposal system, even if a criticality accident occurs. Considerable 
heat would be produced, some brine would be vaporized, a d  minor amounts of 
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fission products would be formed (it takes 8 x 10'' fissions to produce one curie of - cesium-137). Also, the relatively high K, values that would be necessary to make 
criticality possible are otherwise a benefit because the retard radionuclide transport. 

Recommendation: 

"The criricality bsue needs to be thoroughly evaluated befon it can be concluded that 
its effects are negligible. 

Criticality will be considered in analyses for event and process screening. A decision 
will be made whether to include it in the SPM. 

n 
Comment MI-llb 

i 
Page 17 % % 

' -ee 
d 

"Subsidence could-occur in the area overlying the WTPP some time after repository 
decommissioniug. Subsidence can also occur from nearby potash mining, The I992 
Perfomumce Asramem identifies an event TS which is subsidence from mining of 
potash, but TS ha not been analyzed. . ." - 
"No evaluation has yet been made of subsidence from potash mining There are 
siflcant potash resources within the W P  site boundary. However, the USEPA 
Standard requires analysis of only resource exploration drilling on site. But, it is 
appropriate to consider subsidence effects from potash mining offsite. . ." 

As noted in the 1992 preliminary PA (e.g., V. 1, p. 3-11, L 1619; V. 1, p. 63.1. 
19-24). the efiects on gmundrmter flow and radionuclide transport of subsidence 
related to potash mining will be uramined using the regional three-dimensional 
hydrologic model that ha been developed since the 1992 PA was completed. 
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Page 18-21 

The El, E2 and E1E2 scenarios assume that the only material reaching the surface is 
drill-bit cuttings and some "cavings" born the annulus about the drill bit in the waste 
storage room. Brine flowing to the surface from encounter with a pressurized Castile 
brine reservoir was not assumed. EEG believes that brine flows to the surface should 
be assumed and that the consequences could be significant for the E1E2 scenario. 
Our reasons follow: 

Sandia and DOE have described typical drilling practices elsewhere (Appendix C of 
SAND 89-0462 and in DOE February 7, 1990 response to EEG's comments on the 
Draft Supplement EIS). These responses explain how it is possible to have very little 
flow to the surface by closing in blow-out preventen within a few minutes, 
determining the pressure, and then preparing driUing mud of suffiaent density to stop 
the flow before resuming drilling. For example, it was stated (in the February letter) '- 
that only 51 barrels flowed at WIPP-12 before shut in by a blow-out preventer. '1 

i I  t 
The February 7. 1990 DOE letter went on to say that at WIPP-12 an additional . a 

i 

49,224 barrels flowed during deepening, geophysical loggin& and further deepening -~ 
before it was finally shut in for subsequent hydrologic testing. 'This additional flow 
was desaibed as resulting from a "conscious decision" - 
It appears that v i r t d l y  every time a preJsurized Castile brine reservoir has been 
encountered in the vicinity of WIPP that 'conscious decisions" have k e n  made to 
allow varying amounts of brine to flow to the surface. Table II, extracted from tow 
WIPP reports (TME-3080 and TME-3153). describes remedial measures taken. 
Although the available data are not as detailed or as quantitative as one would like, 
it is clear that ddlhg practice through 1982 included release of brine at the surface 
whenever pressurized Castile brine reservoin were encountered There has been 
considerable ddlhg activity about the WIPP Site in the last few yeon and brine has 
been reported in seven web. In two of these wells brine w ~ s  reported to have 
flowed for three houn k f o r e  stopping and for at least 12 hours. Records did not 
indicate how long the remaining wells flowed. It appears that, at least in some cases, 
commercial drillers still allow significant amounts of brine to flow to the surface and 
we believe scenarios should assume that any intruding driller will do l k w k .  Also, 
minor flows may not always be recorded in driIliag logs, or perm even recognized 

-- 
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Tidewater 1%2 NA 

I I 

I Shell 1964 20,000 

I I 

I Gulf 1 ~ , m  

Remedial Action 

No action to stop flow. 

No action to stop flow. 

3,000 barrels estimated to flow to 
surface. No record of flow rate or 
duration. 

12 pound/gallon drilling mud did 
not stop. F i y  controlled [sic] by 
casing and cementing. 

Allowed to flow until artesian flow 
ceased. 

Brine flowed to surface for 26 
hours with 14 pound/gallon drilling 
mud. 

No records on total volume or 
duration of artesian flow. / 

r' 

WIPP hole. Estimate 19,0000 1, 
barrels could be produced by 
artesian flow. 

Initial flow was after 14.6 pound 
per gallon drilling mud had been 
added. Stopped after 4 days with 
15 pound per gallon mud. 

WIPP borehole. Over 79,000 
I barrels produced Estimate 
350,000 barrels producible by I arteripnflw. 

U.S. Department of Enugy, 1981a Brine Podcd Ocnvrenca in the Cacrilc Formath, 
southeastan [sic] New M a i m ,  TME-3080. 

U.S. Department of Energy, 1983. Brine Resewoirs in the Castile FOrrrmtiOn, 
southeastern New Mexico, TME-3153. 

R.H. Neill et aL, 1983. Evahrrrtion of the SuitabiUy of the WIPP Site EEG-23. 
6 
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Brine released at the surface from the E2 scenario would be expected to increase the - 
effective radius of the borehole and thus increase the amount of waste brought to the 
surface in suspension and in solution. The major effect could occur in the E1E2 
scenario because brine present in the repository &om the tint encounter (which 
would be expected to be saturated in actinides) would be discharged at the surface. 

In a November 3, 1992 response to EEG's concern about contaminated brine flow to 
the surface, SNL said: "We will repeat these subsidiary simulations using BRAGFLO 
for both release during drilling and long-term releases through abandoned boreholes. 
As you suggested at our previous meeting, there are four cases: (1) E l  or E2 during 
drilling, (2) El  while Castile brine is allowed to flow, (3) E l  followed by E2 after 
Castile brine has been allowed to flow into the panel and then is available to flow 
through E2 during drilling, and (4) E1E2 after both have been abandoned. 

EEG, in a November 9, 1992 letter to S N I  agreed these 4 c w s  were the 
appropriate ones to consider and urged SNL to perform the analysis posthaste. 

Recommendation: 

MI-lld 

Page 21 

"A brine-slurry release s d o  b/ sh be analyzed. A brine slurry might result from 
creep closure and gas geaeratioa. Such a brine sluny could be under greater than 
hydrostatic pnssure and thua hove a form capable of driving some or all of the slurry 
to the ground suafpce. Tbe potential quantities of ejected brine might be less than 
that hom the El scenario but the consequences could still be significant. The 
possible impliatiom of a brine-slurry filled room were 6rst raised by SNL in 1987 
and were also evaluated in 1988 by EEG (- Charmell and Chapman, 
1988): 

"SNL has responded that all evidence indicates that the p i t y  of a brine slurry 
existing iu a waste storage room is essentially zero, and can be ignored 

---. 
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(SAND~~-0893, Volume 1, Appendix B). Lappin et al., (1989) and the FSEIS (U.S. 
DOE, 1990b) are cited as support for this conclusion." 

'The brine-slurry release scenario is related to undisturbed performance and cuttinp 
release. Actually a similar, though probably less serious, release is considered in 
undisturbed performance when the waste storage room became partially or fully 
saturated only in the lower portion of the room. An effect of partial saturation and 
incomplete consolidation of the waste could be to lower the shear strength and result 
in greater quantities of waste being brought to the surface than calculated with the 
current cuttings model (E2) assumptions." 

Recommendation: 

'The EEG ncommendr a complete Molysis of the brine-slung nkase m e .  In 
addition, variants of the brine-slung sceMlio in u~~ pafonnance and EZ need 
to be better undemtood. " 

The Project believes a brine-slurry release in any context is unlikely. As stated in the 
comment several studies have been performed within the last several yean on the 
possibility of brine-slurry in salt backfill in the underground environment Resulu of 
the studies indicated brine-slurry in salt backfill would not impact performance 

A because room closure rates (even considering likely gas generation rates) wil l  
decrease the available volume and recompact the salt to a point that even if brine 
fills the residual porosity a slurry cannot develop. 

With respect to slurries forming from decomposing waste, itself, we believe d o m e  
rates and compaction would result in an end product with suBEiaent shear strength 
that a mobile slurry would not form. For further information, see Disposal Room 
and Cuttings Model Position Paper for Systems Prioritization and Technical Baseline, 
Section 4.2.45. 

A model for representing incomplete consolidation of the waste in various degrees of 
decomposition has ban developed, but it is not yet part of cuttings release 
calculatiom Attention has been focused on pressurized gas. To date, the spall issue 
has usually been cast in terms of inflow of a fluid into an intrusion well, and the 
material that is carried along in this process. Variable strength materials will 
eventually be incorporated into the cuttings release calculations to encompass 
concerns that may exist about whether appropriate strength materials have been 
modeled. 

EEG Coimmu~ 



Page 22 

'The USEPA Standard calls for human intrusion analysis that would create 

... a ground water flow path with a permeability typical of a borehole 
filled by the soil or gravel that would normally settle into an open 
borehole [sic] over time-not the permeability of a carefully scaled 
borehole." ./----. x 

"In the 1991 and 1992 Performance Assessments the permeability of human in % 
boreholes was sampled lognormally between 10" m2 and 1014 m2. This - 
obtained from Table 2.2 of Freeze and Cheny (1979) for silty sand. The choics of -- " silty sand is SNL's interpretation of USEPA guidance on borehole sealing cited 
above." 

"EEG has several problems with the SNL interpretation. Table 2.2 in Freeze and 
Cherry (1979) shows a pexmeability range for silty sand from about 8 x 10" m2 to 8 x 
10" m2. The same table aiso shows ranges of 10' m2 to 2 x 10" m2 for dean sand 
and 1U7 m2 to 10'' ma for gravel. It appears that a strict following of the EPA 
Guidance would require use of higher permeabilitia, to indude gravel in the 
borehole.' - 
"EEG believes that the assumption of borehole permeability dcscri'bcd in the EPA 
Standard is reasonable when considered along with the other assumptiom in the 
guidance, but is not conservative in light of observed borehole sealing practices in the 
Delaware Basin. In 1989 the Bureau of Land Management found 6.527 shut-in and 
temporarily abandoned web  in New Mexico (USBLM, 1989). A temporarily 
abandoned well is simply abaodoned, without proper plugging and scaling. The BLM 
made the following statement about wells in the Carlsbad area. 

At Carlsbad, we reviewed the status of 2 shut-in and 1 temporarily 
abando& wells on a Ikwll leoac. These wells had been dasJified as 
shut-in or temporprily obrndontd since the late 1960s without a p p d  
'Ibere was no evidence these web had been properly tested to ensure 
they wue capable of producing oil or gar and properly clasJified The 
operator of this lease stated tbat be did not perform well integrity tats 
because he estimated that it would cost about $2,000 per well. 
Additionally, he stated that he did not permanently plug web beau% 
that would cost about $10,000 per well (USBLM, 1989): 

I 

EEG Commcntr 



- Recommendation 

"Perfornurnce Assessment assumptions should considcr conditions as they Lcist, not a 
the w e - o f - t h e m  or in JU compliance with reguhtorg standanis that an not bring 
met now and may not be met in the future. For the human intmsion borehole, the 
mnge of degmded penneabilities should span sand and gmvel. " i 

1 8 % .  

The DOE does not dispute the principal point raised here by the EEG, whichxhat  
boreholes are sometimes abandoned without proper plugging. 

The DOE has interpreted the guidance quoted by the EEG to allow for consideration 
of the make-up of the formations penetrated by the borehole. The guidance indicates 
that the fill material should be that which would "- 

le over W." Detailed examination of the geologic column in the Air Intake 
Shaft (Holt and Powers, 1990, DOE/WIPP-M1) revealed no gravel beds between 
the repository and the ground surface. Sandstones occur in the Gatufia Formation, 
the Doclrum Group, and the Dewey Lake Red Beds, but they are generally composed 
of h e  sands and silts, and are interbedded with siltstones. The cleanest sand that 
might enter the borehole is that which is present at the ground surface, and it is 
simply not credible to imagine a circumstance in which the entire length of an open 
borehole from the repository to the surface is filled with nothing but dean sand As 
a further consideration on this point, open holes are not empty when abandoned: at 
the least, they contain the remains of the h i d  used to drill the hole. For holes 
drilled below the salt section in the Delaware Basin, this fluid is a "mud" containing 
clays and othen additives. These materials should also be included in estimation of 
the 6nal permeability of an open hole. The DOE believes that silty sand is an 
appropriate approximation of the fill material in an unplugged borehole. For 
boreholes which have been plugged, the DOE believes that silty sand is an 
appropriate approximation for fill material in the entire hole, including both the 
degraded conaete plugs and intervening open sections. 

Second, the DOE is aware of the 1989 BLM O!Ea of Inspector General Audit 
Report, and agrees that it provides evidence that borehole plugging procedures are 
not always followed. The EEG's implication that the quoted paragraph has direct 
relevance to the WLPP, however, is inappropriate given the guidance in Appendix C 
of 40 CFR 191 that %advertent and intermittent intrusion by exploratory 
ddhg,..can b@ the most severe intrusion scenario assumed..' and that "the drillers 
[will] soon detect, or be warned 06 the iacompatiiility of the area with their 
activities." The quote from the BLM report probably refers to production wells, 
rather than exploratory wells F i e e n  wells on a single lease are not examples of 
"intermittent" drilling. 'Zbe BLM report docs not dis- between urploratory 
wells and production wells in its total number of improperly plugged wells in New 



Mexico. AU anecdotal examples described in the report appear to be production - 
wells rather than exploratory wells, and were presumably abandoned many years after 
they were drilled. 

Holt, R.R. and Powers, D.W 1990. "Geologic Mapping of the Air Intuke Shafr at the 
Ware Isolation Pilot P h :  Report Number DOE/WIPP 90aSl. 

Comment DC-01 

Page 23 

Volume 1. Section 3.1. Page 3-3 

This section says that EPA expects the implementing Agency to use the same 
assumptions. But it does not say whether DOE does or does not. 

Bsw2ns -. 
Appendix B d e b  the assumptions that may be used in determining compliance 
with Subpart B. The DOE recognizes these assumptions and has used them in the 
1992 PA calculations. These assumptions may change with the release of 40 CFR 
194 and as such will be incorporated in future PA calculations where appropriate. 

Page 23 

"In this Table, techniques are @en for asedng and reducing various kinds of 
uncertaintic& For conaptuol model uncertainty, an additional method for auessing 
its extent is to a r u I p  altannte amaptual modela If alternate conceptual models 
can be rejected with confidence, then the favorite conceptual model has a better 
chance!" 



The DOE agrees with the comment. The importance of alternative conceptual 
models was discussed on the previous page of Volume 1 of the 1992 PA Analysis of 
alternative conceptual models will be part of the SPM. 

Comment DC-03 

Page 23 

u m e n t  Volume 1, Table 3-1, Page 3-14 

"In Parameter Values and Variability, the use of expert judgment is said to be a 
method of assessing and reducing uncertainty. The fact is that the panel on 
solubilities greatly expanded the uncertainty range." 

The. EEG's comment is correct. However, the heading on the column in question in 
the table is Technique for Assessing pt Reducing Uncertaintf (emphasis added). 
There was no intent to imply that expert panels should be expected to reduce 
uncertainty. . . ~.~ 

* .. . ):,i 
. . -I, - .  

( :. .4 , . r ;  
Comment DC-04 I . .  .. ' 4 : $  

1 , .', " ., , t  

,, , . a ,  : : ~  ' 
. , . i.:: , P ',, 

Page 23 ,. . ,.~, 

Area Volume 1, Section 33.4, Page 3-17, Line 17 

The  marker panel has not issued a report." 

The report hPs been published as: 

Trauth, K M, S. C H a  and R V. GwmvskL 1993. fipt Judgmrnl on M& 
to Deta Ikadv&ent Himat I .  into the W e  Zsohkm Pilot Plrmt. 
SAND92-1382. Albuquerque, NM: Sandia National Laboratories. 

EEG C Q ~  



Page 23 

Area in document Volume 1, Section 4.1.1, Page 4-2, Line 28. 

'The description of undisturbed performance should include a statement that the 
deleterious effects of gas fracturing have not been considered. The probability of gas 
fracturing is clearly above l(r in 10,000 years. Sandia's own experimental data 
suggest that without fracturing, the gas pressure is likely to reach and exceed 
lithostatic in hundreds of years." 

The DOE agrees that consequence analysis of undisturbed performance should 
include pressuredependent effects on the permeability of anhydrite interbeds. The 
text referred to in the comment does not discus consequence modeling. Rather, it 
defines undisturbed performance independently of modeling capabilities, to include 
"all expected changes in the system and associated uncertainties for the 10,000 years 
of concern..." "Fmxuhg" is included in the base case definition 

A statement relevant to the comment occurs in Section 43.1 of Volume 1 (page 4-12, 
lines 22-25k "Ibe model w d  to re~rescnt the reswnse of the reuositorv and the - 
surround& strata to the gencrati~iof gas b. was& degradation docs n; include 
effects of possible pressuredependent fracturiop of auhydrite layers within the Salado 
Formation." 

, . r: i ?,, ,. !9 
" . .  

Comment DC-06 * s %  ' , .. , , .~  . . \ , . :; 
. . 

Page 24 I. _.- 

in d Voiumc l, Section 42, Page 4-8, Line 38 

"Why is the maxhm number of holes in the 70 dmulntiaru only 20 per km2 when 
Latin Hypercube is wed to sample uniformly (I presume) over intemal [0,30]? Isn't 
the key advantage of Latin Hypercube to "ensure full coverage of the range of each 
sampled variable.: (p. 4-14, h e  lo)?" 

The indicated statement in the 1992 PA documentation is incorrect. The rate 
constant for drilling intrusions was sampled uniformly on the interval [0,3.7&1@ yr-'1, 
which is equivalent to sampling on the interval [0,30/km2/10' yr]. Specifically, the - 



- area of the waste panels in the 1992 PA was 0.126 irm', which resulted in a maximum 
value for X of 

Confusion here arises from the erroneous statement in the 1992 PA that the number 
of intrusions are based on a waste area of 0.5 kd. Note that 10 intrusions into 0.126 
km2 corresponds to 79.4 intrusions per 1 km2. 

-- - 

Comment DC-07 

Page 24 

m do- Volume 1, Section 5.1.2.1.1, Page 5-3, Line 27 

"Is X really random in both space and time? As implemented it appears to be only a 
variable of time." 

The rate constant A is variable in neither time nor space for the "constant A" cases. It 
varies nonrandomiy with time (i.e., based on expert panel judgment about possible 
effectiveness of markers) and is fixed in space for the "timedependent A" cases in the 
1992 PA 

The assumption of the Poisson process does involve the assumption that drilling is 
random in both space and time. Intrusions are assumed to be equally likely to occur 
anywhere within the region of interest, regardless of spatial location 

Consequence modeling (as opposed to probability modeling) for the 1991 and 1992 
PAS assumed that all intrusioru were located at the ccnter of the waste disposal area 
for computational convenience. This assumption was made independently of the 
Poisson model used to determine intrusion probabilities. 

Comment I.xxa 
Page 24 

Area Volume 1, Seaion 5.1212, Page 5-4, line 35 

"It is not dear why the intrusion and subsurface release times are specEed rather 
than random. If intrusion and release times are random, the source strength can be 



calculated in PANEL using eq. 1.4.4-11 in Vol. 3. Are these 6 times of intrusion 
possible times of intrusion, or must the intrusions occur?" 

Documentation resolving this is available in Chapter 3 of Volume 1 of the 1991 PA 
(SAND91-089311) and in Chapter 3 of Volume 2 of the 1992 PA. 

The 1992 PA used an importance sampling procedure based on the subdivision of the 
10,000 year time period specified in 40 CFR 5 191.13(a) into six subintervals. 
Scenarios were then defined by taking combinations of drilling intrusions in these 
time intervals. The randomness of the intrusion times is incorporated into the 
probabilities of these scenarios. For computational efficie v, releases were 
calculated only for drilling intrusions occurring at the mir nts of the six time 
intervals. Thus, the six times of intrusion serve as a repr* ~tative time of intrusion 
for each subinterval and not an exact time for a partidh ~trusion Although not 
used in the 1992 WIPP PA, Monte Carlo prooedures that involve sampling the 
number, time, and location of drilling intrusions in the construction of CCDFs exist 
However, these prmdures would still require the mechanistic calculation of releases 
at a relativelv small number of intrusion times. with these releases then beinn w d  in 
conjunction ;ith appropriate interpolation teckques to estimate the releas& 
associated with the randomly selected intrusion times. - 
A detailed description of the CCDF construction procedure used in the 1992 WIPP 
PA is given by Helton and Iu~olino (1993). A description of a Monte Carlo 
procedure for the construction of CCDFs is currently being developed. 

Reference 

Helton, J. C., and J. J. Iupglino. 1993. "Construction of Complementary Curnula-:ve 
Distribution Functions for Comparhn with the EPA Release Iimits for 
Waste Disposal." R&d&y Engineering d S '  Saw 40: 27l-293. 

n 
c!momt x-09 

Page 24 

V o h  1, Sechon '4 . l a  Page 2-6, Line 25 

"Given our comment on the subjective elicitation process in Major Issues, we do not 
consider any of the results using A, to be valid" 



The probability of human intrusion will be reevahated if and when additional 
guidance is available From the EPA. 

Comrneru DC-10 

Page 24 

Area in document Volume 1, Section 5.1.2.2, Page 5-6, Line 27 

"When releases are calculated for six intrusions, is it six holes? Does this correspond 
to S(4,1,0,1,0,0) in Table 3-2 of SAND91-083/1?" 

Releases are calculated for six of intrusion, rather than for six intrusions. Up 
to 10 intrusions occur at these six times in the 1992 PA. Tables 2.5-3 and 2.5-4 in 
Volume 4 of the l9!92 PA provide a listing of the computational scenarios considered 
(i.e., the combinations of intrusions in each time interval), together with the 
probabilities of these computational scenarios calculated using a selected 
timedependent Poisson rate constant (Table 2 5 3 )  and the maximum value for the - time-invariant rate constant (Table 254). .. ---% 

Page 24 
- 

Volume 2, Section 13.2, Page 14, Line 26 

"CAMCON controls 75 coda for WIPP Performance hessment. However, the key 
codes BRAGFLO, SECOTPZD, and CWXTINGS are run outside of CAMCON, and 
also probably SANTOS-SANCHO. Does this make CAMCON a general without 
troops?" 

BRAGFLO, SECOTPZD, and CWXTINGS interface to CAMCON through the 
Computational Data Base (CDB). 'Ibis is accomplished through the use of pre- and 
post-processors which extract information or write results to the CDB. The CDB is 
common and available to all models used in PA calculations whether the models 
physically reside within CAMCON or not 



Once codes such as BRAGFLO and CUTT'INGS become stabilized (from a 
conceptual point of view), they will be included within CAMCON. Until then, they 
will remain interfaced to CAMCON so the QA history (information trail) of each 
calculations is traceable. As long as traceability is maintained, it is not clear how 
compliance may be affected. 

Page 24 

Area in documem Volume 2, Section 2.3.2.1, Page 2-47, Line 2 

'The word should probably be 'pyrophoric'." 

The DOE agrees with the comment. 
- 

Page 24 

Area Volumc 5 Section 2321, Page 2-47, Linc 2 

'The second half of this sentence does not make sense. I doubt if the limit is 1% of 
the weight of an empty container." 

The text referred to is incorrect. The correct wording is "1% of the weight of the 
waste padraee? 

Page 24 Vo @2.3.4 . l ,PageIM,YII  

"Zbe frilctile method was used in elidting estimates of actinide solubility. Sewer, von 
Winterfeldt and Edwards (1978) fo: i experimentally that other procedures were 
superior. The use of the fraaile mc .d needs to be justifid." 

.- 



The experimental work reported in Seaver, von Winterfeldt, and Edwards (1978) has 
been found to be flawed with respect to the findings concerning the fractile method 
of elicitation. In the referenced study, the bounds (0th and 100th quantiles) were 
provided to the subjects under the direct assessment regime but not under the fractile 
assessment regime. This difference led to the apparent differences in calibration. 
The more recent work of Hora, Hora, and Dodd (1992) shows virtually no differences 
in calibration between direct and fractile assessments among scientists and engineers 
who participated in the NUREG-1150 study of nuclear power plant safety. Hora, 
Hora, and Dodd point up the mistake of Seaver, von Winterfeld~ and Edwards on 
page 149 of the reprint. 

Hora, S.C., J.A. Hora, and N.G. Dodd. 1992. "Assessment of Probability 
Distributions for Continuous Random Variables: A Comparison of the Bisection and 
Fixed Value Methods," Organizational Behavior Md Human Decision Pr0cwe.s. 
Vol. 51, 133-155. 

Comment DC-15 

.- 
Page 25 

,. 
%. 

&ea in do- Volume 2, Section 23.4.1, Page 2-54, Line 20 

'To use ionic-strength corrected data from Well El3 from Yucca Mountain as the 
medium needs justification There is inacasing doubt at the Yucca Mountain Roject 
that J-13 water is representative of anythink" 

This was the only relevant data we had at the time of the 1992 PA. Research is 
underway to provide WIPP-specific data 

- 
EEG Co-b 



Page 25 

Area in do- Volume 2, Section 2.3.4.2, Page 2-55, Line 4 

'The laboratory measurements of plutonium solubilities and sorption coefficients in 
brines fall short for several reasons: 

other actinides need to be measured; 
solubilities and sorption coefficients in Culebra water are needed; 
for the spectrum of possible conditions, calculations are better." 

In general, the SPM will help resolve this issue by: 

- producing the project technical baseline document which will include 
"project deftiuible baseline data and assumptions". . EEG will be asked to comment on the position paper used to define 
the baseline, which may or may not indude the measurements referred 
to. 

The current actinide source term program contains lab research and model 
development activities that address this issue. .. 

"It is not clear haw the results of the Source Tenn Testing Program will be useful or 
used in performance a~~essment. The current performance asses~ment ws the 
actinide solubility. The IANL experiments give a release rate, rather thaq a-. 
solubility. Tbe LANL release rate will be proportional to inventory. The 
performance rucru~nent department should state how it intends to use the two ' 
different sets of data" 

The current project technical baseline does not rely on solubility limits. *era1 sets 
of possible actinide solubility limits will be considered with the SPM methodology - 

EEG Commentr 



.- sets will include results from source term model development aad data collection 
(LANL) to test the model. 

The compliance PA will use input from the actinide source term model (under 
development) that will include solubility and colloid species, if stable. The LANL 
tests will provide confirmatory solubility and colloid data from actual waste materials. 

Page 25 

Area in d o c u w  Volume 2, Section 2.3.5, Page 2-55, Line 13. 

'The statement is made that at decommissioning, kee brine will not be present within 
the emplacement area Experience over the history of WIPP indicates that brine may 
be present tbroughout the Test Phase and Disposal Phase." 

The statement 'kee brine will not be present within the emplacement area' should be 
replaced with 'some brine will be initially present within the emplacement area' The 

A 
PA conceptual model of the repository treats the amount of this initial brine or water 
content as an imprecisely known parameter and it is sampled as such. 

Page 25 - - I 9  R 
-/ 

Area Volume 2, Section 4.23.1, Page 4-11. Line 11 

"Some 'waste containers' will be composed of organic material? Do such containers 
meet the Waste Acceptance Criteria? 

The text in question is income& AU waste shipped to and emplaced in the WIPP 
must meet the Waste Acceptance Criteria (WAC). Section 32.1.1 of the WAC states 
"Waste containers for emplacement in the WIPP shall be non-~~mbuJtible and meet 
all applicable requirements of 49 CFR 5173.4l2 for I)JPC A pa&p&" Currently, 
no organic containers exist which meet the WAC in additi# tlk TRUPACT-11 
Certi6cate of Compliance section 5(b)(l) states that "Wastes be packaged in 55- 
gallon drums, standard waste boxes (SWB), 55 gallon drums widin standard waste 

EEG C n m ~ ~ ~ t l  2-41 DOUWIPP-95-2053 



boxes, or bins with standard waste boxes," all of which are of steel construction. The - 
55 gallon dnuns may indeed contain an organic poly liner, but currently the Lincr 
must be used in conjunction with the steel drum (the poly liner does not meet Type 
A requirements). 

comment DC-20 

Page 25 

Area in docurn- Volume 2, Section 4.2.3.2, Page 4-13, Line 33 

"All borehole plugs ... degrade into material with properties similar to those of silty 
sand. Why not then plug above the Culebra?" 

The question is partially answered 4 lines later in the same paragaph: "A single plug 
above the Culebra is assumed to remain intact for Scenario El, divening all upward 
flow into the Culebra and maximkhg radionuclide transport into that unit and 
toward the subsurface bouadary of the accessiile emironmeat" (Volume 2, 
page 4-15, lines 6-8). Restricting flow a d  transport to a singIe uuit yields an upper 
bound for subsurface radionuclide release, asJuminO that unit provides the most rapid - 
transport path. 

The question is also addressed in Volume 1 @age 4-6, lines 35-39): "In all three of 
these intrusion scenarios, borehole plugs are assumed to be emplaced and to perform 
so as to maximize fluid flow into the Culebra Dolomite Member of the Rustler 
Formation. These plug configuratio~~~ have been chosen to fadlitate examination of 
the specific scenarios, and do not reflect the most realistic conditions expected." 

Future analyses conducted u part of the SPM will evaluate conditions in which the 
entire length of the borehole is assumed to have the properties of silty sand 
(representing degraded plugs and material which might settle into an open hole). 
Flow will be allowed to the ground surfaa and into stratigraphic units other than the 
Culebra 



Comment DC-21 

Page 25 

Area in do- Volume 2, Section 5.2, Page 5-2, Line 22 

"Prof. Helton's method of calculating intrusion probabilities is not trivial. The full 
explanation is worthy of a journal paper. The brief explanation here raises more 
questions than answers. As a matter of fact, this summary is incomprehensible and 
confusing." 

Res~onse 

The material has been published as a journal article. See Helton (1993). 

Helton, J. C. 1993. "Drilling Intrusion Robabilities for Use in Performance 
Assessment for Radioactive Waste Disposal." Reliability Eqineehg mrd System Saw 
40: 259-275. - 

Page 25 

Area Volume 5 Section 5.2, Page 5-4, Line 16 

"Prof. Hora's algorithm gives drilling rates in units of holes/m?/10000 years, not 
holes/ha/lO,OOO years." 

The Futures Panel provided their judgments in terms of mia. Subsequent calculations 
using the jud- were eMied out in terms of the units provided. Conversion to 
km2 was performed when the output was to be used in the performana as~essment 
calculations. 



Comment DC-23 

Page 25 
X '. 

Area in do- \J'. Volume 2, Section 5.3.2, Page 5-7, Line 22 .. ..., . 

The prior intrusion probability distribution was actually obtained from only the 
Boston Team, one of four Futures panels [sic], consisting of one lawyer, two social 
scientists and one physicist. Note that no one from a mineral-related field is on the 
panel. 

The statement that the prior intrusion probability distribution was obtained from only 
the Boston Team is factually in error. The paragraph referred to deals 
with the findings of the Boston team and not with the findings of all four teams. The 
paragraph from which the sentence was extracted re& 

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-DRILL;ING INTENSITY DISTRIBUTIONS. 

Particularly in light of the following discussions of the findings of the three other 
teams, the assembly and analysis of results, and the listing in Volume 1 @p. 4-8 and 
5-4) of the six times of intrusion (100, 175,350, 1000,3,000, and 72.50 years after 
decommissioning), we do not understand the confusion on this point. 

The material that was presented to the Futures Panel, as well as the written material 
that they received, contained information about resource potential at the site. The 
reasoning behind the make-pp of each team within the Futures Panel was to 
encourage a broader consideration of poasile future societies rather than relying on 
current expl . toy  drilling rates. 



,- 
Comrnea DC-24 

Page 25 

Area in do- Volume 2, Section 7.1, Page 7-1, Line 2 

"For the Bateman equations why not reference Bateman himself?" 

The Bateman equations will be referenced to the original source in future documents. 

DC-25 

Page 26 ,,/-y, 
, . . . *  " a *  

< .. .> .,: 
Volume 2, Section 723, Page 7-1, Line 2 , :  a I , ., ' i  ! 

. . , * s  

"Do you mean biodegradation of organic materials only?" 

- Yes, the 92 PA assumed that gas was produced from 100% of the cellulosics, 50% of 
the rubber and none of the plastic waste. 

CoMnent DC-26 

Page 26 

Puea Volume k' 5 ction 7.6, Page 7-U, Line 3 

'The w of the word compounds here is erroneous. A better word is fluid" 

The phrase in qudcm is "may result in mobilization of dissolved, 
radionuclide-bearing compounds from waste...." 'Ihe DOE agree that "compounds" is 
the wong word. "Dissolved" is also misleading here, because liquids may also 
transport radiormdides in suspended forms. Better wording would be "may result in 
mobilization of radionuclide-bearing fluids...." 

EEG Commmh 



Page 26 

Area in Volume 2, Section 7.6.1.2, Page 7-16, Line 26 

"How is the scaling factor chosen? Who decides that it is reasonable? The same 
% 

questions apply to the choice of A,, ,, and b in (7-14). Where are the results o 
climate change shown?" 

\ I 

ResDonse 
i 

2. 
The SPM will assess the system sensitivity to climate change. Documentation of the 
application of climate change in the 1992 PA is complete, and references are 
provided below. 

The scaling factor g is chosen to ensure that for the &mum value of A, heads will be 
approximately at the elevation of the spill point of Clayton Basin, in the hypothesized 
recharge area consiWt with the confined-aquifer conceptual model used in the PA. The 
decision to limit future heads to this elevation was mPde by WIPP PA amlysu, and is 
discussed in Section 6.4.1 of Volume 4 of the 1992 PA. V a l w  for other t a m s  in 
Eq. 7-14 an d i s c 4  in a memorandum by SwiA in Appmdix A of Volume 3 of the 
1991 PA (SAND91-0893/3), and an also divwcd in Sectioa 6.4.1 of Volume 4 of the - 
1992 PA. Note that Eq. 7-14 is not in- to prrdict future climate Vprinbility: ntha, 
it is designed to permit ewnining system sensitivity to uncerhty in climatic change. If 
system-level sensitivity wanants, diffmnt values for all climatic panmercrs can be 
considend. 

Results of climatcchange modeling in the 1992 PA ue pnsentcd in Section 6.5 of 
Volume 4 of the 1992 PA. They an also rrportsd by Swift et 11. (1994). 

Additional analysa of climate change an included in ongoing thrrcdimarsod r e g i d  
groundwater flow modeling. 

Swift, P. N., B. L. Baker, K Economy, 3. W. Guaa, J. C. Heltoa, and D. K. Rudeen. 
1994. I n c o m  LontTmn CIimou Cfurngc in Pcrfbllllolujc Assurmnrfir the W e  
I ~ ~ l C r r i ~ n  Plbr PYoru. SAND93-2266. ALbuquaq~e, N M  SMdir N & d  LPbontories. 



Page 26 

Area in docurneN Volume 2, Section 7.6.2, Page 7-18, Line 26 

"The numerical model for solute transport is 2dimensional. The conceptual model shown 
in Figure 7-4 is 3dimensional." 

We agree that the statement on lines 5 and 6 of page 7-18 incorrectly implies that the 
conceptual model is two-dimensional. The correct point is that a two-dimensional 
numerical model is used to represent a three-dimensional conceptual model. The vertical 
(z) direction is introduced into the transport model by incorporating molecular diffusion 
of solutes in the vertical direction. (See equations 1.4.61 and 1.4.6-9 of Section L46 of 

xC .. 
Volume 3 of the 92 PA). 

Comment DC-29 - 

Page 26 

- &a in d- Volume 2, Section 7.6.2, Page7-22, Line 13 

"In a fracture, clay particles are unlikely to be regularly packed as in a crystalbe lattice. 
There are ways to analyze random packhg but we fail to see why it is necessary. The 
result in (7-22) is different from (7-21) by a &tor of d 3 .  Because there is linle 
justification for (7-22), why not just use (7-21): 

We disagree that there is little justitication for (7-22); the quation 7-22 apptoximatcs the 
retardation potential of day particles packed in a fnctun. Equation 7-21 is for the 
retardation f h m  111 utlfiUed fncturc. 

.A 

EEG Cnmmropl 



Commenl DC-30 

Page 26 

Area in d o c u m  Volume 2, Section 7.1, Page7-1, Line 7 

"N, here is the number of atoms of radionuclide I, not the activity. The activity of I is 
s,.' 

Correction accept&. 

Comment DC-31 
Page 26 

in doc- Volume 3, Section 1.2, Page 1-8, Line 9 

"In the upper right plot in Figure 1.2-1, why is the medianlmean of a normal distribution 
0.500001?' 

This is a typognphial m r ;  mean and mtdian are the same for a normal distribution 
and both should be 0.5. 

Comment DC-32 

Page 26 

Volwne 3, Section 1.4, Page 1-24. Line 43 

"In quati011 (1.4.1-9b) and eq. (1.4.1-11). the bii  dot uscd &re for multiplication is 
confusing,~itisnotnecdcd. l%cdotisucedonthepnvi~~~twopaguonlyforthe 
dot product.' 

Reswnse 

Comment accepted. 



h 
Comment DC-33 

Page 26 

Area in d o c u m  Volume 3, Section 1.4.4, Page 1-34 

"....present equation (1.4.4-10) and explain that Cdi is treated as a known constant." 

Responsg 

Comment accepted; but "two page" development shows generality of PANU. (i.e., what 
it is capable of doing, not just what was done in 1992). 

"Same comment on the big dot." 

The "big dot' in this case d a s  m a n  dot product since the quantity K u a tensor. 

Engineering lare is not defined on p. 1-13. In this oue, the source is a r c f d  journal 
paper, which may well be nm-WIPP Litaatun Data.' 

Another editorial error: the parenthetical phnue 'mgiaeaing lare' should have ktn 
deleted in the lkd draft of this rrport. 

EEG Commatr 



Page 26 

Area in document Volume 3, Section 2.6, PageZ-78, L i e  14 

The equation here does not make sense, and the definition of probability is not proper. 
For x as a random variate, try 

h We disagree. This formula correctly represents the CDF if the unit step functq  is 
delinedas U(y) =Oify<O; U(y) = 1 i f y 1 0 .  

f 

Page 27 

Aria Volume 3, Section 2.6, Page 2-83 
.? 

"Why is the median given here not equal to the median given on the previous page, line 
13?" 

This is a typographical quotcd in line 13 of pg. 2-82 should be 0.139, 
not 0.145. 

DC-38 

Page 27 
L 

"This is a curiau tabk. The range of parfition coefficients extends to a region of no 
significance. One om calculatt the lowest vlluc of & which will giw a positive . . 
coefficient using the [giwn] equation and data . Exvntluhon of this table spys none of 
the nuclide's median partition coefficient will give a positive retardation. Why both& 
Just forget retardation.' 

WE/WIPP-95-2053 2-50 EEG Comments 



The conclusions drawn in the comment are incorrect. The equation presented in the 
Comment is in error. The proper equation is Equation 1.4.68 on p. 1-42 (Vol. 3) of the 
92 PA. Thls equation reduces to: 

Any value of K, greater than zero will yield retardation greater than one. AU of the 
ranges and medians given in the table produce positive retardation. 

Comment DC-39 

Page 27 

Area in document Volume 3, Section 3.3, Page 3-22, Table 3.1 

'A more correct term for 'activity conversion' is specific activity.' 

The suggested editorial change wiU be made in future documa~ts. 
..- 

Comment DC-40 

Page 27 

Area Volume 3, Section 3.3, Page 3-24 

"The Tub& ofisowpcc gives the half life of Pu-239 as 7.61 x 10L1 r " 

The Chnn #the Eirrclihs gives the half life of Pu-239 as 2.41 x 10' years, which 
converu to 7.60 x 10" s. The most r a m t  value for this panmeta wiU be used in future 
documents. 

EEG Commmb 



Page 27 

Area in document Volume 3, Section 3.4.2, Page 3-67 

"Please identify the source given an 'input to the 1W IDB'.' 

The generator sites provide input data to Oak Ridge which were used in their compilation 
of the Integrated Data Base. Those input data are not independently published. 

Comment DC-42 

Page 27 

Aria Volume .3, Section 4.2, Page 4-6, Line 7 

'Certainly this refen to a regular borehole. Howmr, Figure 4.2-2 nfas to changes in 
permeability as a function of 'time after intrusioa. This legend cMwt be coma. 
Should it be time after sealing?' 

On time scales of thousands of yeam, the diffaence betmcn the "time of intrusion" and 
the "time of borehole sealing' is negli.&le. 

Comm*lt DC-43 

Page 27 

k&hhmnW V o l w ~  3, @ 4-6, ll 

"Surely the coaaac plugs do not have initially the pameability and porosity of silty 
sand. On p. 3-14, the pameability of concrete is given as 2.7~10" d, whae the 
permeability of silty sand has a median value of 3.16x10W.' 



The PA assumptions are shown in Figure 4.2-2; in that figure, borehole permeability 
increases from initial values from approximately 10" to 10" ma to final values of 
approximately 10" ma at 150 years. 

Comment DC-44 

Page 27 

Area in document Volume 3, Section 4.2.1, Page 4-4, L i e  38 

"Reference is made that the New Mexico Energy, Minerals, and Natural Resources 
Department, Oil Conservation Commission is the state agency responsible for negotiating 
plug and abandonment specifications and conducting inspections. The Oil Conservation 
Commission has not performed this function since 1978. On March 31, 1978, Division 
Order No. R-5709 established the Oil Consavation Commission remaining in name as an 
appellate board. Many people in the industry stil l refer to OCD as OCC, but that is not 
technically correct.' 

A Comment acknowledged. 

Commmt C1 

"Sensitivity and uncertainty analysis identified that solub'itiu and retardation 
coefficiencies arc the most important variables amendable to additional site or lab work. 

The EEG objects to the use of subjective utimatu of so1ubilitiu and retanlatiion 
coefficients. 

Cumnt 'expert' estimated solubiitiu span some 10'W. 

The sensitivity to solubilitiu is actually sensitivity to the source term. 

The rolu of the LANL Souroc Term Testing program and Nvuremenu of 
thermodywnic solubi l i i  in PA ye not clar.' 

EEG Co- 



The current actinide source term program is developing experimental solubility and 
colloid data that will be related to PA through the actinide source term model. The 
LANL tests will be used to build confidence in the predictive capability of the model. 

"Analysis of undisturbed repository performance shows significant potential for gas 
fracturing of anhydrite layers. 

Even without fracturing, with anhydrite permeability near mean values and the 
availability of water, there will be gas flow to the disposal unit boundary. 

- % 

Current analysis show that seals are not effective gas movement barriers. , 

'\ 
Thae is a need for true multi-phase transport modeling, not currently done 
(SAN1)924700, V; p. 4-2): 

Multi-phase ansport modeling of VOCs and rPdioaucliQ in the Salado f~rrmti& arc - 
being studied which can interface with BRAOFLO, i multi-phase flow code. The model 
VAST simulates gu phase transport of VOC! ladthe .kkl NUTS simulates brine phase 
transport. This should give the DOE the abiity tow multi-phase flow and transport 
proctsscs. As discussed in EEG question M I 4  the deletcroua effects of gas generation 
and possible fracturing arc rrcogni?ed. Also note expdimental programs in the lab and 
in the field are quir ing data to kacr assesr 2-0 flow. 

Comment C3 

'Sensitivity and lnrcertzinty Pnnlysis identified that tho followinp sampled variables are 
N m i n t h e b l p 5 i n ~ :  

CuLbR tnuumiuivity fields 
Corrrnsibe in fncturcs 

Do not waste m y  with additional pbldia.' 

ResDonr 

Importance of these topics will k examined in the SPM. 
h 

EEG Commma 



(Restatement): Documentation of computer codes is not available. Reviewen need 
documentation on discontinued ar, well as current codes to properly assess the WIPP. 

Documentation of all computer codes necessary for compliance is in progress and will be 
included in the compliance application package. 

Complete documentation of all WIPP performance assessment models and codes 
necessary for compliance will be completed by the end of September 1995 or shortly 
thereafter. 

(Paraphrase): We are much more concerned about the use of subjective probabiities in 
human intrusion analysis. While we agree that human judgment is the only method of 
estimating thuc probabilities, we question the art and scimce uscd in volumes 1, 2, 
and 3. 

This quotation summarizes our view on 'expert judgment'; 
IL- 

"Expert judgments are not statements about nature but about beliefs. Nor an they 
statements which can be extrapolated to a larga popYtntioa of mats and beliefs. 
Therefore, while there is a chance that collclusions based on an upert judgment may be 
true about the world, it is not a good idea to say so because tbue is no justification in the 
method which allows this (Fleming, 1991).' 

The Use of Expert Judgment u It Relatu to the Considentioa of Inadvutmt Humaa 
Intrusion and Passive Institutional Conhds 

Within the conrpinmnt rqukmcnts in 40 CFR 191.13, the EPA Jpedfies that 
performana auusmcnts will consider 'all siOnifiant events and processes that may 
affect the disposPl system'. Human intrusion is one such evmt that could potentially 
affect a dispad system: 

"The most speculative potential disruptions of a mined galogic r r p o s i t ~ ~ ~  are b s ~  
associated with inadvertent human intrusion.' 

.-. 
EEG Commmu 



40 CFR 191 also places the consideration of human intrusion in a probabilistic sense by 
specifying the probabilities with which cumulative relearn may occur: 

"...cumulative releases of radionuclides to the accessible environment for 10,000 y a n  
after disposal from all significant events and processes that may affect the disposal system 
shall: (1) Have a likelihood of less than one chance in 10 of exceeding the quantities 
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 
(Appendix A). ' 

The nature of potential human intrusion is that it is aok guaranteed to happen. Thus, it is 
possible to intervene to impact human actions. 40 CFR 191 addresses the uncertainty of 
actions and the possibility of intervention in the following manner: .+ 

"To provide the confidence needed for long-tam compliance with the requircm~ts of 
191.13. diwsal  of m n t  fuel or high-level or transurrnic wastes shall be conducted in 
accordance-with the following pro&ons [the assurance requirements, 40 CFR 191:i4] 
. . . (c) Disposal sita shall be designated by the most pamancnt markas, records, and ' 
other passive institutional mtrols  practicable to Miate the dangers of the waste and 
their location.' 

Guidance in A p d i x  B of 40 CFR 191 wgpsfs that information about the c~wequmas 
of actions constitutes an intervention and will couw a change in behavim - 

"FuRhennorr, the implementing agencies cm vsumc that pwive 
institutional controh or the intndcrs' own a p h t o r y  procedurrs an 
adequate for the intrudas to soon detect, or k w a n d  of, the 
incompatibility of the area with their rtivitia.. 

and; 

"nKpA]wumcstht,pslcmgpssuchpYiveiastitutional~llllroh 
endure and an undustood, they: (1) cm be e&etive in detarhg 
systematic a paristmt exploitation of thcse disposal sim; lad (2) an 
d u c e t k l i l a l i h o o d o f ~ t ,  inrmnitmthumrnintnuiaatoa 
deqne to be detamined by the implementing sgeacy.' 

"Detcnnining compliance with 4 191.13 will llso involve predicting the 
likelihood of events and processu that may disturb the disposal system. In 
making these various pndictions, it will be ippropri?te for the 

---r 



implementing agencies to make use of. ..prevalent expen judgment relevant 
to the numerical predictions." 

Further guidance from the EPA in Appendix B indicates that the DOE, as the 
implementing agency: 

"...should consider the effects of each particular disposal system's site, 
design, and passive institutional controls in judging the likelihood and 
consequences of such inadvenent exploratory drilling." 

and; 

"In fact, sole reliance on these numerical predictions to determind 
compliance may not be appropriate; the implementing agencies ma$ $oose 
to supplement such predictions with qualitative judgments as well." 

This text suggests a dual realization (1) that existing information or information that is 
being developed that is pertinent to performance vscssments must be considered, and can 
be of use even for .complex issues such as human intnuion and passive institutional 
controls, and (2) that the human mind is the but tool for assimilating information and 
producing judgments. Expert judgment is particularly suited to examining expaimam1 
or observational data collected unda conditions or for pupom diffcrmt from thoat of 

C 
current interest, and for where the data and information arc not available exactly in 
terms of traditional laboratory experiments or arr from disparate sources. Such uprt 
judgment does not create information, but is a synthesizing process to provide meaningful 
input for current requirements. 

Absent guidance from the EPA as to a set future to assume, and relying on EPA guidance 
in Appendix B of 40 CFR 191 for calculations involving human intrusion, performance 
assessments for the WIPP have addressed this issue. In light of the importvla of human 
intrusion in performance-assessment calculations and the inability to conduct experiments 
relating to future societies, the SNL WIPP Project has deemed it appropriate for the 
WIPP to consida the input of individuals ( i t  of the Project) whose exprience 
and expertise arc involved in examining human acticms, history, trends, technology, dc. 
Without outside, independent judgments, assumptions made within the Project might have 
been called into question. This was done to ensure that judgments mn objective with 
respect to c o m e .  While the upat judgment pr#.ess was undertahn to address 
human intrusion in the most adequate means practicable, it was done so with the 
knowledge that any attempt to quantify the rtions of possible future sodctiu is 
incomplete and hught with controveny. 

The consideration of potential future societies is important not only becaw of the need to 
consider the frcqumcy of inadvertent human intrusion in p e r f o r m  m t s ,  but 
also for the benefit of thinking broadly when considering how to attempt to communicate 



with humans o v a  the 10,000 year period of regulatory concern. The consideration of a -. 

broad range of motivations for capabilities of inadvertent human intrusion can be 
instructive as a base for setting "with whom" one may be uying to communicate. This 
was, in fact, one of the motivations for convening an expert panel to a d d m  future 
human intrusion. This broad thinking on human intrusion became input for a second 
expen panel charged with addressing the need for m a r k s  intended to communicate the 
dangers and location of the wastes. 

Performance assessments for the WIPP will continue to be conducted in accordance with 
the requirements of 40 CFR 191 and the EPA's accompanying guidance. Any new 
guidance from the EPA would be implemented in the WIPP performance assessm 
calculations. , 

comment P2 

"The 1992 Performance Assessment shows compliance with the EPA standard under 
various conceptual models 0. Fig. 5-6, p. 5-14).' 

"Would then be compliance if the intrusim probPbitiu of 1991 were used?' 

"Differences bmwu~ 1991 and 1992 m: n 
A subjectively elicited in 1992 

A = 0, for t>2000 years in 1992' 

This comment does not raise technial or rrOulPtoy iwa. 

Both the 1991 and 1992 PAS wae preliminary, and show neither complivlce nor 
noncompliance with the EPA SIPndPtd. Ik' 

. .. ofcompliancewillkbesedona 
compliance ipplirotioa. 

&ults wen prrsarted in 1992 repvltely using both subjcaively elicited functions for A 
(the "timcdcpendent A case') and the same time-invariant constrdon used in the 1991 
PA (the 'umstant A case'). 



- Lambda was assumed to be equal to zero after 2,000 years only for subsurface releases. 
Cuttings releases at the surface from intrusions were calculated for the full interval from 
100 to 10,000 years (see Figures 5-1 and 5-2 in Volume 1 of the 1992 PA). 

Comment S 1  

"As a reminder, the assumption of 100 yr of administrative control in which no drilling 
intrusion can occur is equivalent to assume that X(t) = 0 for O< t<  100 yr." 
SAND92-070014, p. 2-19, at 49. 

"...drilling intrusions assumed to be zero after 2000 yr." SAND92-0700/4, p. 2-19, 1. 3. 

"EEG objects to asiuming away the problem." 

Decisions about the probability of drilling during the fint 100 y a n  after 
decommissioning may be reevaluated whcn additional guidance is available from the 
EPA. 

It is correct that, for the purpose of calculating subsurhcc releasu, the auumptioa that 
no intrusions occur after 2000 yr was made in the 1992 PA. Cuttings rclaues mre 
calculated for the full interval from 100 to 10,000 yam. Thc 1992 PA was pnlirmnary, 
and results were not intended to be used as the basis for a cornpliana decision. 
compliance application for WIPP will not be constnined in this manner. 

Commcnt S2 

"The analysis of CUTl2NGS rrl*ue is elegant. However, the effect of spaUation of 
waste panels is not yet analyzed. 

Momver, the curra~t cuttings analysis assumes perfect blowout pmmOen d g  
immediately. 

Drilling pnctia through 1982 included relase of brine at the nrrfre wharcvez 
pressurized Clstile brine ~scivoin w a e  encountered. See Table I.' 

The DOE is cumntly investigating the issue, d it will be iacludd ia the SPM. (See 
EPP 5.4.3) 



The effects of spalling are being examined by the DOE (EPP 5.4.3), and will be included - 
in the SPM. Flow of brine to the ground surface during drilling, with and without 
blowout preventen, may also be evaluated h the SPM. 

Comment S3 

"The EEG reiterates that the following scenarios need attention. 
Removal of miracle plugs and seals 
Brine slurry discharge to the surface 
Subsidence from potash mining 
Criticality" 

The DOE is currently investigating each of these issues except for brine slurry formation, 
and they may be included in the SPM. 

Modifications to the rtntigraphic concephlllintion used in BRAGFLO have been made 
since the 1992 PA that wiU allow simulation of borrhole flow without the arbitrary 
perfect plugs above the Culcbra. 

Effects on groundwam flow of subskhz related to pot& mining wi l l  be examined in -_ 
the regional -od flow modelinp (EPP 5.1.1.2). 

The likelihood and consequence of criticality within the disposal system is m t l y  under 
investigation (WBS 1.1.6.2.1). 

Armstrong, J.S., W.B. Dennistoa, and M.M. Gordoa. 1975. The Use of thc 
Decomposition Principle in Making Judgma~ts; Ogonizon'onol &hovlor and Human 
Pe#orm~ll~e. Vol. 14. 257-263. 

. . 
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Cook, R.M. 1991. Experts in Uncem&y: &pen Opinion und SubjccriVr Rvbabfliry in 
Science. Oxford, UK: Oxford University Rcsa 

-, 

EEG Commmo 



- Electric Power Research Institute (EPRI). 1986. Seismic Hazard Methodology for the 
Cenrral and Eastern United Stares, Vol. 1. Merhodology. EPRI-NP-4/26. Palo Alto, CA: 
EPRI. 

Hon, S.C., N.G. Dodd, and J.A. Hora. 1983. "The Use of Decomposition in 
Probability Assessments of Continuous Variables,' lk? Journal of Behavioral Dccision 
Making. Voi 6 ,  133-147. 

Hora, S.C., J.A. Hora, and N. G. Dodd. 1992. 'Assessment of Probability Distributions 
for Continuous Random Variables: A Comparison of the Bisection and F i  Value 
Methods,' Organizarional Behavior ak i  Hwnan Dccision Procasa. Vol. 51, 133-155. 

MacGregor, D., S. Lichtenstein, and P. Slovic. 1988. "Structuring Knowledge 
Retrieval: An Analysis of Decomposing Quantitative Judgmmtp.' OrgMizM'onal - - - 
Behavior and ,'im& Decision ~&esses. Vol. 42, 303-323. 

W i e r ,  R.L. 1%7. "Quantification of Judgment: Some Methodological Suggestions,' 
Journal of thc American Statistical AssocicUion. Vol. 62, 1105-1 120. 

- 

Huyakorn, et al., Water Res. Res. Vol. 19, No. 3, p. 841, June 1983. 

Roache, P.J. 1993. "The SECO Code Algorithms for Groundwater Flow and ..-. Transport'. Finite Elements in Flrcidr. Morgan, K., Ofiue, E.. Puiaux, J., and 
Zienkiewicz, O.C.. eds. Pinaidge Prcss. 1993. 

Salari, K., P. Knupp, P.J. Roache, and S. Steinbag. 1992. TVD Appih  to 
Radionuclide Transport in Fractured P o r n  Media. Nwnaical Methods in Watp. 
Resources: M International Confetrnce on Computationai Methods in Water Resources. 
Denver, Colorado, 9-12 June 1992. 

Roache, J.P., P.M. Knupp, S. Steinbag, and R.L. B W .  1990. Exprience with 
Benchmark Test Cases for GZMIILdwatcr Flow. B m h a &  Tut C4tcsfor Complwn'onol 
FluidL?yIrcrmiCS. Celik, I .  d Frritas, C.J., &. 
Roache, P.J. 1993. The SECO Suite of Codes for Site Performance Assessment. 1993 
International High-Level Radioactive Waste Management Confaenc~, AM 26-30, 1993, 
hi Vegas, Nevad8. 

Roache, P.J. 1992. Computational Fluid Dynamics Algorithms Develaped for WIPP 
Site Simulations. IX International C o n f ~ ~ l c c  of Computational Methods in WVtr 
Resouras. DUIVK, Colorado, 9-12 June 1992. 

EEG Commmu 



Roache, P.J. 1991. Computational Fluid Dynamics Algorithms and Codes Developed 
for WIPP Site Simulations. Compuran'onal Mechanics. Cheung, k, and Leung, eds. - 
Balkema, Rotterdam. 199 1. 

Trauth, K. M., S. C. Hora, and R. V. Guzowski. 1993. Espen Judgment on Markers 
to Deter Inodvenenr Hwnan Intrusion into the W a t e  Isolarion Pilot Plant. 
SAND92-1382. Albuquerque, NM: Sandia National Laboratories. 

Helton, I. C., and J.  I. Iwzolino. 1993. "Construction of Complementary Cumulative 
Distribution Functions for Comparison with the EPA Release Limits for Radioactive 
Waste Disposal.' Reliabiliry Engineering and System Safry . Vol. 40: 277-293. 

Helton, I. C. 1993. 'Drilling Intrusion Probabilitiu for Use in Performance Assessment 
for Radioactive Waste Disposal.' Reliabiliry Engineering and System SCJefy . Vol. 40: 
259-275. 

Swift, P. N., B. L. Baker, K. Economy, J. W. Garner, J. C. Helton, and D. K. Rudeen. 
1994. Incorporating Long-Tenn Climare Change in Performance &CFSrnCNfor the W a t e  
Isolurion Pilot P h .  SAND93-2266. Albuquerque, NM: Sandia National Laboratories. 

- 

EEG Commmtr 



Page 1 

Initially, it is unfortunate that the 1992 PA contains no analysis of the performance of 
the proposed repository based on alternative engineered barriers and waste form 
modifications. DOE has an obligation to make an informed selection among engineered 
alternatives, such as cementation, vitrification, shredding, supercompaction, incineration, 
improved containers, various bacldill materials, melting and possible removal of metals, 
waste loading configurations, disposal room configurations, and the Wre. An informed 
selection requires careful study of the benefits of alternative engineered barriers and 
waste form modifications. 

The DOE agrees on the benefit derived from such a study. An engineered alternatives 
benefit/detriment analysis is currently underway. This study will analyze possible 
alternatives such as those listed above and evaluate enhancements to performance with 
system-wide impacts. The results of this study wiU be complete late in fiscal-year 1995. 
This study wiU allow an informal selection of alternatives to the extent such alternatives 
are needed to comply with the performance standards. 

- AG-I2 

Page 1 

An objective release rate standard should be applied to such modifications (see 10 
C.F.R. #60.113), in addition to the CCDF. 

This comment suggests the aeation of a regulatory standard not currently in effect for 
the WIPP. The DOE believes that the current regulatory standards provide adequate 
protection of human health and the environment. 

The precise form of such analysis raises further issues (s what assumptions should be 
made as to future states and the nature of future human intrusions?) The PA is 
incomplete without such an analysis. 

-. 
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The WIPP Project anticipates that 40 CFR 194 will provide guidance for assumptions on 
future states and future human intrusions. 

Comment AG-I4 

Page 1 

Further, the PA contains no analysis of the performance of the WIPP site as compared 
with the performance of a site located outside a resource zone and, thus, not vulnerable 
to likely human intrusions. DOE should carry out a comparative analysis of one or more 
hypothetical sites to assess the disadvantages of the resource-rich WIPP site. 

By nature, a comparison of alternative sites should be qualitative. The PA report is not 
inherently dmipwd to pefform this type of analysk. The site selection procev has 
already considered such alternative sites as Jpecified in the Assurance Requirements of 
40 CFR 191, specifically, the resource disincentive requirement. DOE/WIPP 91-029, 
Revision 1 states that: 

h 

......by comparison of the overall protection afforded by one site to the overall 
protection of another, for purposes of compliance with §191,14(e), should be done 
on a purely qualitative basis. [The RDR] is a preliminary siting criteria Thus, its 
primary purpose is to distinguish between potentidy acceptable and potentially 
unacceptable sites. It is then the purpose of the containment requirements, the 
other assurance requirements, the individual protection requirements and the 
groundwater protection requirements to determine the ultimate acceptability of the 
site as a disposal system for radioactive wastes. 

The results of thia compPrison conclude tha! the favorable features of the WIPP are 
reasonably upected to ofbet any enhanced risk of human intrusions asJodated with 
resources. 

Department of Energy, 1991. ImprcmcnMion of the Rccaucc Didncmrive in 40 CFR P m  
191.14 (e) at the Wrrrte lrdotiopl Pilot P&u. DOE/WIPP 91429, Revision 1. Carbbad. 
New Mexico. 

--, 
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1. Scenario selection: 

This subject is primarily addressed in the 1992 PA in v. 2 ch. 4, which in turn refen to 
the 1991 PA (1992 PA V. 2, 4-4; 1991 PA, v. 1, ch. 4). The 1992 PA says that the 
process of scenario screening will be reexamined when the disposal regulation, 40 CFR 
191, is repromulgated. (1992 PA, Volume 2, p 4-3). The screening process should also 
be reexamined when EPA issues its compliance criteria, 40 CFR 194. In such 
reexaminations the following should be considered: 

Screening as now practiced employs the criteria of (a) low probability, (b) physical 
reasonableness, (c) small consequence, and (d) regulatory limitations. (1991 PA, 
Volume 1, p. 4 -12). In general we h d  that certain scenarios, once selected, have been 
screened or eliminated on bases that are not adequately explained in quantitative terms. 
We note in particular: 

a Erosion, sedimentation, flooding, mass wasting, glaciation, and sea level changes 
causing releases arc excluded as not physically reasonable on the premise that climate 
changes in the ncit 10,000 years will be within the ranges of conditions occurring within 
the past 10,000 years (at 4-14, 4-15,4-18,419). Comments submitted to the EPA by 
Prof. Roger Y. Anderson (March 16, 1993) point out that the past 10,000 years have 

- been extremely dry in comparison with the average of the past 800,000 years. During at 
least half of the next 240,000 years climatic conditions are expected to be Jigaificantly 
wetter than at present. Past changes in precipitation and streamflow in the area have 
involved brief and strong climate episodes departing greatly from average climate. Thus, 
the assumption of average climate %?pears to be inappropriate, and these scenarios 
should therefore be reexamined for mclusion 

These events and processes have been reconsidered in the current scenario screening 
work The observation here that each has the potential to be effected by climate change 
is correct. Howcper, even assumhg climatic changes during the next 10.000 years 
equivalent to the mast extreme climates of the last two million years (an improbable 
assumption), noae of these events and processes will effect disposal system performance. 
Arguments supporting these assertions will be provided for review with the 
documentation of the scenario development work 

The concern raised by Rof. Anderson in his letter to the EPA was not that the WIPF' 
Project's approach to treating climatic variability during the next 10,000 years was 
inappropriate, but rather that the EPA should consider a regulatory period longer than 
10,000 years. In h i s  regard, both Prof. Anderson and the New Mexico Atto- 



General's Office are proposing the creation of a new regulatory standard for radioactive -. 
waste disposal. 

Page 2 

Pluvial periods are retained for further consideration. (1991 PA, Volume 1, p. 4-15). 
We note the fact and look to future performance assessments for analysis. 

Climatic change is retained in the scenario development work for inclusion in 
consequence analysis. 

Page 2 

Magmatic activity is exduded on the basis of physical unreasonableness, with the 
explanation that a mid-Tertiary dike system within a zom of crustal weakness was not -_ 
followed by similar magmatic formations during Pliocene-Pleistocene uplift and 
fracturing (1991 PA, v. l, 4-23). The 1991 PA condudes that "a change in the geologic 
procesJu at this location has occu~red" Such u r p l d o n  is entirely too condusory; a 
coherent factual hypothesis is required 

Work is in progress to develop a d a e n t  basis for the screening magmatic activity out 
from further consideration in pertonuance This work will be documented 
in a future version of the sanuio dmlopment position paper. l b r e  is no reason to 
suspea that cviduxc will be found i .  that magmatic activity could be of 
suffiaent pmbebility or amsequence to warrant inclusion in scenario development 

-..- Page 3 AG1d (+I 
- u 

Deep dissolution is said to be part of the base-case scenario, insofar as it concerns 
disJolution along the Salad+Rustier contan (1991 PA, v. l,4-27). It is not 



demonstrated how deep dissolution is incorporated into the modeling of base-cae 
r- performance. 

Dissolution along the Rustler-Salado Contact Zone is treated in both the 1991 PA and in 
the current scenario development work as shallow dissolution, rather than deep 
dissolution (see 1991 PA, Volume 1, p. 4-25 through 4-28). In the 1991 PA, shallow 
dissolution was retained for inclusion in the base case because it is an ongoing process. 
The current scenario development work concurs that shallow dissolution is an ongoing 
process in the region, but screens it out from further consideration on the grounds that 
there is a low probability that its occurrence during8&en.F;t 10,000 years can affect 
system performance. /'" 

1 F 
': 
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The discussion of human-iaduced explosions state that seismic effects on the source term 
or the disposal system are likely to be addressed &thin parameter uncertainty during 
modeling, (v. 1,432,432). It should be demonstrated that in fact this will be done. 

Current scenario development work recognizes three categories of future human-induced 
explosions that could potentially affect the WIPP: explosions for resource recovery, 
underground nuclear testing, and acts of war. Explosions for resource recovery are 
considered to be of low consequence because liquid or gas resources suitable for 
recovery through fractures are not found at the repository horizon Underground nuclear 
testing is presently retained for further consideration, although work is in progress to 
prepare a screening argument based on low probability. Acts of war are screened out on 
the basis that they are beyond the scope of the regulatory requirements. Parameter 
uncertainty analyses of tbe consequences of explosions wi l l  not be performed unless 
screening arguments indicate that explosions require further analysis. 

8 ' * 
GQnuwu AGlf 
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The limitation of the type and amount of human intrusion to be considered is said to be 
based on the guidance in Appendix B of the 1985 version of 40 CFR 191. That guidance 
will be supersede by the forthcoming EPA compliance &ria, 40 CFR 194. Thus, the 
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nature of intrusion to be considered must be reconsidered based on forthcoming EPA ---i 

pronouncements. Funher, even following the 1985 guidance, it is not accurate to state 
that each of the Futures Panel teams estimated future drilling densities substantially 
lower than 30 boreholes/km2 in 10,000 years (1991 PA, v. 1, 4-33). The Boston Team, 
for example, developed a conditional distribution for the average number of boreholes 
per square mile per 10,000 years, ranging from 12.45 to 1992 boreholes/mia (SAND 90- 
3063, at N-15). In addition, to consider potash and natural gas as the only two 
resources with economic potential at the WIPP (at 433,438) ignores the substantial oil 
resources in the area (See EEG 9/93 Comments; Implications of Oil and Gas Lases at 
the WIPP on Compliance with EPA TRU Waste Disposal Standards, EEG-SO (June 
1992), at 13). 

Drilling ptobabilities for use in a compliance application will be reevaluated foUowing 
promulgation of 40 CFR 194. 

With regard to the observation about the drilling rates estimated by the Boston Team, 
the appropriate informati6n is given in Table IV-14, on page 1'-16 of Hora et al, 1991 
(SAND9@3063). Table IV-l3, on page IV-15 of Hora et d. (1991). is an intermediate 
step in the analysiP and was induded as an cxample demonseating the methodology 
used. Table IV-l3 does not represent the conclusions of the Boston Team. As the 
reviewer notes, the probabilities given in Table IV-l3 are conditional: in this case, on -. 

the certain occurrence of a particular set of future states that the Boaton Team believed 
were in themselves unlikely. 

Hora, S.C, D. von Winterfeldt, a d  KM. Trauth. 1991. Erpcrr Judgemmt on ZMdvertent 
Humcm Inbudon into the Waste I .  Pilot Pkmt. S-3063. Albuquerque, NM: 
Sandia National Laboratories. 

Human intrusion of various types must plainly be considered in applying the containment 
requirements. The 1991 PA utdudes mining intrusions at the WIPP site based on the 
1985 EPA guidance (1991 PA v. 1,443). We disagree that the EPA guidana excludes 
this scenario. Agaia, this uchuion must be reconsidered based upon the compliaace 
criteria. We note that mining beyond the area of the waste panels is retained for --. 



I- 
scenario development (1991 PA, v. 1, 4-35) and anticipate that future PA's will evaluate 
such a scenario. 

Current scenario development work retains potash mining within the controlled area for 
further consideration. This decision will be reconsidered as appropriate following 
promulgation of 40 CFR 194. ,.+ - 

(lomment AG-lh 
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Injection wells are also said to be limited in their PA consideration by the 1985 guidance 
(1991 PA, v. 1,437). This scenario is not excluded even under the 1985 guidance, and 
Futures Panel team were unable to estimate its probability (1992 PA, v. 2, 5-7). The 
scenario must also be reassessed based on the forthcoming compliance criteria. The PA 
statement that injection wells can be excluded based on lack of consequence (1991 PA, V. 

1,437) must be reconsidered in light of the demonstrable widespread effects of well 
injection in the course of secondary recovery iif hydrocarbons typical of the Delaware 
Basin. 

Current scenario development work retains injection wells for further consideration in 
the PA Injection of fluids for enhanced recovery of hydrocarbons or waste disposal is 
highly unlikely to occur directly into the Salado Formation or overlying strata However, 
injection wells have the potential for some fluid to enter these strata inadvertently 
througn faulty well casing and hence might aEea disposal system performance. n 

Page 4 L' 
The statement is made that withdrawal we& within the repository area are excluded by 
the 1985 guidance (1991 PA v. 1.437). It is not at all dear that the drilling and 
operation of oil or gas withdrawal wells would be deemed a more "severe" intrusion 
scenario than exploration wells. Further, it is stated that water well emplacement is 
retained for scenario development (event W), and we look to future PA's to analyze this 
scenario. EEG has noted that the TDS concentration in the H-L well referred to hovers 
close to 10,000 mg./l. EEG Preliminary Comments on 1991 Performance Assessment 

I -  
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("EEG 8/92 comments"), at 24). Moreover, water wells may be drilled in the future for 
purposes other than obtaining potable water. 

Wells drilled for any purpose (including withdrawal of hydrocarbons of water) within the 
controlled area that do not directly intersect waste are retained for further consideration 
in current scenario development work 

Y 

Comment AG-1j i'; 
Page 4 \ c q,,, 
The grounds for exclusion of a scenario involving irrigation are not convincing (1991 PA, 
v. 1, 4-40, 441). The pro~pects of irrigation usage are said to be low based upon current 
land usage in the southea~tern United States, current climate conditions, and current 
water commitments. Before irrigation can be excluded as a relevant scenario, it must be 
analyzed for probability and consequence based upon changes in such Factors. 

C-4 

Current scenario development work re- irrigation for further codderation before a 
screening decision can be made. Although irrigation is not presently practiad in the 
WIPP vicinity, dimate change could result in different land use in the future. Modeling 
of the effect of climate change itself on regional groundwater now will provide insight 
into possible consequenca of higation aad will provide the basis for a screening 
argument 

n 
Comment AG1k 
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possible future cb8nga in such faaon. 

Similarly, theeation of an impoundment at Nash Draw is excluded as improbable, 
based on present day watu supplies and usage (see EEG 8/92 comments, at 24-25). 
The scenario must be amsidered based on its probability and consequences, given 

Current scenario development work retains the creation of an impoundment in Nash 
Draw for further consideration before a screening decision can be made. ALthough 
water availability is iosufficient at present to justify such an impoundment, dimate -. 



change could alter that condition in the future. Modeling of the effect of climate change 
itself on regional groundwater flow will provide insight into possible consequences of 
damming and will provide the basis for a screening argument. 

~.. -" 
.. , . 

/ .;:\ 
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Subsidence due to the caving of the waste panels is excluded for lack of consequence 
(1991 PA, v. 1,4-49), but this conclusion cannot be justified. First, the degree of 
subsidence is estimated from admittedly inappropriate analogues and using disposal 
room models that are obsolete. Second, it is assumed that subsidence occurs uniformly 
and without bed separations--hardly realistic assumptions. Third, the argument that the 
subsidence of the Rustler-Salado contact member is an analogous event demonstrating 
on disruptive consequence ignores the fact that naturallysccurring subsidence is much 
more gradual than collapse caused by mining. The scenario should be retained. 

Current scenario development work retains subsidence over the waste panels for further 
consideration before a screening decision can be made. Such subsidence has the 
potential to affect groundwater flow in overlying aquifers by providing pathways for 
increased vertical flow between units. 

Note that a modeling study has recently been published by IT (1994) that suggests 
subsidence due to caving will have no long-term effects on performance of the non- 
Salado units. 

Wuithghouse Electric Corporation, 1994. Back@ Engine* Anaiysic Report. WID, . &bad, NM, 1994. 
* .  

Borehole seal degradation can be considered by sampling a range of input parameters in 
PA (1991 PA, v. 1449). Such a method should be adopted At present a~sumptions 
are employed to maximize the flaw of brine through the repository and thence to the 
Culebra, leading to possible underground release. As EEG has pointed out, as~umptions 
as to seal effectiveness are not well-founded faaually based on current practices in the 
basin (EEG 9/93 comments, at 22). PA should evaluate the likelihood and 
consequences of releases via improperly sealed boreholcs. 



Current SPM analyses consider boreholes with fully degraded plugs or no plugs. Row is 
allowed through degraded borehole-fill material into a simplified representation of all 

*.igtratigraphic layen and to the ground surface. . 
W P  PA analyses in the past have evaluated "consequences of releases via improperly 
sealed borehole." Borehole plugs were assumed to degrade immediately following 
emplacement to a silty sand-like material. Arbitrary "perfed plugs were assumed only 
to divert flow in specific paths (is., through the waste panels and into the Culebra) to 
maxhizc flow and transport along these paths for the purposes of consequence analysis. 
These "perfect" plugs were not intended to represent properly sealed boreholes. 

Comment AG-ln 
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It has not yet beenhetermbed whether to consider a scenario involving nuclear 
criticality at some location in the transport of plutonium radionudides. (1991 PA, v. 1, 
4-53). EEG has demonstrated that the probability distributions of plutonium distnition 
coefficients and solubilities ate amistent with the poJsible oaxlrreace of nuclear 
criticality in the Culebra (EEG 9/93 comments, at 16). We look to future PA's for -. 
analyses of such event 

Criticality will be considered in analyses for event and process screening. The SPM will 
determine whether to include criticality in PA calculations. n 

AG-10 
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Subsidence related to solution mining has not been analyzed, although the 1992 PA 
recognizes the need (event 'IS, 1992 PA, v34-9). We inquire when this wil l  be done. 

Current scenario development work retaius potash mining for further coddemtioq 
without distinguishing between conventional and solution I&@. 

. ~ 
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Possible brine flows to the surface during and in consequence of drilling should be 
analyzeh Any regulatory limitations on such a scenario must be reassessed after EPA 
issues its compliance criteria Current practice is not consistent with an assumption that 
releases of contaminated brine will be minimal. (EEG 9/93 comments, at 18). Several 
cases for analysis exist (id 21) and should be considered. 

. . 

* -  -*. 
This scenario wiU be evaluated in the SPM. 

Comment AG-lq 

Page 5 

Formation of a b ~ e  slurry which is thereafter released in an intrusion event is another 
scenario which should be analyzed (see EEG 9/93 comments, at 21). Such a d y &  is 
obviously bound up with the PA development of the Radionudide source term and the 

- modeling of direct releases (cuttings, cavings, and spallings). 

The Project believes a brine-stury release in any context is unlikely. As stated in the 
comment, several studies have been performed within the last several years on the 
possibility of brine-slurry in salt back6U in the underground environment Results of the 
studies indicated brine-&my in salt backfill would not impact performance because 
room closure rates (wen considering likely gas generation rates) will decrease the 
available volume and recompact the salt to a point that even if brine fills the residual 
porosity a sluny cannot develop. 

W1th respect to Jhuries iorming from decomposing waste, itself, we believe closure rates 
and comlm3b.n would result in an end product with sufficient shear strength that a 
mobile sturry wadd not form. For further information, see Disposal Room and Cuttings 
Model Position Paper for Systems Prioritization and Technical Baseline, section 4.2.45. 

A model for representing incomplete consolidation of the waste, in various degrees of 
decomposition has been developed, but is not yet part of cuttings release calculations. 
Attention has been f o c w d  on pressurized gas. To date, the spa11 problem has usually 
been cast in terms of inflow of a fluid into an intrusion well, and the material that is 
carried along in this process. Variable strength materials will eventually be incorporated 
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into the cuttings release calculations to encompass concerns that may exist about whether 
appropriate strength materials have been modeled. 

Comment AG-2a 

Page 5 

Human intrusion conceptual models: 

appear to be nonconservative. 
Certain assumptions underlying the existing conceptual models of human intrusion 

"As stated above, the arsumed efficacy of the borehole plug above the repository 
and above the Culebys bay be nonconservative (1992 PA, v. 2, 4-15)" 

: 
Reswnse 

Current analyses wnsider .boreholes with fully degraded plugs or no plugs. Flow is 
allowed through degraded borehole-6ll material into a simplified representation of all  
stratigraphic layers and to the ground Surtacc. 

WIPP PA adyscs in the past have evaluated "consequences of relearu via improperly 
sealed borehole." Borehole plugs were assumed to degrade immediately following -. 

emplacement to a silty sand-like material Arbitrary "perfect" plugs were assumed only 
to divert flow in specifiic paths (i.e.. through the waste panels and into the Culebra) to 
maxhize flow and eansport along these paths for the purpow of consequence analysis. 
These "perfect" plugs were not intended to represent properly sealed boreholes. 

Computational approximations do not model El q l i a t h ,  but assume tha! cowquences 
are the same as E2. (1992 PA, v. 2, 4-18). This assumption should be questioned. The 
1992 PA itself says that El nlease may exceed E2 releases (id.). Whether E2 relases 
wil l  dominate El dcasa  may Piso change when assumptions as to surface brine releases 
are altered Pad wbcn spJlinO is modeled. 

Analyses performed for the 6rst iteration of the SPM treated El and E2 individually, 
and assumed that El-type intrusions would r d t  in some flow of brine from the Castile 
Formation through the waste. 

h 
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As currently modeled, an ElE2 release takes place only when both boreholes occur in 
the same time interval. (1992 PA, v. 4, 2-16). Indeed, it is assumed that the E l  aad E2 
intrusions occur simultaneously (1992 PA, v. 4, 2-18). Given the complexity of the 
numerous processes involved, it is not now possible to demonstrate that the assumption 
is conservative. We have been informed that Sandia has made initial experiments 
involving time-dependent driUing intrusions and inquire as to plans in this regard. 

The WIPP Project is currently investigating alternative approaches to CCDF generation 
that would facilitate consideration of intrusions at different times. This approach wil l  be 
used in the SPM if it is demonstrated to be suitable. 

? 
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~ h q h  PA considers only intrusions at the 1,000 year point as to groundwate u 
-rt., The statement appears that the Poisson model of intrusions has a rate term of 

4fteg 2,000 years (1992 PA, v. 4.2-18,2-19). These assumptions, which limit 
: in t rus io~  leading to groundwater releases to a single point at 1,000 years, are 
"noaeonservative and should be abandoned. 

The sampling of intrusion times may be needed for a complete adyxis that would be 
w d  for compliance applicatiion Tbe decision to limit subsurfaa release calculations to 
a single time of intrusion was Lwed solely on project rcsoura limitations in 1992. 

The 1991 PA included Pnrlyris of subautface reluues from 5 times of intrusion (1,000, 
3,000,5,004 7,004 aad 9,000 yr). Comparison of @a 4.1-2 (lower right frame) and 
5.1-4 (upper right hmc) of Volume 4 of the 1991 PA (SAND91-0893/4) shorn the 
effect of later times of intrusion on dual-porosity subsurface releases. The 1990 PA 
sampled the time of mtrusion (rather than including it in the probability model), and 
results of a formal sensitivity adysis including time of intrusion are published in Helton 
et al. (1991). 



Reference 

Helton, J.C., J.W. Garner, R.D. McCurley, and D.K Rudeen 1991. SeNirivdy Anufysis 
Techniques and Results for Performance Assessment at the Wme Isohtion Pilot Plant 
SANDW7103. Albuquerque, N M :  Sandia National Laboratories. 
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In examining direct releases by human intrusion ("cuttingsn) the 1992 PA assumes that 
intrusion times are at years 125, 175,350, 1,000,3,000, and 7,250 ( 1992 PA, v. 4, 2-26). 
The PA should demonstrate that those assumptions arc conservative. 

The WIPP Project agrees that the times of intrusion chosen for analysis should be 
representative of the complete set of all possible times during the regulatory 

wiU be demonstrated as part of the compliance application, 
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Salado Formation data: 

Sampled parameter values calling for further justification are as follows: 

Undisturbed halite e t y  is s~mpled over a narrower range in 1992 than in 1991. 
This parameter is a senritive one in that it determines how quickly the panel will fill with 
brine, furnishing a vehicle for radionuclide release. (1992 PA, v. 3,2-30). The PA 
department has stated that neither the 1991 nor the 1992 distnition represents the 
average far-6kld permcrbititg, the quantity that should be wd in two phase flow model 
(Id). Approrh based on experimental data seem neassay. What is planned? 

Undisturbed halite permeability is sampled over a wider range (not narrower) range ~II 

1992 compared to 1991. 'Ibc 1991 range was 5.4 x lUn m2 to 8.6 x lUn m2 (1991 
Volume 3, p. 2-27). The 1992 range was lo"' to 16' m2 (1992 Volume 3, p. 2-29). Both 
the 1991 and the 1992 ranges are based on experimental measurements; however, the 

-\ 



1992 range, and to a lesser extenf the 1991 range may include data that are influenced 
,- by the excavation This may result in somewhat higher permeabilities for the far field 

than true undisturbed measurements would suggest. At any rate, the use of these higher 
permeabilities allows for larger brine i dow than might be representative of intact 
material. 

Page 6 

Undisturbed anhydrite permeability clearly requires improved data and modeling in 
forthcoming PA's. At present there is no representation of fracturing under pressure. 
The 1992 calculations may underestimate lateral gas migration in the anhydride and 
overestimate pressurization (1992 P& v. 3.2-57, A-SO). When may we expect a model 
that incorporates pressure-induced fracturing? 

An altered anhydrite submodel has been developed and incorporated into BRAGFLO 
subsequent to the 1992 calculations. In this submodel permeability and porosity are 
funaiol~fMuid pore pressure and are enhanced at elevated pressure. 

~' d 

. --- 
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The 1992 PA reports that work is in progress on modeling the possible pressure 
dependency of fracture permeability in anhydride interbeds, and results will be 
incorporated in future PA's. (1992 PA, v. 2,242). There have been reports concerning 
such modeling plans at NAS WiPP panel meetings. What is the status of such modeling 
effort? 

See response to previous comment (AG-3b). 

C 
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Anhydrite brine pore pressure in the far-field is another sensitive parameter now 
estimated by use of regression curves. (1992 PA, v. 3, 2-63). As the PA states, 
"[wlhether these results make physical sense remains to be determined." ( )  What 
further efforts are planned in this area? 

PA no longer estimates far field pore pressure by the regression curves discussed in 1992 
PA Volume 3, 2-63. PA continues to use data measurements believed to be 
representative of the far field. In the 1992 PA the far field pore pressure in anhydrite 
ranged from 12 to 13 MPa The inclusion of the regression curves, which attempt to 
characterize pore pressure as a function of distances from the excavation, may cause 
some confusion. They are meant to be informative and are a possible way to estimate 
far field values but they are not used by PA. 

Comment AG4a 
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Waste properties: 

Several issues are unresolved concerning the waste inventory: 

Concerning inventory data, the Experimental Program Plan, DOE/WPP 94-008, refers 
to waste characterization efforts planned or undenvay at sauce facilities. (at 3-38,414). 
DOE has also mentioned plans to develop performance-bPscd waste acceptance criteria 
The current PA madel however, employs inventory data based on data submitted by 
generator sites to the Integrated Data Base. (1992 PA, v. 3.3-59 et seq, A-l37). There 
is potentially large uncertainty as to vohunes of combustibles and metals/glass (1992 PA, 
v. 3,365). 'Ih pamneten ore significant to RCRA compliance and a h ,  possi'bly, to 
radionudide releases. DOE nee& to clarify its plans to establish inventory data for PA 

.* '. 
The DOE has line Inventory Report (BIR) and Database. This 

sites' input to the Integrated Data Base and the 
by the Federal Fadlitits Compliance Act. A 

revision (Rev. 1) td- k B I R  is in process and will be provided in the second quarter of 



- FY 95. The BIR keys on eleven performance parameters that could be sigdicant to PA 
and reports information relative to these parameters. 

Comment AG-4b 
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Initial waste saturation is a highly sensitive parameter for RCRA compliance, since it is a 
principal control on gas generation (1992 PA, v. 3, 3-69). The range of 0, 0.14 based 
upon investigator judgment calls for substantiation based on characterization efforts. 
The PA states that the "range of initial brine saturation currently used does not have a 
sound basis in measured data, and is expected to change." (1992 PA, v. 5, 6-1). What 
eftarts are planned? 

The range of 0.40% to 5.2% was calculated from measured data presented in a memo 
(Dk93:10052, attached) from John Elliott, Westinghouse-Idaho to LR Fitch, WID. 
dated October 8.-1993. Waste characterization activities undenvay and planned at the 
waste generator sites continue to include determination of water content The range 
w d  for compliance performance assessment will be updated to reflect all available data. 

"- 

. . ,. :, ".. 
C.ommerp AG-Sa , - ., 
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Radionuclide source t e r n  , .- .. . 

The radionuclide source term is higbly dependent upon solubility data. We have these 
questions: 

"Solubi l i~  (more specifically, mobile actinide concentration) distributions have been 
constructed on tbe basis of expert judgement. For future performance assessments DOE 
proposes to develop a model and lab data with which to determine whether the 
constructed diclributiions are supported Further, lab data will explore different brine 
compositions, hdudiq Soi.do brines altered by constituents. At this early stage 
detailed comment is not appropriate. However we note the following: 

The methods whereby test &ta may be deemed to support or Validateg solubility 
estimates or ranges must be explicitly stated aud justified. 



Ordersf-magnitude matches between experimentally measured quantities and model 
predictions will be considered to constitute "good" agreement. If model predictions 
diverge from measured data by more than an order of magnitude, then steps will be 
taken to determine the reason(s) for that divergence. The disagreement between 
predicted and measured quantities may be acceptable for purposes of compliance 
demonstration if the model is found to predict mobile actinide concentrations reasonably 
similar to those observed experimentally. 

AG-Sb 
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The duration of the experiments and the purported attainmen70Gtead~-state conditions 
must be supported by the proponent of data 

We agree with the comment. Experimental data will be evaluated with respect to the 
degree to which steody-state conditions have been attained to determine the utility of 
the data to the program However, the definition of steady-state conditions is complex; -. 
i.e, many different equiliiria arc involved in each potential experiment, and steady state 
may not be reached simultaneously for the equilibria of importance. $9 4 "*< I - 

AG-SC 
, 
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It must be explicit how data from the model will be incorporated into the BRAGFLO 
model. 

The Actinid. Source Term model will be w d  to generate a table or series of tables 
which give mobilt Dctinide concentrations under a variety of pH and other physical- 
chemical condidoxu Data from other sources, such as the Gas Generation Program will 
be w d  to determine the set of conditiom for each PA calculatioa This set of 
conditions wil l  determine, in turn, the table values to w for mobile actinide 
concentrations for that calculation. There will be a mixture of deterministic and 
prr . ~balistic parameters iuvolved in the determination of the appropriate set of physical- 
chemical conditions appropriate for the calculations. - 
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The hazardous waste source term, if modeled at all, is not yet incorporated into 
assessments of gas and brine migration. Please explain how this is to be done. 

The project is currently evaluating two conceptual models for the hazardous waste source 
term. One assumes constituents are present in sufficient quantities to saturate the gas 
phase. The other uses waste characterization data to determine the source term. This 
topic will be the subject of a position paper and will be included in the SPM. 

For the 1991 PA the radionudide inventory is estimated based on input to the 1991 - Integrated Data Base (1992 PA, V. 52-30). The CH-TRU inventory is scaled up from 
the current and projected CH-TRU inventory at five high-volume generating sites. 
However, uncertainty in the CH-TRU inventoly is large, particularly given the potential 
changes in the sources of CH waste due to given the potential changes in the sources of 
CH waste due tochanges in weapons production (1992 PA, V. 2, 2-5). 1t is possible that 
DOE may seek to dispose at WIPP of waste from cleanup operations or weapons 
dismantlement. The RH-TRU inventory in the JDB is approximately the same as the 
WIPP design capacity and is not scaled up (id.). However, there is also uncertainty as to 
the characteristics of yet-- characterized RH-TRU waste. There is also talk of 
performance-based waste acceptance criteria In these circumstances, we point out the 
following: 

DOE must explore the ranges of uncertainty of radionuclide inventory as an element of 
its PA uncertPinty Pad sensitivity studies. Further, since radionuclide inventory is within 
the control of DOE (a opposed to being a subjectively unknown variable), random 
sampling within a stated range may be inappropriate, and it may be necessary to employ 
"worst casea awmptiioas. 

Compliance performance assessment wi l l  be done according to the requirements of 40 
CFR 191, which provides requirements for radionuclide releases based on a normalized 
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inventory, and thus is not sensitive to uncertainties in the actual transuranic element -. 

inventory. 

Commenf AG-7b 

Page 8 

DOE should reexamine the determination to exclude RH-TRU waste from calculations 
of underground releases (1992 PA, v. 3.3-28) as estimates of RH-TRU inventory are 
rebed and canister design assumptions become clearer. 

ResDonse 
This decision will be reconsidered in future analyses. 

~, 

comment1 AG-7c , '; . . . ~ , s * .  "' 

DOE must clarify its position as to the time as of which the curie content of TRU waste 
should be aJcertained for purposes of calculating release limits. In a related context - 
DOE has said that the curie content should be determined as of 100 yean after disposal. 
See Final Supplement to EIS, 1990, v.2, at 18-19, Will such procedure be employed in 
future PA's? 

(a) The release limits in 19l.U(a), found at Appendix & Table 1 to 40 CFR Part 191, 
are designed to regulate releases of radioauclides with half lives of 20 yean or more. 
These limits specifically apply to: Americium241 or -243, Carbon-14, Cesium-US or 
-l37, Iodine-129, Neptunium-237, Plutonium-238, -239, -240, or -242, Radium-226, 
Strontium-9Q TechnethuP99,llorium-230 or -232, Ti11-126, Uranium-233, -234, -235, 
-236, or -238; d to sny other alphacmitting radionuclide with a half-life greater than 
20 years, and to my o h  radionuclide with a half-life greater than 20 years that does 
not emit alpba partides. 

The waste unit determines the release limits for a s p d c  repository. EPA based the 
waste unit derivation on a philaophy of equmalena between the various typeJ of waste 
regulated by 40 CFR Part 191. Therefore, the curie content of the inventoy should be 
determined at the time that most nearly a p p r o x b m  the assumptions EPA used in 
deriving the release limits. I be  following is quoted from a draft report, Risk 
m i l l -  - 



. . art Document, prepared by S. Cohen & Associates, Inc., 
-/1-3), page 2-23. 

In the version of 40 CFR 191 promulgated in 1985, Note l(c) specified that the Table 1 
release limits applied to each 100 million curies of betalgamma-emitters with half-lives 
between 20 and 100 years; Note l(d) stated that the limits applied to each 1 d o n  
curies of betalgamma-emitters with half-lives greater than 100 years; and Note l(e) 
stated that they applied to each 1 million curies of transuranic wastes containing alpha- 
emitters with half-lives over 20 years. EPA did not provide a detailed explanation of the 
basis for these quantities. The preamble to the proposed 40 CFR 191 published in 1982 
stated that the 1 million curie quantity specified in Note l(e) for TRU waste was chosen 
"so that the standards would require radioactivity from either high-level or transuranic 
wastes to be isolated with about the same degree of effectiveness" [U.S. Environmental 
Protection Agency, Preamble to Proposed 40 CFR Part 191,47 FR 58200, December 29, 
1982.1 Furthermore, the Draft EIS stated that the reference values of 1 d o n  curies of 
TRU waste and 1,000 MTHM of spent fuel luere selected so that about the same 
fraction of transuranic radionuclides would be retained for either high-level or 
transuranic waste" [US EPA, "Draft Environmental Impact Statement for 40 CFR 191: 
Environmental Standards for Management and Disposal of Spent Nuclear Fuel, High- 
Level and Transuianic Rdioactive Wastes," EPA-52011-82025, December, 1982, p. 1161. 
These estimates had been made based on looking at the number of TRU curies id 10 
year old spent fuel and rounding to the nearest arithmetic order of magnitude. - -. ..a 
(b) The Final Supplement to EIS, 1990, Volume 2, at B18-19 discusses the w of the 
inventory in developing the initial source term for transport calculations. The waste unit 
upon which the release limits were based in the technical support reference, Iappin e t  
al., 1989, was the estimated inventory at decommissioning. These are two separate 
concepts. The waste unit and release limits must be calculated from the initial inventory; 
transport calcubations must take into account the decay of the radioactivity over the 
c o w  of the Q O O O  years of regulatory concern. What the FSEIS reports is the 
assumption used to s k t  transport calculations, which began after the end of active 
institutional controls. Table B.2.U DreSeIIts the initial radionuclide inventory in CH 
TRU waste for the asse~ment of lo&term performance, and Table B2.14 &es the 
modified imrentory, which was modified by assuming that the radioactivity has decayed 
for 100 years. Table B 3 U  is the source of the waste unit, which may be seen to be 6.66 
by summing the activities of TRU radionudides with halflives greater than 20 years and 
dividing by 1 million. This is consistent with the method in the technical support 
document ated by DOE (A R Lappin, R. L Hunter, D. Garber, and P. B. Davies, eds., 
1989; 9 Dose &SSlWlh 

P\ Southeastern New Mexico. March 1989. SAND89- 
0462, Sandia National Laboratories, Albuquerque, New Mudco). 



Calculating the waste unit after the end of the 100-year period of active control would be .- 

inconsistent with the spent-fuel equivalency rationale developed by the EPA to allow 
derivation of a single set of releases limits with effectively equivalent waste units. 

Comment AG-7d 
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DOE must ensure that its PA analyses conform to waste inventory projections cckairied 
in, & its environment impact statements and other authorizations transportation 
and RCRA permits) and vice-versa. 

Due to changes in DOES mission, the DOE is continuing to evaluate waste inventory 
projections as the generator site work scopes change. This task included the generation 
of the WlPP Transuranic Waste Baseline Inventory Report Sandia will use the source 
information contained in that document in their ongoing PA analyses. The DOE will 
contirmally update and improve inventory projections. to the extent these impact PA, the 
update will be evaluated. 

I he  other "authorizations" do not affect inventories of radiouuclides. Transportation -. 

criteria address the radionuclide loadiug of any single container. and/or any TRUPACT- 
II. This d o e  not limit the total "inventory " w d  by PA RCRA does not addrcss 
radionuclides at all. 

comment AG-8a 

Repository-waste interactions: 

Page 9 

Modeling of tbc complex intenctions among gas generation, repository closure, and 
brine flow is clearIy still in development. Models of particular aspects of these processes 
are being deoelcrped out&& of the PA process. Comments prompted by the current 
state of developtrvnt arc: 

As to the gas generation model, numerow uncertainties were outlined by L ~ R Y  Brush at 
the July 7-9, 1993 meeting between DOE and EPA. Without reiterating these, it should 
be dear that such uncertainties need to be addressed, either to resolve them or to 
determine that they are not important. , 
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The Gas Generation Program is addressing these uncertainties. The first step is to 
determine if the uncertainty either directly or indirectly has a significant impact on 
performance. Resolution of uncertainties found to be significant can then be approached 
by additional experimental work (included as an activity for evaluation by the SPM) or, if 
that is not possible, then the range of parameter(s) values implied by the uncertainty is 
sampled during the PA analysis. Alternative conceptual models will be handled the 
same way. 

Page 9 

PA should clarify in what sense it is not now possible or practical to use a coupled 
mechapical and fluid flow model. The transition between the data reported by 
S A N C ~ O  and those employed in BRAGFLO must be made clear. Assumptions 

,.~~$$opd in the 1992 PA ignore certain factors and should be questioned for 
consorvatism and sensitivity, EO, representation of porosity changes during deaeasing 
g a ~  pressure; possible differential clwure among rooms in a panel; spatial variation in 
pore pressure and gas generation rate; brine phase in SANCHO., gas escape in 
SANCHO; constant gas generation rate SANCHQ aeep  closure after intrusion (1992 - P q  v. 4, 4-15 through 4-20). 

The use of a fully coupled mechanical and multi-phase fluid flow model is not now 
technically feasible because, (1) no such general model currently exists for material 
undergoing timedependent deformation (aeep) and, (2) the computational effort 
required by such a model would preclude its use in probabilistic PA calculations where 
many hundreds or thousands of simulations are required. (Such a model could be used 
to vex@ isolated cases). 

Recent verification s t u d i u  of the PA implementation of the porosity surtace indicate 
satisfaaory lpcdiction of preSSUTe and porosity during aeep  consolidation (Arguello and 
Stone, 1994r; ArgueUo and Stone, 1994b; Arguello and Stone, 1993). The 
implementabion t verified uudcr conditions of undisturbed repository, human hausion, 
and higb brine muration oues. This suggests the resources required to develop and use 
a fully coupled model is not warranted at this time. 

NMAG Commcntr 



References 

Arguello, J.G. and C.M. Stone. 1994a. Corrections to Etmta in Memo EtuitIcd. 
"Performance Assessment VerificaMon Calculmions - Revired SANCHO Calculmion for 
Comparison with BRAGFLO Run XU." Memo. Albuquerque, NM. Sandia National 
Laboratories. 

Arguello, J.G. and C.M. Stone. 1994b. Performance Assessment Veriificatin Galculatiom 
- Revised SANCHO Calcularion for Cornparkon with BRAGFLO Rwr X63. Memo. 
Albuquerque, NM: Sandia National Laboratories. 

Arguello, J.G. and C.M. Stone. 1993. Performance Assesnnent Verification Calculatiom - 
W C H O  Comparisons with BRAGFLO Runs 18, 42, and 63. Memo. Albuquerque, NM: 
Sandia National Laboratories. 

- 
Page 9 

Modeling of brine and gss flow in BRAGFLO raises the following questions: w 
It has been pointed out by EPA (comments at 2/22-25 DOE-EPA meetings) that 
BRAGFLO assumes a rigid isothermal rock body with no mu-Darcy flow and omits 
consideration of colloids and particulates. Hydrologic properties are symmetrical. 
Further, whether Darcy's law can be expanded to the continuum modeled by BRAGFLO 
is not knom~ in light of these comments, how does DOE propose to @ti@ its 
conceptual models and support the rejection of alterative conceptual models? 

BRAGFLO doesn't assume a rigid rock body in the sense that rock comprcssiity 
effects are rigorously modeled in all materials, and the effect of aeep consolidation on 
repositoy porority is Pwarmted for. BRAGFLO does assume isothermal Darq-now. 
Data collected at WIPP arc analyzed and have been found to fit Darey-flow models. 

The redistrhthn model and day cwsolidation model are also supported by data 
collected at WIPP. An Pctnity wi l l  be planned and included in. the SPM to evaluate the 
advantages of selecting any but the more cowrvative of these models. 

,-, 
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Alternative conceptual model uncertainty with respect to relative permeability and 
capillary pressure is dealt with via a sampling technique (1992 PA, v. 4, 4-24). The 
supporting Sandia memor~dum states that the choice of conceptual models "could be 
sipificant" (Webb, at A-149). What approach will be taken better to resolve the 
uncertainty? 

Until sufficient data are collected to establish the two-phase flow parameters %; 
materials, the uncertainty wil l  continue to be captured by sampling both model 
description and parameter values over a wide range as in the past. Capillary pressures 
have been measured for anhydrite in the laboratory. Additional capillary pressure and 
relative permeability measurements on anhydrite are planned. 

'Ihe disturbed performance model is scaled to match the initial excavated volume of a 
single panel. Such a model assumes effective panel seals. In what way will this - assumption be tested in future PA's (see 1992 PA, v. 4, 5-I)? 

Current PA modeling capability allows consideration of intrusion into a panel separated 
from the rest of the repository volume by a panel seal. The effectiveness of panel seals 
in preventing flow and transport between panels can be examined in this model by 
varying seal permeability. n 

AG-W 

l % e . ~ t h b e d  perfo-ce model extends to the M e b r a  only. Will more recent strata 
be. + p r a t e d  in subsequent PA's? 

Yes. The stratigraphy now used in the BRAGFLO model inciudes a simplified 
representation of the Rustler and the Dewey Lake. 

..- 
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The initial brine saturation of the waste is sampled within the range&9~'6.14 (1992 
PA, v. 4, 5-13; v.5, 2-9). The PA reports that the 1991 sampling range extended from 0.0 
to 0.276, the maximum being the residual saturation that the waste could contain and 
still comply with transportation requirements. (1992 PA, v. 5, 2-8). For the 1992 PA the 
sampling range has been restricted due to "numerical constraints imposed by the creep 
closure model that was implemented by 1992" (1992 PA, v. 5, 2-8). Please explain the 
numerical constraints. What efforts are under way to replace the arbitrary range with a 
more accurate figure? 

The muntrical constraints arose from the small time steps needed to correspond to the 
short time constant required for fluid compression. The 1991 and 1992 PA analyses used 
d c i a l l y  high waste moisture content values to test the PA codes for their sensitivity to 
waste water content. See the reply to Comment AG4b for a discussion of recent waste 
moisture content data 

Page 10 

Sampling methods admittedly sample conelated variables independently. Will a method 
be adopted to refine sampling procedures in this respect? 

We now sample correlated variables. This was done in the 1991 and 1992 PAS for some 
variables. The techniques for implementing correlations are available. The problem is 
obtaining a good Chancterizption of what their correlations should be. n 
Qmnmt AG% 
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The 1992 PA observes, concerning gas and brine migration, that contaminated brine 
must displace all brine-saturated pore volume in a grid block before it can move to the 
next grid block (lm PA, v. 5, 4-14), and that if some of the pore volume is occupied by 



- gas, travel distances must be increased proportionately (1992 PA V. 5, 4-15). What is 
being done with regard to this prospect? 

Such estimates of brine migration as done in 1992 and reported in 1992 PA, Volume 5, 
Chapter 4 are no longer necessary. A new model, "NUTS" will calculate the transport of 
radionuclides or dissolved constituents in the brine phase directly within the Salado 
formation. This is a much more rigorous and accurate method for determining how far 
contaminated brine may migrate. 

Comment AG-10 
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The permeability of borehole fill is a sensitive parameter with respect to radition 
releases (1992 PA, v. 4, 5-36). PA assumes that initially the drillers place casing and 
cement and sand plugs (1992 PA, v. 3, 4-4). PA further assumes that the plug conforms 
to OCD orders, spcciQhg a solid CCMnt plug through the Salado (a). The figure 
(1992 PA, V. 3. Fig. 42-1) does not depict such plugs. The PA discussion does not 
indicate the sensitivity of initial borehole plug permeability, and this should be discussed 
and the assumptions justified, if significaut. Also, do the characteristics of silty sand 
(1992 PA, v. 3,4-6) reproduce those of a degraded concrete plug? 

The 1992 PA made the assumption that degradation of borehole plugs was 
instantaneous. No assumptions were made about the initial properties of borehole plugs, 
and performance estimates do not reflect any contribution such plugs might make in 
delaying or reducing releases. 

Quantitative data arc not available about the long-term properties of degraded conaete 
borehole plup. The w of silty sand as an analog for degraded conaete is a qualitative 
estimate. However* it dmdd be noted that silty sand is also an appropriate analog to 
use for material that might fill an open hole, based on the EPA guidance in Appendix C 
of 40 CFR 191 tht anah/ses should consider a "flawpath with a w t y  typical of a 
borehole filled by the soil or gravel that would normally settle into an open hole over . . time ..." Exomm~an d the stratigraphic section above the repository (see Holt and 
Powers, 1990) indicate3 that if a hole in the salt were to stay open for any period of 
time, silty sand provides an appropriate representation for what might settle into an open 
hole. 

n 



Reference 

H o l ~  R.M., and D.W. Powers. 1990. Geologic Mapping of the Air Intake Shaft at the 
Wasre IsolPton Pilot Plant. DOE-WIPP 90-051. Carlsbad, NM: Westinghouse Electric 
Corporation 

Comment AG-lla 

Page 11 

Castile brine reservoir: 

Several parameters are sensitive in analyses of human intrusion : :enarios: 

Castile brine pressure is estimated based upon limited (& WIPP-12) wellhead data; the 
range is deriwd from the 1989 Systems Analysis (SAND 89-0462). at 3-148, but the data 
underlying the derivation of the initial pressure base case and range are not set forth. 

Resww 
'Ihe underlying data for Castile brine pressure are found in Popielak, RS, U 
Beauheim, S.R Black, W.E Coons, C.T. Ellingson, and RL O ~ I L  1983. B h e  
Rerewoim in the C d  Fwmmion, Wcrrte hlrrtion Pilot PImY (WIPP) Pmjet, 
Southecrrtan New M d a  TME-3153. Carlsbad, NM: US. Department of Energy. 
(WIPP Observation Data). 

Page 11 

Bulk storativity is another reservoir a t tn i t e  estimated from WIPP-12 data Bulk 
storativity cxpre~ses the d o  of fluid discharged to pressure decrease. It seems correct 
to base estimate on data as to long-term pressure changes when modcling long-term 
groundwater releases. However, in modeling surface releases, should not short-term 
pressure &ages be the basis for the estimates? 

Bulk storativity is a parameter that is constant wer time. At early-time (short-term), 
fluid discharges are large and pressure deaease is rapid At later-time (long-term), fluid 
discharges are smaller and pressure deaease is minimal. The bulk storativity 

;I '. ... .. 
. '  . 
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determined from either short-term or long-term testing is the same and can therefore - provide a basis for modeling surface releases, irrespective of duration. 

Comment AG- 12a 
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.. 
Human intrusion probability estimates: 

The estimation of the probability of human intrusion will be one of the most sensitive 
parts of the PA Draft EPA compliance criteria propose estimation of a rate of intrusion 
based on historical data If such process is adopted some of the following comments 
ma: be.: inapplicable: 

t ! c k e c t  to express the frequency of intrusion as a random varkble? The likelihood 
o~an'intrusion is affected by the information obtained in-and thus the occurrence of - 
prior intrusiom. The nonrandom nanue of the second and successive holes may be 
important at WIPP, where the first hole is quite likely to intersect extractable resources. 
Is it not more appropriate to use a multilevel probability analysis? 

- Assumptions about the independence of intrusion events are based primarily on the 
guidance contained in Appendix C of 40 CFR 191. Three points are relevant. 
"Inadvertent and intermittent intrusion by urploratov drilling for resources (other than 
any provided by the disposal system itself) can be the most severe intrusion scenario 
assumed." Passive institutional controls "can be effective in deterring systematic or 
persistent exploitation" of the site. "(Plassive institutional controls 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." 

The approach to determining drilling probabilities wiU be reconsidered if appropriate 
when 40 CFR 194 is promu@tcd. 

Page 11 

The probability of certain scenarios is affected by the fraction of the disposal area 
overlying Castile brine reservoirs. 'Ihe PA casts doubt upon attempts to correlate 
reservoir data points (1992 PA, v. 3,s-7) and to identify the stratigraphic location of 

C 
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brine reservoin in the region (U., 5-10, 5-11). What efforts are underway to narrow - 
these uncertainties? 

The area-fraction'of'&e ppels underlain by Castile brine was treated in the 1991 and 
1992 PAS as an uncertain parameter, and sampled in the Monte Carlo analyses. 
Sensitivity analyses in both PAS indicated that uncertainty in this parameter had little 
effect on overall performance (see Volume 4 of the 1991 PA, Table 6-1, and Volume 4 
of the 1992 PA, Table 9-3). No activities are planned at this time to reduce uncertainty 
in the spatial extent of the brine reservoir. 

AG-12c 
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There is a need for an iterative approach to expert judgment estimates of the probability 
of human intrusion Performance of this task, like others, ought to improve with practice 
and refinement 

Future states of society and the probability of intrusion are unlrnowable. Thw, there is 
no expectation of dosing in on a spe&c value. While the proass and practice of expert 
judgement may improve, there is no way to tell if the "answef' is any better. 

Page 11 

Issue identification-the desaiption of the intrusion scenatios to be considered by 
experts-can be carried out separately from estimation of probabilities. In such event the 
questions assip4 to difierent groups must be stated with precision. We do not approve 
the approach of making overlapping assignments, as appears to have occurred as 
between the Futures Panel and the Markers Panel. 

Stephen C. Hora and Detlof von Winterfeldt, two of the four authors of the 1990 
Bonano et al. report, were consultants to Sandia on the amduct of the Futures Panel 
and were the normative specialisfs for the elicitations. Stephen C. Hora was also part of 
the Markers Panel effort. 

C--- 
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.- The effort undertaken with the Futures Panel and the Markers Panel was not to identify 
scenarios for modeling in a performance assessment, but to address alternative futures. 
SAND903063 test prepared by the authors intentionally does not use the term 
"scenarios." Tea  prepared by the teams sometimes uses the term "scenarios," since they 
did not realize the special usage of the term in performance assessment. 

The issue statement for the Futures Panel (SAND90-3063, p. G-3) states: 

The future human intrusions team members are asked to address primarily the 
issues related to societal development and activities that could lead to 
inadvertent human intrusion in a time h e  that extends 10,000 years after 
disposal. Other expert teams wi l l  address the issues related to marker and 
barrier development. 

The Futures Panel was also asked to consider active controls and records systems (as 
aspects of societal development that could impact intrusion). In fact, they were 
specifically requested not to consider the impact of markers in considering the frequency 
of intrusions @. G4): "It should be assumed that markers or signs placed to deter 
human intrusion have vanished or are no longer effective." 

The issue statement for the Markers Panel (SAND92-U82, p. A-3) stated: "...consider 
passive markers for deterring inadvertent human intruJioo, de- characteristics for 
selecting and manufaauring markers to be placed at the WIPP, and judging the - performance of these markers over a 10,000 year period.' 

The members of both panel were briefed on 40 CFR 191 and the requirement for 
markers. While markers were not in the charter of the Futures Panel some Banel 
members chose to make statements/recommen&tions about markers. DOE Chose to 
publish all the material received by the teams and to not censor it 

". 

Bonano, EJ, S.C Hom, RL Keeny, and D. von W i r f e l d t  1990. Ehcrtrrtron 
. .  . and 

Use of Erpa* /udlpnmt in PaprmonCr AYaaent for High-LNcl Rdoactbe Waste 
Repositoria SAND89-1821. Albuquerque, NM Sandia National Laboratories. 

Hora, S.C., D. von Winterfeldt, and KM. Tkuth. 1991. Expat Judgment on Inadvertent 
H m  Inmrdon into the Waste Ida t ion  Pilot Plant SAND!W3063. Albuquerque, NM: 
Sandia National Laboratories. 

Trauth, KM, S.C. Hora, and RV. Guzowski 1993. Expat JIldsmcnt on Makers to 
Deter Inadvertent Human Inbwion inro the Wac I* Pilot Phnt SAND92-U82. 
Albuquerque, NM Sandia National Laboratories. 
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Selection of panel members: Bonano el al., Elicitation and Use of Expert Judgment in 
Performance Assessment for High-Level Radioactive Waste Repositories (1990) suggests 
that generalists, specialists, and normative (h expert elicitation) experts be selected for 
each elicitation. Thus, there is a need to ident@ the applicable specialties with respect 
to each issue, a task which was done with inadequate care in the 1990 elicitation. For 
example, to consider a specific issue of hydrocarbon drilling practices, it seems necessary 
to consult an oil field geologist or similar industry expert, but this was not done in 1990. 

Stephen C. Hora and Detlof von Winterfcld: two of the four authors of the 1990 
Bonano et al. report, were consultants to Sandia on the conduct of the Futures Panel 
and were the normative specialists for the elicitations. Stephen C. Hora was also part of 
the of the Markers-Panel effort. 

The Expert Panel Selection Criteria for both the Futures Panel (-3063, p. K-3) 
and the Markers Panel (SAND92-U82, p. E-3) contained: 

(1) tangi'ble evidence of expertise. (2) professional reputation, (30) availnbility 
- 

and willingness to participate, (4) understanding of the general problem area, (5) 
impartiality, (6) lack of economic or personal stake in the potential findings, (7) 
balance amom team members so that each team has the needed breadth of 
expertise, (8) &sical proximity to other participants so that teams 'a work 
effectively, and (9) balance among all participants so that various constituent 
groups are represented" 

The text and appendices of both SAND90-3063 (pp. 11-2 to 11-4, Appendices h, I, and J) 
and SAND92-U82 (pp. 2 4  to 2-6, Appendices B, C, and D) indicate the effort that was 
undertaken to fulfiU the selection criteria. Individuals in a variety of disdplina from 
professional societies, technical journals, universities, and government agencies, as well as 
individuals from environmental and public interest groups were queried for nominations 
for both the Futures Panel and Markers Panel. 

The materials that was presented to the Futures Panel, as well as the written material 
that they received, contained information about resource potential at the site. The 
reasoning behind the make-up of each team within the Futures panel was to encourage a 
broad consideration of p o a y i  future societies 

The consideration of potential iuture societies is important not only because of the need 
to consider the irequency of inadvertent human intrusion in performance assessments, -, 

.. 



- but also for the benefit of thinking broadly when considering how to attempt to 
communicate with humans over the 10,000 year period of regulatory concern. The 
consideration of a broad range of motivations for and capabilities of human intrusion caa 
be instructive as a base for setting "with whom" one may be trying to communicate. This 
was, in fact, one of the motivations for convening an expert panel to address future 
human intrusion. This broad thinking on human intrusion became input for the Markers 
Panel, charged with addressing the need for markers intended to communicate the 
dangers and location of the wastes. 

This dual purpose for the Futures Panel opened up the discussion of long-term markers 
to address a broad range of possible future societies and modes of intrusion, while 
allowing the performance assessment process to f o w  on exploratory drilling, as EPA 
directed in the Guidance. 

Bonano, EJ., S.C. Hora, RL Kceney, and D. von Winterfeldt. 1990. Elicaotion and 
Use of Erpert Judgment in Perfomumce &~rrwment for Hiih-he1 lZldiooctive Wprte 
Rep&& SAND89-1821. Albuquerque, NM: Sandia National Laboratories. 

Hora, S.C., D. von Winterfeldt, and KU Trauth. 1991. &pat Judgment on Inadvatent 
H w ~ n  InmLsion into the Waue Isolmion Pilot Plant. SAND90.3063. Albuquerque, NM: 
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Trauth, KM., S.C. Hora, and RV. Guzowski. 1993. fipcrt Ju&nent on M& to 
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Formation of judgmcntc Members may, in principle, be eliated singly, or in panels of 
members who perform parallel tasks, or as a team which separately perfonn parts of a 
single task. Boluuro et aL point out the hazard that members may unconsciously be 
influenad by one mother's judgment (at 4243). Diversity in scitntific backgrounds 
must be delikrately sought (at lS). Conflicts of interest must be carefully avoided (at 
14). the tasb of team members must be dearly defined so that members are confined to 
their specialty (at 1s). 

NMAG 



Stephen C. Hora and Detlof von Winterfeldt, two of the four authon of the 1990 
Bonano et al. report, were consultants to Sandia on the conduct of the Futures Panel 
and were the normative specialists for the elicitations. Stephen C. Hora was also part of 
the Markers Panel effort. 

(a) Influence 

Bonano et. al. (1990, p. 3), in a discussion of the advantages of a formalized expert- 
judgment process, state: 

Well-thought-Through Deqn for Elicitation. The procedures that will be used in 
a formal expert-judgment process are designed specially for the problem being 
faced. The design relies on the knowledge of the problem domain to be studied. 
Cm#l p h n @  of the pnxeu can substantidy &e the likelihood of critical 
rnirrakcc thut will render inIbm,rmbn wpect or biased [emphasis added]. 
Mistakes such as including experts with motivational biases, failing to document 
rationales, inadvertently influencing the experts' responses, failing to check for 
consistency, and allowing individuals to dominate group interactions can be 
uvoLlcd [emphasis added]. 

(b) Diversity, avoiding conflict of interest - 
The Expert Panel Selection Criteria for both the Futures Pami (SAND903063, p. K-3) 
and the Marken 'Panel (SAND92-l382, p. E-3) cont9ined: 

. - (1) tangible evidence of expertise, (2) profecsional reputation, (3) availability and 
willingness to participate, (4) undentandir! ~f the general problem area, (5) 

* - impartialty, (6) lack of economic or persad stake in the potential f idnp,  (7) 
ribalance amom team members so that each team has the needed breadth of 
t.. - -~ 

expertise, (8) ihysical proximity to other participants so that teams can work - effectively, and (9) balance among all participants so that various constituent 
Broups are represented. 

The text and appendices of both -3063 (pp. 11-2 to 114, Appendices H, I, and 
J) and SAND921382 (pp. 2 4  to 2-6, Appendices B, C, and D) indicate the effort that 
was undertaken to ful6ll the selection criteria. Individuals in a variety of disciplines 
from professional societies, technical journals, universities, and government agencies, as 
well as individuals from environmental and public interest groups were queried for 
nominations for both the Futures Panel and Marken paneL 



(c) Confining eTerVr to -. their specialty 
\. 

When dealing with such cdmplex issues as future societies and long-term markers, the 
concern of confining experts to their specialty does not address the salient point. 

For example, the Markers Panel was not asked to interpret hardness or durability data 
The Markers Panel was asked to develop marker design criteria, which have materials 
and communication aspeas, 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 (use 
titanium for markers as it is highly resistant to corrosion) may be subject to other 
constraints (human beings will recycle materials from an unattended marker system for 
which it is cost effective) and may need to be modified (use only a small subset of buried 
markers made from titanium to make mining an uneconomical prospect). 

The point is that the teams are interdisciplinary. The rationale for using teams of 
experts is that questions related to human intrusion and passive institutional controls 
cannot be fielded by an single discipline. Tbe h u e s  to be addressed demand this 
organization A discussion of interdisciplinary teams is provided in Bonano et al. (lW), 
especially see p. 15: 

No expert teams are necessary if the results of expert judgments from individuals 
or panels are naturally padraged to integrate the analysis. However, at other 
times the natural package of information based on experts' judgments can only 
be acquired from an expert team comprised of specialists in related but 
synergistic disciplines. 

The above quote indicates that the natures of the issue dictates whether the judgments 
from individual experts caa be collected separately or whether experts must use the 
contributions from their disciplines "synergistically" to provide the necessary information 

Bonano. EJ., S.C. Horn RL Keeney, and D. von Wmterfcldt 1990. Ehatmron . .  . and 
~ s e o f E r p c ~ t ~ i n ~ s j b r m r m c c ~ ~ ~ w m m t f o r H i l g f c - l e v e l ~  w& 
Repitoria. SAND89-1821. Albuquerque, NM: Sandia National Laboratories. 
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Hwnan Z n m k m  into the Wac Zsdrrtion Pilot P h .  SAND9&3063, Albuquerque, NM: 
Sandia National Laboratories. 
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Training: Members should be trained in methods to induce an accurate estimate of 
probabilities and to reduce bias. (at 16-20). The methods include decomposition of an 
issue into several less complex problems, stating implicit estimates explicitly, and 
declaring all assumptions. 

Both SAND90-3063 @. 1-3) and SAND%?-1382 @. 2-6) indicate that at the first meeting 
of each panel, training in the subject of expert judgment/probability assessment took 
place. Stephen C. Hora and Detlof von Winterfeldt conducted the training for the 
Futures Panel and Stephen C. Hora conducted the training for the Markers Panel. 

The reports documenting the work of the Futures Panel (SAND9G3063) and the 
Markers Panel (SAND92-1382) show how the issues were decomposed. See also the 
response to comment AG/.%?PA-l2h. 

Bonano. EJ.. S.C. Horn R. L Keency, and D. von Winterfeldt 1990. Elicitation mrd C-. 
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Hora, S.C. D. von Witerfela and EM. Trauth. 1991. Erpclr ludgment on Inudvertent 
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Sandia National Laboratories. 

Trauth, KM., S.C. Hora, and RV. Guumslri. 1993. Expert Judgement on M& to 
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Decomposition of issues: The issue should be decomposed into a decision tree or event 
tree, including all factors deemed relevant by the members, that will guide the 
determination of probabilities. Disagreement as to the nature of the appropriate 
decomposition reflects an aspea of uncertainty. 



Bonano et al. (1990) list several types of decompositions for factual (not value) 
problems. They are fault trees, event trees, conditioning of possible events on known or 
hypothesized events, decision trees, and algorithmic decomposition (based on a 
mathematical function). 

The Bonano report states: 

The previously described decompositions of factual and value problems are fairly 
formal in that they express the results as trees or functions. Decomposition caa 
also be used less formally. The goal of a less formal procedure might be to 
promote deeper insight into the rationale for judgments and to enhance the 
interchange of beliefs and assumptions about the likely causes of studied events 
without formally encoding the decomposition The decompositions might be in 

s" 

terms of olusal or mitigating facton that are loosely related to the event or ,# * 

quantity of interest. In this form, decomposition enhances the experts' 
introspection and communication. 

i 
! 
\ 

Thus, decomposition does not need to follow a particular rigid fomat. The FU& - 
Panel and the Marken Panel teams each provide judgments based on decompositions of 
the issue statement. These decompositions are documented in SAND904363 and 

h 

SAND92-U82. 
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. . 
Documentation of elicitation: The "normative expert" elicitator should document the 
specialist's judgments and any reasoning offered in support. The intuitive conclusion and 
any intermediate probability estimates should be recorded and compared and the 
specialist asked to reconcile any inconsistencies. 

The documents produced describing the Futures Panel effort (SAND90-3063) and the 
Markers Panel effort (SAND92-1382) "document the specialists judgments and any 
reasoning offered in support." 

The expert judgment elicitation process and the judgments derived from it (including 
intermediate probabilities) are documented in SANDW3063 and SAND92-U82. 
Support for the positions taken by the teams can be found in the reports prepared by 
each team. 

The Preface of SAND90-3W indicates that a draft of the report was sent to the Futures 
Panel members for their review. The Markers Panel members had two opportunities for 
review of the eliated material-immediately after the elicitation meeting and again prior - 
to the publication of SAND92-U82 (Preface). 
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\ -  ' Scenario selection: When the task involves scenario generation, the n~fmative expert 
shall be required to employ methods of fonvard induction, & construction of scenarios 
by creating-a forward-lckking "event tree", and backward induction, iG, reasoning 
backward based on hypothesized performance or nonperformance of the repository and 
postulating caws.  

As stated in the response to comment AG92/PA-126 the effort undertaken with the 
Futures Panel and the Markers Panel was not to identify scenarios for modeling in a 
performance assessment, but to address alternative futures. SAND90-3063 t e a  prepared 
by the authors intentionally does not use the term "scenarios." Text prepared by the 
teams sometimes uses the term "scenarios," since they did not realize the special usage of 
the term in performance assessments. 

Given that the task was not to generate scenarios, Bonano et al. (1990, p. 25) indicate 
that Palue-driven event and scenario generation" and "analogy - or antinomy-driven 
event and scenario generation" are the two other techniques that can be w d  for "event 
and scenarion identification They go on to state that: 

h 

"Any of these three techniques can be combined with various forms of interactions 
among experts ... Furthermore, they can be substantially enhanced by involving individuals 
with very different perspectives regarding the reposito ry... Since the purpose at this point 
is to assure comprehensiveness, any inputs that are novel and creative should be 
appreciated." 

: . '$I addition, Bonano et aL indicate that: 

"konvard and backward irtduction builds on the notion that scenarios are logical 
sequences of events linked through processes." 

Bonano et al(1990, pp. 29-30) list several types of decompositions for factual (not 
value) probknw They are fault trees, event trees, conditioning of possible events on 
k n m  or h y @ d d  events, decision trees, and algorithmic decomposition @aJed on a 
mathematid functia). 

The Bonano report @. 31) states: 

"The previously described decompositions of faaual and value problem are fairly formal 
in that they express the results as trees or functions. Decomposition can also be used 

NMAG Commcntr 



less formally. The goal of a less formal procedure might be to promote deeper insight - 
into the rationale for judgments and to enhance the interchange of beliefs and 
assumptions about the likely causes of studied events without formally encoding the 
decomposition. The decompositions might be in tenns of causal or mitigating factors 
that are loosely related to the event or quantity of interest. In this form, decomposition 
enhances the experts' introspection and communication" 

Thus, decomposition does not need to follow a particular rigid format The Futures 
Panel and the Markers Panel teams each provided judgments based on decompositions 
of the issue statement. These decompositions are documented in SANDW3063 and 
SAND92-1382. The alternative futures developed by the four teams of the Futures Panel 
followed a variety of techniques (including, but not limited to forward and backward 
induction) to develop this "novel and creative" input. This creativity was an essential 
part of broadening the thinking regarding human intrusion. 
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Probability elicitation ttchniques: Since the probability issue is critic& criteria should 
direct the use of probability elicitation techuiqua to generate the probabilily estimates. 
These indudc h c t i k  tccbniques, whereby members must estimate the .M, .05, and .95 
probabilities, and interval techniques, whereby members must estimate probabilities at 
various magnitudes of the uuknm value. 

-, 
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It is inappropriate that "criteria should direct the use of probability elicitation 
techniques." As discussed below, the nature of the decompositions themselves indicates 
the techniques to be used. 

Bonano et al. (1990, p. 33) state: , 

"Drawing on this literature, there appear to be four distinct classes of procedures, 
depending on the nature of the uncertain quantity (discrete events vs. continuous rando&-' 
variables) and the nature of the questions asked (magnitude judgments about events vs. 
indifference judgments about gambles). The resulting taxonomy is shown in Table 
2.1 ... The eight techniques listed in this taxonomy [direct probability, direct odds, fractile 
technique, interval technique, reference gambles (for both disaete and continuous), and 
certainty equivalent (for both disaete and continuous)] are the most commonly w d  
ones in the quantification of probability judgments." 

Both types of information (discrete and continuous) were elicited from the teams, so the 
techniques used also varied. Information elicited from the Markers Panel was of the 
discrete form. Information elicited from the Futurcs P a d  was of both the discrete and 
continuous forms. The types of information elicited arc discussed in SAND90-3063 and 
SAND92-U82. Fraaile and interval techniques are only applicable to continuous 

A quantities. 
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Combinations: Bonano et al. point out that to probability judgments of different 
members or teams addressing the same issue would be erroneous, because it would mask 
the range of uncertainty reflected by the different judgments (at 4243, 47). In all 
situations the reported judgments should include the individual members' conclusions. 

The topics of future states of society and long-term markers are interdisciplinary ones. 
The perspectives of different disciplines must be incorporated to fully answer the 
questions asked In these cases, the unit of analysis is the interdisciplinary team, so the 
judgments of the teams and the members of the teams are indicated. Regarding future 
states of society and long-term markers, the perspectives of individual team members. 
and thus the disciplines they represent are equally important and are given equal 
weighting. An "averagee is an analytical combination where all the experts ha* e q d  
weighting. It is t& appropriate to average wer the individual expert (discipline) 
judgments. 
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Documentation: There should be a complete record of the elicitation process, including 
fondation of issues, selection of member, and each stage of the elicitation process. It 
is p@cularl~ important to subsequent application of estimates to make clear what 
factors were or were not considered in reaching a probability judgment (EP, general I 



knowledge of WIPP; effect of markers). Further, the reasoning giving rise to probability - estimates and any support in other methods of probability estimation should be recorded. 
As stated, individual members' conclusions should be set forth. Members should be 
identified by name (at 44-45). 

SAND90.3063 and SAND92-1382 provide a record of the elicitation process. These 
reports also include the issue statements and discuss the decomposition of the issues. In 
addition, the appendices reproducing the individual and team perspectives discuss 
approaches and rationales. 

The topics of future states of society and long-term markers are interdisciplinary ones. 
The perspectives of different disciplines must be incorporated to fully answer the 
questio~s asked. In these cases, the unit of analysis is the intcrdisdplinq team, so the 
judgments of the teams and the members of the teams are indicated. Regarding future 
states of society and long-term markers, the perspectives of individual team members, 
and thus the disciplines they represent, are equally important and given equal weighting. 
An "average" is an analytical combination where all the experu have equal weighting. It 
is thus not inappropriate to average wer the individual expert (discipline) judgments. 
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In the 1992 PA cawenion from drilling rates to scenario probabilities is inadequately 
explained Whether in the future separate futures panel "teams9 will constitute a "range" 
to be sampled is m t  known If this is done, it must be made clear what teamestimated 
conditions (te state of technology) are chosen for sampling and why, and uta* which - 
NMAG Commcntl 



probability (or probability density function ) is thereafter selected. Conversion to drilling h 

intensity must be made explicit. We are concerned about the observations by EEG that 
the realizations in Appendix D of v. 3 are not the actual results of the program described 
in the Hora memorandum in Appendix A and that the probability of intrusion is reduced 
to zero after year 300 for the Boston Team (EEG 9/93 comments at 5). It also seems 
plain that the intrusion rate overall is zero after 2,000 years (1992 PA, V. 4,219). This 
seems erroneous. < .  

1 

*kt?. 
Future documents will attempt to more clearly explain the convenion from &&hirates 
to scenario probabilities. Whether separate future panel "teams" will constitute a range 
to be sampled in the future will be impacted by the promulgation of 40 CFR 194. We 
agree that team~stimated conditions chosen for sampling and probabilities and the 
justification for such choices should be explicitly stated. 

The program described in Dr. Hora's memorandum was a slightly earlier version than 
that w d  in the analysk. The difference in programs amounted to a simple bypass of 
the program statenients cohcerning the array BOSTAB2 This was done because a 
decision was made not to indude injection wells in the analysis at the time because the 
current performance assessment models indude only exploratory boreholes, as required 
by 40 CFR 191. The Boston Team provided assessments for the drilling intensity that 
are conditional on both time and level of technology. The Boston Team concluded that - 
exploratoy drilling for hydrocarborn would not extend further than 300 years in the 
future and provided their own justification Dr. H o d s  program is a means to sample 
from the judgments of the Futures Panel and Markers Panel in addressing human 
intrusion and uses the judgments as developed by the teams. It is correct that for the 
purpose of calculating subsurface releaoes, the assumption that no intrusions occur after 
2,000 yeas was made in the 1992 PA. Cuttings releases were calculated for the full 
interval from 100 to 10,000 yean. The 1992 PA was prelimiaary, and results were not 
intended to be w d  as the basis for a compiiana decision. The compliana application 
for WIPP will not be amstmid in this manner. 

n 
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Several questions arise concerning the engineered components of the disposal Q'stem: 

-, 
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Seal design and performance: Design standards call for MB 139 and other anhydrite 
/I layen to be scaled below and above each panel and drift with grout (1992 PA, v. 2, 2- 

48). PA should provide a detailed description of the placement and composition of the 
grout. 

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 Small-Scale Seal Performance Test-Series F (Ahrens, 1992), this 
underground test at the WIPP was "intended to demonstrate equipment and techniques 
for producing, injectink and evaluatirg microhe cementitious grout." The grouting was 
completed in March, 1993, and the final report is currently being prepared. 
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Reconsolidated salt in seals and baclrfill is said to consolidate to a mediau permeability 
of 1 x 10"' m2 within 100 years. (1992 PA, v. 3.3- 14). Reference must be a t 4  for this 
permeability figure. Sandio has said recently that permeability of 10'' d or less is 
necessary to retard gas flow. Experiments have been planned to support such figure but 
have not yet been conducted See Nowak et al., Initial Reference Seal System Desip 
Waste Isolation Pilot Plant (SAND !M4355), at 27. 

Numerous' labomtory studies have been completed which document the permeability of 
compacted, crushed salt samples. Thege data are summarized in Figure 4 of Hansen et 
al. (1993). Tht relationship is shown between the permeability of the crushed salt 
samples and the relative/hctional density of the sample. This paper also references the 
numerous reports in which the data were 6rst documented. 
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Culebra flow and transport model: 

The following matters deserve attention as to the model of flow and tramport in the 
Culebra. 

PA uses past climates to limit projected future variability in precipitation. (1992 PA, v. 
2, 2-27; v. 4, 611). It has been asserted by Professor Roger Y. Anderson (March 16, 
1993 comments to EPA) that a broader range of variability then the range of Pleistocene 
variation is appropriate. Please comment. 

Please see the response to AG-la Prof. Anderson's comments to the EPA did not 
disagree with the approach taken in W P  PAS to treating climate variability during the 
next 10,000 years. Rather, Prof. Anderson's purpo~e was to ask the EPA to consider 
extending tho regulatory period to 100,000 yean to allow consideration of a range of 
climate variability more representative of the entire Pleistocene. This would represent a 
significant change in present regulatory requirements. 

n 
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Modeling ammcd no vertical flow above the Saiado (1992 PA, v. f2-24). In light of 
the imprecise bmdedge of recharge patterns (1992 PA, v. f2-36,248) the assumption 
of no vertical flow must be s~utinized (see 1992 PA, v. 4,62). Wht is plamed? 

The WIPP Roja t  is currently investigating the effects of vertical flow and recharge that 
may vary in both space and time through the w of a three-dimensional regional - 
DOE/WIPP-95-11)53 3-46 NMAG Comments 



- groundwater-flow model. Results of this modeling program will be used to evaluate the 
adequacy of the confined, two-dimensional approximation used to model flow and 
transport in the Culebra for PA. 

.. ., 
Page 14 _I - ,  . -... ,/ 

Hydraulic conductivity in the Culebra is insu£ficiently characterized, in that the variability 
of, and controls on variability of, Fracture porosity are not known (1992 PA, v.2.2-16, 2- 
19). What efforts are planned to improve the state of knowledge? Fracture porosity and 
spacing are sensitive parameters (1992 PA, v. 3, 2-79,2-81). 

This comment implies that it is necessary to have knowledge of the dismiution of 
fracture porosity in order to characterize hydraulic conductivity. It is correct that the 
hydraulic conductivity of the Culebra very much depends on the degree to which open 
fractures are present. Hobever, it is not necessary to know the fracture porosity or 
spacing in order to use results of hydraulic tests (e-g.. pumping tests, slug tests, and drill- 
stem tests) to calculate values of hydraulic conductivity. Although there is dearly - uncertainty in the distribution of hydraulic conductivity, SNL currently believes that this 
distribution is d c i e n t l y  well characterized. 

The 92 PA does point out that there is i ud6aen t  information about matrix and fracture 
porosities to map their spatial dism'bution (v. 2, p. 2-16). Fracture porosity and spacing, 
as noted in the cornmen4 are sensitive parameters in dual-porosity transport calculations. 
Values of these parameters have been obtained from tracer tests. 

Page 14 

The 1992 PA notes that the groundwater geochemistry of the Culebra is inconsistent with 
a north-wutb flow pattern (1992 PA, V. 2, 2-36). It is stated that as the groundwater flow 
model is developed and re- the potential Jisnificance of uncertainty in the location 
and amount of future recharge wi l l  be reevaluated. (1992 PA, v. Z2-38). What are the 
PA plans to resolve, or examhe the significance of, this uncertainty? 



It should be emphasized that it IS not certain that an inconsistency between the 
hydrochemical facies of Culebra waters and the inferred north-to-south flow direction 
actually exists. As discussed in the 1992 PA (Volume 2, p 2-36, 13-20), Lamben and 
Carter (1987), Lambert (19911, and Chapman (1988) have proposed hypotheses to 
explain the relationship between the hydrochemical facies and flow directions. Lamben 
and Carter favor a model in which the hydrochemical facies still reflect a past flow 
direction. This model considers vertical flow into the Culebra from overlying strata to be 
insignificant In contrast, the model proposed by Chapman includes recharge from the 
surface in the region of facies zone B. Whether or not one of these models provides a 
satisfactory explanation of the hydrochemical facies is not resolved and it is not clear 
?at the resolution of this issue would have a direct effect on demonstrating compliauce. 

PA is using a three-dimensional regional model to investigate the impact of spatially and 
temporally varying recharge on groundwater flow in the vicinity of WIPP. The model 
calculates recharge distributions and groundwater flow rats and directions given 
assumptions about the amount of moisture available to infiltrate to the water table. 
Results of this modeling program will be used to evaluate the adequacy of the confiaed, 
two-dimensional, approximating used to model flow and transport in the Webra  for the 
1992 PA 

Chapman, J.B. 1988. Chemical rmd Rndiochanical Chamctaicricc of Groundwater in the 
Clrlebm Dolomite, Southeprtem Ncw Merifa EEG-39. Santa Fe, NM: Environmental 
Evaluation Group, Environmental Improvement Division, Health and Environment 
Department, State of New Mexico. 

Lambert, SJ. 1991. "Isotopic ConrbrmiYs on the Rustler and Dcwcy Lake Gtvundwater 
Systems," Hydqeochemical Sludicc of the Rustla Fonmion and Related M in the 
Wartc Isolation Pilot PIant Anq Southecutem New M&a Eds. M.D. Siegel, SJ. 
Lambert, and K L  Robinson. SAND8841%. Albuquerque. NM: Sandia National 
Laboratories. 

Lambert, SJ, and Carter, 1987. Uinnium-Isotope Systemtics  in Gnnuuiwatm of the 
Rustler F m m d u q  Nuthem Dckmca &uir2 S49lthC(Utem New M a i c a  I.  M p t k  mrd 
Preliminmy Radtr SAND87-0388. Albuquerque, NM: !3db National Laboratories 
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An agreement between W E  and the State requires that radionuclide retardation be 
demonstrated with experimental data (1992 PA, v. 4, 6-3). Further, PA notes that 
experimental data as to distribution factors "cannot be extrapolated directly to a complex 
natural system" (1992 PA, v. 2, 2-30). At the recent NAS WIPP subcommittee meeting it 
was specifically stated by one member that laboratory data as to distribution factors is no 
reliable guide to retardation in the field. What are W F s  plans to develop retardation 
data that both satisfies its agreement with the State and affords scientific reliability? 
Will tests on site with nonradioactive analogue tracers be conducted (see 1992 Pa, v. 2, 
2-41)? 

Decisions about how to proceed with experimental plans to demonstrate retardation at 
laboratory and field scales will be based on outcomes of SPM analyses that include these 
activities. At present, SPM2 results that could provide the basis for such decisions are 
anticipated in the Spring 1995. - --. 

How will the effect on the Culebra flow field of injection of fluids from the repository 
via an intrusion wellbore be measured and modeled? (see 1992 PA, v. 4,62). 

. - . . 
CAO has no plans at this time to measure directly the effects of the injection of 
repository brine into the Culebra through an intrusion borehole. Scoping analyses of 
such effects will be modeled using existing PA codes before a decision is made about 
including brine injection into full system analyses. 

Page 15 

The PA states that there is  insuffiaent information to characterize the vertical variability 
of flow within the Culebra (1992 PA, v. 4, 6-1, 6-2). Will this issue be explored further? 

#--. 
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Also, is it appropriate to model the Culebra as a rock body of uniform thickness, and, if - 
not, what improvements are planned? (1992 PA, v. 4, 6-4). 

PA calculations of flow and transport in the Culebra involve two basic steps. Fit a 
regional flow field of specific discharge is calculated. Specific discharge is the rate at 
which groundwater flows through a unit cross-sectional area of rock. Although specific 
discharge has the units of velocity, it does not represent the actual velocity of flow. The 
actual velocity (interstitial velocity) is faster because fluid can only flow through the area 
provided by the pores and fractures in the rock, rather thaa the entire cross-sectional 
area Assuming no vertical variability and uniform thichess for the Culebra when 
calculating the field of specific discharge does not introduce any error because these 
calculations are based on values of transmissivity, a parameter that integrates the 
hvdraulic conductivitv of the unit over its entire thickness. These assum~tions do affect 
&e calculated actu&velocities. Observations at the Air Intake Shaft d o l t  and Powers, 
1990) indicate that, at this location, most of the flow in the Culebra occurs through about 
one quarter of its thickness. Assuming that flow occurs only through one quarter of the 
Culebra thickness raults in a calculated velocity four times greater than would be 
calculated assuming that flow is wer the entire thickness, if the same porosity w m  
assumed for each e&ctive thickness. However, the variation of velocity due to the 
sampled range of fmaurc porosity is several orders of magnitude. Therefore, y h h x m  
current plan to collect data to better characterize the vertical heterogeneity of th Cr 

h 

Culebra. Although it would be possible to represent the actual thihess of the C u l ; ~ i i . ~ '  
in flow and transport models, the change ia calculated velocity would be small compared 
to uncertainty in fracturr' parameters. 

Reference 

Holt, R.M. and D.W. Powen, 1990. Gcdogic Mapping of the Air Intake Skf at the 
Wartc Isolation Pilor Pkrrlr. DOE/WIPP 90.051. 
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The radionu&& tramport model is a obviously sensitive parameter (1992 PA, v. 4.6-3, 
ch. 8). How will DOE select among the alternatives for the next PA? 

Future iterations of the SPM will nse the transport model that is considered to be 
consistent with currently available information. Alternative models (e.& those that take 

-? 



.- credit for sorption and/or matrix diffusion) will be examined through consideration of 
activity sets that may be undenaken if SPM analyses indicate that their completion will 
lead to an acceptable probability of demonstrating regulatory compliance. 

Comment AG-14i 
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However, the future borehole may be 315 m c l ~ a  to the subsurface boundary. (1992 
PA v. 4, 6-4, 6-7). Will the parameter of borehole location be changed or sampled in 
future analysis? 

@ 
The flow and transport model assumes an intrusion over the center of the disposal area. 

1 

Cutrent modeling capabilities pennit varying the location of the intrusion eqolq. 
Decisions about the specific analyses for the SPM or for a compliance app& Wbi; 
made after b a s e l .  information for the SPM has been determined. --..A 

Page 15 

The Culebra flow model includes 70 transmissivity fields, which are calibrated to steady- 
state and transient head data. The exercise generated inconsistencies between the 
modeled and observed conditions. (1992 PA, V. 4, 626). It would seem that the model 
requires refinement based on data concerning factors, not now incorporated, affecting 
the observed head data Is such an effort planned? 

The problem indicated in 1!H2 PA, Volume 4, pg. 626 relates to the RMSE of 
calculated h&s at wells H-7 and USGS-1 measured well water levels being 2 to 4 3  
meters lowq in~realizations than the observed well water levels. The comment concerns 
the effect ofbaund;uy conditions at the southern portion of the model domain on the 
estimation of !#c I ' 'ty field within the WIPP site boundary. It is probable that 
the conditions assumed at the model boundrq, are not of great importance in 
determining the T-field geostatics within the WIPP site boundary. The rationale for this 
statement is the comparison that was made in papers by Rubin and Dagan (1988, 1989) 
in which a Green's function approach was w d  to analyze the effects of a constant head 
boundary and impervious boundary conditions on the head variogram and mass- 
cowiaace of head and ink. 'Ibe results of this study showed little difference between 
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these covariances and the covariances generated for an aquifer with infinite boundaries - 
when the boundary is located a few correlation scales from the area of interest. 
Assuming an exponential covariance for lnT, the correlation length for the Culebra is 
around 31rm. The SW model boundary is at least 12km from the WIPP boundary so the 
effect of boundary conditions at this boundary are probably not significant. Finally, since 
solute transport trends to be in a southerly direction in the WIPP Culebra release 
scenarios, the effect of lower than measured heads at the southern boundary of the land 
withdrawal area will tend to increase the NS gradient, and to increase transport out of 
WLPP. Thus this error is conservative (tending to increase releases). In any case, the 
sensitivity of the T-field inside the WIPP boundary to bounding sets of boundary 
conditions should be examined when the next set of T-field calculations are made for 
completeness. 

A re-calculation of the transmissivity field using transmissivity and head data that has 
been measures since the 1992 PA will be conducted for the final compliance document. 
Re-calculation of transmissivity fields for the SPh42 may take place if there is s&cient 
time in the process. The Geostatistical Expert Group (GxG) has conducted a series of 
blind test problems to determine the adequacy of the pilot point method as well as a 
number of other inverse methods in estimating the transmissivity field of a number of 
WIPP-like test problems. The results of this exercise wi l l  be available in April 1995. 
From these results a decision will be made as to whether GRASP-INV or another 
inverse method is w d  for future generation of transmissivity field realizations. 'Ibe 
code used in calculation of the final t m m h i v i t y  calculation will be requbed to be a .---. 
level A Quality Assurance. 

Rubis  Y. and G. Dagan, 1988. Stochastk Analysis of Bowuiariu EfFds on he& spatial 
Vtviubil@ in Hetempeous &.ufin, 1, Constant Head Boundary, Water Res. Res., 
24(10), 1689-1797, 1988. 

Rubin, Y. and G. Dagan, 1989, Stochastk Analysis of Boundrq, EfFds on He& Spatial 
Vtviub* in Hetmgemnu Aquifers, 2, Impervious B o w ,  Water Res. Res., 25(4), 
707-712, 1989. 
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In the SECO-TRANSPORT model vertical fractures are not incorporated. Should the 
model be improved in this respect? 

-, 
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The SECO-TRANSPORT is two-dimensional; it contains only lateral directions and 
therefore does not explicitly include the orientation of fractures. However, the existence 
of vertical fractures is included in the conceptual model of the Culebra and their affect 
on flow and transport is fully included in the current version of the model. Therefore, 
there is no need to change this code in any way to account for vertical fractures. 

Comment AG-15a 
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Cuttings model: 

The direct release model - now confined to releases through interaction of drill bit and 
string and the repository contents - raises the following questions: 

The drill bit diameter is a sensitive parameter under the current PA and is sampled 
using a curmulativehistribution function based on past drilling practice in the Delaware 
Basin. (1992 PA, V. 4.7-1). A principal exploration target is gas, and the bit diameter 
should approximate that w d  for gas exploration. 

As noted in a previous comment (see AG-lf), oil is also a major exploration target in the 
vicinity of the WIPP. The Project believes that it is appropriate to consider drill bit 
diametersrrpresentative of all drilling activities that reach the repository horizon in the 
vicinily - 

Page l5 

The model for spdlhg~ releases is still being developed. (1992 PA, v. 2, 7-27). We 
caution agaht too xigid assumptions as to the practice which would be followed by a 
driller who encounters a presJurized zone. 

Drilling practices which may affect spalling releases have been examined 
development of the spalline model. In part, characterization of thesc practia~ 
dependent on interpretations of regulatoy guidana. - 
NMAG Commcntr 
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Based on the Sandia presentation at the February 22-25 meeting between EPA and 
DOE, we believe that it cannot be assumed that intruders would soon detect the 
presence of the repository and discontinue activities. Please comment. 

The W E s  interpretation of the "soon detect" guidance provided by the EPA in 
Appendix C of 40 CFR 191 is given Appendix A of the March 1994 Drafi Compliance 
S t a  Report for the Wme Isolation Pilot Plant @age A-11, entry 64): 

Performance assessment shall be based on the assumption "that passive 
institutional controls or the intruders' own exploratory procedures are adequate 
for the intruders to soon detect, or be warned o& the iacompatibiity of the area 
with their activities." "Soon detect" shall be defined based on reasonable 
interpretations of drilling practices and expert judgement. "Soon detect" cannot 
be strictly interpreted based on current drilling practices since currently, driuers 
do not wony about encountering underground waste repositories during their 
operations. Once such repositories are in place, exploratory drillers may become 
aware of their existence in areas where they are looking for resources. 

Qmmeut AG-16a 
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Compliance demonstration: 

There are certain fundamental issues with the methods of demonstrating compliance 
which are not address& 

How are the v&hh which am to be sampled selected from among all othen? For 
example, why m tbc future waste hentory not sampled as to one or more variables? 

Parameters were selected for sampling in the 1992 and previous PAS based on several 
factors, includine: degree of uncertainty about the correct values to use in 
analyst judgement about the potential aftect on outcomes of this uncertainty; information 
from previous sensitivity a d y s a ;  and significant changes in information about the 
parameter since previous analyses. Becawe the 1992 PA and previous PAS were 

-. 



CI, 
preliminary, and were not intended for use in a compliance application, the total number 
of sampled parameters was restricted to those believed to be most important. 

. .. Experience indicates that the 1992 list of sampled parameters did include those to which 
the 1992 models were most sensitive. The selection of parameters to be used in support 

o f  a.,compliance application will be made when models and data for the application have 
+ ' .1: peen determined. 

With respect to future waste inventory, parameters characterizing the components that 
participate in gas generation reactions (i.e., iron, cellulosics, and water) were sampled in 
the 1992 PA The radionuclide inventory was not sampled, in part because there was 
insufficient information available to characterize the uncertainty, and in pan because 
performance is relatively insensitive to the total number of curies emplaced in the 
system. I? 

Comment AG-16b 
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How is the suffiaency of Sampling methods (- range, kequency) evaluated? By what 
criteria does the occurrence of one or more "outlier" cwa dictate a revision in sampling 
methods? 

In general, the occurrence of an outline c u m  does not dictate a revision in sampling 
methods. We used two sampling methods in the 1991 and 1992 WTPP PAS: Importance 
sampling to incorporate stochatic ( i r ,  aleatory) uncertainty into the analps  and Latin 
Hypercube Sampling (LHS) to incorporate subjective (ie., cpistemic) uncertainty into the 
analyses. The robustness of LHS has been investigated previously (e.g., Iman and 
Helton, 1988, Iman and Helton, 1991). Further, we have conducted comparisons 
between the use of importauce sampling procedures and Monte Carlo procedures for 
O F  generation, with both ptocedures giving similar results. A h ,  the stability of the 
importance of sampling proadures is invatigated by Helton and 1uzu)lino (1993). 

Iman, RL a d  J.C Helton, 1998. An Invcrrigalion of Ull~~ltainly ond Sardtivity 
Tedrniquu pX Gnnputer ModcLr Risk Analysis. Volume 8.71-90. 

Iman, R L  and J.C. Helton, 1991. IRe Repeattcrbilify of Ull~~trriy) and Smdtivity 
Analyses fW Compler Rvbabilicric rkk Assesmen& Risk Analysis. Volume 11,591606. 

C 
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Helton, J.C. and HJ. Iuzzolino, 1993. Construction of Complementary C d e  -, 

Dirtribution Fwvtiom for Cornparion with the EPA Releare Limitc for Rndiwaive Waste 
DirparaL Reliability Engineering System Safety. Volume 40, no. 3, 277-930. 

n 
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What is the suggested criterion for "reasonable expectation" with respect to the CCDF 
realizations? What principles, if any, support the selection of mean, median, or a stated 
percentile? 

Tht '~0E's  interpretation of "reasonable expectation" is given in Appendix A of the 
bfarch 1994 Draft Compliance S t a w  Repm for the Waste Isolation Pilot P h  @. A-3, 
entry IS): 

The "reasonable expectation" standard is equivalent to the "reasonable degree of 
certainty" standard of 40 CFR 8268.6. It is a burden of proof greater than the 
"preponderance of evidencen standard, but not as great as the "beyond a 
reasonable doubt" standard The standard requires that reasonably trustworthy - 
information and data be provided such that the totality of the facts and 
circumstances are suffiaent, given the DOE'S or the EPA's scientific and 
technical expertise, to warrant a "firm belief" that performance measures will be 
met Quantification of thue terms is not appropriate. As~essment of 
compliance to a "reasooable expectation" or a "reasonable degree of certainty" is 
therefore, a qualitative assessment of the quantitative results. 

Criteria for compliance with 40 CFR 0 1 9 1 . ~  will be provided by the EPA in 40 CFR 
194. 

In practice, the final aucummt of compliance wi l l  always be qualitative as it involves 
the assesynent of many types of information from many sources. However, when a 
distribution of CCDFa is derived from subjective (i.e., epistemic) uncertainty, it is the 
location of these CCDFs relative to the boundary line in 40 KFR 191.13 that is 
important. Thus, on a formal basis, a ~ummary curve is the Iogical quantity to consider. 
However, there is no way to justify any particular curve (e.g., mean or 75%, W, 
99% ...). This is a valw judgment on the part of the relevant regulator. 

--r 
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Why is 4/3 the number of variables a sufficient number of vectors to demonstrate the 
full range of variability in input parameters? Is another number required to generate a 
relevant mean, median or other percentile? (see 1992 PA, v. 1, 4-14). 

The rule derives from the sample size necessary for the numerical implementation of the 
Iman/Conover restricted pairing technique. 

The robustness of Latin Hypercube Sampling has been investigated in several studies 
(e.g., Iman and Helton, 1988, Iman and Helton, 1991) and has been found to provide a 
high degree of repeatability with a relatively small sample size (e.g., 2-3 times the 
number of variables under consideration. However, a procedure for defining an 
"optimumum sample size is not k n o m  Iman (1982) has presented a procedure using 
replicated sampling to place confidence intervals on quantities estimated with Latin 
Hypercube S a m p h  

- 
Iman, R.L and J.C. Helton, 1998. An InvcnigcYion of Uncmainfy rmd Senritiviry Analysis 
Tech* for Compute Models. Risk Analysis. Volume 8, 71-90. 

Iman, R.L aud J.C. Helton, 1991. The Repeatability of Uncertainly d Senritiviry 
AllOfLses for Compler hbabilimc risk&crmrents. Risk Analysis. Volume 11,591-606. 

ban, RL 1982. Stcltirtical Methuds for IncMhg Uncertainties Associated with Geologic 
Zsolcltion of Rndioaaive Woste Which Allow for a Comprrrion with Licensing CriteriP In 
Proceedings of the Symposium on Uncertainties Associated with the Regulation of the 
Geologic Disposai of High Level Radioacthe Waste, Gatlinbximum intrusion rate and a 
consideration of the effea of uncertainties in scenario probabilities arry, Oak Ridge, TN, 
pp. 145-57. 

- 
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The NMED comment contains extensive discussion of data available on the occurrences 
of water in the Dewey Lake Redbeds in WIPP-area wells. 

The main concerns raised in the comment are summarized in the following two quotes: 

"NMED/WIPP staff have concluded that the size and continuity of the Dewey Lake 
perched ground water zone are not adequately characterized." 

"NMED/WIPP staff believe that the ... hydrologic investigation documented in the Dewey 
Lake at H-14 was a test failure, and not an indicator of hydraulic properties of 

, ~? bearing zones in 
the formation." 

1 

Site investigations prior to sinking the shafts showed that the Dewey Lake Formation 
does not contain enough water to sample in the vicinity of the shafts at the WLPP Site 
(ref. &chtel borbigs, No -migration Petitions). This was later confirmed during sinking 
of the shafts (Holt and Powers 1984, 1986 and 1990) and by the drilling of a number of 
near-by test wells. 

.- Although there was some moisture that seeped into the Air Intake Shaft (AIS) during 
construction, most fame from just below the fill, four feet below the top of the shaft. 
The underlying Gatuna Formation (4-13 ft below the surface) was described as locally 
moist with the exposed nuface locally exhibited a NaCl-rich efflorescent aust (Holt and 
Powers, 1990, Figure 5, Sheet 3 of 22). Moisture and salt austs were also noted at the 
base of the Santa Rosa Formation, above the contact with the Dewey Lake (Holt and 
Powers, 1990, Figure 5, Sheet 3 of 22). l'he mapping reported fractures in the upper :ew 
feet (to a depth of 45 h below the nuface) that were moist and exhibited eMorescence 
(Holt and Powen, 1990, F i e  5, Sheet 4 of 22). Minor amounts of moisture and salt 
eMorescence were noted on the shaft nuface at approximately 1U ft, 152 ft, 157 ft, and 
164 ft. No other moisture was noted on the Dewey Lake surfaces exposed in the shaft at 
the time of mapping. The contact with the upper Rustler Formation is about 5 U  ft 
below the surface. 

This water in the Gatunn. Santa Rosa, and upper Dewey Lake was saline and formed 
salt encrustation as it evaporated in the shaft Holt and Powen (1994 &on 3.4.4) 
point out that this must have originated as water that came in contact with the WIPP salt 
storage pile. The source must be very local and the water probably seeped in at the 
retention pond that is west of the salt pile and north of the parking lot. 
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Data from 10 test wells drilled between the WIPP shafts and the local ranch water wells 
confirm that the Dewey Lake is dry and that there is no reason to suspect that there is 
any potential pathway to connect the shafts to the ranch water supply. 

DOE feels that the hydrology of the Dewey Lake is well characterized in the vicinity of 
the WIPP shafts, and that there is no reasonable potential for the Dewey Lake to 
provide a release pathway. 

Throughout the southwest, where there are surface sand dunes and water is scarce, 
ranchers typically drill for water at the edges of the dune fields. The dunes collect 
infiltrating rainwater and funnel that into local, usually perched, water tables in whatever 
is below the sand. Such water supplies are usually local, subject to rapid depletion, and 
are easily contaminated. Two wells at the nearby Mills Ranch typify this practice. 

No pump testing has been performed at either the Barn or the House wells. These are 
private ranch wells, not DOE test wells. Additionally, there is no record of how the 
wells were completed. The DOE did collect water at the Barn well as part of the Water 
Quality test Program. This water tested high in nitrates (WIPP-DOE 92-007, 
Section 5.1). logically a product of the animal excrement in the corrals. Test holes 
drilled between the WIPP shafts and these wells showed that there was no reason to{ 1 ' 
suspect any potential for hydrologic connection. 'a >;a 

\L. -", 
-, 

It is true that the Dewey Lake in the vicinity of the ranch wells is not well characterized. 
However, the conditions at the ranch arc obviously different from and not applicable to 
those in the vicinity of the WIPP shafts. Since there is no reasonable pathway for 
release to those wells, the condition at the ranch does not need further characterization 
Additionally, since perched, local, water-bearing mnes are known to be limited and 
easily disturbed, the risk of disturbing the local rancher's water supply by DOE pumping 
test suggest that such tests should not be done unless required by the local ranchers, in 
which case he would admowledge that damage to his water supply could occur from the 
testing that he was re~uesting. 

As of October U, 19W. WQSP holm l, 2,4,5, and 6 have been drilled. No significant 
moisture in the Dewey Lake formation was encountered in holes 1,2,4, and 5. Fresh 
water was encountered in WQSP6 (section 29, TZZS, R31E, 1667 FSL and 1329 FWL) 
at a depth of 182-208 feet Water was produced at a rate of approximately 30 gallons per 
minute for 15 mirmtu. This well was cased through the Dewey Lake as per the drilling 
plan. A second mll bas been drilled at this site as a test well. The well was completed 
in the water bearing part of the Dewey Lake Formation, from 180 to 210 f e e t  For 
characterization purpo~es, the well was cored from 160 to 220 feet. 'Ihe DOE wiU 
perfom additional testing at this location 

h 
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- It is important to point out, however, that in the vicinity of the shafts, adequate 
characterization of the Dewey Lake exists and is valid. There is no reasonable 
mechanism for a pathway to exist from the WIPP shafts to the WQSP-6 location 

The purpose, nature, and conclusions of the tests performed at H-14 should be restated. 
First, the purpose of the tests was to try to determine if a water table exists in the lower 
Dewey Lake Redbeds immediately above the Rustler Formation The test was never 
intended to address possible perched water in the Dewey Lake. Second, the tests 
performed were a driUstem test and a pressure-pulse test. No pump test was performed. 
Third, the conclusions of the tests were simply that the presence or absence of a water 
table in the lower Dewey Lake could not be determined from the test data. No 
conclusions about the presence or absence of perched water at H-14 or any other 
location were drawn. 

.: ,a. - 

,--' ' Comment ED/92PA-2 
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i A 
J . - ~ ~ o h ~ d r o l o ~ ~  of the Dewey Lake. 

/ 
___ '  

The Dewey Lake Formation is characterized as a deltaic sequence of alternating, thinly 
bedded siltstone and mudstone with lenticular interbeds of fine- to coarse-grained 
sandstone (Mercer, 1983, D'Appolonia 198%). Mercer (1983) contends that ground 

,- 
water occun perched or semi-perched in lenticular sands in the -ev u. 
Abundant gypsum-filled veinleu and f raaura  obsemed in dry lower portions of the 
formation suggest several interpretations concerning ground water occurrence in the 
formation. 

Sulfate-rich water has circulated through the formation at some time in the past 
(Davies, 1989). 

Water undersaturated with respect to sulfate has not dissolved the gypsum 
precipitate in the lower unit, and 

Ground water in the formation would most likely occur above the gypsurn-filled 
veinlet zone (in tbc upper Dewey Lake) (Holt and Powen, 1990). 

The zone isolated for the 6 1 4  Dewey Lake hydraulic test was within the lower portion 
of the formation characterized by gypsum-filled veinleu (SAND89-0202). I h e  zone 
tested was 30 meten (100 feet) below the deepest onsite occurrences of Dewey Lake 
ground water. 



The DOE agrees with the statement in the bullets. Holt and Powers (1990, section 
3.4.4) did note the change in fracture filling from partial, Calcite fillings in the upper 
part of the Dewey Lake to a depth of 164.5 ft where it changed to the denser, 
incremental fibrous gypsum filling below that level. They postulate that perched water 
tables in the Dewey Lake might be held up by the denser fillings below that level. This 
hypothesis has yet not been tested. However, data from the recently-completed wells at 
WQSP-6 and the planned testing at that location should help to determine if their idea 
has merit. 

The DOE also agrees with the final comment concerning H-14 tests. If Holt and Powers 
are correct in their hypothesis, the presence of the gypsum-6Ued veinlets explain why 
that part of the Dewey Lake could not be tested. It was probably too impermeable. - 
Extent of Dewey Lake Ground Water. Mercer (1983) provides a " k 6 n l y  quoted 
statement suggesting that occurrences of Dewey Lake perched ground water zones are 
localized and isolated In fact, on a regional scale, this is probably me.  However, the 
term localized is not well defined, and as demoastrated in the previous discuJsion, its - 
"localizedw nature does not preclude @Scant occurrence of the aquifer onsite. 
Furthermore, its localized and isolated character also does not preclude hydraulic 
connection with off-site zones. 'Ibe only hydraulic conductivities reported for the Dewey 
Lake Formation are from packer-permeability tests conducted during the foundation 
investigation. Given the potential for testing the wrong zone within the Dewey Lake, 
and the limited areal extent of the foundation investigation, it seems unreasonable to 
extrapolate this information site wide. 

Lambert (1992) has noted meteoric recharge at Ranch Well (Lambert 1992) and Holt 
and Powers (1990) have suggested recent meteoric rainwater may be responsible for 
occurrences of moist and wet units d e s c n i  down to 50 meters (165 f a t )  below the 
surface in the AIS. NMED/WIPP staff ham also obsemed prodigious amounts of free 
water seeping in within the Dewey Lakc Formation at the Exhaust Shaft. Video 
surveyon report i n a d  inflow in the Dewey Lake during yean of heavy precipitation. 
The potential for enhanced meteoric recharge in future wetter-cooler dimates may 
inaease the size and flow chanraeristia of the Dewey Lake water-bearing units. 

Please provide a reference and documentation from the NMED/WIPP staff supporting 
your statement that "prodigious amounts of free watcf are flowing into the Exhaust 
Shaft from the Dewey Lake Formation. The DOE adonowledges that condensation - 



- occasionally occurs on the station A instrumentation, but there is no documentation that 
we know of that moisture is from the Dewey Lake Formation. That portion of the shaft 
has been lined and grouted, and the last direct inspection showed that the grouting was 
successful in sealing off the formations above the Salado. 

Comment ED/92PA-4 
'I 

Dewey Lake and Performance Assessment. 
- /' .'. -' 

4 

,Because of its relatively high permeability and regional persistence, the Culebra member 
of the Rustler Formation has been the focus of migration pathway studies for the WIPP 
site Performance Assessment. The Dewey Lake Formation has been downplayed, 
evidently based on limited hydrologic information. Several arguments question the 
rationale for this decision: 

the data reviewed indicate that the Dewey Lake Formation is a ground water resource 
offsite, although it's characterization as an underground source of dnnking water is 
debatable; 

the areal distribution of the Dewey Lake Formation on-site is uncertain and does 
not preclude connection of onsite and offsite perched ground water zones; and 

information on water quality, transient recharge and flow characteristics of the 
Dewey Lake water-bearing zone (s) is nonexistent or not well documented. 

See response to ED/92PA-1. The DOE believes that the hydrologic characteristics of 
the Dewey Lake near the shafts have been adequately characterized. The formation 
does not yield water and there is no reasonable potential for the Dewey Lake to provide 
a release pathway. 

First bullet: DOE agrees, see comment ED/92PA-1. 

Second bullet: Th aerial distnition of the Dewey Lake Formation is well l m m  from 
numerous tat borings. It is present and continuous everywhere beneath the site. At the 
WIPP site the Dewey Lake Redbeds are 476 ft thick and co~uists of interbedded reddish- 
brown fine sandstone, dtstone, mudstone, and daystone (Holt and Powus, 1988, section 
3.4). The upper part of the unit is indurated and many fractures are filled with calcite. 
Below 164.5 ft  in the AIS, the cement changed to fibrous gypsum, which indicates 
incremental growth (Holt and Powers, 1990, section 3.43). The unit is quite tight and 



---r although no hydrologic tests were performed, rocks of similar composition typically have 
very low permeabilities. 

Third bullet: See response to ED/92PA-1. The Dewey Lake is so dry at the site that it 
has not been possible to collect water samples. Water from the Barn Well south of the 
site is qwe high in nitrates, probably as a result of contamination fro~n the Livestock 
excrement. n 

--- ."-- 
NMED/WIPP staff hope that this transmittal supports and augments the three 
N M E D / W P  conclusions quoted in Table 1. There are several practical approaches 

u 
that might address this issue, none of which explicitly involve drilling new wells to 
respond to this concern: 

If new Sandia research or DOE .:WIPP monitoring wells are planned, use air as a 
circulation media to permit detection of shallow ground water. If a monitoring 
well is p ro jkd ,  complete a monitoring zone within the Dewey Lake interval 
where ground water flow is observed. 

Describe a conceptual hydrologic model of the Dewey Lake Formation, 
considering potential recharge in future climatic regimes. 

Indude or predude, based on available information, the potential for the Dewey 
Lake to act as a secondary migration pathway. 

New wells for bath WestinehouJe (WQSP-1 through 6) and Sandia (H-19 bl through 7) 
are being driUed using air as the circulation medium. Neutron and television logging will 
be performed in thesc wells to try to identity saturated zones within the Dewey Lake. 
As of October U, 1994, WQW holes 1243, and 6 have been drilled. No siguifimt 
moisture in the Dewey LPLe Formation was encountered in holes -4, and 5. Fresh 
water was errauntaed in WQSP 6 (Sec 29,- WlE, 1667 FSL and U29 FWL) at a 
depth of 182-208 feet Water was produced at a rate of approximately 30 gallons per 
minute for l5 minutes. TI& well was cased through the Dewey Lake as per the drilling 
plan. A Jeccmd well will k drilled at this site and completed in the Dewey Lake to 
collect water samples and determine the extent of saturation- 

Answers to the second and third bullets wi l l  come from the three-dimensional modeling 
program in progress. 

NMED Cornmenu 



The following comment is a ground water monitoring recommendation occurring in 
"Assessment of Off-Site Radioactivity Surveillance Systems at the Waste Isolation Pilot 
Plant" (NMED/WP 93-002): 

"Current Magenta observation wells are located outside potential 
contaminant migration pathways. Although the Magenta is not considered 
in formal risk analyses conducted in support of the Performance T - -  
Usessmenc a ground water monitoring system may require consideratig6: ;: .\,, . I of the potential for contamination of this water-bearing zone. Some , , , - $, 

investigators have suggested that leakage downward from the Magenta! r ? ) 
Formation may be a component of recharge for the Culebra water-be&& 
unit (Mercer, 1983; Seigel et al., 1991). The groundwater radiological 8 - 
baseline could be improved by sampling the Magenta water-bearing zone 
in the potential contaminant flow path and closer to the western boundary 
of Zone II (extent of underground excavation)." 

This recommendation occurs within the context of environmental monitoring, in which 
all "potential pathways" are monitored. This is a main theme of EPA's RCRA Ground- 
Water Monitoring Technical Enforcement Guidance Document (TEGD). The comment 
seems pertinent to developing a con taminant migration model for PA analyses. 

Supra-Salado rock flow properties may be important to facility performance, therefore a 
strategy aimed at characterizing and measuring these properties over a relatively short 
time period may be beneficial. n 

A variety of human-initiated facton, including the quality of borehole completion and- 
abandonment, are p r o p d  as caws for a collapse feature located about 100 miles 
southeast of W P P  in Texas (Johnson, 1987). In that case, abandoned boreholes 
evidently provided a pathway through which shallow ground water infiltrated and 
dissolved Salndo salt. This d h l u t i o n  led to the formation of a cavity and collapse of 
overlying s a t n .  The development of the War Wink Sink is described in the following 
article: 

K Johnson, 1987, "Development of Wtrk Sink in wcd Texas due to salt disrohyion and 
cohpse"; 2nd Multidisciplinary Conference on Sinkholes/Orlando; p. U7-l36. 



--r There are twenty-eight drill pads with 44 wells within the WIPP land-withdrawal area 
Most WIPP-related wells are used for site characterization. Only two penetrate to great 
depth near the facility, including DOE-1 W e d  to 4065 feet and ERDA-9 drilled to 2889 
feet. Seven resource exploration boreholes are also located within the site boundary, 
mcluding oil wells Badger Unit (Section 15) and Cotton Baby (Section 24). Abandoned 
and sealed during the 1970'5 only Badger Unit and Cotton Baby penetrate the entire 
evaporite sequence. Although there are important differences between the W P  site 
location and War Wink Sink, substantial similarities warrant consideration of borehole- 
induced solution subsidence as a potential PA scenario process. The 1992 prelirniqary 
performance assessment considers only collapse of the repository opening and shafts as a 
human-induced subsidence process. ; t .  i 

i 

The DOE agrees with the observations and fails to see any reason for concern. The 
situation at the WIPP is far diflerent than that of the Wink Sink. For further 
emlanations d e w  refer to the reswnsc to ED192PA-U. 1- 

Supply of Water Undersaturated with Respect to Soluble Evaporates Present at Depth. 
w 

At the Wi Sink, Dewey Lake and Santa Rosa water bearing zones are proposed as -\ 

sources of undersaturated ground water. Other potential sources include ponds holding 
oil field brine and possibly fresh water used as circulation media. Ground water 
undersaturated with respect to salt also exists at the WIPP site in the Dewey Lake 
Formation Whereas the War Wink Sink is an example of accelerated subsidence on a 
short-time frame, the subsidence/dissolution issue at the WIPP is a much longer-term 

a concern. An inaease of 4 or 5 inches/year in average annual precipitation possible 
. during the next 10,000 years may provide an inaeased source of undersaturated ground 

4 
?-water. An inaease in precipitation increases the possibility for meteoric water to 

infiltrate pathways created by boreholes. At presenk long-term climatic variability is 
incorporated only into projections for ground water recharge to the Culebra. 

Obviously soluble evaporates exist at the WIPP site and are susceptible to dissolution. 
The potential for natural deepdissolution has been addressed in great detail and 
characterized as physically unreasonable in the 1992 PA analysis. A review of the PA 
analyses and Sandia reports, however, suggests that artificial causes of solution- 
subsidence have not k e n  considered. Became they are relevant to borehole-induced 
subsidence, conclusions regarding natural solutionubaiddence are ed: 

Brecda chimney formation, a natural solution-subsidence structure, is assodated 
exclusively with the Capitan aquifer (Snyder and Gard, 1982). Such structures are 
believed to result from the collapse of overlying strata into cavities formed in the - 



Capitan Limestone. The Capitan aquifer does not underlie the WIPP site and 
there are no examples of breccia features in the vicinity of the WIPP. 
Consequently, there is only a remote probability of a breccia chimney forming 
under the facility site. 

Ochoan evaporite deposits in the WIPP area and the northern Delaware Basin 
have undergone blanket dissolution. Along the western mar* of the basin west 
of the WIPP, dissolution breccia indicates massive removal of the Salado 
Formation. Within two miles west of the WIPP site is Nash Draw, a dissolution 
feature cased by removal of the Salado and soluble beds of the Rustler 
Formatioe Assuming the process of dissolution is an advancing front moving 
toward the WIPP site, there is general agreement that the rate of movement is 
slow enough to provide an adequate safety factor. 

Anderson (1981) proposed that deep-seated dissolution of Qchoan evaporates has 
not only occurred over the Capitan aquifer, but also within the basin where 
selective dissolution in the lower Salado has undercut overlying salt beds. Eight 
borehola drilled near the WIPP facility, however, did not s 
extensive dissolution predicted Anderson's model. Ther 
that this proposed process of natural dissolution will not T . repository. 

* 

The DOE agrees with these comments and fails to see any reason that natural solution- 
subsidence is a realistic c o n a m  me situation at the WIPP is far different than that at 
the site of the Wink Sink. 

Bullet 1. The DOE agrees. B r e d  chimneys have been discussed in  detail elsewhere, 
and since the WIPP is not over the Capitan Reef, there is no reasonable expectation that 
such a feature wil l  form at the WIPP. 

7 

Bullet 2 The DOE week 

Bullet 3. l b  DOE weer 
w 

An additional point is that at Wi Sink, there is an overlying fresh-water aquifer in the 
Triassic Sant. Rosa Sandstone that can supply copious amounts of fresh-water to an 
improperly comp1ete.d or abandoned drillhole. An oil well drilled in 1928 is located in 
the middle of the Wi Sink. It was abandoned in 1964, at which time 600 feet of casing 
was removed ' he  sink subsequen* collapsed in 1980. (Ref.: Bwmganber, B. W, Jr, 
1988) Although other scenarios have been proposed, it seems most likely that fresh- 
water from the Santa Rosa Sandstone flowed down into the salt througb the ope9 

NMED Comments 4-9 DOE/WIPP-95-m3 



-. abandoned, drill hole and dissolved the salt to form a large chamber which subsequently 
collapsed. 

No such aquifer exist at the W P .  Additionally, the fact that the brine pocket in the 
Castile are maintained at pressures higher than those in the Bell Canyon show that there 
is no naturally-existing c o ~ e c t i o n  between the units in the vicinity of the W P  whch 
might allow alternative "density current" models proposed to explain Wink Sink to 
operate. 

The DOE also does not feel that artificial causes of solution subsidence are reasonable 
concerns. There is the potential for small amounts of fluid flow to occur if a man-made 
co~ec t ion  were made between the Bell Canyon, Salado, and/or the Culebra (Lappin, 
1988, Section 2), but this would require a deliberately-created open hole or improperly 
abandoned hole. For solution to occur in the halite beneath the repository, such a 
drillhole would have to be through or in the immediate vicinity of the waste storage 
panels. No such drillholes exist today. The closest well that penetrates the entire 
evaporate sequence is Badger unit in Section 15, is approximately 2 miles Erom the WIPP 
storage panels. - 

/ \ 

Comment ED/92PA-U 

Outlet (Sink) for Dissolved Salts. 
w 

At the Wink Sink, the Salado is underlain by the Tansill, Yates and the Capitan 
sequence, formations that contain numerous vugs and solution cavities for brine to 
migrate. Fractured, degraded cement and corroded iron well casing are believed to have 
provided a migration pathway for Wived salts to reach the permeable and porous pre- 
Salado strata. 'Ihe WIPP site is located 17 hn (10 miles) from the subsurface extent of 
the Capitan Reef. Similar to arguments against breccia pipe formation, this suggests a 
low potential for borehole-induced solution-subsidence. However, conditions for a sink, 
or outlet, for dissolved solutes may exist under the WlPP site. Zones of porosity are 
created in the Bell Canyon Formation during primary withdrawal of oil, and could be 
enhanced by future hydro- or secondary/tertiary oil recovery activities. Lateral 
migration thruugh preudsting anhydrite dissolution features in the Castile or Salado also 

-. provide a posibk sink for the brine. 

The concern that downward flow into the Bell Canyon Formation could cause 
catastrophic collapse as occurred at Wi S i  d m  not seem to be reasonable. There is 
no source of copious amounts of fresh water above the Salado, as there was at Wink 
Sink. There is a potential for small amounts of fluid £low to occur if a man-made 
connection were made between the Bell Canyon, Salado, and/or the Culebra, but this - 



C would require a deliberatelyneated open hole or improperly abandoned hole. For 
dissolution to occur in the halite beneath the waste storage panels and create the 
potential for collapse that might breach the repository, such as a drill hole would have to 
be through the immediate vicinity of the waste storage panels. No such drillholes exist 
today. 'Ihe fact that the brine pockets in the Castile are maintained at pressures higher 
than those in the Bell Canyon show that there is no naturally-cxisting connection 
between the unirs in the vicinity of the WIPP. The fact also shows that there is also no 
lateral pathway for 5uid flow in the Castile. 

Lappin, A R, 1988, Slunmcqr of Site-Chamcfer~ation Studies Conducted From 1983 
- Through 1987 at the Waste IsoIlLfiOn Pilot P b  (WIPP) SSifc, Sourhemrem New Mexicoj,. -.. 
. . _SAND88-0lS7. Albuquerque, NM: Sandia National Laboratories. 4, . .. 

:# . ( , ::. 
4 .' 1 : . " 

s i.' , . '  

, ED/92PA-14 i 

Energy-Hydrostatic Head-or Density Gradient 

A mechanism is required to drive shallow freshwater downward through the salt and the 

A 

resulting brine into underlying preSplado strata At the Winlr Sink, the hydrzulic head 
of the Santa Rosa Formation provides such a mecbznism. Hydrulic heads of the 
Tansill, Yates and Capitan FormPtion are dl lower than the Santa Rosa, suggesting 
downward flow would be initiated if the shallow and deep aquifers. were connected. To 
determine whether a similar condition exists at the WIPP, Dmy Lalce and Bell Canyon 
hydraulic heads and solution density within the boreholes would need to be considered 
Brinster (1991) cites Lappin (1988) as concluding that vertical flow would be downward 
if the Culebra and Bell Canyon were connected by a borehole. l l i s  conclusion is 
contrary to the vertical flow potential if one only considered a comparison of be&-water 
equivalent heads. - 
3ssLs= 

Also see response to ED192PA-I2 

Vertical flow L controlled by actual hydmdic heads and fluid densities, not by q m d e n t  
freshwater h d  If density effects, induding probable dissolution of halite that would 
occur in an open borehole, arc taka into P E C O U ~ ~ ~  flow between the Rustler or higher 
formations and the Ben Canyon would k downward in an open borehole (Beauheim, 
1986). 



Beauheim, R.L. 1986. HydnnJic-Test interpretaliom for Well DOE-2 at the W e  
[sohion Pilot P h  (WrPP) Site SAND86-1364. Albuquerque, NM: Sandia National 
Laboratories. 

Conduits for Migration of Dissolved Solids. 

Upward of 100 boreholes are completed inside or within the one-mile boundary of the 
WIPP Land withdrawal boundary, including 46 offsite oil and gas wells, 44 onsite W P -  
related boreholes and Kven onsite resource exploration boreholes. Most were drilled, 
completed and plugged using standard oil field practica, including sulfate-resistant 
cement and corrodible iron-casing. Deep boreholes penetrating the Saiado, Castile, or 
Bell Canyon formations would more likely impact the repository horizon ERDA-9, 
DOE-1, Badger Unit and Cotton Baby satis* such criteria How these onsite boreholes 
will perform, and how the multitude of other production wells adjacent to the WlPP 
boundary will interact on a 10,000 year time frame an underlying issues. Over the long- 
term, the presence of these we& might influence, to some degree, the current geo1Ogic 
stability of the site. 

Posslhle groundwater flow and radionuclide transport through boreholes that do not 
directly intersect the waste-emplacement panels are retained for further consideration in 
the scenario development process. 

ED/92PA-16 

Extent of P o s o ~ I ~  Subsurfaa and Surface Disruption 
w 

The & qru6ion of tbe Winlc S i  measures 110 m (360 ft) in width and 34 m 
(110 ft) iri dsptb ' Presumably, dissolution OCCUTTC~ over the entire Salado stratigraphic 
sequence between 3% (lJ00) to 655 m (2,150 ft) below the surfaa. However, the 
actual size of tbe cavity the collapse is not reported Based on the size of the 
surface upreJsion of the Winlc S i  it appears only ERDA-9 could imppa the facility. 
In addition, no wells within roughly 15 miles of the facility penetrate the Bell Canyan 
Formation This may constrain the size of the disturbed zone to the volume of brine 
accessible to precdsting anhydrite dissolution features in the Castile or Salado. 1x1 thh 
case, important parameten such as the cavity size and depth of the cavity d d  be 



- controlled by the degree of interconnection between boreholes provided by dissolution 
features. 

ERDA-9 was drilled into the top of the Castile Formation at 2889 feet It has since 
been doubled cased, with 10 314 inch outer steel casing and, inside of that, a 7 in steel 
casing. Additionally, the lower 350 Ft has been filled with cemenG to a depth of about 
2,540 Ft. There is no source for copious amounts of keshwater to enter ERDA-9. In 
addition to the 350 ft of cement in the hole, the Castile Formation effectively prevents 
any downward flow from ERDA-9 to the Bell Canyon. The W E  feels there is no 
reasonable expectation that ERDA-9 could cause the development of a Wink Sink type 
feature. - 

ED/92PA-17 

Subsidence Potential: Oil Withdrawal % ,  -. s "..-&.- 
No dbcwion occurs in the 1992 prelimiuary performance assessment concerning the 
rationale for dismiyias mhce  subsidence cawed by withdrawal of oil and gas. The 
1991 p r e h i n q  comparison, however, succinctly states an NMED concern: 

"Areas where oil and gas arc withdrawn have the potential of surface 
subsidence in response to the r d  of the confined fluid that supports 
some of the weight of the overburden" (SAND89-0893/l, page 4-37) [the 
reference b d d  be to SAND91-0893/1). 

There are several inarmrate statements on page 4-38 of SAND91-089311 that have 
precipitated NMED comment to the Performance Assessment Group on this issue: 

"Natural gas in the Mormw Formation was concluded to be the only 
possible hydrocasbon resauce with economic potential in the areaa 
(Kee~ey. 1976,lrnL a :  

"Because of tbd dspth and rigidity of the possible production horizons, 
su- would not be w e d  to occur (if present) was remwed" 

In regard to the potential for subsidence from oil and gas production activities, BIPUsCh 
et al. 1982 (TME 3156) iwkmwledgcs that the "...withdrawal of hydrocarbops from 
reservoir horizons (from wells adjacent to WIPP boundary) could, theoretically, lead to 
subsidence at the WIPP site ...( although) such subsidence is not associated with 



-.--r 
((TME 3156). As most wells along the WIPP boundary are oil wells 

producing born the Delaware Mountain Group, this argument is erroneous. 
Furthermore, considering that oil is currently a viable resource in the area, and 
specifically adjacent to the WIPP boundary. Keesey's reference seems outdated. 

Having reviewed TME 3156 (Brausch et al., 1982) and other subsidence issues on other 
projects, NMED/WIPP staff believe that the case against subsidence is not adequately 
covered in TME 3156 or the 1991 performance assessment. There may be some validity 
for emphasizing the rigidity of the overlying strata as an argument against oil withdrawal 
subsidence; however, this suggestion is not referenced in TME 3156 @. 52). TME 3156 
analyzes subsidence events related to potash extraction activities insufficient detail, but 
provides only a brief paragraph on subsidence related to extraction of oil and gas. 
Additional analyses would require characterization of the area of potential withdrawal 
zones, the potential for consolidation of these zones, and the rheological properties, 
thickness and span of strata overlying hydrocarbon resource zones. 

The projea &&ledges thnt screening arguments must be updated to reflea recent oil 
exploration activity in the WIPP area 

Subsidence related to oil and gas uarction wiU be considered in the scenario - 
development procw. 

The DOE aekmwledges that screening arguments must be updated to reflect recent oil 
development activity in the WIPP area 
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date: p n l  14. 1994 
Sandii National Labotatories 

hlbuquuqw. New Meilco 87 185 

h 

to: B. M. Butcher. 6345 (MS 1341) 

from: J. Guadalupe Aqljcllo and C. M. Stone. 1561 

subject: Corrections to Enatn in Memo Entitled: "Perform ~ c e  Assessment Venficarion 
Calculations - Revised SANCHO Calcuhcion for Comparison With BRAGFLO Run lr63" 

As a result of a typographical emr,  Equaaon 13 of the subject memorandum [I] is 
l n c o m n  We ate m complete a m m e n t  wrh Vaughn (21 thu Equaaon 13 should have 
read as follows: 

( 1 - SBAVW) PORVOL 
12.6s 

I. 



.As J result o r  the corncud manipulauons of rhe BWCFLO quulrities. much better 
Jgreernent o i  porosity predicuons between B W L F L O  and SANCHO is apparent at 
umes. Nonetheless. the general conclusion of the memo ( I ] .  that there sull r e m a  
differences between SASCHO a d  BRAGRO. remans unchanged. For exunple. at h e  
locd muirnum which occun at about 1000 yean. we see that the BRAGFLO pomsicy 
results about 25 % grcaur than those fmm SANCHO. Funhermore. because the 

,pr&rc predictions are unaffccud by Equarion 13. the difference in pressure predictions 
' 

L &&en the two codes. Y originally discused in Reference 1. remains as weil. 

We stiongly suppon the suggcsuon [2] of a meeting where everyone can get a beacr 
understanding of what war done in both c o d a  so that we can reach closure on the luue  of 
the discrcpmcics between the muh. 

References 
1. Arguello. J. G. and C. M. Stone. "Performance Assessment Verification Calculations 

- Revised SANCHO Calculation For Comparison With BRAGRO Run M3:' 
Memorandum to B. M. Buccha, 6345. Smdh National Laboratories. Albuquerque. 
New Meuw. January 20.1994. 
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Sandia National Laboratories 
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4: 

from:. I Guadalupe A guello and C. M. Stone, 1561 

I subject: Performance Assessment Verification Calculations - Revised SANCHO Calculauon For 
Comparison With BRAGFLO Run W63 

Introduction 
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- The recxcing or the r'ln~re clement analysis disposal room creep closure results into a form 
sutrabie for :npu to PA requues a number of simplifying sceps and assumptions. ail oi  
wnich have the potential of introducing uncen3lncy into [he results. 

.A method for checking the validity of the procedure was previously examined at rhe request 
oi the FrO~ect ( I  1. The method began by recovenng data on the variation in pas content and 
poros~ty with time in the wastu'backfiil reglon of a disposal room from a performance 
assessment compliance ca lcu l~on .  in which the effects of disposal room closure had been 
included indirectly via the concept of a "porosity surface"[2]. Thas surface was denved 
from the results of Several earlier a n d y ~ a  [3] wlng the gas genenuon r a m  and other 
d e d s  defining the Baseline room mode1 [4]. The gas-venus-umc &la from the 
compliance calculation war then w d  as an input generation history for a disposal room 
closure calculauon using the SANCHO IS1 code to comuuu the oorositv oi  the room as a 
funcuon of &me. The p&os'ty history ob&ned fmm s&CHO ;as then compared wlth 
the ongmal porosity tustoy m o v e d  from the PA crlculwon. The difference bew'rcn the 
two poroslry tustones rcprescntedanslauoa e m r .  ddiffucnces anslng irom the vvanus 
a c s u m p u o ~  aad slmplificatuxu 



-. 
[he orlgmal BRAGFLO runs. Finally. comments on the val~d~ty or uslng "poms~ty 
surfaces" in PA analyses an oifercd ior cons~derat~on. 

Description of PA Run #63 Case ' L~ 

The BRAGFLO nsulu for Run rr63 were transrmtud to organmuon 1561 by 8. M. 
Butcher. 6345 wing dam provided by Jim Bean. 6342. The vrnsrmacd information is . 
tncluded in tabular form in Appendix I. Once again. the m u l u  in fable I of Appendix I 
represent a human inausion into a panel that becomes largely brine saturated. 

The information from these tables used as input to rhe SANCHO calculation was chat 
labelled "GASVOLW." "SBAVW." and "PORVOLW." As i n d i d  in Appendix I .  :he 
infomution in the column labelled "GASVOLW" is thc gas volumc in the waste - at the 
corresponding time - in cubic meten at a pnssm.  R10132.5 P a  and at a 
temperuurr.T=300.15 OK. Thc i n f o ~ n  in the column Labelled "SBAVW" is the 
average bnnc suundon in the waste. while rhu in t& columa llkllcdnPORV0LW" is the 
wane pore volume (gas and brine) in cubic mnrn compltcd wifh BRAGFLO. By using 

n I h e I d e r l b k w ,  





I .' =' appIicd on bath the leit d right bamduia of& mo&L A DQp.diSpIramcnc boundary - .* *-- 



essence. the crushed salt material representing the headspace was modeled as a verv b o w  

modulus. elastic matenal until [he disposal room volume had decreased by 653 m: . [hat 
pom. the crushed salt backfill model was invoked for the remainder of the calculanon. thus 
replac~ng the elastic m a t e d  response. 

The elastic-secondary creep constltut~ve model descnbed by Krieg (71 was used for [he 
jntact salt. The model can be decomposes into an elastic volumecnc pan. 

and a deviatoric part, 

In Equation 3. s, is rhe deviatoric stress defined as. 
L 

. , ,~ 

akk . > 
J = a, . -  -6.. . . .% j 
ii 11 3 v , .  ,,. .. . *. (EQ 4) 

! , " ? * '  , , , . '., ; 
i r .  ~, , 

and cij is the deviPtolic strain defwd by ;? 5: .\ : ;.;I 
.'... ,,/ 

T . M . 1 : M d a k l ~ U I l d W i t h t h ~ C n c p M o d d  

VALUE 1 



The matenal models and constants use3 :or [he waste and crushed salt backfill were .- 
idenucal to those used in earher studies (9.101. T'ne crushed salt backfill model was 
developed by Sjaardema and Krieg [ I  I I based on data from creep-consolidauon 
expenmenu on cmshed sal t .  In [lus material model. creep IS included in both che volumetric 
and the deviatonc response. The form of the model. shown in the following equauons. 

is such that thc mechvlrcal response of the crushed salt kcorno ideatical to that of the 
intact wlt as the dwity  of the backfill approaches thc dwity of the inuct s a k  The . 
variables in Equations 6 throu@ 9 not previously defined are mucrinl constants Bg a d  % 
oblvrd  GIB the &cep coosolidarion expuimenu and the density p computed bn(r ? 
eqmialE . . 
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"'9 ', 
jb th dnrm will not undergo siOruficaat latMi expyluoo until most of the vold spree INI& 

I C- 
t k d r u m h u b e n e ~  

Table 2: !daterial Constants Used With the Crushed Salt Backfill Model 
I 

PARAMETER i VhLt iE  

pcuurr-wlI1(IIClljC~rrkriaar~!lownrlauused~chthudeviuoricsoriacproduce 
no wlwm chnw huaciad tlm). Tfm model is best broken into volumemc and 

Go 

G I  

deviuaic puts &I the dmhmric resembiing amventid piuticiry. The volumetric 
yield trmctioa b 8 mdw~ of two famiom desaibiip tb surface of nvoluaoa and thc 

864 Pa 

6.53 x lo-' rn3/kg 

-*'I.*- conr~~odlfinia,thayieldnnfra.phtho~.mde,isthc 
wlumastrrieT&formof g i t ~ i n t h i s p m b k m b y a s e t o f p i e c c w i x l w  
scpeoa daring pnsun-vdumo rtnia Tab& 3 lisu tho prarrurr-volumetric suain dam 
used for the waste dllllll modd. The e h d c  mmri.l prnmroa and mostants defming the 
yield surf- 8m given in Table 4. 

Kn 1 1.41 x 10' Pa 



Tabk 4: Material Conrt.n& Uscd With the Volumttric Pluttcity Modd for the 
wutr 

PARAMETER I 

B \ I  Bulcne:. 5345 .3. J;nux? 13. . .;9; 

h 

Table 3: P ~ u ~ . V o l u m e t r i c  Strain Data Used in the V~lurnetric Plasticity >lode1 
for the Waste DNM 

1 

PRESSURE (MPa) I ~ ( P / P , , )  

I 0.028 I 0.032 

0.733 

1.133 

1 A67 

2.800 

10.17 

0.74 1 

0.898 

1.029 

1.180 

1 J36 



5. Compwboa of Room Pocwiry Hbmia for Run M3 



yound 16.5 >fPa at 10.000 years. Shown as well in the figure 1s a plot oi [he coiumn A 

labeiled "PRESWAST' comlng from Table I of Appendix 1. This quantity is [he ,waste g s  
pressure ,n Pascals computed by BRAGFLO. The BRAGFLO results show a trend s~miiar 
to the SANCHO results. except that the pressure rises more slowly wid to a lower value 
inlt~aily, drops more after the human intrusion. and rises to a much smaller value 
subsequenrly. Thus. the BRAGFLO Curve shows a rise to about 12.5 MPa in aoout 300 ro 
400 years. siowly decrcasin~ by a slight amount unul the h u m  intrusion event occurs at 
1000 years. The human inuuslon results in a drop to a value of about 4.5 ,MPa at about 
1200 years. Thereafter. the pressure increases by a significant amount to a value oi about 
1 1.7 MPa u about 1700 y e a s  and remains c o n s a t .  Thus. a the end of the 10.000 year 
simulation. the SANCHO gm pressure value is about40 % larger than that for BRAGRO. 
However. a basic difference in the nuwe  of the c w e  is apparent when compared to that 
from SANCHO in t h u  the revenal t h u  was seen u around 1200 years in the SANCHO 
results is not seen h e n  for the BRAGFLO results. In fan it appears as if a pressure cuts i f  
may have been used in rhe BRAGRO calculation. 

figure 5 shows the comsponbng room porosity history computed by SANCHO. The 
p o m ~ i ~ ~ q u ~ y r r i b . r m m c l - ~ ~ a v ~ o f . D u t ~ M u . D l u  
200 y u n .  h then be- to innuK and ruches a value of about 0.2 immedmely pnor to 
the human m ~ 1 0 i l  event. Tbt porWiry drops quickly .fm h u m  lnausion and reaches 
io minimum vrluo of about 0.011 Thacrfbcr. it h a u s a  v q  g d u d l y  chmugbouc abc 
rrmrindcr of tbc simuluioo. rrrchiag a value ofrban0.02 at the cad Shown m the figw 
a h  is aporosky value compucd fma~ tbc BRAGFLO cuuh providedin Appendrx I. This A 

pomuynlucwucomplpdbyusingtbcfollo~equuioa 

( 1 - S B A V W  PORVOLW I 1z6s 
( 1 - SB AVW) PORVOLW + lpO]' . . (EQ 13) 

12.6s 

wbac "PORVOLW" is tba pan volunr in cpbic maa d "SBAVW" is th 
a v e r y t b r i o c ~ i n h ~ ( b a h o f ~ ~ t o m i n g f r o m r h c c o l u m a s  
labelleduIuchinTabIeIofAppamkD. l Z 6 S i s h n u m b e r o f ~ p c r p w l . a n d  
1 2 2 9 i r Q ~ d r d i d r i n h ~ 1 l i s ~ t h r h B R A G R O ~ i t y r e s u l ~  
c 3 m t U y  mimic ad palL1 tho& described for SANCHO, excep that fhcy are higher at 
all fhr nhr of paoricy fnnn BRAGFLO is scro to uympotc to a value slightly 
~t&a.baurO.W.Thus.t&v8lwof pomriyatt&andoftkrimuluioacomputcd 
~ B R I O h O ~ u , b e r b a u r ~ % ~ ~ c o m p l t c d w i t h S A N C H O .  

Summary and Conclusions 



performed in an earher study [ I  1. The process began by recovencq informar~on .;n :r? 

vanatlon in gas content and porosltv wtth tlme around the waste/backfill reglon of  3 

disposal room from a performance assessment compliance calculauon. This ~niorrn~t~on 
tncluded the eifects of closure of the room indirectly via the concept of a "porosttv siirixe. 
The gas versus time dam was then used as the gas-genenuon input for a disposal room 
closure calculation with the SANCHO computer code. The results were then compared 
with :he orlglnal porosity history recovered from the performance ssessrnest c:ic:iar~on. 
Three cases were invcsugaccd in chat study: a human i n m i o n  ~ n t o  a p rx t~ca iy  dry o w  .-. 
brine saturauon) panel - Run *IS; an undisturbed. practically dry (low bnne saturmon~ 
repository - Run #42: and a human intrusion into a panel that becomes largely brrne 
saturated - Run #63. Sausfactory agreement was obscned between the performance 
assessment porosity histories and the more detailed histories computed with SANCHO for 
repository environments with low bnne saturauons. Results differed. however, ior rhe :ntrd 
case (Run #63) when s a t w o n  of the panel occumd. A source of the discrepancy ior [he 
thud case was thought be due to the awumption in the SANCHO calculations. chat ail vcta 
volume in h e  room is occupied by gas ( a s  same assumpaon was used in generating me 
original porosity surfaces used by BRAGFLO), w h a t u  rhc BRAGFLO calculauons 
explicitly included brine saauaIioe Thus. it followed thu for the case when the panel 
bccomtr lvgely brioe smmcd, the presence of the could prove significant. 

A new ulculYion hu kan performed for thir CPK ushg SANCHO, to d e t c m e  i f  the 
effect of including th brim volume in thc SANCHO ulculuion wiU resolve the 
dircrrprncy knnco in results md those frnn BRA-. The new crlculauon is 



h. 

In addition. wtthout knowing the details of how the infom~tion from the oc~gmai porosity 
surface from S w C H O  is used by BRAGFLO. i t  will not be possible tocompletely resolve 
the lnconslstencles bat remain. For example. the gas pressure curves from the two codes 
around the rime of human rntnrsion arc very different in nature and it appears that a pressure 
cut-off may have been invoked in the BRAGFLO calculat~on. 
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Appendix I 

Results From PA's 1992 Compliance Analysis Using 
BRAGFLO - Transmittal From B. M. Butcher, 6345, of 

7/19/93 (Data Provided by Jim Bean, 6342) 
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Tobk I. Grope File From PA's Compliance Analysis - Hun 11 63 (GROPE-063.L)A'l') 



Tabk I. (CoaUnucd) 
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Appendix I1 

Input File for SANCHO (Version 2.0.0) Run 
n 



date: November 19. 1993 

to: B. M. Butcher. 6345 (MS1341) 

Sandia National Laboratories 
h. 

Albuquerqus. New Mex~co a7185  

- 
C 

from: J. Guadalupe Arguello and C. M. Stone. 1561 

subject: Performance ASKSSmCnt Verification Calculations - SANCHO Cornpansons to 
BRAGFLO Runs 18.42. and 63 

Introduction 
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The recasting or the fin~te e!ement anaiys~s d~sposal room creep closure results into a form 
>u~raoie tor input to PA requlres a number of slmpi~iynp steps and sssumpuons. all of 
\kh~cn have the potenual oi  lntroduc~ng uncenalnry Into the results. 

.A method for chechng the validity of the procedure has been exarmned 3t the request of 
[he .jrolcct [ I ] .  The method beg~ns by recovering data on the vanatlon in pas content and 
pordslty w ~ t h  rlrne In the wastelbackfill region of a disposal room from a performance 
sssessment compliance calculauon. in which the effects of disposal room closure have been 
~ncluded indirectly via the concept of a "porosity surface"[?]. This surface was derived 
from the results of several analyses [3] using the gas generation rates and other decals 
defining the Baseline room model [dl. The gas-versus-time data from the compliance 
calculation arc then u ~ e d  as an input gas genemion history for a disposai room closur~ 
calculat~on ustng the SANCHO [5] code to compute the poros~ty of the m m  as a iuncuon 
oi  rime. The porosiry history obtained from SANCHO is then compared with the ongmal 
porosity history r e c o v e ~ d  from the PA calculauon. The difference between the two 
porosity histones represents uanslauon error. and differences ansing from the vanous 
assumpuons and simplifications. In this manner. we can assess if the results derived from 
disposal mom closure calculations arr k i n g  comctly incorporated in the PA analyses. 

This memo servesm document the r ~ ~ u h  of three disposal room ciosurc analyses 
performed wirh the SANCHO cock using gas-venw-time dul from performrncc 
assessment caicufuiop~ previously pafonned with thc BRAGFLO code The rbrrc PA 
BRAGFLO user. md he i r  comspoadiag computed gas histories (wd u input todte 
SANCHO cllculuiop1) uc briefly described in tba next section of the memo. The disposal 
mom gcemrrkmtcal model used for tho SANCHO compuutions is then diswed.  The 
rcsulu from the laplyrcs are rbtn prrsented, and the porosity histories obuined from' 
SANCHO arc compared to rbwc frwr tk ongad BRAGFLO nuu. Fdy, commenrSon -. 

_I 

the validity of wing 'pomucy swfycs" in PA mrlyscs ace offered for considmuon. 

Description of PA Cases 

Best Available Copy B-23 



meters at a pr,ssu=. P=101325 Pa. and a tempcrature.T=300.15 O K .  By using the Ideal - 
Gas Law. 

,where P is the p-urc in Pascals. V is the volume in cubic meun. R is the universal gas 
constant. and T is the temperature in degrees Kelvin. the number of moles of gas, n, wlth 
time was compured. This quanuty was divided by I 19.64 rooms per repository or 12.65 
rooms per panel to get an "equivalent room" value for use in the SANCHO disposal room 
model. For each of rhe three cases. the information was wriacn to a filt that was 
subsequcatly read by SANCHO during the disposal roam closure calculauon. The resulting 
equivalent mom gas content histories that were wntun to these files for the h c e  c a x s  are 
shown in Figure i. 

Best Available Copy 



Figure 2 Fioia ntmcnt Mesh md Boundry Condition Used in SANCHO Analyses 

664 nodal poiM A bouodaxy cordition in rhc horizoout direction was 
applied on both rha left a d  rigb boonduia of the model. A StlD.djSPlrcemcnr boundary 
conditioniathcvorialdirsriaa~rLorppiicdoarhclomrbamdrry. Aprucnkd 
normrl~Ot-l4.8MRrrrrpplbd~~uppgbouodrrytorimuluerba 

Asidbedinrhaik.lttlhaa . . of Hgue 2. tb ~UMI-room dimensions yc 1.98 m high 
byS.~mcwidcW1~thtmomirmucrirlnprrrcn~gchtw~~.tbCcnrrhcdsllt 
b r c k f l l t . a 1 d t b ~ T h e v o 1 ~ 0 f t k ~ m d d r u a r r  b 1663 m3 disuibutcd 
a iong~91 .44mlengbof  t b m o m l h i r r r s u l a i n r o o m i d ~ o n a u u o f  
wasteof 18.19 ma.fatbqurncr-rymmcaymomthirtnnrtrtcrtoahightof 1.01 mand 
a width of 43 m. Tho ~ ~ f t b c & p o s a l r o o m v o l u m c  wufilledwithcnuhedsak 
bvftfilf having a porosity of0.4. cibpd room volume comrpoadiag to cht 



essence. [he crushed salt matenal representing [he headspace was modeled as a very low - 
modulus. clastlc material until the disposal room volume had decreased by 653 m1 : at [hat 
point. the crushed salt backfiil model was invoked for the remainder oithc calculauon, bus 
replacing the elastic m a u n d  response. 

The elastic-secondary creep coastitutive model described by Krieg [7] was used for the 
Intact salt. The model can be decomposed into an elastic volumemc pan, 



The natenai models and CoflstantS used for (he wasre and crusncd sail backfill were 
ident~cai to those used in earlier stud~es i9.101. The crushed salt backfill model was 
developed by Sjaardema and Kneg [ I  1 1  based on data ifom creep-consolidauon 
experiments on crushed salt. In this rnater~al model. creep is inciuded in both the volumetr~c 
and the dev~ator~c response. The iorm of the model. shown in the iollow~ng equauons. 

2 y 
? 

i,, = 2 G ( , i - ? G A ( ~  IEQ 8) 

is such that the mechanical response of the crushed salt becomes identical to that of rhe 
i n m  salt as the &asicy of tbc backfXl approaches Ihe density of the i n w  salt The 
vuubles in EqUyiom 6 bough 9 not previously &fwd am maurial constanu BQ and B I 

obtained h m  the mtp coaroliduion experimcnu and the &miry p computed from the 
equrtioa: 



- Table 2: .Material Constants Csed With the Crurhcd Salt Backfill Model 

w h a c ~ a L 1 . ~ ~ c o ~ & f i n i a s ~ y i e l d n n f r c p i s t b c p r r m r r r . m d e , i s t h  
v o l u m e ~ T b a f a m o f g  isdefiaedinthisprobkmby asetofpieaariKhuf 

1 

Kfmmu relating prr~uravolumc s t n i a  Table 3 liat thc ~ v o l u m c r r i c  stn in  dur 
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3 :.;. Surcher. 6345 ..3 - S o v e z ~ r x r  :9 ,393 

Table 3: Prcuurc-Volumetric Strain Data L'sed in the Volumetric Plasticity >lode1 
for the Waste Drums 

PRESSURE iMPa) 1 1n(P/po) 

0.028 1 0.032 

used for the wute drum model. The elastic mawrial parameters and constants defining the 
yield surface are gwen in Table 4. 

Table 4: M 8 t u l l  Colrrtlnts Used With the Volumetric Plasticity Model for the 
Waste 

I) 
. /i 

Results of the Analyses 

T h e r r s u i o o f i n t a u t r r a d m ~ ~ i o t b ~ ~ m ~ t k ~ g d i s ~  
room pomsiy. fi a t b  q m  will k compmd with tk PA akuMond resul& 
t ~ ~ i f t b ~ ~ ~ n d f r ~ ~ u r i i e r ~ m o m d o a u r c r l c S t i ~ ( ~ u e b e ~ n g  
C m C c r l y ~ i n t h e P A r n r i y w .  



4s prevtously noted. BRAGFLO Run #I8 represents the c u e  of a human tntruslon Into 
practically dry (low brine satuauon) panel. This SANCHO calculation was c m e d  out tor 
::M) years of simulauon umc. Figure 3 shows the gas pfCssure within the disposal room 
computed by SANCHO on the basts of the gat content hlstory cormng from Run *18. The 
pressure increases qutckly to its maxlmum value of si~ghfly gxcur  than 2.0 MPa at the ttme 
that the human tnrruston o c c w  at 1000 years. The effect of the human incruston is to 
suddenly drop the pressure from h i s  manmum to a lower value of around 1 3 MPa. 
Thereafter. the prrsswc remains around chs lower value for the rcmamder of rhe 
simulauon. Shown as well in the figure 1s a plot of the column labelled "PRESWAST' 
cormng from Table I of Apprndix I. This quanrity 1s the wurc gas pressure in Pascals 
computed by BRAGFLO. It can be seen that the muurnurn gas pressure computed w~th 
BRAGFLO is slightly patcr lhrn 1.8 MPa This curve follows the same vend as that ior 
the SANCHO run m that after the human inmaston occurs. the pressure drops to a value that 
rcmuru relauvely steady u avzlue slightly greater than 1.1 MPa. Thus. there is a difference 
of approumwly LO % bcnvecn the SANCHO a d  tbc BRAGFLO g u  prrzrurr rrsulu. 

figure 4 shows thr cormpondiDg room history computed by SANCHO. The 
pomsiy drops qurdcty u thc mom closes and continues to decrruc throughout the 
s ~ r m r r . l i a a ~ a ~ o f O ~ ~ t h t 0 6 ~ ~ a o f ~ h u r l o w e d d o w n  
s i ~ b y t h t ~ ~ c b c p o r w i r y a r i l l ~ p r o b . b l p l e r c l o f f u ~ u n d c h u v d u e .  
Tbcraw~rth~of~homrninmuimirHlchthrriaeficctonthcpomsiry -. 

history is ahmsc -k rpprrLy only as a slight blip rt 1000 yeam on this c w e .  
S h i n  thr figwe also is a paoriy vrluc cwaputcd fmm the BRAGFLO mults provided 
in Appldix L This paoriy nluo was compucd by uiog thc following cquyion. 
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to a value o i  r bout 8.5 .MPa at 3500 years. The pressure Increases wirh trme thereaim. bur 
only co a value siighdy greater than 3.5 &(Pa. Once 3gan. as was the case wtth Run it la.  
[he pressure computed with BRAGRO remains smaller rhan [hat computed w~th 
SrLVCHO. AC 3500 years. the BRAGFLO value is approxrmauly 9 % smaller rhan that 
computed wlth SWCHO. 

Flgure 6 shows [he comspondrng room poroslty hrstones for both SWCHO and 
BRAGFLO. For SANCHO. the porosity drops qurckly from la lnluai value to a value o i  
about 0.33 w~chln the fmt 200 to 250 years. Thereafter. rt drops by an exvemely small 
amount for the remmder of the calculatron to a value sirghtly greater than 0.32 at 
3500 years. The BRAGFLO results come from usrng "PORVOLW' in Table I1 of 
Appendx I and Equauon 13 w ~ t h  119.64 rooms per reposrtory. ~nstead of the 12.65 rooms 
per panel. The poroslry tn thts case is seen to decrease more slowly to a value o i  abour 0 34 
at amund I50 y e w ,  recnammg pracucally constant for the next 6000 years. Thus. at 
35Ml years. the BRAGFLO result 1s approx~macely 5 % lager than that for SANCHO. 

BRAGFLO Run 1163 rrprrrcno a humrn inmuion into a panel thy k o m c s  h q d y  krine 
s u u n t c d  Tha SANCHO UlrULuioa for chis cuc was urried our for about 8800 v-. 
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.- constant rhereaiter. except ior 2 minute blip during the human inuusion. Thus. a 
8800 years, the BRAGFLO value 0i room porosity is about 77 % greater rhan rhe value 

f \ com~uted wth SANCHO. 
**r-.- 

d;.." 
Summary and Conciusions (' ':;:; 

Because rn;llung of the calculauonal resuks for closure of a &spod &Bodel into 
suitable Input for use in performance assessment compliance analyses rcqu&s vmous 
simplificauons and assumptions. all of which have the porenull of inuoducing uncenanry 
Into the msulu. several calculauons to check che vali&y of the rccasung procedure have 
been performed. The pnxess began by recovering infonnaaon on the vanation in gas 
content and porosity w~th  tune around che wastdbackfffl rerpon of a &sposal room from J 
perforrmnce assessment compliance calculation. This informanon included che eifects or 
closure of the room m n k d y  v ~ a  che conccpc of a "pon#rty surfax." The gas versus rune 
data was hen used as k gas-generauon Input for a disposal mom closure calculauon w ~ r h  
the SANCHO comprucr code. The rrjulo were then compared with che onglnal porosity 
histoy recovered from the paform~nce auusment crlculptioa. 
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Appendix I 

Results From PA's 1992 Compliance Analysis Using 
BRAGFLO - Transmittal From B. ,M. Butcher, 6345, of 

7/19/93 (Data Provided by Jim Bean, 6342) 



- Table I. Grope Rile From PA's CompUPnce Aaalyds - Run Y I8 (CHOI'E-OIII.I)A'I') 



Tabk U. Grope Fib From PAss Compliance Analysis - Run Y 42 (CROPEJM~.DAT) 
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Appendix I1 

Input Fie for SANCHO (Version 2.0.0) Run 

Best AvaihMe Copy 

B-44 


