
9.0 PEER REVIEW 

This chapter describes the regulatory basis for the conduct of peer reviews and summarizes 
relevant peer reviews that have been performed at the Waste Isolation Pilot Plant (WIPP). 
Key elements of the U S .  Department of Energy (DOE) Carlsbad Area Office (CAO) peer 
review program (for example, the review process, reports, and selection criteria and training 
for review panel members) are discussed. Three categories of peer reviews are reported in 
this chapter: (1) those conducted after the promulgation of Title 40 of the Code of Federal 
Regulations (CFR) Part 194 (US. Environmental Protection Agency [EPA] 1996a); (2) those 
conducted earlier; and (3) future or ongoing peer reviews. 

In support of this application, seven peer reviews were initiated subsequent to the 
promulgation of 40 CFR Part 194. Per the criteria of 40 CFR § 194.27, they were conducted 
in a manner that is compatible with NUREG-1297 (Nuclear Regulatory Commission [NRC] 
1988). The subjects of these reviews include: conceptual models; waste characterization 
analysis; engineered alternatives costbenefit study (EACBS); engineered systems data 
qualification; waste form and disposal room data qualification; natural barriers data 
qualification; and passive institutional controls. These reviews are summarized in this chapter 
in the following sections: 

9.3.1 - Conceptual Models Peer Review 
9.3.2 - Waste Characterization Analysis Peer Review 
9.3.3 - Engineered Alternatives Cosmenefit Study Peer Review 
9.3.4 - Engineered Systems Data Qualification Peer Review 
9.3.5 - Natural Barriers Data Qualification Peer Review - 
9.3.6 - Waste Form and Disposal Room Data Qualification Peer Review 
9.3.7 - Passive Institutional Controls Peer Review 

The applicable peer review plans, complete peer review reports, and selected supporting 
documentation are provided in Appendix PEER. This chapter also presents the DOE 
responses to the findings and recommendations of the peer reviews. Additional 
documentation is available in project record packages in the CAO Record Center, which is 
located in Carlsbad, New Mexico. 

Peer reviews that occurred prior to the promulgation of 40 CFR Part 194 were not necessarily 
conducted in accordance with NUREG-1297 guidelines. Therefore, candidate reviews were 
evaluated against specific criteria to determine whether they were appropriate for inclusion in 
this application. The selected historical reviews are summarized in the following sections: 

9.4.1 - National Academy of Sciences WIPP Panel Reviews (12 reports) 
9.4.2 - Performance Assessment Peer Review Panel 
9.4.3 - Shaft Seal Design Independent Review 
9.4.4 - Engineered Alternatives Task Force Report Peer Review 
9.4.5 - Blue Ribbon Panel Peer Review 
9.4.6 - Advisory Committee on Nuclear Facility Safety Review (two reports) 
9.4.7 - Performance Assessment Review Team 
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INTRAVAL 
WIPP Conceptual Model Uncertainty Group Review 
Environmental Evaluation Group Reviews (15 reports) 
Fracture Expert Group Review 
Fanghanel Review 
Independent Technical Review of the Bin and Alcove Test Programs 
Performance Assessment Reviews 
Technical Support Group Reviews (two reports) 
National Environmental Policy Act Reviews 

The full reports from these reviews and selected supporting material are provided in Appendix 
PEER. 

9.1 Regulatory Requirements 

The certification criteria in 40 CFR Part 194 prescribes the use of peer reviews to support 
certain areas of the compliance evaluation. Compliance criteria in 40 CFR 5 194.27 state that 
peer review at the WIPP be performed for several specific aspects of the program and that 
they be performed in a manner compatible with NUREG-1297. NUREG-1297 provides 
guidance on the definition of peer reviews, the areas for which a peer review is appropriate, 
the acceptability of peers, and the conduct and documentation of peer reviews. 40 CFR 
Part 194 states that "The specific requirements in NUREG-1297 that discuss for which 
activities peer review should be conducted do not apply, nor do they supersede the 
requirements of thefinal rule. " (61 Federal Register [FR] 5228) Specific sections of 40 CFR 
Part 194 and NUREG-1297 provide the regulatory basis for this chapter. 

The certification criteria state that any application for certification shall include 
documentation for the following peer reviews that are to be conducted: conceptual models 
used in the performance assessment; waste characterization analysis; and, engineered barrier 
evaluation (40 CFR 5 194.27[a]). Section 194.27(b) states that these peer reviews, if 
conducted subsequent to the promulgation of 40 CFR Part 194, be conducted in a manner that 
is compatible with NUREG-1297. Section 194.27(~)(2) also states that this application 
include documentation of any peer review processes conducted in addition to those of 40 CFR 
5 194.27(a). 

NUREG-1297 defines peer review as "a documented, critical review performed by peers who 
are independent of the work being reviewed. " NUREG-1297 also states that a "peer review is 
an in-depth critique of the assumptions, calculations, extrapolations, alternate 
interpretations, methodology, and acceptance criteria employed, and of conclusions drawn 
from the original work." 

The 40 CFR Part 194 Background Information Document (EPA 1996b) states that peer 
reviews can be used as part of "a comprehensive quality ass;rance program" to give 
"confidence that work completed underway, or planned was, is, or will be properly 
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performed. " The Background Information Document also notes that "additional peer review 
is also necessary to establish the validity of procedures, methods, or interpretations which 
may not be addressed by a quality assurance program. . . ASME-NQA-3-1989. . . includes 
peer review among those activities affecting quality associated with the collection of scientific 
and technical information, when other established methods cannot be used to establish the 
adequacy of information. " 

NUREG-1297 states that for a repository, 

"peer reviews should be used as a management tool to achieve confidence in the 
validity of certain technical and programmatic judgments. The intent of a peer review 
is to pass judgment on the technical adequacy of the work or data submitted for 
review, to identifL aspects of the work on which technical consensus exists, to identifL 
aspects on which technical consensus does not exist, and to identtfi aspects of the 
reviewed work which the reviewers believe to be incorrect or which need 
amplification. A peer review provides assurance in cases where scientijic 
uncertainties and ambiguities exist but in which technical and programmatic 
judgments and decisions still must be made." 

9.2 Peer Review Process 

NUREG-1297 suggests that procedures be developed to "implement the NUREG-1297 
guidance" and to "provide methods for initiating a peer review. " These procedures, for any 
given peer review, "should require a planning document that describes the work to be 
reviewed, the size and spectrum of the peer review group, and the suggested method and 
schedule to arrive at a peer review report." 

WIPP-specific plans and procedures ensure that peer reviews performed subsequent to 
promulgation of 40 CFR Part 194 were conducted in accordance with the criteria of 40 CFR 
Part 194 and compatible with NUREG-1297. The most pertinent of the plans and procedures 
are discussed briefly below. 

A Peer Review Management Plan (PRMP) (DOE 1996a) was developed and approved by the 
CAO to describe the management processes used to control the planning, implementation, and 
documentation of these reviews. The PRMP defines the management amroach. resources. - A. 

schedule, and technical requirements for using peer reviews to confirm and/or verify the 
adequacy of data and/or information utilized to support the WIF'P application. 

CAO Team Procedure (TP) 10.5, Peer Review (DOE 1996b), implements the requirements of 
NUREG-1297. TP 10.5 prescribes the responsibilities, requirements, and methodologies to be 
incorporated in the performance of peer reviews conducted by the CAO pursuant to the 
criteria of 40 CFR § 194.27. The procedure provides the criteria for determining the size and 
composition of the review panel and for selecting individual peer review panel members, and 
outlines the orientation and training to be provided for the panelists. TP 10.5 also describes 
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the actual peer review process, provides criteria for development of peer review plans and 
report preparation, and defines the responsibilities of individuals involved in the process. 

Specific peer review plans were developed for each peer review at the WIPP. These plans 
documented the planning process for the peer reviews and were prepared and approved prior 
to performing the particular review (see Section 9.2.1). 

As discussed more completely in Chapter 5.0, the Quality Assurance Program Document 
(QAPD) (DOE 1996c) establishes the minimum requirements for the WIPP quality assurance 
(QA) program. It provides guidance for development and implementation of QA programs 
for all aspects of the WIPP project. In particular, the QAPD provides general requirements for 
training, document control, and QA records management. 

9.2.1 Peer Review Plan 

TP 10.5 requires that the Peer Review Manager ensure that a peer review plan is prepared and 
approved prior to the performance of each peer review. Specific plans are approved by the 
CAO Assistant Manager for the Office of Regulatory Compliance. 

The plan documents the planning of the peer review. It provides the scope of the peer review, 
a description of the work to be reviewed, the intended use of the work, the size and 
composition of the peer review panel, and methods for conducting peer reviews 

40 CFR 5 194.27(b) specifies that peer reviews performed subsequent to the promulgation of 
40 CFR Part 194 be conducted in a manner compatible with NUREG-1297. NUREG-1297 
states that 

"The peer review process may vary from case to case, and should be determined by 
the chairperson of the peer review group, consistent with the guidance provided in this 
GTP (Generic Technical Position). In meetings andor correspondence, the peer 
review group should evaluate and report on: (a) validity of assumptions; (b) alternate 
interpretations; (c)  uncertainty of results and consequences if wrong; (d) 
appropriateness and limitations of methodology and procedures; (e) adequacy of 
application; @ accuracy of calculations; (g) validity of conclusions; (h) adequacy of 
requirements and criteria. Furthermore, full and frank discussions between the peer 
reviewers and the performers of the work are encouraged." 

The WIPP peer review process consists of an in-depth analysis and evaluation of documented w 
assumptions, calculations, extrapolations, alternate interpretations, methodology, and 
acceptance criteria employed, and of conclusions drawn in the original work. TP 10.5 
specifically incorporates the above NUREG-1297 requirements into the WIPP peer review 
process. 
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9.2.2 Size and Composition of Peer Review Panels 

NUREG-1297 states that 

"The number of peers comprising a peer group should vary with the complexity of the 
work to be reviewed, its importance to establishing that safety or waste isolation 
performance goals are met, the number of technical disciplines involved, the degree to 
which uncertainties in the data or technical approach exist, and the extent to which 
differing viewpoints are strongly held within the applicable technical and scientijic 
community concerning the issues under review. The collective technical expertise and 
qualifications of peer group members should span the technical issues and areas 
involved in the work to be reviewed, including any differing bodies of scientific 
thought. Technical areas more central to the work to be reviewed should receive 
proportionally more representation on the peer review group. ,, 

The NUREG-1297 guidance also states that 

"The peer review group should represent major schools of scientific thought. The 
potential for technical or organizational partiality should be minimized by selecting 
peers to provide a balanced review group." 

The size and composition of peer review panels established after the promulgation 40 CFR 
Part 194 were determined by a selection committee consisting of the Peer Review Manager 
and two members selected by the Peer Review Manager. 

Peer review panel size and composition was determined by a selection committee consisting 
of the Peer Review Manager and two members selected by the Peer Review Manager. These 
individuals were picked because of their familiarity with the peer review process, the WIPP 
project, their impartiality, and their knowledge of potentially qualified peer reviewers. 

Technical requirements for each peer review panel were established by the Peer Review 
Manager and provided to the selection committee, which then developed a list of potentially 
qualified personnel. Once a panel member was officially selected and had agreed to serve, the 
selection committee members documented the rationale for the selection of that peer review 
panel member on a "Peer Review Panel Selection, Size and Composition Justification1 
Decision Form," which is maintained as a QA record. 

The number of members selected for a particular panel depended on the amount and 
complexity of the work to be reviewed, its importance for establishing that safety or waste 
isolation performance goals are met, the number of technical disciplines involved, the degree 
to which uncertainties in the data or technical approach exist, and the extent to which differing 
viewpoints are strongly held within the applicable technical and scientific community 
concerning the issues under review. The panel members were selected based on their 
collective technical expertise and qualifications so that they spanned the technical issues and 
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areas involved in the work to be reviewed, including differing bodies of scientific thought. 
The technical areas more central to the work to be reviewed received proportionally more 
representation on the peer review panel. To the extent practical, the panels represented the 
major schools of scientific thought pertinent to the subject being reviewed. The selection 
committee strived to eliminate the potential for technical or organizational partiality by 
selecting peer reviewers that provided a balanced panel. 

The strategy for staffing the panels was to use a combination of individuals knowledgeable of 
the WIPP with other individuals that had little or no knowledge of the WIPP. All of the 
individuals had to meet the strict independence requirements. To ensure that the data review 
panels had knowledge of the related conceptual models, two members of the Conceptual 
Models Peer Review Panel were assigned to the Natural Baniers Data Qualification Peer 
Review Panel and two others were assigned to the Engineered Systems Data Qualification 
Peer Review Panel. In addition, one individual from the Waste Form and Disposal Room 
Data Qualification Peer Review Panel was assigned to the Waste Characterization Analysis 
Review Panel to ensure the latter panel was provided with timely and in-depth knowledge of 
chemistry data pertinent to the waste. 

9.2.3 Technical Qualifications of Panel Members 

NUREG- 1297 states that 

"The technical qualifications of the peer reviewers, in their review areas. : i be at 
least equivalent to that needed for the original work under review and should be the 
primary consideration in the selection of peer reviewers. Each peer reviewer should 
have recognized and verifiable technical credentials in the technical area he or she 
has been selected to cover. The technical qualrfications of each peer, and hence of the 
peer review group as a whole, should relate to the importance of the subject matter to 
be reviewed." 

TP 10.5 specifies that the acceptability of any peer review panel member be based on the 
above NUREG-1297 requirements. The Peer Review Manager is required to ensure that 
education and ~ertinent ex~erience information is verified and documented ~ r i o r  to the start of 
the peer review process. This documentation is also maintained as QA records. 

9.2.4 Independence of Panel Members 

NUREG- 1297 states that 

"Members of the peer review group should be independent of the original work to be 
reviewed. Independence in this case means that the peer, a)  was not involved as a 
participant, supervisor, technical reviewer or advisor in the work being reviewed, and - 
b) to the extent practical, has sujjicient freedom from funding considerations to assure 
the work is impartially reviewed. " 
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"Because of DOE'S pervasive effort in the waste management area, the lack or 
unavailability of other technical expertise in certain areas, and the possibility of 
reducing the technical qualzjications of the reviewers in order that total independence 
is maintained, it may not be possible to exclude all DOE or DOE contractor personnel 
from participating in a peer review. In those cases where total independence cannot 
be met, a documented rationale as to why someone of equivalent technical 
qualifications and greater independence was not selected should be placed in the peer 
review report." 

NUREG-1297 allows both the work under review and the peer review of that work to be 
funded by DOE. It also provides the caveat that the 

"independence criteria is not meant to exclude eminent scientists or engineers upon 
whose earlier work certain of the work under review is based so long as a general 
scientific consensus has been reached regarding the validity of their earlier work." 

TP 10.5 provides that the above NUREG-1297 requirements be used in selecting panel 
members. Each peer review panel member is required to document his or her independence. 
These documents are reviewdd and approved by ;he Peer Review Manager and maintained as 
QA records. 

9.2.5 Training of Peer Review Panel Members 

TP 10.5 requires that the Peer Review Manager ensure that all peer review panel members 
receive adequate training prior to beginning a peer review. Training consists of reading 
assignments and, if deemed necessary by the Peer Review Manager or the Peer Review Panel 
Coordinator, briefings and classroom training. Assigned reading includes 40 CFR Parts 191 
(EPA 1993) and 194, NUREG-1297, the CAO QAPD, TP 10.5, and the applicable Peer 
Review Plans. 

TP 10.5 further requires that all panel members receive an orientation prior to the start of the 
peer review process. The orientation includes information on the peer review process, 
administrative requirements, the applicable Peer Review Plan, a summary of the technical 
subject matter, and an overview of TP 10.5. Panel member training and orientation are 
documented and this documentation is maintained as a QA record. 

9.2.6 Peer Review Panel Report 

NUREG-1297 states that 

"A written report documenting the results of the peer review : rhould be issued. It is 
usually prepared under the direction of the chairperson of the peer review group, and 
is signed by each member individually. It should clearly state the work or issue that 
was peer reviewed and the conclusions reached by the peer review process . . . The 
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report should include individual statements by peer review group members reflecting 
dissenting views or additional comments, as appropriate. The peer review report 
should contain a listinn o f  the reviewers and any acceptability information (i.e., - - . - 
technical qualifications and independence) for each member of the peer group, 
including potential technical andor organizational partiality." 

TP 10.5 requires that a peer review report be prepared for each peer review. Each panel 
member is required to sign and date the report. The report describes the work or issue that 
was reviewed and the conclusions reached by the panel, and it provides individual statements 
by the members reflecting dissenting views or additional comments, as appropriate. Finally, 
the report lists the peer review panel members and provides technical qualifications and 
independence information for each member. 

9.2.7 Quality Assurance Records Management 

NUREG- 1297 specifies that written 

"minutes should be prepared of meetings, deliberations, and activities of the peer 
review process. " 

TP 10.5 requires that written minutes, including graphic or calculated materials used in panel 
meetings, be prepared for meetings, deliberations, daily caucuses, and other activities. These 
written minutes are maintained as QA records. TP 10.5 also requires that a QA records 
management system be developed and implemented to ensure that peer review documents are 
identified, assembled, and transferred on a timely basis and in an orderly manner to the 
appropriate records center. 

9.2.8 Quality Assurance Oversight 

Section V of NUREG-1297 states that 

"As a minimum, the QA organization should provide surveillance of the peer review 
process to ensure that the procedures conform to the guidance of this GTP and that 
they are followed by the peer review group." 

The QAPD establishes requirements for implementing the QA program for the WIPP peer 
review process. The QAPD requires that assessments be conducted to ensure that all aspects 
of the peer review conform to the guidance of NUREG-1297, TP 10.5, and the CAO QAPD. 
Audits of the peer review process have been performed in accordance with the requirements 
of the QAPD. Additional details regarding the WIF'P QA program are provided in 
Chapter 5.0. 
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9.3 Peer Reviews Conducted After Promulgation of 40 CFR Part 194 

Seven peer reviews were performed by the WIPP project to address issues deemed necessary 
by the CAO. These peer reviews included reviews of conceptual models, waste 
characterization analysis and an evaluation of the benefits and detriments of potential 
engineered barriers and alternatives as stated in 40 CFR 5 194.27(a); data reviews of 
engineered systems, waste form and disposal room, and natural barriers as stated in 40 CFR 
5 194.22(b); and a passive institutional controls review. These peer reviews were conducted 
subsequent to the promulgation of 40 CFR Part 194 and were conducted in a manner 
consistent with the NUREG-1297 guidance, as implemented by TP 10.5 and the QAPD. 

Specifically, the following peer reviews were conducted: 

an evaluation of the adequacy and reasonableness of the WIPP conceptual models; 

a review of the adequacy and completeness of the waste characterization analysis; 

an assessment of the validity of the assumptions and approach used to select or reject 
engineered alternatives, as delineated in the EACBS (DOE 1995b) for the WIPP; 

a data qualification review of parameters used to describe engineered systems; 

a data qualification review of parameters used to describe natural barriers; 

a data qualification review of parameters used to describe the waste form and disposal 
room; and, 

a determination of whether the passive institutional controls have a reasonable 
expectation of meeting their intended purpose. 

These seven reviews are discussed, and the WIPP project response to the peer review panel's 
comments are provided, in the following sections. The general process used by the CAO to 
plan and conduct the seven peer reviews is described in Section 9.2. The complete peer 
review reports are provided in Appendix PEER. The reports were all consensus documents 
which were signed by all the members of the specific panel involved, that is, there were no 
dissenting views on any of the final reports for the seven subject reviews. 

9.3.1 Conceptual Models Peer Review 

40 CFR 5 194.23(a)(3)(v) specifies that this application include documentation that the 
conceptual models have undergone peer review consistent with 40 CFR 5 194.27. A 
conceptual Model Peer ~ e v i e w  (CMPR) Plan (see Appendix PEER) was developed and 
approved in accordance with the requirements of TP 10.5. The CMPR Plan describes the peer 
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review process used to ensure that the conceptual models used in the WIPP performance 
assessment reasonably represent possible future states of the disposal system. 

In accordance with the provisions of TP 10.5, a peer review panel was selected and organized. 
The six-member panel was composed of the following individuals: 

Charles R. Wilson (Chairman), Private Consultant 
Florie A. Caporuscio, Informatics Corporation 
John F. Gibbons II, Private Consultant 
Eric B. Oswald, Private Consultant 
Darrell D. Porter, Science Applications International Corporation 
Glen L. Sjoblom, Private Consultant 

Florie A. Caporuscio has a Ph.D. in Geology and has more th& 10 years of applied pertinent 
experience, including having served as the Acting Section Chief, WIPP Technical Review, at 
EPA Headquarters' Office of Radiation and Indoor Air and as a Staff Geologist at EPA 
Region II. In addition to Dr. Capomscio's highly relevant regulatory expertise, his pertinent 
technical qualifications include extensive expertise in site characterization, geochemistry, 
radionuclide transport in geological media, and related conceptual models. 

John F. Gibbons II has a Ph.D. in Geomechanics and has more than 20 years of relevant - 
experience, including having served as the Technical Director of Applied Research Associates 
for site characterization technology research and development activities augmented by 
involvement in numerous site characterizations. Dr. Gibbons' site characterization and 
technology research and development (R&D) experience is particularly pertinent for peer 
reviews involving geology, tectonics, hydrology, and related conceptual models. 

Eric B. Oswald has a Ph.D. in Hydrology and Water Resources Administration and has more 
than 25 years of applied pertinent technical and regulatory experience. Dr. Oswald's technical 
qualifications include extensive surface and groundwater flow system analyses and control, 
contaminant transport, and related conceptual models. 

Darrell D. Porter has a Ph.D. in Mineral Engineering and has more than 34 years of 
experience in earth sciences programs with emphasis on rock mechanics. Dr. Porter's 
pertinent technical qualifications include extensive involvement in site characterization, 
regulatory compliance, quality assurance, and technical review activities in support of deep 
geologic repository development. 

Glen L. Sjoblom has a MSc. in Chemical Engineering and has more than 26 years of 
experience in environmental radiation protection including having served as the Director of 
Radiation Programs at the EPA during the development and promulgation of 40 CFR 
Part 191. Mr. Sjoblom's extensive environmental radiation protection experience also 
includes serving as Special Assistant to the Director of the Office of Inspection and 
Enforcement and Deputy Director of the Division of Industrial and Regulatory Medical 
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Nuclear Safety at the NRC. Mr. Sjoblom's pertinent technical qualifications include 
chemistry, wasta characterization, deterministic and stochastic risk and safety analysis, and 
environmental protection activities in support of deep geologic repository development. 

Charles R. Wilson has a Ph.D. in Civil Engineering-Groundwater and has more than 26 years 
of relevant experience in earth sciences programs. Dr. Wilson's pertinent technical 

& - 
qualifications include lead roles in the geology, hydrology, geochemistry, and geotechnical 
engineering disciplines on teams involved in site characterization, model development, and - - 
modeling of: landfills; water resources; groundwater flow systems; contaminant and 
radionuclide transport; and nuclear waste repositories in the United States and abroad. 

Additional details regarding the technical qualifications and independence of the panel 
members are provided in the final peer review report (see Appendix PEER). Each panel 
member's background was carefully reviewed to ensure his strong qualifications, and to verify 
his independence from other WIPP work, and to confirm the absence of conflicts of interest. 

The peer review was conducted from April through August 1996. After orientation and 
training, the panel was provided draft conceptual model descriptions and other relevant 
information and was briefed by WIPP project staff. Panel members also had access to the 
Sandia National Laboratories (SNL) Nuclear Waste Management Program Library and to 
reports of-prior peer reviews. 

The objective of the review was to determine the adequacy and reasonableness of 24 
conceptual models representing features, events, and processes involved in assessing the long- 
term performance of W P P .  As stated in the CMPR report: 

"A conceptual model is a statement of how important features, events, and processes 
such as fluidflow, chemical processes, or intrusion scenarios are to be represented in 
performance assessment. To be used in performance assessment, the conceptual 
model must be successfullv translated into analytical statements and mathematical 
analogs. The Panel reviewed in detail the twenty four conceptual models against 
criteria of the EPA .... The Panel also made an assessment of the information used and 
whether the conceptual model is adequate for implementation in an overall 
performance assessment model. " 

Per the criteria of 40 CFR Part 194, the peer review was conducted in a manner compatible 
with the provisions of NUREG-1297. The eight adequacy criteria from NUREG-1297 were 
used as a basis for review of each model (see Section 9.2.1 ). 

The CMPR Report was issued in July 1996 (a copy of the CMPR Report is provided in 
Appendix PEER). The panel initially concluded that 13 of the models were adequate for 
implementation and that the remaining 11 models were not adequate for use in performance 
assessment. The DOE provided additional information in response to the panel's concerns, 
and the panel subsequently determined that the responses for six of those 11 models 
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reasonably addressed their concerns. In addition, the panel concluded that some of the 
responses (multiple concerns were identified for some models) relating to three additional 
models also reasonably addressed its concerns. Finally, the panel concluded that responses 
regarding three models did not reasonably address its concerns; however, one of these models 
was determined to have no consequence to performance assessment. The DOE's justification 
for using these unresolved models is discussed in the following Sections of this application. 

The 24 models reviewed by the panel are listed in Table 9-1. Also provided are the panel's 
conclusions about the adequacy of the models and whether the panel believed that the DOE's 
responses reasonably addressed its concerns about those models that it determined to be 
inadequate. 

Section 9.3.1.1 provides a brief description of the panel's discussion on the models it deemed 
adequate. Section 9.3.1.2 provides a brief description of the panel's discussion on the models 
deemed inadequate; the DOE's responses to the panel's concerns; the panel's comments on 
those responses; and the DOE's technical position on those concerns wherein the panel 
concluded that the responses did not reasonably address its concerns. 

9.3.1.1 Adequate Models 

The following excerpts are from the CMPR Report. They address those thirteen models that 
the panel determined to be adequate: 

Disposal System Geometry 

The conceptual model for the disposal system geometly provides a suitable framework 
for modeling the important processes and their interactions in the disposal 
system. . .The concept that the spatial effects of processes and interactions can be 
represented in two dimensions is defensible. The simplification in the system 
representation and computational method to simulate the two dimensions are 
defensible and adequate for implementation. The basic grid framework for 
representing the material properties of the disposal system, adjacent DRZ [disturbed 
rock zone], geologic formations, and intrusion scenarios is adequate and the proposed 
use of a finite difference method to connect the nodes and generate flow fields is also 
defensible and adequate for implementation. 

1 

Salado 

Given that the conceptual model predicts that there will be enough brine to corrode 
the waste and that other assumptions appear conservative, making other impacts 
unlikely, the model is adequate for its intended use. . .The conclusions appear to be 
valid. Estimates of inflow volumes from the mechanisms proposed in the model 
appear to be reasonable. . .The model is adequate for implementation. 
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Table 9-1. Adequacy of WIPP Conceptual Models 

DOE Response 
Model Report  Findings Reasonable? 

Disposal System Geometry 

Culebra Hydrogeology 

Repository Fluid Flow 

Salado 

Impure Halite 

Salado Interbeds 

DRZ 

Actinide Transport in the Salado 

Units Above the Salado 

Adequate Not Applicable 

Not Adequate ' Yes 

Not Adequate Yes 

Adequate Not Applicable 

Adequate Not Applicable 

Not Adequate Yes 

Adequate Not Applicable 

Adequate Not Applicable 

Not Adequate ' NO' 

Transport of Dissolved Actinides in the Culebra Adequate Not Applicable 

Transport of Colloidal Actinides in the Culebra Not Adequate No 

Exploration Boreholes Not Adequate ~ a r t i a l l y ~  

Cuttings and Cavings 

Spallings 

Direct Brine Release 

Castile and Brine Reservoir 

Multiple Intrusions 

Climate Change 

Adequate Not Applicable 

Not Adequate Yes 

Not Adequate No 

Not Adequate ~ a n i a l l y ~  

Adequate Not Applicable 

Adequate Not Applicable 

I Creep Closure Adequate Not Applicable 

Shafts and Shaft Seals 

Gas Generation 

Chemical Condition: 

Adequate Not Applicable 

Not Adequate Yes 

Not Adequate partially4 

Dissolved Actinide bource Term Adequate Not Applicable 

Colloidal Actinide Source Term Adequate Not Applicable 

' Although the model was found to be inadequate, it was determined to have no consequence to 
performance assessment. 
The panel coccluded that responses to three of their four concerns were reasonable. 
The panel corcluded that responses to two of their three concerns were reasonable. 
The panel concluded that responses to two of their three concerns were reasonable. 

Impure Halite 

Althr.ugh dtfferences in the behavior of pure and impure halite, variable degrees of 
imp trity, and complexities of stratigraphic distribution of zones of impurity exist, the 
mrdeling of all halite rocks in the Salado as impure halite is an acceptable model 
simplification. . .The model appears to be adequate for the same reasons that the 
overall Salado model is adequate. Brine inflow suficient to corrode the waste and to 
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drive biogenic degradation is assumed. For error to be significant, brine inflow would 
have to be very large, which is unlikely. . .The conclusions drawn on the basis of the 
impure halite model are valid for PA purposes. 

Disturbed Rock Zone 

All observed considerations of analysis, s tub ,  and proposed engineered applications 
regarding the DRZ and its impacts on effective shaft sealing appear to be valid. The 
understandings developed of DRZ phenomena and data reveal it is critical to 
engineering waste containment overall because of its potential for negative impact on 
shaji seals permeability and integrity andfluidflow in the rooms and their seals. It 
appears that all considerations of this impact and the conclusions discussed here are 
sound and valid. . .The panel concludes that the present DRZ model is adequate to be 
implemented in performance calculations. 

Actinide Transport in the Salado 

It seems DOE has provided a very rational way to "lun!pM all the various solubilities 
of dissolved actinides and to describe how the four main types of colloids will be 
"lumped" for transport. Both of these source terms have complex properties that 
could have been negated by the "lumping" factor. . .These two philosophies of - 
solubility "lumping" have been clearly explained for dissolved and colloidal actinide 
transport. . .by the principal investigator and by this means the implementation was 
determined to be adequate. . .this model is wholly adequate and reasonable for 
implementation. 

Transport of Dissolved Actinides in the Culebra 

It is concluded that a dual porosity model is adequate for dissolved actinide transport 
analyses if ranges of model parameters are chosen properly in light of 
uncertainties. . .The conclusion that the actinide transport in the Culebra can be 
adequately modeled in a dual porosity model, with advective transport in the main 
flow porosity, difision into and physical and chemical retardation in the rock matrix 
porosity, is valid. . .The conceptual model appears compatible with other models it 
intersects with directly. /.---. 

CuttingsICavings 

This model is fundamentally appropriate. It is based on straightforward analysis, 
concepts, and technology that is well developed and believed to be adequate for 
depicting that part of the consequences of a waste room penetration by a borehole 
drill that is covered by this model .... The CUTTINGS-S model contains well thought -. 

out and evaluated mathematics based on researched and estahlishedjluidflow 
technology and science. . .This model is suficiently developed and uncomplicated that 
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no serious concerns were found. It appears to be capable of accurately representing 
the waste that might be removed during a drilling intrusion and is fully adequate for 
implementation in support of the WIPP performance assessment. 

Multiple Intrusions 

The conceptual model for multiple intrusions is fundamentally sound and 
appropriately conservative, given the simplifications that are required to model a 
complex set of conditions in an efficient manner. . .The application of the conceptual 
model to the numerical model is adequate, again given the simplifications that are 
required to model a complex set of conditions in an efficient manner. . .The Multiple 
Intrusion conceptual model is adequate for implementation in performance 
assessment. 

Climate Change 

The climate change conceptual model represents a reasonable and defensible range of 
potential future climate extremes for incorporation into the perfoOrmance assessment. 
The conceptual model includes a range of conditions, bounded by reasonably 
foreseeable future climates and their effects, that are adequate to represent impacts to 
groundwater flows in the Culebra Dolomite Member of the Rustler Formation. In 
addition to providing adequate representation of conditions for implementation, the 
background research and analysis supporting the formulation of the conceptual model 
for climate change provides adequate information for satisjjing EPA guidance. 

Creep Closure 

The adequacy o f  the Creep Closure conceptual model is demonstrated by its - . -  

ctiveness of room closure in existing WIPP excavations. The uncertainties 
herent in the model must be assessed through the sensitivity of the porosity surface 
lculation. The model appears to be adequately predictive. . .The porosity sulface 
lculation appears to address the complex issues of timing among processes and 
vides a means of choosing representative parameters for individual process with 

34 respect to uncertainty about process results and timing during dynamic process 
35 evolution. 
36 
37 Shafts and Shaft Seals 
38 
39 Comments concerning two issues from the preceding section are also applicable to the 
40 model's adequacy for implementation: I )  further analysis of the salt compaction data 
4 1 base, firmed up with additional data, is important to support parameter permeability 
42 values, and 2) an analysis has not been found to assure the shaft monolith does not 
43 create a shear zone at the shaft perimeter interface. Aside from these, the foregoing 
44 discussions outline an insightful piece of scientific and engineering work. The shafrs 
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and seals program is well thought through and the areas ofperceived concern have 
been addressed to various degrees of detail, each believed suficiently adequate to 
support qualibing this model as adequate to proceed in supporting performance 
assessment. 

Dissolved Actinide Source Term 

The true unknowns are to be found in the assumptions that the chemistry rapidly 
approaches equilibrium and that the waste has uniform characteristics and inventory. 
These fundamental assumptions are a basis of the conceptual model and are most 
probably adequate and reasonable. . .This model has turned out to be a very strong 
representation of how actinides would dissolve in the two major brines (Salado and 
Castile) of the repository and is adequate to support pe$ormance assessment. 

Colloidal Actinide Source Term 

Since this model is inexorably linked to the solubility concentrations of the dissolved 
actinide source term, one may conclude that this model is valid contingent on the 
validity of the other model (which was determined to be valid, with minor caveats) ... 
The Colloidal Actinide Source Term model is a reasonable, i f  somewhat overly 
conservative representation of how actinides would sorb onto colloids in the two - 
major brines (Salado and Castile) available for the repository. This conceptual model 
is adequate to support performance assessment. 

9.3.1.2 Inadequate Models 

As indicated above, the CMPR panel initially determined that 11 of the models they reviewed 
were inadequate. The CMPR panel concerns (Peer Review Panel Concerns - presented in 
italics below), the DOE interpretation of the panel's concems (Statement of Issue), the DOE 
response to the panel's concerns (Response to Issue), and the panel reaction to the 
interpretation and responses (Peer Reviewer Consideration of Response) are provided below. 
In those instances in which the panel determined the response did not reasonably address its 
concems, the DOE developed additional information regarding its position (DOE Technical 
Position versus Panel Issue). In some instances, a response addresses more than one concern. 

The DOE responses were provided to the panel as individual memoranda. For incorporation 
into this application, the responses have been edited to remove the memorandum format, 
consolidate references, replace first-person language, insert cross-references where 
appropriate, and correct typographical errors. Substantive technical content of the responses,. 
has not been changed. 

October 1996 



9.3.1.2.1 Peer Review Panel Concerns - Culebra Hvdroneolonv 

No conceptual model which explains the variability of hydrologic properties and 
processes in the Culebra at a scale which is useful in correlating those properties in 
the numerical hydrologic flow model was developed. 

An extensive hydrologic testing database and an apparently adequate numerical flow 
model were developed as a substitute for performance assessment purposes. 

Although the Culebra conceptual model was found to be inadequate to support 
numerical modeling, this inadequacy was inconsequential for performance assessment 
because an extensive hydrologic database was developed and serves as an adequate 
substitute to support numerical modeling. 

Statement of Issues 

The main concern is that a conceptual model that integrates geologic and geochemical data 
was not developed to help define the distribution of Culebra hydraulic properties for the 
SECOFL2D calculations. The panel notes that construction of such a conceptual model would . .. 
require an extensive field and modeling program to characterize geological properties such 
fracture distribution, aperture, and orientation as well as patterns of spatial variability of 
matrix permeability and porosity. 

Response to Issues 

The CMPR panel noted that although the Culebra Hydrogeology conceptual model was found 
to be inadequate, this inadequacy is inconsequential for performance assessment. The 
objective of this response is mainly to clarify a few of the issues discussed by the panel. 

The DOE confirms that the main objective of the Culebra field program is to measure 
hydraulic and transport properties, and that the intent was always to take an empirical 
approach to delineating the distribution of these properties for performance assessment 
calculations. The DOE did. however, examine rock cores, outcrops, geophysical logs, and the 
shaft walls to get information about the geology of the Culebra. One use of this information 
was to develop a conceptual model of how geologic processes have affected the hydraulic 
properties of the Rustler Formation, including the Culebra. This conceptual model was not 
used to condition the Culebra transmissivity field for the performance assessment flow 
calculations (that is, in the region for which extensive hydraulic data were collected). This 
conceptual model was used to assign values of hydraulic conductivity in the regional three- 
dimensional flow model which covers a much larger area. In addition, this conceptual model 
was used as a basis for understanding retardation of contaminant transport in the Culebra. 

The CMPR panel noted that there have been two conceptual models of regional flow, the 
confined model and the groundwater basin model. The DOE considers these two conceptual 
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models to be complementary. The groundwater basin model represents the DOE's conceptual 
understanding of the real regional hydrologic system and is used to evaluate long-term 
changes in patterns of groundwater flow. The confined model is a necessary and appropriate 
simplification for performance assessment modeling. It provides the capability to perform 
detailed calculations of flow and transport in the region for which the site characterization has 
provided an extensive database. 

The panel noted that two schools of thought about dissolution of Rustler halite have been 
presented in the project literature. One school argues that halite in Rustler units has been 
dissolved in regions beyond the modem-day extent of halite. The second school argues that 
the modem-day limits of halite represent essentially the original depositional boundaries. 
These schools represent an evolution of understanding as more information became available. 
The DOE's position is that the second school (that little dissolution of Rustler halite has 
occurred in the vicinity of the WIPP) best represents the present understanding. This position 
is based mainly on detailed mapping of the Rustler in the air intake shaft and the detailed 
depositional facies model developed by Holt and Powers (1988). 

The panel notes that the project has not developed a detailed conceptual model that integrates 
hydrogeological features, hydrogeochemical facies, and radiogenic ages. DOE agrees with 
this assessment; however, consideration of these issues has made important contributions to 
the DOE conceptual understanding of Culebra hydrogeology. For example, the concept that 
groundwater flow is still adjusting to a drying of the climate at the end of the Pleistocene 
originated in analysis of chemical and isotopic data. 

/"--.. Peer Reviewer Consideration of Response 

The DOE understood the issues and provided a reasonable response. 

9.3.1.2.2 Peer Review Panel Concerns - Repositoq Fluid Flow 

9.3.1.2.2.1 First Peer Review Panel Concern 

The conceptual model and its two-dimensional numerical implementation may 
unrealistically restrict brine movement within the repositoty to the anhydrite interbeds 
because of the shallow depths of the borehole and shaft model cells. These restrictions 
could result in underestimating brine migration in the interbeds toward the accessible 
environment. 

Statement of Issue 

The language "shallow depths" in the above concem is misleading. The concem is that the 
geometry of the finite difference grid blocks about the borehole and shaft represents the lateral 
or areal cross-sectional area of these units. This is an appropriate grid geometry if the flow is 
convergent on these units. For the undisturbed case, the flow is never convergent on the 
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borehole. The shaft seal system is very effective in preventing fluid flow up the shaft; 
consequently, fluid flow is not generally convergent on the shaft area. These regions will 
present very small normal areas to flow in the lateral direction. For example, in an intrusion 
scenario, when flow is convergent on the borehole, the supporting flow from the north end of 
the repository and formations north of the shaft will experience a flow restriction due to the 
geometry about the shaft. This could restrict brine inflow to the repository region. 

Response to Issue 

The recommended screening decision for the FEP screening analysis S1: Verification of 2D- 
Radial Flaring Using 3D geometry, Sandia WIPP Central Files (SWCF)-A: 1.2.07.3: PA: QA: 
TSK:Sl states the following: 

Comparison of outputs of calculations of the simplified two-dimensional (2-D) WIPP 
performance assessment grid and a corresponding three-dimensional (3-D) grid, based on the 
selected input data, showed that results were equivalent for the most part. Although the 3-D 
grid showed flow details which were not accurately represented with the 2-D grid, the 
computed releases to the accessible environment for both grids were nearly equivalent. This 
indicates that, based on the performance measures and the overall uncertainty, the current 
model being used for WIPP performance assessment is sufficient for estimates of calculated 
releases. Calculations using the 2-D grid are more computationally efficient, which is 
necessary for the large number of vectors. 

The issue raised by the peer review panel is addressed by the FEP S 1 calculation as discussed 
above. The FEP S1 calculation included both the shaft and a borehole in the geometry, and 
considered an intrusion at 1,000 years. As stated above, the computed releases to the 
accessible environment for the 2-D and 3-D grids were nearly equivalent. If the geometry 
affects flow enough to significantly change releases to the accessible environment, it would be 
reasonable to expect that the effect would have occurred in the FEP S 1 calculation. Since no 
such effect was observed, it is reasonable to conclude that the effects of the geometry do not ,. ---, 

significantly impact releases to the accessible environment. 

Peer Reviewer Consideration of Response 

The DOE understood the issue and the response reasonably addressed the panel's concern. 

9.3.1.2.2.2 Second Peer Review Panel Concern - Repositorj Fluid Flow 

The conceptual model and its two-dimensional numerical implementation do not 
include the presence of the unplugged ERDA-9 borehole within the walls of the 
operations area. This borehole could provide a pathway for gas and possibly brine to 
the ground surface, and no description of the plugging plan for this hole was seen in 
the documentation provided by the Panel. 
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Statement of Issue 

The panel is concerned about two items: a) the potential for unplugged boreholes close to the 
repository acting as pathways for fluids to escape, and b) the lack of any plans to plug these 
boreholes. 

Response to Issue 

The panel's concern presumably arises because they were not aware of the project plans for 
borehole plugging. In fact, the project does plan to plug these boreholes using a continuous 
plug through the Salado. Such plugging has been evaluated by Thompson et al. (1996). 

The plugging plans are addressed in Section 3.3.4 of this application, entitled Borehole Plugs. 
Section 3.3.4 states: 

"Deep unplugged boreholes within the Land Withdrawal Area, shown in Figure 3-9 as 
W P P  13, WIPP 12, U.S. Energy Research and Development Administration (ERDA) 9, and 
DOE 1, will be plugged according to the state of New Mexico, Oil Conservation Division, 
Order R- 11 1 -P. The governing regulations for plugging and/or abandonment of boreholes are 
summarized in Table 3-2. These solid cement plugs will go through the salt section and any 
water-bearing horizon to prevent liquids or gases from entering the hole above or below the 
salt section. The boreholes not being used for monitoring will be plugged at 
decommissioning. Figure 3-10 depicts a typical deep borehole plugged to the requirements of 
Order R- 1 1 1-P." 

. , 

Peer Reviewer Consideration of Response 

The DOE understood the issue and provided a reasonable response. 

9.3.1.2.2.3 Third Peer Review Panel Concern - Repository Fluid Flow 

The sensitivity of model results to the selection of constant permeability values for the 
waste, panel seals, and reposito~y DRZ has not been evaluated for the current 
performance assessment. Early time permeabilities may be significantly greater than 
the model parameter for each of these media, and could lead to underestimation of 
radionuclide releases. 

Statement of Issue 

Consolidation of the waste, panel seals, and repository disturbed rock zone (DRZ) over time 
would result in lower permeabilities for these regions. How sensitive are the simulation results 
to the time-dependent nature of permeability within these regions? 
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Response to Issue 

A distinct response is given for each material region. 

Response for  waste: The effect of dynamic permeability of the waste on system performance 
has been studied through calculation of preliminary conditional complementary cumulative 
distribution functions (CCDFs). The recommended screening decision for the FEP screening 
analysis DR-7: Permeability Varying With Porosity in Closure Regions, SWCF-A: 
1.1.6.3:PA:QA:TSK: DR-7 states the following: 

Based on the CCDFs, the inclusion of dynamic permeability with closure of the waste region, 
north-end, and hallways in BRAGFZO results in computed releases to the accessible 
environment that are essentially equivalent to the baseline case. In addition, dynamic 
permeability has an insignificant effect on waste room conditions relevant to releases due to 
blowout, cuttings, and spalling. As a result, the baseline model is conservative in its treatment 
of closure and dynamic permeability can be eliminated from consideration in the baseline 
performance assessment model. 

Response for  DRZ: The effect of dynamic permeability of the DRZ on system performance 
has been studied through calculation of preliminary conditional CCDFs. The recommended 
screening decision for the FEP screening analysis S-6: Dynamic Alteration of the 
DWtransition zone (TZ), SWCF-A: 1.1.6.3:PA:QA:TSK: S-6 states the following: 

Based on the CCDFs, the inclusion of dynamic alteration of the D m Z  in BRAGFLO 
results in computed releases to the accessible environment that are essentially equivalent to 
the baseline case. In addition, dynamic alteration of the D m Z  has an insignificant effect on 
waste room conditions relevant to blowout cuttings, and spalling releases. Therefore, dynamic 
alteration of the DR2JTZ need not be included in system level performance assessment 
calculations. 

Response for  panel seals: Because of the high permeability within the panel seals (10-l5 
square meters) the long-term flow should not be sensitive to variants in the seal permeability. 
The permeability of the panels is set to the same value as the surrounding DRZ. If the panel 
seal permeability is tighter, then flow between the waste regions will be diverted from the 
seals through the lower permeability DRZ. The resulting communication between waste 
regions should be similar. The flow via the panel seals is quantified by considering the 
compliance certification application run with the highest flow through the panel seal between 
the intruded panel and the rest of the repository. This was run RlPS3-V25 (replicate 1, 
scenario 3 (El intrusion at 1,000 years), run or vector 25). This run was repeated with a panel 
seal permeability of 10-l7 square meters. Figure 9-1 shows a maximum cumulative brine flux 
across the three grid blocks representing the panel seal of approximately 180 cubic meter. 
The panel seal volume of 1,584 cubic meters and porosity 0.05 results in a panel seal pore 
volume of 79 cubic meters. The brine flux across the panel seal is approximately 3 panel seal 
pore volumes over the 10,000 years. This brine flux is not considered to be enough to degrade 
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the emplaced concrete plugs. This is consistent with the logic describing the behavior of the 
borehole plugs. Therefore, by using 10." square meters permeability for the panel seals, 
more communication among panels is being allowed, which will result in overestimating the 
amount of waste contacted by the brine. 

Peer Reviewer Consideration of Response 

The DOE understood the issue and provided a reasonable response. 

9.3.1.2.2.4 Fourth Peer Review Panel Concern - Repositoq Fluid Flow 

The long-term performance of the panel closure seals has not been subjected to a 
detailed engineering evaluation of the type performed for the shaft seal. The role of 
the panel seals in restricting brine flow among the waste panels and into other parts 
of the repository is an important element of the conceptual model and its 
implementation in performance assessment. 

Statement of Issue 

The panel is concerned about the lack of su porting evaluations presented to them for 
12' panel seal permeability assumption of 10- square meters. - 

Response to Issue 

The long-term panel seal response has now been evaluated, and is documented in a 1996 
memorandum by Thompson and Hansen (a complete copy of the Thompson and Hansen 
memorandum is provided in Appendix PEER, Section PEER.2). Basically, this memorandum 
argues that: 

1. The panel closures include a 29 foot length of concrete. This will have an initial 
permeability of at least 10-17 square meters. 

2. Flow through panel closures will be almost exclusively through the DRZ, which is 
assumed to have a permeability of 10.'~ square meters, by-passing the seals due to 
their much lower permeability. 

3. Given maximum calculated cumulative brine flow, flow through seals will be of the 
order of 1 - 2 pore volumes. 

4. Significant degradation of the concrete of the seals will require more than 100 pore 
volumes, so degradation is not expected. 

5. Flow along interface with salt may (at most) extend the DRZ by the order of 
millimeters. This will be taken up by much faster salt creep. 
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El intrusion at 1000 yr Replicate 1, Vector 25 

5.0 0 

Figure 9-1. Cumulative Brine Flow through the Panel Closure between the Intruded 
Panel and the Rest of the Repository for Perme:ibilities of 10-15 to 10-17 m2 
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Peer Reviewer Consideration of Response 

The DOE understood the issue and provided a reasonable response 

9.3.1.2.3 Peer Review Panel Concern - Salado Interbeds 

The conceptual model does not consider how the physical properties of the bounding 
clay seams affect model fracture propagation and permeability. Ignoring the 
characteristics of the clay seams may significantly overestimate the threshold pressure 
at which repository gases may be released. 

Statement of Issue 

The CMPR report (Section 3.6.2.2, Validity of Model ~ssumptions) listed three assumptions 
of the interbed model that the vanel felt had not been well documented. These were: (1) the ~, 

description of the mechanism of vertical crack propagation; (2) no incorporation of 
continuous clay seams at the base of Marker Bed (MB) 138 and MB139; and (3) the fluid 
storage capacity of the interbeds. The report (Section 3.6.2.3, Evaluation of Alternatives) 
noted two items that did not appear to have been addressed: 1) "Is storage capacity of the 
anhydrite layers so small that brines would be forced to travel to the land withdrawal area 
boundary?" and 2) "What would the consequence be if the gas threshold pressure of the clay 
seams were very low (for example, 0.01 MPa)?" The report states (Section 3.6.2.6, Adequacy 
of Application): "At no time was the logic clearly presented whereby one could track the 
implementation of this conceptual model into the numerical code developed for this portion of 
BRAGFLO. Therefore, one must state that the discussion of how the anhydrite interbed 
conceptual model is applied into an overall performance modeling element was not adequate." 
The report (Section 3.6.2.7, Accuracy of Results) further states: "The implementation of the 
fracture modeling was not explained in sufficient detail in any document. The method of how 
the code represents the physical property is unknown and one can not judge its accuracy." 

These concerns were reiterated in Section 3.6.2.9, Adequacy of Implementation, of the report, 
in which the panel asked for clarification of six points. These points are listed and addressed 
below. The panel also asked that the following question be addressed: "How do the physical 
properties of clay seams at the contact of the interbeds affect the fracture propagation and 
permeability of the model?" 

Response to Issue 

The clay seams would probably act as preexisting planes of weakness, helping to keep 
fracturing horizontal and confined to the interbeds. The expression used to calculate fracture 
permeability is not specific to anhydrite, and can be used equally well to calculate the 
permeability of fractured clay seams. In terms of threshold pressure, it should be noted that 
the field in situ threshold pressure tests were conducted with the clay seams contained within 
the test zones. Therefore, the interpreted threshold pressures are representative of the 
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combined anhydrite and clay units. The same is true for the in situ permeability tests - the 
clay seams were included in the test zones with the anhydrite beds during testing. 

1. What is the mechanism for vertical crack propagation? 

Fractures will propagate vertically if the least compressive stress is horizontal rather than 
vertical: that is, if the horizontal stress is less than the lithostatic load. Hydrofracture 
experiments conducted in MB 139 and MB140 suggest that horizontal stresses may be slightly 
less than vertical stress in anhydrite interbeds. Thus, while subhorizontal partings and clay 
seams within the interbeds, which act as preexisting planes of weakness, may provide 
preferred fracture "guides", the potential also exists for the creation of vertical fractures 
providing local connections between horizontal fractures. Hydraulic fracturing experiments 
conducted in halite, in contrast, indicate isotropic stress conditions in the far-field with no 
preferred fracture orientation (Wawersik and Stone 1989). 

2. What is [the] fluid storage capacity of the interbeds after dilation? 

The full dilation of the interbeds for the performance assessment simulations would result in 
porosity changes as follows: 

porosity at initial conditions = 0.01 1 
porosity at full fracture pressure = 0.05 (MB138 and MB 139) 
porosity at full fracture pressure = 0.25 (MB a+b) 

The potential storage is enhanced by 

(0.05-0.01 1)/0.011 = 350 percent (MB138 and MB139) 
(0.25-0.01 1)/0.011 = 2170 percent (MB a+b) 

In order to realize these changes in storage, the pressure within the MB would have to reach 
full fracture pressure of 16.5 megapascals. These values are bounding in the sense that they 
represent end points on the mathematical functions. Simulation values would not be expected 
to reach these limiting values. 

3. Enhanced porosity and permeability are presumed to mitigate each other in terms of gas 
migration responses. How can this happen when permeability is a power function (not linear) 
of porosity? 

Both permeability and porosity increase with pressure. As pressure builds up in the MBs, the 
permeability effect will increase the fluid mobility. The higher gas mobility will move the gas 
further from the repository (in the direction of negative pressure gradient). The increase in 
porosity will provide more storage for the gas with resulting lower gas pressures and shorter 
gas migration distances. The DOE does not mean to imply that the two effects are essentially 
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equivalent and completely counteract each other. The quantitative difference between the two 
effects is determined by the specific fracture parameters used in the model. 

4. What assumptions and limitations are made to represent the conceptuat model by the 
mathematical code? 

BRAGFLO allows for pressure-induced alterations to porosity by introducing a pressure- 
dependent pore compressibility. Pore compressibility is defined as the relative rate of change 
of porosity with respect to pressure: 

where: 

c - pore compressibility [pa-'] df 1 porosity [-I 
p = pressure [Pa] 

For constant compressibility, porosity can be expressed as a function of pressure: 

where: 

= porosity at reference pressure po 

Below an initiation pressure, pi, the compressibility is a constant intact value, C,. For 
pressures above pi, the compressibility increases linearly to a fully altered value, Ca, at the 
fully altered pressure, p The porosity is then computed from the compressibility equation. 

a' 
For p < pi, the porosity IS as given above. For pi < p < pa: 

BRAGFLO is assigned values for pi and pa and the porosity at fully altered conditions, da. 
From this information, the fully altered compressibility, Ca, is determined as: 
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The fracture treatment further allows for changes in the fracture material permeability. The 
often-used parallel plate analogy for flow in fractured rock suggests the form: 

where: 

k = permeability of altered material 
k, = permeability of intact material 
4 = porosity of altered material 

= porosity of intact material at pi 
n = empirical parameter 

The input data parameters that control the anhydrite fracturing were chosen deterministically 
so as to produce the appropriate pressure response as predicted by the linear elastic fracture 
mechanics model. Because the anhydrites have been found to have preexisting fractures that 
might easily be dilated, the pressure at which porosity and permeability changes are initiated 
is very close to the initial pressure within the anhydrite. The fracture initiation pressure (pi) is 
assigned a value of 0.2 megapascals above the initial far-field brine pressure of 12.5 
megapascals. The full fracture pressure @,) is specified to be 16.5 megapascals; A 
permeability of square meters is given at full fracture conditions. The only parameter that 
is not uniform over the three modeled MBs is the full fracture porosity. The full fracture 
porosity in anhydrite a and b is 0.25, while in MB 138 and MB139 the full fracture porosity is 
0.05. From this information, the exponent, n, in the permeability formula is determined for 
the different MBs. Results from the performance assessment calculations using these 
parameters show that simulated repository pressures do not exceed the full fracture pressure of 
approximately 16.5 megapascals, a value slightly higher than lithostatic pressure. 

5. Why is the full fracture porosity increment of 25 percent for anhydrite a and b so different 
from the 5 percent for MB 138 and MB139? 

Fracture dilation is assumed to be confined to a 10-centimeter thickness regardless of the 
thickness of the MB. Therefore, because 10 cm is a greater proportion of the total thickness 
of anhydrite a and b than of MB138 or MB139, the full fracture porosity increment is also 
greater. The Larson (1996) memorandum (see Appendix PEER, Section PEER.2) describes 
the expected fracture response for the MBs. The Lord (1996) memorandum (see Appendix 
PEER, Section PEER.2) describes the numerical study used to determine the fracture 
parameters that honor the desired fracture response. 
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6. What are the calculations that show that permeability increases by 10 orders of magnitude? 

As suggested in Larson (1996; Appendix PEER), the full fracture permeability is used as a 
fitting parameter (end point on the curve) so that the appropriate response is obtained. A ten 
order of magnitude increase in permeability is unlikely to ever be achieved in the model. 

Peer Reviewer Consideration of Response 

The DOE understood the issue and provided a reasonable response. 

9.3.1.2.4 Peer Review Panel Concerns - Units Above the Salado 

The conceptual models and the testing database are inadequate to exclude the Dewey 
Lakes Redbeds and the Magenta Dolomites as potential transport pathways for 
radionuclides in the event of an intrusion. 

The analysis of brinejlow in the intrusion scenarios limits the quantity of 
radionuclides reaching the region above the Culebra to such small amounts that 
transport in the Dewey Lakes and Magenta have negligible consequences. 

The Units Above the Salado conceptual model was found to be inadequate to support 
the assumation that the Culebra is the only horizon above the Salado cauable o f  
significant radionuclide transport. This inadequacy was inconsequential for 
performance assessment because of modeling results indicating that long-ternfluid - ~ . - 
flow in exploration boreholes above the Culebra was negligible because of relatively 
high permeability and low pressure in the Culebra. 

Statement of Issue 

None Provided 

Response to Issues 

Hydraulic testing of the Magenta has been performed at 16 locations, 10 of which are either 
on the WIPP site or within 700 feet of the site boundary. At four of these locations, DOE-2, 
H-3, H-6, and H-19, the Culebra has been found to be fractured and have a high 
transmissivity, whereas the Magenta has not. The Magenta has not been found to have a 
transmissivity greater than 0.3 square feet per day (3.OE-7 square meters per second) 
anywhere on the WIPP site. In addition to the locations where the Magenta has been tested, 
Magenta core has been recovered from six other locations on or near the WIPP site, B-25, 
H-l 1, H-15, WIPP-12, and WIPP-34. Magenta core recovery is typically 100 percent. The 
Magenta has also been examined in shaft exposures at the WIPP site. The only location on 
the WIPP site at which open fractures have been observed in the Magenta is WIPP-13. Filled 
fractures are only rarely observed at other locations. Based on the combined hydraulic test 
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results and core and shaft observations, the DOE is confident that the Magenta can be 
realistically modeled as a low transmissivity porous medium. 

The test data support permeabilities within the Culebra significantly higher than the Magenta 
and Dewey Lake (2 to 3 orders of magnitude). This is due primarily to the fracture structure 
of the Culebra. Also, the Culebra is under pressured with respect to the Magenta and Dewey 
Lake. Therefore, any cross flow between the units will occur from the Magenta and Dewey 
Lake to the Culebra. As an example of the performance of the model on brine flow as 
communicated between the borehole and the upper units, the E l  (intrusion into the Castile 
brine reservoir) run with the highest borehole release was considered (replicate 1, scenario 2, 
run 23). For this run, the brine flow at the top of the Salado through the borehole was of the 
order 50,000 cubic meters, while the brine flow to the Culebra from all units above the 
Culebra was of the order 270,000 cubic meters. Further, it has been demonstrated from the 
NUTS that no nuclide transport occurs to any units above the Culebra. 

The nonexistence of nuclide transport above the Culebra was demonstrated by the 
performance assessment simulations. Figure 9-2 shows the cumulative nuclide flux (in EPA 
units) up the borehole at a location above the Culebra and immediately below the Magenta. 
The figure includes all 100 NUTS runs from the first replicate of the E l  scenario. The E l  
scenario is expected to have the highest borehole releases. This figure shows that the 
transport above the Culebra is zero uniformly over all 100 vectors 

Peer Reviewer Consideration of Response 

The DOE understood the issues; however, the panel concluded that the response did not 
reasonably address its concerns. The panel noted, however, that the inadequacy of the model 
is of no consequence to the performance assessment. 

DOE Technical Position versus Panel Issues 

As pointed out in the initial response, "Hydraulic testing of the Magenta has been performed 
at 16 locations, 10 of which are either on the WIPP site or within 700 feet of the site 
boundary. At four of these locations. DOE-2, H-3, H-6, and H-19, the Culebra has been found 
to be fractured and have a high transmissivity, whereas the Magenta has not. The Magenta 
has not been found to have a transmissivity greater than 0.3 square feet per day (3.OE-7 square 
meters per second) anywhere on the WIPP site." 

'I' 
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El Intrusion at 350 yr, Replicate 1, I00 Vectors 

0.0 2.0 4.0 6.0 

Time (Thousands of Years) 

Figure 9-2. Actinide Transport to the Magenta, E l  Intrusion 
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No reasonable amount of testing can "exclude the presence of fractured zones of high 
permeability similar to those in the Culebra." However, "based on the combined hydraulic 
test results and core and shaft observations, the DOE is confident that the Magenta can be 
realistically modeled as a low transmissivity porous medium." 

In addition, as pointed out in the initial response, "The non-existence of nuclide transport 
above the Culebra was demonstrated by the performance assessment simulations." Therefore, 
as pointed out in the peer review comments, there are no performance assessment 
consequences to possible errors in the characterization of the Magenta or Dewey Lake. 

9.3.1.2.5 Peer Review Panel Concerns - Transvort o f  Colloidal Actinides in the Culebra 

9.3.1.2.5.1 First Peer Review Panel Concern 

The conceptual model does not adequately support the assumption that dissolved 
actinides will not interact with Culebra colloids. Ignoring this phenomenon could 
overestimate the travel time calculated for radionuclides to reach the accessible 
environment. 

Statement of Issue 

The understanding of the panel appears to be that calculations addressing the transport of 
waste through the Culebra do not address the potential for waste mobilized in the repository to 
become sorbed onto colloids indigenous to the Culebra, and continue transport in the Culebra 
as a colloidal particle. Because transporting colloids may not experience as much chemical 
attenuation as is exerted by the Culebra minerals on dissolved materials, releases calculated in 
the CCDF may under-report actual releases. 

Resvonse to Issue 

Four types of colloids have been identified and considered by the WIPP program. These 
colloids all fall within the traditional particle size definition of colloids. They have been 
distinguished based on their mode of production. The types are: (1) mineral fragments, 
(2) humics, (3) actinide intrinsics, and (4) microbial hosts. Formation and transport of waste 
by colloids generated in the Culebra was originally planned to be conducted using 
SECOTP2D. Experiments have shown that it is not necessary to calculate an explicit 
contribution to the release term from this transport mechanism. Actinides are not indigenous 
to the Culebra, so that type may be eliminated. Mineral fragments have been demonstrated to 
be unstable in WIPP brines. Mineral fragments present will agglomerate and settle out due to 
gravity. Humics and microbial hosts may persist in the Culebra, but column experiments 
containing crushed Culebra have shown that these colloids are effectively filtered out of the 
flow stream. As a result, colloidal transport in the Culebra will not contribute meaningfully to 
the CCDF and requires no explicit model. 
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Peer Reviewer Consideration of Response 

The DOE understood the issue; however, the panel concluded that the response did not 
reasonably address its concern. d 

b, 

DOE Technical Position versus Panel Issue 

Two concerns were raised in this issue: 

(1) The DOE'S understanding of the CMPR panel's concern was that the project has 
demonstrated that mineral fragment colloids are destabilized in Castile and Salado 
environments, but the project has not evaluated the stability behavior of mineral fragment 
colloids in the Culebra. Specifically, the panel would like to understand how the experiments 
conducted apply to the geochemical conditions of the Culebra. 

(2) Transport experiments with crushed-rock columns are not acceptable because when the 
rock is crushed, new mineral surfaces are exposed. Powder X-ray diffraction analysis to 
quantify clay mineral concentration has a minimum detection limit of 2 weight percent; 
changes in the rock composition due to crushing the rock may not be discernible. 

The DOE positions on these concerns are as follows: 

(1) The kinetic stability screening experiments were conducted with several WIPP-relevant 
brine simulants: Culebra H-17 brine simulant consisting primarily of NaC1, with an ionic - - 
strength of about 3 molal; a Salado-like brine simulant, consisting of NaCl but containing a 
significant concentration of Mg, with an ionic strength of about 8 molal; and NaCl solutions, 
ranging in concentration up to 5 molar. The screening experiments to verify the critical 
coagulation concentrations of the colloidal dispersion were conducted with sequential order- 
of-magnitude dilutions. Typically, the colloidal dispersions were destabilized at dilutions of 
lo3 or lo4. Because the experiments involved sequential dilutions, the question of which 
brine was used is not important. The main point is that mineral fragment colloids are 
destabilized by even very small concentrations of monovalent and particularly divalent 
cations. All groundwaters associated with the WIPP (that is, Castile Formation, Salado 
Formation, and Rustler Formation groundwaters within the land withdrawal area) have several 
orders-of-magnitude greater concentrations of cations than that required to destabilize mineral 
fragment colloids. 

(2) The crushed-rock column flow experiments were used to determine physical retardation of 
colloidal particles (humic substances, mineral fragment colloids, and microbes). In the case of 
mineral colloids and microbes, some chemical retardation was observed, but was disregarded 
in development of performance assessment parameter values. The main phenomena causing 
physical retardation were entrapment of colloidal particles at pore throats smaller than the 
particles and bridging at pore throats larger than the size of individual particles. Crushed-rock 
column flow experiments were used to quantify the filtration term (y), not a retardation term 
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(R). The presence of clay minerals in the rock is not a critical issue in these experiments, 
because colloid-rock interaction was physical rather than chemical. 

9.3.1.2.5.2 Second Peer Review Panel Concern - Transport of Colloidal Actinides in the 
Culebra 

The experimental KDs determined for this model are not fully defensible. Such vahes 
may overestimate the retardation of actinides in the Culebra. 

Statement of Issue 

The understanding of the panel appears to be that the distribution coefficients (Kd) used by 
performance assessment for colloidal transport in the Culebra is the same as that used for 
dissolved materials. (In fact, only humic Kds are assigned the same values.) The basis for the 
identical K,s is the result obtained from sorption competition experiments conducted using 
the batch method. In competition experiments, dissolved material is exposed to a known 
sorbent, that is, dolomite and allowed to "equilibrate." A competing material (for example, a 
colloid) is then added to the equilibrated batch, and the change in dispersion composition is 
monitored. Highly sorptive colloids might be expected to increase the apparent concentration 
of actinides in the liquid by competing effectively with the substrate material, and essentially 
shifting the actinide distribution from the immobile dolomite to the mobile dispersion 
(solution plus colloids). The interaction of dissolved material with two different substrates 
(for example, a dolomite substrate versus a colloidal particle) is normally expected to produce 
different results. The anticipated complexing behavior of actinides with humics (under certain 
conditions) might reflect a strong chemical affinity between the two substances and in turn be 
reflected in preferential partitioning of actinides toward humic colloids. Without additional 
explanation, the reliability of the experimental results and the conservatism of associated 
calculations are questioned. 

Response to Issue 

Three sets of Kd partitioning experiments were conducted in support of the WIPP Colloid 
Research Program: 

(1) Actinide uptake experiments were conducted to determine bioaccumulation of Th, U, 
Np, Pu, and Am by microbes (BNL, Los Alamos National Laboratory [LANL]); 

(2) Complexation experiments were conducted with U and Am on humic substances 
(Florida State University); and 

(3) Batch competition experiments were conducted with Th, U, Np, Pu, and Am with 
crushed Culebra rock in the presence and absence of humic substances (LANL). 
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Those experiments provided part of the basis for determining the extent of interactions 
between humic actinides and microbial actinides in the Culebra. Flow experiments with 
crushed rock and intact cores, as well as information in published literature, provided critical 
complementary information. The following paragraphs elaborate on concerns regarding how 
retardation parameters were developed for humic substances and microbes. 

The purpose of the batch competition experiments with humic substances (3) was to 
determine whether the presence of humic substances decide Kd values. The batch Kd values 
measured in the presence of humic substances were, within experimental and analytical error, 
identical to values measured in the absence of humic substances. The most reasonable 
explanation is that at the pH value of the dolomite-mediated system (nominally 7.5 under 
WIPP-relevant pCOz conditions), humic substances do not effectively complex with actinides, 
probably because the actinide ions have undergone hydrolysis reactions and the reactive 
ligands on the humic substances are not sufficiently strong to compete with the hydrolysis 
reactions. Intact core column flow tests were used to confirm the results of the humic batch 
competition experiments. 

It is important to note that the results of the batch competition experiments (3) suggest that the 
mobile humic actinide source term is probably overly conservative. As described in Appendix 
SOTERM the humic-actinide complexation experiments (2) were conducted under conditions 
leading to optimal uptake of U and Am bv humics. because when those experiments were -. - A 

conducted, the anticipated pH of the repository spanned a wide range (Papenguth and Behl 
1996, Figure 5). The addition of MgO backfill now constrains pH in the repository to about - - 
9.3. Unfortunately, whereas it is generally accepted that actinide complexation by humics will 
decrease as conditions change from acidic to basic (for example, pH 9.3), no strong 
experimental or literature basis could be developed to predict humic actinide concentrations 
under the more basic pH conditions. The humic actinide source term, therefore, reflects 
complexation which would be expected at much more acidic conditions, and is probably quite 
conservative. 

The CMPR report (Section 3.1 1) raised a concern about the lack of addition of nutrients in the 
microbe experiments and also actinide reduction. Note that no batch competition 
experiments, involving microbes, rock, and dissolved actinides, were conducted with 
microbes. In the microbial bioaccumulation experiments (1) that were conducted, phosphate 
was added as a nutrient. During each experiment, microbe population was initially low, and 
then increased through early to late log phase, and stationary phase (steady state population). 
In other words, microbes were cultured in the presence of actinides, a condition which most 
closely simulates what would occur at the WIPP. Proportionality constants (like Kd, but not 
thermodynamically based) to describe the mobile microbial actinide source term were 
determined at stationary phase conditions, resulting in the highest (and most conservative) 
value. Microbial-mediated reduction of actinides may have occurred in those experiments. 
However, in the experiments, the concentrations of dissolved actinides and bioaccumulated 
actinides were measured from filtrates and filter retentates collected at the same point in time. 
A decrease in actinide concentration due to reduction would be reflected in that measurement. 
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Peer Reviewer Consideration of Response 

The DOE understood the issue; however, the panel concluded that the response did not 
reasonably address their concern. 

DOE Technical Position versus Panel Issue 

The panel was concerned with the following: 

Crushed-rock column experiments were equilibrated with dissolved actinides, followed by 
introduction of humic substances to the column. Quantitative results would not be achieved 
using that technique because of kinetic inhibition of humics stripping sorbed actinides from 
the crushed rock. Because of the sequence of additions, time was allowed for hydrolysis of 
dissolved actinides to occur. The hydrolyzed actinides wo'uld have a decreased affinity for 
humics. Experiments with crushed dolomite are not acceptable because clay minerals would 
be exposed during the crushing process. Those exposed clay minerals would sorb dissolved 
actinides strongly, thereby reducing the potential uptake of dissolved actinides by humic 
substances. 

The DOE position regarding that concern is as follows: 

Crushed-rock column flow experiments were not conducted with actinides. In the batch 
sorption experiments with crushed rock, the rock was not preequilibrated with dissolved 
actinides. The following tests were conducted: 

complexation experiments with dissolved actinides and humic substances; 

batch sorption experiments in which humic substances and dissolved actinides were 
added to crushed rock equilibrated with brine; 

crushed-rock column flow tests conducted with humic substances and crushed rock, in 
the absence of dissolved actinides; 

intact-core column flow experiments in which Pu and Am were injected as a spike 
followed by elution of a large amount of humic substances and in which U and humic 
substances were injected simultaneously as a long step. 

Regarding the panel's apparent concern on the sequences of additions, the batch sorption 
experiments were equilibrium experiments. Reactions such as hydrolysis, dissolved actinide 
sorption, and humic-actinide complexation may have different rates, but only one equilibrium 
can be reached in the system; the sequence of additions is inconsequential. Also, the duration 
of the static experiments is short relative to the time available for water-rock interactions in 
the Culebra transport path. Even more time would be allowed for hydrolysis reactions (which 
are essentially instantaneous anyway) in the actual transport situation. 
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Regarding the possible production of clay minerals during the crushing procedure, the 
microcrystalline nature of the Culebra inhibits that concentration process. Most of the 
surfaces in crushed rock particles are pristine because of the microcrystalline nature of the 
Culebra. The individual grains in the Culebra are on the order of 2 microns in size. The 
crushed particles are several hundred microns in diameter. Consequently, in a crushed rock 
particle, the total surface area is dominated by interparticle surface area, not the newly formed 
intraparticle surface area. In addition, the rock used was relatively poor in clay mineral 
concentration compared to other portions of the Culebra. 

9.3.1.2.5.3 Third Peer Review Panel Concern - Transport of Colloidal Actinides in the 
Culebra 

Recent experimental work to support assumptions and data for this model has not yet 
been published and were not available for Panel review. 

Statement of Issue 

The panel would have benefited from having a referencable document during development of 
their positions, instead of having to rely on limited verbal discussion. 

Resvonse to Issue 

Information provided to the peer review was cut off effective June 7, 1996. The referenced 
information referred to in the peer review was under development at the time of the review 
and was verbally provided to the panel. It has subsequently been documented and 
corroborates the verbal presentations made to the panel. 

Peer Reviewer Consideration of Response 

Insofar as this issue was not based on a technical issue, the panel was not requested to review 
the response. 

9.3.1.2.6 Peer Review Panel Concern - Exuloration Boreholes 

9.3.1.2.6.1 First Peer Review Panel Concern 

The potential for releases or changes in repository conditions from borehole 
penetrations in the operations and experimental areas ofthe repository does not 
appear to have been evaluated. Radionuclides that may have migrated into those 
areas through the panel closures by diffusion or other transport mechanisms could be 
released to the ground surface, and gas pressures could be relieved by such boreholes. 
Also, brine could migrate into those areas from a borehole and then into the waste 
panels. 
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Statement of Issue 

The CMPR panel concern is clearly stated. Both El- and E2-type intrusions could occur into 
the experimental and operations regions. E2 boreholes, which do not encounter pressurized 
brine in the Castile, could bring radionuclides to the surface as direct releases, if any are 
present in the region intersected. E2 boreholes could also provide a pathway for long-term 
fluid flow and radionuclide transport. El boreholes, which do encounter pressurized brine in 
the Castile. could result in similar conseauences. and also have the ~otential to ~rovide  a 
pathway for Castile brine to reach the waste disposal region without the occurrence of a direct 
intrusion into the waste. 

Response to Issue 

The peer review panel is correct in its observation that the processes noted could occur. 
~ustification for not modeling these processes explicitly in the performance assessment 
follows. 

Direct releases from an intrusion into the experimental and operations regions. Direct 
releases from both E l  and E2 intrusions into the experimental and operations regions are not 
modeled explicitly because waste will not be emplaced in these regions. Releases of 
particulate waste (that is, cuttings, cavings, and spallings) will therefore not occur. 
Radionuclides could potentially be transported in brine into these regions, and contaminated 
brine contained in the pore space of the rock could be brought to the surface during drilling. 
However, the northern portions of the repository are separated from the waste disposal regions 
by panel closures that will greatly reduce brine flow. All waste will be separated from the 
northern regions by at least one set of panel closures (see Figure 3-2, Chapter 3.0), and all 
except the waste that will be emplaced in the north-central drift region (equivalent panel 10 in 
Figure 3-2) will be separated from the southern portion of the operations region by two or 
more sets of panel closures and from the remainder of the northern regions by three or more 
sets of panel closures. 

BRAGFLO performance assessment calculations indicate that the panel closures will be 
effective in reducing brine flow. Figure 9-3 is a plot of net brine flow across the panel closure 
that separates the intruded panel from the rest of the waste disposal region. Results are shown 
for 100 realizations (replicate I)  of an El intrusion at 1,000 years. These flows represent brine 
leaving a panel closure separating a southern, down-dip panel from the rest of the repository. 
They are presumably greater than the flows that might be expected into the southern portion of 
the operations region following an E l  intrusion into equivalent panel 10, because some flow 
out of equivalent panel 10 would occur downdip rather than updip into the operations region. 
Flows into other portions of the northern region or for intrusions elsewhere in the waste region 
would be smaller. 

As shown in Figure 9-3, flow across the panel closure is minor prior to intrusion. Following 
an El intrusion, net flow occurs away from the intruded panel. The largest flow is 
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approximately 14,000 cubic meters, and more typical flows are approximately 3,000 cubic 
meters. This volume of brine will occupy some portion of the 65,000 cubic meters of total 
pore volume (359,000 cubic meters excavated volume at an assumed 18 percent porosity after 
consolidation) in the northern regions, and will be diluted by any inflow of uncontaminated 
brine into the region from the DRZ and MB. Releases resulting from cuttings and cavings 
will be limited to the actinides contained in the brine that may be present in the pore space of 
the solid material brought up the borehole, and will be insignificant. Direct releases resulting 
from brine flow up the borehole or from brine that may be contained in the pore volume of 
spalled material are not anticipated from the northern region because intrusions into the waste 
disposal region that could cause brine flow into the northern region will also depressurize the 
repository and remove the potential for spalling and blowout from subsequent intrusions. 
Blowouts may occur from the northern region if it is the first portion of the repository 
penetrated; however, there is no reason to anticipate that significant quantities of 
radionuclides will be present in the northern region under undisturbed conditions. 

Long-term releases from an E2 intrusion in the experimental and operations regions. 
Figure 9-4 shows the net brine flow through the panel closure separating the southern, down- 
dip panel from the rest of the repository following an E2 intrusion at 1,000 years (100 
realizations, replicate 1). Two types of behavior can be observed. In most realizations, net 
flow is away from the borehole, as in the E l  scenario. For these realizations, an E2 borehole 
in the northern region would not provide a pathway for radionuclide transport to the accessible - 
environment. In other realizations, net flow following intrusion is toward the borehole, and 
with flow volumes ranging from zero to less than 3,000 cubic meters. E2 boreholes in the 
southern portion of the operations region, where they are separated from the nearest waste by 
only a single set of panel closures, do have the potential to provide a pathway for radionuclide 
release if they display this type of behavior. As can be seen in Figure 3-2, this southern 
portion of the operations region is a small area. Including E2 intrusions into this area in the 
performance assessment could at most increase the total number of E2 intrusions contributing 
to the flow of contaminated brine into the Culebra by less than 10 percent. Radionuclide 
transport into the Culebra would increase by even less, because only a small portion of brine 
flowing up an E2 borehole in the operations region would be contaminated brine that flowed 
northward from the waste disposal region. Given the effectiveness of retardation processes 
within the Culebra, small changes in the amount of radionuclides reaching the Culebra would 
have no effect on the CCDF. E2 intrusions into the remainder of the northern region, north of 
the second set of panel closures, are anticipated to have smaller volumes of contaminated 
brine reaching them, and will also have no effect on the CCDF. 

Long-term releases from an El  intrusion in the experimental and operations regions. 
Figure 9-3 demonstrates that net flow through a panel closure following an E l  intrusion into a 
southern down-dip panel is away from the borehole in most realizations. An E l  intrusion in 
the northern region would, in most realizations, result in a net flow of uncontaminated brine 
through the panel closures to the south, and would not provide a pathway for radionuclide 
transport to the accessible environment. For those realizations showing a net flow toward the 
borehole, effects will be similar to those of an E2 borehole displaying the same behavior. 

October 1996 9-40 DOEICAO 1996-2 184 



Title 40 CFR Part 191 Compliance Certir~cation Application 

-, 

El Intrusion at 1000 yr, Replicate 1, 100 Vectors 
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Time (Thousands of Years) 

- Figure 9-3. Cumulative Brine Flow through the Panel Closure between the Intruded 
Panel and the Rest of the Repository 
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E2 Intrusion at 1000 yr, Replicate I, 100 Vectors 
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Time (Thousands of Years) 

- Figure 9-4. Cumulative Brine Flow through the Panel Closure between the intruded 
Panel and the Rest of the Repository 
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Other effects on brine and gas flow of intrusions into the experimental and operations 
regions. The permeability of the panel closures is not expected to be small enough to prevent 
gas flow and pressure equilibration throughout the repository, and intrusions into the northern 
regions therefore have the potential to decrease repository pressure by allowing gas flow up 
the borehole. This effect is not accounted for in the verformance assessment calculations. 
Overall, consequences of including this phenomenon would be beneficial to disposal system 
performance, because it would reduce the likelihood of spallina and blowout releases - 
occurring from intrusions into the waste disposal region. 

If large brine flows occurred southward from the northern region following an El intrusion, 
they would raise brine saturation within the repository and could lead to increased gas 
generation. Large brine flows could also contribute to increased releases from subsequent 
intrusions into the waste disposal region. However, the permeability of the panel closures is 
expected to be small enough to prevent large brine flows from the northern region into the 
waste disposal region. Figure 9-3 shows brine flows that are representative of the volumes 
that might flow into the waste disposal region following an El intrusion in the southern 
portion of the operations region. Disposal system performance is not expected to be sensitive 
to changes of this order of magnitude in the amount of brine present in the waste disposal 
region. Brine flows southward from El intrusions into the northern portions of the operations 
and experimental regions will be less because of the presence of an additional set of panel 
closures. 

Peer Reviewer Consideration of Response 

The DOE understood the issue and provided a reasonable response. 

9.3.1.2.6.2 Second Peer Review Panel Concern - Exploration Boreholes 

The assumption that shorter (40 m)  borehole plugs beneath the repositoty horizon will 
not significantly degrade during the 10,000-year regulatoty time frame has not been 
adequately supported. For the two- and three-plug configurations, degradation of 
these plugs could result in creation of a low permeability pathway forfluid migration 
between the Bell Canyon and the repository. For the three-plug configuration, 
degradation could result in increasedfluid migration from a Castile brine reservoir to 
the repositoty. 

Statement of Issue 

The panel has noted that the technical repon containing predictions of borehole plug 
performance life describes a service life range of from 500 to 50,000 years, with a best 
estimate of around 5,000 years, while the performance assessment calculations take the life of 
intermediate plugs to be 10,000 years. The panel also notes that the 5,000 year predictions of 
plug performance life rely on reactions that produce Fe(OH)2 to control corrosion. In 
addition, the panel notes that other reactions (such as magnetite production) could be the 
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operative corrosion control at greater depths, and that such changes in corrosion reaction 
could lead to collapse and failure of intermediate plugs in a manner similar to that predicted 
for shallow plugs. The result could be an effective flow path between the repository and both 
the Castile brine reservoir andor the Bell Canyon aquifer. 

Response to Issue 

The report "Inadvertent Intrusion Borehole Permeability" (see Appendix MASS, Attachment 
16-3) contains predictions of performance lives of deep (>1,000 feet) borehole plugs that 
range from 500 to 5,000 years. The predictions are driven by an understanding of the concrete 
degradation mechanisms and are sensitive to the porosity of the concrete plug. At shallow 
depths, plug life is controlled by casing corrosion, and the corrosion reaction is assumed to be 
controlled by Fe(OH)2. This reaction was endorsed elsewhere by the panel when they 
considered corrosion in the disposal rooms. It is the most often cited corrosion reaction for 
iron-based alloys, and is reported from experiments on steel and is thermodynamically favored 
under the mildly reducing conditions expected at and above the Culebra and within a steel 
casing filled with oxygenated water. 

Under mildly reducing or oxidizing conditions, such as may be expected at shallower depths, 
the corrosion mechanism operating on steel is uniform, general corrosion. Such a mechanism 
is expected to degrade the entire casing wall and leave a noncoherent residuum that lacks A 

strength. As a result, corrosion to depths below a concrete plug is expected to remove 
physical support from the plug leading to total failure of the shallow plugs. 

At greater depths, conditions are expected to be chemically more reducing and higher in 
alkalinity. At higher confining pressures (for example, 45 to 70 atmospheres; or 
approximately 1,000 to 1,500 feet deep), hydrogen gas is not mobile. Thus, at depths below 
the repository, corrosion of iron and equilibration with deep geochemical environments 
produces reducing conditions. The pH associated with natural systems is in the range 7 to 9. 
Under reducing, alkaline conditions, corrosion proceeds more slowly than predicted for 
shallower depths. More importantly, the corrosion mechanism associated with magnetite and 
carbonate production changes from the uniform, generalized model applied at shallower 
depths to one of localized, pitting corrosion. The resulting corroded casing is expected to 
remain largely intact but resemble a partial lattice-work of open penetrations and substantial 
intact pipe. As a result, the casing will continue to provide physical support to the concrete 
elements of the borehole plug, and failure of the plug will be associated with the concrete 
degradation process. 

The concrete degradation process depends on the flow of brine through the plugs, and is most 
sensitive to the initial permeability and effective porosity of the concrete. At the expected 
permeabilities of the plug, and the maximum potential pressure gradients, the concrete will 
not degrade for between 500 and 50,000 years; this variation is a result of possible variations 
in the concrete properties. 
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The panel correctly notes that the 10,000 year performance assumed in performance 
assessment calculations differs from the 5,000 years (mid-range) prediction reported by 
Thompson et al. (1996). The performance assessment assumption was made to simplify 
CCDF calculations because the CCDF is not sensitive to the difference. In fact, the CCDF is 
sensitive only to the relationship that the lower plug lasts significantly longer than the shallow 
plug. This will always be the case. because of the different casing corrosion rates and 
mechanisms at the different depths, and because of the lower concrete permeability which can 
be expected at greater depth. This is expected because of the beneficial effect of the greater 
pressure of water on the initial permeability. 

The BRAGFLO calculations begin with the assumption in both the two- and three-plug 
configurations that drilling into a brine reservoir initially connects the brine reservoir, the 
repository, and the Culebra. 

In the two-plug configuration, the connection between the reservoir and the repository remains 
perfect for about 200 years, until the shallow plug fails and the borehole becomes filled with 
debris. During this time period, the repository may or may not become saturated by flow up 
from the reservoir, accompanied by drainage in from the Salado seeps and down from units in 
the Rustler. BRAGFLO shows that the major contributor to repository saturation can be the 
Castile reservoir, but that other sources also play a role. In some realizations, flow down the 
borehole dominates. The net result for most realizations is a saturation of intruded waste 
panels by brine of mixed compositions that is pressurized to the extent that gas generation 
allows. 

In the three-plug configuration, the connection between the repository and the reservoir lasts 
several days, and then it is shut off by casing of the borehole, and eventually by placement of 
the intermediate plug. BRAGFLO shows that only a small portion of the repository becomes 
filled in this interval. For the first. 200 years, or so, formation waters from the Salado are all 
that drain into the repository. After about 200 years, the shallow plug fails and water drains 
down from the Rustler sources, through the debris, saturating the repository. Gas generation 
in the repository generally rises due to the increased availability of moisture. 

Ultimately, the intermediate plug fails; however, the permeability of the connection between 
the Castile brine reservoir and the repository is lower than between the Rustler and the 
repository. It can be inferred from BRAGFLO that the resistance of the creep consolidated 
debris, 10-I2 to 1 0 " ~  square meters, opposes flow from the reservoir efficiently enough that 
flow into the repository occurs from both above and below the repository simultaneously. In 
addition, the brine reservoir is limited in terms of the volume of water it can provide, while 
the Rustler sources are assumed to be infinite. The result is that the preferred flow path for 
water into the repository is down the borehole into the repository. The net result is a 
repository saturated with mixed brines and pressurized to the extent allowed by generated gas. 
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The minor difference between a 5,000 and 10,000 year performance life in the intermediate 
plug of a three-plug configuration is minimal and does not warrant separate performance 
assessment calculations. 

Peer Reviewer Consideration of Response 
/- 

The DOE understood the issue and provided a reasonable response. 

9.3.1.2.6.3 Third Peer Review Panel Concern - Exploration Boreholes 

The possibility that an effect on the repository could result from Castile brine 
encountered in an E l  borehole that is assigned a three-plug conjiguration does not 
appear to have been considered in the conceptual'model. Castile brine could enter the 
repository during drilling before the borehole is cased and result in increased rates of 
corrosion, waste degradation, and gas production. 

Statement of Issues (Note: For the purpose of this response, the above exploration borehole 
concern has been combined with the first direct brine release concern regarding the transport 
of radionuclides with the discharge of brine [see Section 9.3.1.2.8.11.) 

It has been hypothesized that potential interactions between the Castile reservoir, in which 
brine could flow into the intruded panel, or in which contaminants are removed from the 
waste panel during drilling, may exist, and that these pathways are not accounted for in the 
WIPP performance assessment. This discussion will show that these situations are accounted 
for within the assumptions contained in the current performance assessment conceptual 
models. 

Response to Issues (Note: For the purpose of this response, the above exploration borehole 
concern has been combined with the first direct brine release concern regarding the transport 
of radionuclides with the discharge of brine [see Section 9.3.1.2.8.11.) 

Figure 9-5 illustrates the problem. The drill bit first passes through the waste panel, at which 
time one of two events may occur: the wellbore experiences a "blowout", or brine flow from 
the panel into the wellbore (resulting in releases to the surface), or the well experiences "lost 
circulation", in which the drilling mud flows out of the wellbore and into the panel. The first 
event requires that the pressure differential be toward the wellbore (that is, Ppanel > Pwf Panel). 
PWfPanel is the initial flowing wellbore pressure at the drill bit, which is equivalent to the 
pressure exerted by the column of drilling mud from the surface to the WIPP horizon. Current 
drillers in the area use a 1.23 specific-gravity-brine saturated mud, which will exert a pressure 
of approximately 8 x lo6 pascals at the repository. When this pressure is exceeded in the 
panel, direct releases are accounted for in the Spall model for solids (within the 
CUTTINGS-S code), and the direct brine release model for dissolved radionuclides (QBO in 
Figure 9-5). 
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"Circular" flow required 
to bring contaminants 

Figure 9-5. Sketch Showing Necessary Flow Path for Castile Brine To Carry 
Contaminants from Intruded Panel to Surface 
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The second event (lost circulation) occurs if Ppanel < PWfPanel, which could result in drilling 
mud entering the panel during the drilling process. If the drilling mud loss into the panel is 
severe, current practice is to "plug" the "thief zone" (waste panel) by pumping high viscosity 
lost circulation material (LCM) into the thief zone until drilling mud circulation is restored. If 
the drilling mud loss to the panel is only a small "trickle" and the driller is able to maintain 
adequate circulation to the surface, he will most likely continue drilling to the next casing 
point, which is below the Castile. 

It is important to mention the time duration of these events. Should the first event occur (the 
"blowout"), the direct brine release model assumes a minimum flow period of three days, 
which is the estimated time to continue drilling and case through the Castile. This minimum 
time period assumes brine "seeps" into the wellbore while drilling, and that there is little or no 
associated gas flow into the wellbore from the panel. The resulting increase in brine volume 
in the drilling mud will be treated as current drillers treat Castile brine pocket encounters, that 
is, to continue drilling and case the hole at the base of the Castile, at which time the cemented- 
in casing will stop all flow to or from the panel and brine pocket. If there is significant high- 
rate gas flow associated with the brine "blowout" from the panel, the direct brine release 
model assumes an uncontrolled flow of brine and gas which lasts for a maximum of 11 days. 
This is the assumed time duration to control the blowout. By "controlling" the well, current 
practice (and government regulations) require that the unexpected pressure be contained 
before drilling can continue. This can be done several ways, the most likely being to "weight 
up" or increase the drilling mud weight with additives and circulating until the hydrostatic 
pressure of the drilling mud in the wellbore exceeds the panel pressure. This will allow the 
driller to stop flow from the panel, at which point the blowout interval (panel) will be plugged 
by injecting cement, or setting casing, before drilling continues with the higher weight drilling 
mud. The "lost circulation" event, in which drilling mud flows into the panel, would last the 
length of time to case through the Castile for the "trickle" case (three days), to several hours, 
which is the time it would take to mix and pump the LCM plug(s) for the severe lost 
circulation case. In this case, the amount of drilling mud lost to the panel would be no more 
than several hundred cubic meters, which is the volume of the drilling mud pits (1,000 to 
2,000 oil field barrels), should the driller pump the pits completely dry prior to circulating 
LCM plug. This volume is significantly less (and therefore bounded) by the amount of bri 
available to flow from the Castile to the panel for the two-plug abandoned El  borehole, as 
modeled by BRAGFLO. 

If it is now assumed that drilling continues, and the drill bit penetrates a high pressure brine 
pocket in the Castile (El scenario), it is now possible for Castile brine to flow up the borehole 
and interact with the previously intruded waste panel on its way to the surface (QBP = QBO in 
Figure 9-5). The flow into or out of the panel is still governed by the pressure differential 
between the panel (Ppanel) and the borehole (PWfpanel). Assuming Castile brine has the same 
specific gravity as the drilling mud, Pdpanel would be the same as it was for the initial 
penetration into the panel. This is because the pressures down the length of the open borehole 
are governed by the outlet pressure (atmospheric), which is the same for the drilling mud 
flows and Castile brine flows. Therefore, the high brine pocket pressure (PBP) has no effect 
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on flow into or out of the panel, other than increasing Castile brine flow up the borehole past 
the panel. If anything, pressures in the borehole due to Castile brine flows could only increase 
as a result of higher frictional forces. As previously mentioned, Castile brine pocket 
encounters cause little concern to present-day drillers, and flows are stopped once the hole is 
cased (maximum three day flow duration). The effects of this transient Castile brine flow into 
the waste panel on corrosion, waste degradation, and gas production will be minimal and are 
in any case bounded by the higher-probability 2 plug scenarios for long term release. In order 
for Castile brine to carry contaminated brine from the panel to the surface, it would have to 
flow through the plug previously set to control the aforementioned blowout or lost circulation 
events, into the panel, then back into the wellbore. This "circular" flow can happen only if 
conditions change enough during the three-day flow period to cause the pressure differentials 
to reverse, that is, go from Ppmel < Pwf Panel to P > Pwf Panel. As long as the borehole is 
filled with brine, PWf will remain unchangec??herefore Ppanel would have to increase. 
This can only be accomplished through an increase in pressuies via gas generation through 
corrosion andlor biodegradation. These processes take many years to generate significant gas 
volumes, and therefore are of no concern during the three-day time frame of active drilling 
through the Castile. 

The possibility of Castile brine entering the waste panel and removing contaminants is 
accounted for in the compliance certification application calculations, through the treatment of 
abandoned boreholes. The two-plug scenario, which is the highest probability plugging A. 

scenario, assumes 200 years of open, relatively isolated flow between the Castile and the 
intruded panel. During this time significant volumes of Castile brine can enter the panel, pick 
up dissolved radionuclides, and simultaneously increase the panel pressure via gas generation. 
Once the abandoned borehole assumes the permeability of silty sand, brine can leave the panel 
and flow to the accessible environment through the surrounding geology. 

In conclusion, the likelihood of Castile brine canying contaminated brine from the intruded 
(El) panel to the surface during active drilling is highly unlikely, assuming present-day 
drilling practices. In addition, the pressure differentials in the panel and wellbore required to 
achieve this type of flow could not occur in the short time frame of active drilling. 

Peer Reviewer Consideration of Response 

The DOE understood the issue; however, the panel concluded that the response did not 
reasonably address its concern. 

DOE Technical Position versus Panel Issue (Note: For the purpose of this response, the above 
exploration borehole concern has been combined with the first direct brine release concern 
regarding the transport of radionuclides with the discharge of brine [see Section 9.3.1.2.8.11,) 

As pointed out in the initial response, according to pipe flow dynamics, "the pressures down 
,- 

the length of the open borehole are governed by the outlet pressure (atmospheric), which is the 
same for the drilling mud flows and Castile brine flows. Therefore, the high brine pocket 
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pressure has no effect on flow into or out of the panel, other than increasing Castile brine flow 
up the borehole past the panel." 

It should be noted that, as pointed out in the original response, the sequence of events is that 
the borehole intersects the repository before it intersects the brine reservoir. 

Case 1. If there is significant flow from the borehole to the repository, this would be a source 
of circulation loss to the driller. Therefore, the aperture from the borehole to the repository 
would be plugged by the driller before the borehole intersects a Castile brine reservoir. "In 
this case, the amount of drilling mud lost to the panel would be no more than several hundred 
cubic meters, which is the volume of the drilling mud pits (1,000 to 2,000 oil field barrels), 
should the driller pump the pits completely dry prior to circulating the LCM plug. This 
volume is significantly less (and therefore bounded) by the amount of brine available to flow 
from the Castile to the panel for the two-plug abandoned E l  borehole, as modeled by 
BRAGFLO." 

Case 2. If the flow from the borehole to the repository is too small for the driller to notice, it 
will be less than a few gallons a minute. In this case, Castile brine may flow from the 
borehole into the repository after the borehole intersects the brine reservoir "and flows are 
stopped once the hole is cased (maximum three day flow duration)." In this case, "The effects 
of this transient Castile brine flow into the waste panel on corrosion, waste degradation, and 
gas production will be minimal and are in any case bounded by the higher-probability 2-plug 
scenarios for long term release." 

9.3.1.2.6.4 Fourth Peer Review Panel Concern - Exploration Boreholes 

The sensitiviry of the performance assessment to the simplzfied approach taken to 
determine reference conditions for BRAGFLO output does not appear to have been 
evaluated for the current model configuration. If reference conditions are not 
provided at sufficiently frequent time intervals, the modeling results may be erroneous. 

Statement of Issue 

The panel accepts the necessity for using reference conditions, and acknowledges that the 
validity of the approach had been shown in earlier performance assessments. The concern is 
that the validity in the current performance assessment has not been demonstrated, 
particularly when only two release values (at 350 and 1,000 years) have been used. 

Response to Issue 

The panel is correct that formal sensitivities of the performance assessment to the assumed 
conditions have not been evaluated as yet. However, the calculations use more detailed 
results than releases calculated at 350 and 1,000 years, as indicated in the review comments: 
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Cuttings 

Volume of material removed is independent of intrusion time. However, concentration in 
each of the 570 waste streams (that is, 569 for contact-handled [CHI waste and one for 
remote-handled [RH] waste) is time dependent. For each waste stream, concentration is 
calculated at 100, 125, 175, 350, 1,000,3,000,5,000,7,500, and 10,000 years. Then, linear 
interpolation is used to estimate waste concentration at the time of a specific drilling intrusion. 

Spallings 

Volume of material removed is dependent on time of intrusion and whether or not the 
intrusion has been preceded by a prior intrusion. Calculations were performed for (1) initial 
intrusion into an upper waste panel at 100,350, 1,000,3,000,5,000,7,500, and 10,000 years, 
(2) initial intrusion into a lower waste panel at 100, 350, 1,000, 3,000, 5,000, 7,500, and 
10,000 years, (3) initial E l  intrusion at 350 years followed by a second intrusion into the same 
waste panel at 500,750,2,000,4,000, and 10,000, (4) same as (3) but second intrusion into 
different waste panel, (5) initial El intrusion at 1,000 years followed by a second intrusion 
into the same waste panel at 1,200, 1,400,3,000,5,000, and 10,000 years, (6) same as (4) but 
second intrusion into different waste panel, and (7) same as (3), (4), (3, and (6 )  but for initial 
E2 intrusion. For initial intrusions, one-dimensional linear interpolation used to estimate 
volume of release; for second and subsequent intrusions, two-dimensional linear interpolation 
used to estimate volume of release concentration in repository calculated at 100, 125, 175, 
350, 1,000, 3,000, 5,000, 7,500, and 10,000 years. Then, linear interpolation used to estimate 
waste concentration at the time of a specific drilling intrusion. 

Blowout 

Computational structure and associated times are the same as for spallings. 

Release to Culebra 

BRAGFLO calculations were performed for E l  and E2 intrusions at 350 and 1,000 years and 
an E2 E l  intrusion (with the E2 intrusion at 800 years and the E l  intrusion at 2,000 years). 
Pressure and saturation conditions in repository depend primarily on time since a drilling 
intrusion rather than the actual time of the intrusion. The BRAGFLO results for E l  and E2 
intrusions at 350 years were used to support NUTS calculations for intrusions at 100 and 350 
years. The BRAGFLO results for E l  and E2 intrusions at 1,000 years were used to support 
NUTS calculations for intrusions at 1,000, 3,000, 5,000,7,000, and 9,000 years. Further, the 
BRAGFLO results for an E2 E l  intrusion were used to support PANEL calculations for E l  
E2-type intrusions at 100,350, 1,000,2,000,4,000,6,000 and 9,000 years. Then, two- 
dimensional interpolation was used to estimate releases for intrusions at other times. 
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Transport in the Culebra 

Calculations were performed for unit releases into the Culebra. The results of these 
calculations were then used to construct releases to the accessible environment for arbitr 
time-dependent releases into the Culebra. 

Peer Reviewer Consideration of Response 

The DOE understood the issue and provided a reasonable response. 

9.3.1.2.7 Peer Review Panel Concern - Spallinns 

9.3.1.2.7.1 First Peer Review Panel Concern 

The conceptual model for channel jlow of gases toward an exploratory borehole 
appears to be valid bur has not been adequately evaluated. Spallings is a potentially 
important mechanism for direct waste release to the ground surface. 

Statement of Issue 

The panel considers the spa11 model development to be on an appropriate path, but is 
concerned that the channel flow scenario needs additional validation. 

Response to Issue 

The concept of channeling is primarily based on results of laboratory experiments conducted 
on graded silica sands of low moisture content (Lenke et al. 1996). At the completion of each 
test, plaster casts were made of the void space remaining after achieving a steady gas flow 
state and when no additional material was being removed. The plaster filled the large primary 
channels near the borehole. Castings of the void volume revealed a blowout void volume 
characterized by a series of partial thin shells or lenses stacked at increasing distances from 
the borehole. The shells provided narrow pathways or channels for the passage of gas toward 
the borehole. A few tests also showed radial channeling in the form of conical tubular 
extensions extending radially from the center. 

Quantitative predictions of the solids produced by channel flow made by the model are 
compared to laboratory experiments to define values for "effectiveness factors." These factors 
are needed to calibrate the model to actual observed experimental releases. 

The channel pattern is postulated to grow from a region adjacent to the borehole radially 
outward as the result of the eroding effects of flowing gas within weakened planes or 
"fractures". The weakened planes are either preexisting resulting from small local variations 
in initial porosity and permeability (as certainly would be the case for actual waste) or are 
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caused by tensile andlor shear failures within the matrix resulting from local pressure 
gradients near the borehole. 

The concept of channeling is also supported by the process used for open-hole well 
completions for methane production from coal seams (Mavor and Logan 1994). Open-hole 
cavity completion refers to the process of fracturing the coal adjacent to the wellbore through 
a series of controlled blowouts. The fracturing occurs in the coal due to the large gas pressure 
gradients that arise in the coal adjacent to the wellbore from the sudden drop in borehole gas 
pressure. The fracturing process increases methane gas production from the well by providing 
additional gas pathways or channels. 

Peer Reviewer Consideration of Response 

The DOE understood the issue and provided a reasonable response. 

9.3.1.2.7.2 Second Peer Review Panel Concern - Spallings 

The conceptual model for waste erosion by flowing gases has not been adequately 
defined. The model describing the source(s) of waste erosion resist&zce and the 
parameter(s) characterizing that resistance have not been adequately evaluated. 
Errors in this conceptual model could lead to over estimating or under estimating the 
volume of waste released in the spallings process. 

Statement of Issue 

The panel considers the spall model development to be on an appropriate path but is 
concerned that additional information is needed on the parameters. 

Response to Issue 

The concept of a fluid (liquid or gas) flowing adjacent to a stationary surface and generating a 
shear stress acting on that surface is well known. The pressure drop that occurs along the flow 
direction within pipes is based on such a phenomenon. For surface materials that have a 
resistance to erosion that is equal to this shear load, some of the surface material can be 
expected to erode and be carried along with the flowing fluid. For turbulent flow the fluid 
shear stress is dependent on the roughness of the surface (particle diameter), a typical 
dimension (for example, diameter of flow field), and the viscosity, density, and velocity of the 
fluid (Streeter 1958, 182). The resistance to erosion is a parameter that describes at what 
shear stress the surface erodes. Such a number must be related to the force required to 
dislodge a single particle of the surface into the fluid stream. This force can be reasonably 
assumed to be related to its bond to the surface (tensile strength and weight). 

For spall, a model based on first principles was derived that related the forces acting on a 
particle projecting from the channel wall to the force required to dislodge that particle. The 
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forces acting on the particle were based on the drag forces generated by the flowing gas 
which, as above, are a function of a dimension (particle diameter), and the viscosity, density, 
and velocity of the fluid. An empirical coefficient of drag is also necessary which is 
analogous to the friction factor mentioned above. The experimentally determined 
effectiveness factors calibrate the model to actual observed experimental releases. 

Particle bonding to the surface of the flow channels is assumed to be primarily related to the 
macroscopic tensile strength of the degraded waste. The value of 1 pound per square inch 
chosen for cementation strength for the decomposed waste for the performance assessment 
calculations can be reasonably expected to be conservative, that is, lower than those data 
values found for many weak materials that are naturally occurring or that have been 
manufactured. Data to support this value can be found in the literature for the strengths of 
soils, laboratory produced mixtures of salt and clay, and mixtures of various materials with 
MgO (Berglund et al. 1996; Appendix PEER, Section PEER.2). 

Peer Reviewer Consideration of Response 

The DOE understood the issue and provided a reasonable response. 

9.3.1.2.7.3 Third Peer Review Panel Concern - Spallings 

The waste has not been adequately characterized and the understanding of its physical 
properties in its decayed state has not been adequately developed to support the 
Spallings model. An adequate understanding of waste erosion processes requires an 
adequate understanding of the properties of the waste. 

Statement of Issue 

The panel's concern is mainly with the strength assumed for the decomposed waste, since this 
is a controlling parameter for spall releases. In this regard, the concerns are more with the 
"understanding of its physical properties in its decayed state" than with characterization of the 
waste. 

Response to Issue 

A value of 1 pound per square inch (6,895 pascals) was chosen to represent the tensile 
strength of decomposed waste for the purpose of computing spall releases resulting from a 
drillbit intmsion into a pressurized waste panel. Such spall releases occur only if the gas 
pressure exceeds the hydrostatic drilling mud pressure of approximately 8 megapascals. A 
chemical reaction between the waste and brine from the surroundings is necessary to generate 
the gas to raise the waste pore pressure to these levels. Without brine inflow, little gas will be 
generated and waste decomposition will be negligible. Thus, the phenomenon of spall 
requires both brine inflow and waste decomposition. 
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The future state of decomposed waste is both time dependent and unknowable. Therefore, a 
decomposed state is bounded by an assumption of graded granular materials. This is 
consistent with the granular nature of decomposed geologic materials and corresponds to an 
end state of the decomposition process. Such materials lack significant composite strength 
from the interleaving of components and is the state found to be most troublesome in oil 
production where sand is produced from poorly consolidated sand layers. The value of 1 
pound per square inch chosen for cementation strength for the decomposed waste can be 
reasonably expected to be conservative, that is, lower than those data values found for many 
weak materials that are naturally occurring or that have been manufactured. Data to support 
this value can be found in the literature for the strengths of soils, laboratory-produced 
mixtures of salt and clay, and mixtures of various materials with MgO; the latter added as a 
backfill material to the waste (Berglund et al. 1996; Appendix PEER). 

Peer Reviewer Consideration of Response 

The DOE understood the issue and provided a reasonable response. 

9.3.1.2.8 Peer Panel Concern - Direct Brine Release 

9.3.1.2.8.1 First Peer Review Panel Concern - 
The basis for the assumption that radionuclides do not accompany the direct 
discharge of Castile brine has not been adequately supported. This assumption could 
lead to underestimating radionuclide releases. 

Statement of Issue 

This issue is addressed in Section 9.3.1.2.6.3 (Third Peer Review Panel Concern - Exploration 
Boreholesl 

Response to Issue 

This issue is addressed in Section 9.3.1.2.6.3 (Third Peer Review Panel Concern - Exploration 
Boreholes). 

Peer Reviewer Consideration of Response 

The DOE understood the issue; however, the panel determined that the response did not 
reasonably address their concern. 

DOE Technical Position versus Panel Issue 

.- 

As pointed out in the initial response, according to pipe flow dynamics, "the pressures down 
the length of the open borehole are governed by the outlet pressure (atmospheric), which is the 
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same for the drilling mud flows and Castile brine flows. Therefore, the high brine pocket 
pressure has no effect on flow into or out of the panel, other than increasing Castile brine flow 
up the borehole past the panel." 

As pointed out in the original response, "In order for Castile brine to cany contaminated brine 
from the panel to the surface, it would have to flow ... into the panel, then back into the 
wellbore. This circular flow can happen only if conditions change enough during the three 
day flow period to cause the pressure differentials to reverse, that is, go from Ppanel < Pwf 
to Ppanel > Pwf Panel. AS long as the borehole is filled with brine, Pwfpanel will remain 
unchanged. Therefore Ppanel would have to increase. This can only be accomplished through 
an increase in pressures via gas generation through corrosion and/or biodegradation. These 
processes take many years to generate significant gas volumes, and therefore are of no concern 
during the three-day time frame of active drilling through the Castile." 

9.3.1.2.8.1 Second Review Panel Concern - Direct Brine Release 

Radionuclide transport through entrainment of brine and waste solids in rapid, two- 
phase liquidgas releases during inadvertent borehole intrusions does not appear to 
have been evaluated. This transport mechanism may be an important component of 
the conceptual model. 

Statement of Issue 

The possibility of solids (spall) releases as a result of the higher erosional forces of 
simultaneous brine and gas flows through the waste panel is not accounted for. 

Response to Issue 

Entrainment of contaminated brine in rapidly flowing gas is included in the direct brine 
release model used in performance assessment. Basically the brine and gas flow to the 
wellbore is computed by BRAGFLO. These are used with a Poettman-Carpenter well-bore 
model to iteratively determine a bottom-hole flowing pressure, which in turn is used to 
determine the direct brine releases appropriate for the particular conditions (including 
multiphase flow). The "gas-lift" effect is accounted for in the two-phase well-bore flow 
model in the determination of the flowing well boundary condition. 

Solid entrainment is not explicitly included in this model, however the releases due to this 
mechanism are expected to be no more than that already accounted for in the cuttings, 
cavings, and spallings model. 

Peer Reviewer Consideration of Response 

The DOE understood the issue; however, the panel concluded that the response did not 
reasonably address their concern. 
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A simple modeling approach that accounts for the major influences of two-phase flow on 
solids releases is to increase the spall model gas density to correspond to the combined density 
of brine and hydrogen. The density contribution from the added brine is dependent on the 
liquidgas ratio for the particular vector and is strongly correlated with the gas flow rate 
(Figure 9-6). For large liquidgas ratios (large "gas" densities) the borehole flow rate is very 
small, while for small liquidgas ratios (small "gas" densities) the horehole flow rate under 
standard conditions is large, approaching 20 cubic meters per second. Figure 9-6 shows this 
trend for all of the 699 downdip intrusions for which brine was released in the 1996 
performance assessment as computed by BRAGFLO. 

The spall model assumes that blowout gases flow up the borehole annulus and satisfy 
isothermal compressible flow equations in a long channel. The model also assumes that the 
bottom hole pressure is equal to the repository gas pressure and consequently the flow rate 
tends to be constant at 4.37 cubic meters per second at repository conditions. However, it is 
clear from Figure 9-6 that the flow rate is not constant when the effects of entrained brine are 
included. The competing effects of density and flow rate on spall releases can be determined 
by correcting the values of Figure 9-6 to repository conditions and by computing a release 
factor which would multiply the spall model releases. The release factor is proportional to 
[(borehole flow rate)("gasn density)"2]. Figure 9-7 shows this release factor for the 699 
down-dip intrusions. The net effect of increased "gas" density and decreased borehole flow 
velocity decreases spall releases to less than 1/10 of the spall model. 

9.3.1.2.8.2 Third Peer Review Panel Concern - Direct Brine Release 

Releases resulting fromflow into an exploration borehole intersecting a disturbed 
rock zone in the wall of a waste panel do not appear to have been evaluated. Large, 
open fractures in the walls could significantly increase the local halite permeability, 
allowing gas and brine to migrate through the borehole to the ground surface. 

Statement of issue ., ...- 

At issue is the potential for additional direct brine releases to occur due to the higher 
permeability of the DRZ. 

Response to Issue 

Inclusion of drilling intrusions into the DRZ is not expected to increase direct brine releases 
for the following reasons: 
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1 .o 10.0 

Maximum Gas Flowrate (m3/s at Reference Conditions) 

..- Figure 9-6. Maximum Liquidlgas Ratio versus Maximum Gas Flowrate (All Intrusions 
that Resulted in Direct Brine Release) 
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