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PREFACE

The Department of Energy (DOE) announced in August 1987 that consultation draft
Site Characterization Plans (CDSCPs) will be issued for all three sites
simultaneously in early January 1988. Subsequently, COE plans to conduct
consultations with the Nuclear Requlatory Commission (NRC), States and Indian
Tribes to discuss comments on the COSCPs. After consideration of the ccmments
received and workshop discussions, DOE will prepare and fssue the statutory
SCPs required by the Nuclear Waste Policy Act (NWPA) and 10 CFR Par: 6C.

This Technical Review Plan (TRP) is far use by the NRC staff fn reviewing both
the COSCPs and the SCPs. It supersedes the Masch 1983 revision of the SCP
Review Plan and has been developed basey on :rgerfence with Environmental
Assessment (EA) review plans and reviews, i. well as agreements betweer NRC and
DOE on issues nierarchy, performance allocation, and level of detail in the
SCP. This SCP TRP wil) be revised subsequent to the review of the CDSCP, to
incorporate any improvements resulting from the COSCP review experience.

The primary purpose of this TRP s to provide technical gufcance to the KRC
staff and contractors for conducting the COSCP and SCP reviews, and thereby
ensure the guality and apzropriyte consistency of the three site reviews., The
TRP is also a mechanism for the staff to prepare for the review by 1)
ceveloring ang decumenting the collective staff views on importart review
consicerations and Z) i{dentifying the existing MRC documents which contain
qudance or ooen items relevant to the SCF, and focusing their uyse in the
review, Finally, the TRP documents the staff's review process so %hat COE,
States ancd Indian Tribes, and other interested parties can obtain an
understarding of the staff review. Such doucu entation alsoc may de used for
future reference Curing the licensing process. The TRP gives the purpose,
chbjectives, angd scope of the CCSCP and SCP reviews. [t also grovides botn
gereral and detailed raview quides, each of which contain 1) tacrground and
review agprodacn, 2) criteria, (3) applicable sections of 10 (FR Part 60, anc
(4) «ey cocumants for consicderation during the raview (e.g. Regulatary Guide

S EA commonts,
ang NRC letters providing guidance or concerns).
A companicn doguTent o the TRP {s the Administrative Plan anng Procect,rny, (ADD)
whi'zh precyides the acministrative guidance needed Lo manage tre <ny'ow.
Together these two cocuments maxe up the complete jutdance for the stat! In
response to the Civision of High-Level Waste Management ICA Plan. The APP
icentifies 1) review milestones and activities, 2) state and .ringl
interactiors, 3) schedule cf review milestones and activities, &) nrsarizasion

and respoancintlo ey B rec e Tomme s nane s L) T
oreducts, 7) daternal QA requtrements, 2) records marggement, ) slen fhem
traguirg, anc 10) detailed administrative procedures.

in adeition o the COSCPs anc S0Ps, COE will also issue numercys otner
acecuments for each site.  These include study plans anrd tennnical oroacadnras
wnich pravide jreater and analyors atafl than trn SN0 e camyegee gyt

Lest
srogress reporss wnich generally give new infarmation and <~ares Lo whe wite

characterization program. Tne NRL staff ~il1 review these ang ovher major O0F
cocuments, ‘oliowing reyiew pians preparad specifically for tretr ~ayving



1.0 INTROBUCTION

The Nuclear Waste Policy Act of 1982 (NWPA) established a comprehensive
national program under the direction of the Department of Energy (DOE) to
construct geologic repositories for the permanent disposal of high-level
nuclear waste. In accord with the requirements of the NWPA, DOE published
Siting Guidelines on December 12, 1984 and on December 20, 1984 issued Draft
Environmental Assessments (DEAs) for nine sites considered potentially suitable
for locatfon of the first repository. On May 28, 1986 DOE nominated five sites
as potential repository locations suitable for characterization and published
Final Environmental Assessments (FEAs) for those sites. On that same date the
Secretary of Energy recommended three of those sites--Yucca Mountain, Nevada;
Hanford, Washington; and Deaf Smith County, Texas--for site characterization,
and the President approved that recommendation. Since that date, DOE has been
in the site characterization stage of its high-level waste (HLW) program. That
stage, which in reality extends until such time as the Nuclear Regulatory
Commission (NRC) may grant DCE a construction authorization, is when DOE is to
concduct activities intended to collect the information necessary to support a
license application for a geologic repository. As the first major activity of
that stage, DOE has been developing site characterization plans (SCPs) for the
three sites which describe the programs and investigations by which DOE is to
obtain the needed information. Consultation draft SCPs (CDSCPs) for all three
recommended sites are scheduled to be issued in January 1988, with final SCPs
to follow after DOE incorporates changes based on interactions with NRC, host
States, and affected Indian Tribes,

Under the MWPA, NRC has certain specific responsibilities--for example,
concurrence o. the DOE Siting Guidelines, which the NRC did on June 22, 1934--
as well as a general consultative role during the pre-licensing portions of the
CCE HLW program. The NRC's pre-~licensing role is essentially to provide early
identification and participation in resolution of potential licensing issues
and thereby to help assure that QOE has recognized and attempted to resolve all
such issues by the time the license application is submitted. The NRC s1aff
has been active in this role by means of various interactions with DOE staff
including data reviews, technical meetings, quality assurance (QA) audits, site
visits, and informal technical information exchanges. The NRC staff, although
not required to do so by the NWPA, also reviewed and commented on the DEAs and
FEAs as another way to identify potential licensing issues.

With respect to the SCPs, the NWPA specifies that the NRC review and comment
upon those aspects that fall within its regulatory purview. The Technical
Review Plan for SCPs (SCP-TRP) lays out the technical guidance for NRC to
fulfill its responsibilities relative to the SCPs. This plan serves as
documentation for later reference during the licensing process of the way in
which the NRC staff reviewed the SCPs. In addition, it provides the technical
guidance to the staff to assure the quality and corsistency of the review of
al)l three sites and thereby fulfills the internal quality assurance (:QA)
function for review cf major DOE HLW documents mancated in the QOivision of
High-Level Waste Management IQA Plan. It should be noted that this draft
SCP-TRP will be used for the NRC review of the CDSCPs that DOE plans 2o release
in January 1983. This draft SCP-TRP will be further developed based on the



experience gained in reviewing the CDSCPs. A revised SCP-TRP will be prepared
before DOE's issuance of the final SCP(s).

The SCP review is an important step in the pre-licensing consultation between
NRC and DOE. However, despite its importance, it is but the first step in an
extensive sequence of reyiews that the NRC staff will perform througnout site
characterization. There will be ample opportunities to comment upon the SCP
progress reports that DOE is required to issue every six months after release
of the SCP, as well as upon the study plans as they become available. (See
Section 2.3 for the relationship of study plans to level of detail reguired in
the SCP.) Furthermore, many other types of DOE reports and documents (e.g.,
data reports, licensing topica) reports, design drawings and specifizations, QA
procedures for specific tests) will become available for review and zmment.

2.0 PURPOSE, OBJECTIVES, AND SCOPE
2.1 Purpose

The NRC has a two-fold purpose for reviewing the SCPs: (1) to fulfiii ius
mandated responsibilities under the NWPA to review the SCPs and tc provide
ccmments to DOE (via the fcrmal Site Characterization Analyses [SCAs] recuired
by the NWPA for the SCPs and via point papers for the CDSCPs); (2) <o continu
the effcrt of the past five years since passage of the NWPA toward early
identification and resolution of potential licensing issues during the
pre-licensing part of DOE's HLW program. The SCPs contain O0E's identification
of site-reiated issues and their plans for resclving them. Tre NRC staff’s
independent evaluation of CGE's ‘dentification of potential Ticensing fssues
and the activities to address those fssues may result in quidanc: to CCE that
would help avoid substantial program delay at the license application stage.

The objections, ccmments, cr guestions and related recemmendatinng that the
staff presents in the SCA will be entered in an open item tracking system such
that progress toward closure of those items with OOE can be readily identified.
The SCA is intended to be the vehicle by which the NRC staff's czncerns over
the past several years, along with new concerns raised in the SCP raview, are
brougnt tcgether into one trackable set of open items that DCE can responcd <o
and resolve with the NRC staff during site characterization. Cpen {tems have
been identified in ¢he above manner 50 as to make marximum use ¢

-

resources by designing a single process (SCP review) and praduct (the STA
which wiil give OCE quidance on the site characterization prajram and give =ha
staff the means to {dentify and track the resclutian of concerns. (3ee the
"Adminissrative Plan and Procedures for NRC Staff Review of CJZ's Consulsatinn

To accompiish the purpose of the NRC sta®f review of tne 3025, th2 “5ligning

specific objestives must Ce achieved:

1. Determine whether the SCP contains the informaticn requireg 25 Sa ‘e a1
SCP by 12 TFR Part €0.17 (hereaftar Part 63.17).



2. Identify the extent to which DOE's program as presented in the SCP and SCP
references will enable DOE to obtain the information needed to support a
license application for a geologic repository;

3. Assess whether the DOE program as presented in the SCP and SCP references
will have significant adverse effects on the waste fsolation capabilities
of the site;

4 Evaluate whether any planned use of radioactive materfals fn testing is
necessary for site characterization;

5. Provide sufficient information to the Director of the NRC Office of
Nuclear Material Safety and Safeguards in the form of the Site Charac-
terfzation Analysis (SCA) such that he is able to make the statements on
the SCP required by Part 60.18(d).

2.3 Scope

The staff will review and commant upon all sections of the SCP that address
Part 60 fssues. Special attention will be given to key tezhnical topics
related to the site. This emphasis §s not meant to fmply that the staff will
be conducting a licensing review of the SCP. The SCP {s not part of a license
application, and part 60.18(1) makes clear that review of the SCP {5 aone of the
numerous activities listed in Part 60.18(a-k) that "constitute intormal
conference between a prospective applicant and the staff” and is not part of a
licensing proceeding.

Aside from the need to address fssues related to Part 60, the [IE is also
required to address fssues related to the DOE Siting Guidelines, 10 CFR Part
960 (hereafter Part 960), which are to be utilized by the DOE in their com-
parison of the candidate sites to cetermine which site the Secretary of Enerqgy
should vecommend to the President for development of a repository. The ace-
quacy of N0E's plans relative to Part 960 issues is not within the purview of
the MRC and thus will not be evaluated by the staff. However, much of the
material in sections of the SCP concerning such fssues may relate as well to
Pare A0 1ssux-; insofar as it does so, the staff will review that material in
light of the P rt 60 issues.

The NWPA and Part €0.17 require that the SCP contain information concerning the
COE's plans for miviqgating any environmental impacts caused by site charac-
terization activities in the event that a particular site is found unsuitable
for a repository. In accord with Part 60, the staff will examine the SCP %o
ensyre that that inforication is in fact present as part of {ts azceptance
review of the whole docurent. l!No additional review of those secticns will
occur since they do not contain material relevant to potential licensing issues
or Part 60 concerns. (econtamination and decommissioning of site characteri-
zation factlities are not in themselves matters of corcern to the staff inas-
much as the NRC only Pas licensing jurisdiction over repository facilities and
not site characterization facilities or activities.

The TOE uses a nierarchy of terms to reflect the structure of thuir sito
cnaracterization plans frem the broadest down to the finest level of cetatl.



Program used in a generic sense (e.g., site program) is the broadest level of
detail; pragram used in a specific sense {e.g., geology program) is not as
broad and enccompasses two or more related investigations. An investigation is
comprised of one study or a set of related studies, where study refers to a
combination of tests and analyses (assessments of test results) which deal with
a single or several related objectives within a given area. A test or analysis
consists of a combination of procedures (detailed step-by-step processes spe-
cifying how a test will be conducted) that produces information about some
parameter through one or more experiments.

As agreed by the NRC and the DOE in the SCP Level of Detail Meeting May 7-8,
1986 and documented in the meeting summary, the SCP will contain an extensive
discussion of the programs and investigations to be conducted during site
characterization, a summary discussion of studies, and a listing of tests,
analyses, and technical procedures. Inasmuch as the SCP is intended to lay out
the overall logic behind and structure for the DOE plans for characterizing the
site rather than the details of how the needed information is to be obtained,
extensive discussion of the site characterization programs down to the inves-
tigation level should be adequate for the NRC staff to evaluate whether there
are serious concerns with the direction of the [JOE plans. After the overall
review, NRC will review DOE's proposed testing and analyses given in the study
plans and technical procecures prior to the star! of the activities described
in the study plans.

3.0 ACCEPTANCE REVIEW

3.1 Background and Approach

NRC has provided quidance to DOE, on the format and content of the Site
Characterization Plans, in the form of Requlatory Guide 4.17 (RG 4.17,
"Standard Format and Content of Site Characterization Plans for High-lLevel
Waste Geologic Repositories,” Revision 1, March 1987). The purpose of this
Requlatory Guide is to suggest the types of information to be provided in the
SCPs in accordance with 10 CFR Part 60.17 and the NWPA. Additional guidance on
SCP content has been developed from NRC/DOE meeting agreements on "Level of
Oetail in the SCP," "Performance Aliocation," and "Quality Assurance." COE has
prepared an "Annotated QOutline for Site Characterization Pians," based on HRC's
Requlatcry Guide 4.17, and has revised it to be consistent with the above
mentioned meeting agreements. The NRC staff have reviewed the "Annotated
OQutiine" and consider it to be a reasorable interpretation of, and consistent
with, Regulatory Guide 4.17 and the meeting agreements.

As stated in "Summary of the NRC/UOE Meeting on the Level of Detail for Site
Characterization Plans and Study Plans", May 7-3, 1986, it was agreed that all
SCP references be provided at the time of SCP issuance. Furthermore, in the
NRC/DCE meeting on Level of Detail in the SCP, it was agreed that study plans
for exploratory shaft studies anc studies to be conducted within one year of
SCP issuance would be provided at the time of SCP issuance. However, there
have been changes in the DCE schecules for issuance of COSCPs, SCPs, and study
plans, ramely tnat the exploratory shafts will not be started in the near
future and that the ESF study plans may be provided prior to the final $CP
supbmittal., Therefore, no acceptance criteria are given here, for stucy plan



availability at the time of CDSCP {ssuance.” The agreement that study plans and
procedures will be provided for NRC review 6 months and 2 months, respectively,
before their implementation, remains as the basis on which the NRC will review
study plans and procedures. These reviews will not be done as part of (1.e.,
not at the same time as) the SCP reviews, and are addressed separately in the
Study Plan Review Plan. ; R

The above discussion provides relevant background for understanding the
acceptance review approach and criterfai: Clearly, the basic approach is to
determine {f the SCPs are reasonably consistent with the guidance and
agreements on the SCP content. The review will be more than a simple check to
determine if items in the table of contents have been addressed; it will also
be to determine if the material provided is substantive enough for meaningful
staff review. No conclusion will be made, as part of the acceptance review, on
the adequacy of the material. This will be done during the technical reviews.
Therefore, the acceptance review is intended to:: (1) identify omissfons and
areas severely lacking in substance; and (2) assess any {nadequacies, as a
whole, to determine if continuation of the review is a worthwhile expenditure
of staff resources. A letter will be prepared and’sent to DOE giving the
results of the acceptance review. S -

3.2 Criteria

1. The SCP content and level of detail should be substantively
consistent, as appropriate for the site, with:

a. SCP content requifeméﬁlﬁfaf 10 CFR 60.17
b. Regulatory Guide 4.17 (March 1987) ..
- ¢. DOE "Annotated Out]jne“:(ﬁpr1111987)_ '

2. A1l SCP references shou1&'bé:5;6§fded ét the time of SCP issuance.
(This does not,inc]udefstqd¥ p1ansVpr,procedures.)»

3.3 Applicable Section of 10 CFR Part 60
60.17 R

3.4 Key Oocuments to Consider_:_k;gﬂ

U.S. Nuclear Regulatory Commission, “Standard Format and Content of Site
Characterization Plans for High-Level Waste Geologic Repositories," Regulatory
Guide 4.17, Rev. 1, March 1987. . S -

U.S. Department of Energy, Office of Civilian Radioactive Waste Management,
"Annotated Outline for Site Characterization Plans," (QGR/B-5), April 1987.

Summary of the NRC/DOE meeting on‘the'LeQe1 of Detail for Site Characterization
Plans and Study Plans, May 8, 1986. . =~ -~




4.0 TECHNICAL REVIEW

4.1 Qverall Approach

4.1.1 Organization

The technical review of the SCPs will be conducted considering the general and
detailed review guides that follow in Sections 4.2 and 4.3.

The general review quides (Sections 4.2.1 through 4.2.8) have been developed to
provide a broad coverage of the entire SCP, with the exception of SCP

Section 8.7 on decontamination and decommissioning. NRC does not have
licensing jurisdiction over site characterization facilitfes/activities, just
over repository facilities, in this case. The general review quides are
organized so that they basically parallel the SCP's structure. One section has
been developed pertinent to the site and design descriptions in SCP

Chapters 1-7. Subsequent sections have been developed pertinent to various
sections of SCP Chapter 8 (1i.e., issues and performance allcocation (8.2); site
and design investigations (8.3.1-8.3.4); performance assessment activities
(8.3.5); exploratory shaft facility (8.4); milestones and schedule (8.5); and
guality assurance program (8.6)). The general review guide for performance
assessment activities has been subdivided into 11 separate guides for review of
various topics such as scenario development and modeling. An additional review
guide related to ccmments on the Environmental Assessments (EAs) has been
included with the general review quides to ensure that review of the SCP has
taken the NRC staff's previous concerns adequately into consideration.

The criteria presented in most of these general guides are such that th'y may
be applied to all sites, by all technical disciplines. The exceptions are in
the review of the exploratory shaft facility construction and the quality
assurance program. Those portions of the SCP are reviewed primarily by the
geotechnical engineering/design staff, and the quality assurance staff,
respectively.

The general review guides are focused by the detailed review guides which
address selected, important, SCP review topics. These have been developed to
provide acditional, more detajled criterfa for reviewing parameter
identificaticn and investigations/activities related to key specific technical
topics. tach detailed review quide presents site-generic criterfa for
examining a particular technical topic, as well as criteria for site-specific
concerns related to the topic.

Bowh the general and detailed review guides have the same four-part structure:
"Background and Apgproach"; "Criteria", "Applicable Sections of Part 60"; and
"Key Documents to Consider". The "Background and Approach" presents a
discussion of a review topic's importance in the review process, and how the
topic fs to be reviewed. The "Criteria" are statements to use, as appropriate,
in evceluating adequate treatment of a specific section or %topic in the SCP and
SCP references, and in cdeveloping open items (objections, ccmments, or
cuesticns). "“Applicable Sections of 10 CFR Part 60" consists of a listing of
Part 60 reguirements related to the subject topic. “Key Documents to Considar"
fe a listing of important documents (e.g., GTPs; NUREGs; NRC letters o COF:



NRC/DOE meeting summaries) that should be considered in the review of the
particular topic, thereby bringing applicable previously-documented NRC open
items and concerns to bear, as the review guides are applied to the various
portions of the SCP.

4.1.2 Review Approach

The reviewer should review the SCP considering the appropriate criteria in the
general review guides. When the review centers upon a key technical area for
which additional criteria have been developed, the appropriate detafled review
guides should be consulted. Given the diversity of review responsibilities of
the various technical disciplines, and the magnitude and format of the SCP
itself, there can be no simple review process that all reviewers must follow.
However, given below is a logical sequence of the major steps of the technical
review, with reference to the appropriate guides of this review plan (see
Section 2.4 of the Administrative Plan and Procedures (APP) for all the
activities and products associated with the technical review). ’

1. Read SCP Section 8.2 and appropriate portions of 8.3, to obtain an
overview of the issues, the performance allocations, and the performance
assessment plans, as they relate to the reviewer's technical discipline
responsibility (see Tables 4-6 of the APP).

2. Review existing site and design information in Chapters 1-7 (as applicable
to the reviewer's particular technical discipline), following the basic
approach in Section 4.2.1 of the review plan. No review criteria are
provided; any concerns noted in the review of existing information should
be considered in addressing r:lated aspects of site characterization
activities presented in SCP Chapter 8.

3. Based on the information reviewed in Steps 1 and 2, make an initial
assessment of the reasonableness and adequacy of the performance
allocation and identified information needs/parameters. General criteria
listed in the Review Guide for Issues, Information Needs and Performance
Allocation (Section 4.2.2), and the information needs and documents to
consider, provided in appropriate detailed review guides, should be used
to aid this assessment.

4, Review the site and design investigations (SCP Sections 8.3.1-8.3.4)
applicable to obtaining the information needs/parameters related to the
reviewer's technical area of responsibility (see Tables 4-6 in the APP).
The general criteria of the Review Guide for Site and Design
Investigations (Section 4.2.3) should be used, as well as criteria of the
appropriate detailed review guides. The latter criteria identify specific
information needs and/or methodology related items for the key technical
topics on which the review is focused.

5. Review the appropriate technical aspects of the performance assessment
activities (SCP section £.3.5) and provide input to the staff's assessment
of their adequacy. The technical reviewer should be conversant with the
general criteria for performance assessment activities, previded in
Section 4.2.4, so that the required input can be prepared. (Note: Review



Steps 4 and 5 should be performed conjunctively or iteratively, rather
than sequentially.)

Revisit the performance allocation sections to make a final assessment of
whether the "pieces” of the issues resolution strategies are complete and
reasonable, considering the general criteria in Section 4.2.2.

Review the overall site characterization schedule as presented in SCP
Section 8.5, considering the general review criteria provided in the
Review Guide for Milestones and Schedule (Sectfon 4.2.6).

Based on the criteria presented in Section 4.2.8, assess the adequacy of
the SCP's consicderation of the NRC's EA comments.
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4.2 General Review Guides
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4.2.1 Review Guide for Site and Design Descriptions (Chapters 1-7)

Background and Approach

Chapters 1 through 7 of the SCP are intended to present currently available
information about the site, and conceptual designs of the repository and waste
package. This information establishes the basis for DOE's identification of
information needs, and plans for investigations and activities provided in
Chapter 8 of the SCP. Likewise, the review of the existing information using
this Guide will be performed to form a basis on which to assess the
completeness and relevancy of the proposed programs in Chapter 8. No criteria
are provided for review of these chapters, since any concerns noted in this
portion of the review can be addressed in the application of the criteria

provided in the general and detailed review guides pertinent to review of
Chapter 8. :

Concerns arising from review of Chapters 1 through 7 may take two basic forms.
One may stem from the SCP's lack of jdentification of pertinent existing data.
The other may stem from the SCP's inadequate consideration of existing
information gaps, or uncertainties regarding existing information. Such
information might include reasonable ranges of parameter values, alternative
analyses, interpretations, conceptual models, designs, etc. Staff concerns
regarding missing pertinent information might arise from their knowledge of
such existing information obtained either through previcus interactions with
DOE staff or through review of existing technical documents and data. Concerns
over whether existing information gaps and uncertainties have been adequately
considered would result from an assessment of information needs and associated
investigations/acti ‘ities, in view of what related existing information has
been presented.
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4.2.2 Review Guide for Issues, Information Needs, and Perfurmance
Allocation

4.2.2.1 Background and Approach

It is anticipated that Section 8.2 of the SCP will present the issues* to be
resolved and the strategy for resolution of each issue. DOE has identified key
issues, and issues that are applicable to all three sites, in its "Issues
Hierarchy" (DOE, 1987). The key issues and issues are based on the regulatory
requirements in both 10 CFR Part 60 and 10 CFR Part 960.

NRC staff have previously reviewed DOE's issues hierarchy and determined that,
in general, the logic allows adequate consideration of any technical concerns
related to the criteria of Subparts E and F of Part 60 (NRC-DOE Meeting,

March 3-4, 1987). The SCP review of DOE's performance allocation and its
implementation of the issues hierarchy provides a means to confirm that the
site characterization program will address these concerns. The performance
allocation process provides the rationale for establishing particular
information needs considered necessary to resolve each of those DOE issues that
are related to Part 60. The completeness and adequacy of the information needs
relative to. the detailed technical requirements of Part 60 will be assessed
based on those information needs given in the detailed review guides.

As the NRC staff review the proposed performance allocation, they will
recognize that "performance allocation" represents an early
technical-management decision (quided by the performance criteria of Part 60)
about: (a) the system elements to be relied on to resolve an issue; (b) the
performance goals for the individual elements; and (c) the desired confidence
in the goals. Performance

qoals are used for planning the site characterization program; they are not to
be construed as performance criteria for licensing. It is understood that the
initial setting of performance goals must be tentative. It is further
understood that the tentative goals should be established conservatively. That
means establishing sufficient margin to allow for anticipated uncertainties in
showing compliance with Part 60 while at the same time not being unduly
optimistic about potential performance of the site.

The performance allocation process calls for iterative steps of data
collection, performance assessment, reevaluation of performance goals, and, as
necessary, design of a revised set of activities during characterization. This
process is continued until compliance with the requirements of 10 CFR Part 60
can be determined.

*in the DOE's issues hierarchy, "issues" are broad level concerns for which
information needs are established. They are not the same as the NRC "issues"
in Issue Oriented Technical Positions (ISTPs), nor the same as what we
sometimes call the NRC comments on the Environmental Assessments (EAs).
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There are four general steps in the performance allocation process as applied
to each individual issue of the issues hierarchy. Step 1 is a statement of the
functions of the system elements (site features and engineered components) and
processes to be relied on in resolving the issue. Step 2 is identification of
a performance measure (variable that specifies the performance of a system
element) for each function and, for each performance measure, identification of
a performance goal (tentative value for performance measure) with an associated
level of desired confidence in the goal. Step 3 {s identification of
performance and design parameters (variables needed to evaluate performance and
design) to be measured, and, for each parameter, identification of a parameter
goal and an associated level of desired confidence in the parameter goal.

Step 4 is identification of characterization parameters (more directly
measurable quantities that contribute to determining performance and design
parameters), current estimates of their values, confidence in the current
estimates, and the needed confidence in them. Step 1 for the set of issues,
forms the basis for developing the plan for demonstrating compliance with
requlatory requirements and may be called a "licensing strategy." Step 2
expresses the strategy in more specific terms. Step 3 provides the tnformation
needs in terms of parameters that define the performance measures. Step 4
provides the basis for investigations in terms of parameters linked to the
performance allocation process. It is expected that there will be some
variation in the way these four steps will be applied to performance and design
issues as well as variations in the application to engineered components and
natural components.

Criteria are provided below for reviewing each of the four general steps of the
performance allccation process to be applied to each fssue. It will probably
be necessary for the reviewer to review the investigations and activities
presented in Secticn 8.3 of the SCP, before drawing conclusions based on all
these criteria. This general review guide is to be supplemented by the
detailed review guides, which identify various specific information needs that
should be identified in the SCP as appropriate for the site and are based on
the performance allocation process.

4,2.2.2 Criteria

A. For resolution of each DOE issue related to Part 60, the initial
performance allocation should clearly state the system elements to be
used, functions of the system elements, processes that affect their
performance, and concep:tual models and analyses to be used. This
statement, taken together with statements for other fssues, should show
how each system or subsystem performance objective of Part 60 will be
achieved through the performance of lower-level system elements.

1. System elements should be identified in three categories: oprimary
elements to be relied upon; reserve elements to be used if primary
elements fail to meet the desired performance qoal, and system
elements and processes that could adversely affect performiancge.

a. The parformance ailocation should be complete i~ the sanje that,
taken together ard considering adverse processes and everts,
primary elements of the system that are being relied upon shnulc
cover the funciicns recessary to meet performance objectives.
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b. The subsystem performance allocation should provide functional
redundancy among subsystems, relative to meeting the overall
system performance objectives.

c. If system elements specified as reserve elements were to be
needed in a subsequent revised performance allocation,
completeness and redundancy should be preserved.

Pertinent scenarios, primary and alternative conceptual models, and
relevant analyses or specific plans to develop scenarios, models and
analyses should be presented for DOE's performance fssues. (These
will be reviewed according to Sections 4.2.4.1, 4.2.4.2, 4.2.4.3, and
4.2.4.4)

A performance measure should be {dentified for each function of a system
element to be relied upon, A performance goal, and desired level of
confidence, with supporting rationales, should be provided for each
performance measure.

1.

A performance measure that §s appropriate to the designated function
should be identified for each primary and reserve system element,
The performance of system elements that could adversely affect
performance of cther system elements should be quantified.

a. The selected performance measure should be such that appropriate
data can be obtained, or measurements or analyses can be
accomplished to evaluate the performance measure.

b. The performance of system elements should be quantified to the
extent necessary to determine deleterious effects on system
elements being relied on or held in reserve.

A performance goal for each performance measure should be identified
and supported by a stated ratfionale.

a. The performance goal should be consistent with requlatory
performance objectives and requirements,

b. The performance goal should be physically reasonable and
achievable.

c. The performance goal should be consistent with pertinent
scenarios and conceptual models fdentified for the issue.

A level nf gesired con?idance should be stated and justified for each
performance gcal, _

a. The level of desired conficdence shauld reflect a leve! of
uncertainty {n the perforrance goal that provides a redsonadle
margin between predicted results and rajulatory limits,
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b. The basis for the desired level of confidence, e.g., sensitivity
analysis or expert judgment, should be provided. Qualitative
terms such as "high," "medium," or "low" should be clearly
defined.

Collectively, the performance goals and associated levels of desired
confidence should provide a margin with respect to regulatory limits
that allows for limitations and uncertainty in available technology.

The indicated performance measures should be completely described in terms
of sets of performance or design parameters that meet the following
criteria.

1.

For each system element, a list of performance or design parameters
should be given that will allow analysis of the performance of that
element. Performance or design parameters describing the environment
within which the element must perform should be included.

The desired confidence in each of the performance or design parameter
values should be presented along with the basis for the desired
confidence.

a. Desired confidences should be consistent with the desired
confidence for the performance goal with which the performance
or design parameters are associated.

b. Desired confidences should be consistent with the limitations
and uncertainties of available testing methodologies.

Performance or design parameters associated with performance issues
should be consistent with the scenarios and conceptual models that
have been presented.

Performance or design parameters to measure deleterious interactions
among system elements identified in the performance allocation should
be included.

The information needs, as stated in terms of characterization parameters,

should contain the information needed to resolve the performance or design
issue with which they are associated. This determination should be based

on the detailed review guides and the following criteria.

1.

A rationale should be provided that relates the characterization
parameters to be measured to the selected performance measures, goals
and confidence levels.

The relationship between the characterization parameters needed and
the properties to be measured should be described.

The presented ranges of characterization parameter values should be
physically reasonable.
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Processes and conditions that must be controlled when
characterization parameter(s) are being measured should be clearly
identified as such.

Interdependence among characterization parameters should be
identified and the means for dealing with their interdependence
should be presented.

Characterization parameters associated with performance issues should
be consistent with scenarios and conceptual models presented.

Collectively, the information needs identified by the
characterization parameters should be such that plans for obtaining
them would adequately cover the detailed technical requirements of

10 CFR Part 60, Subparts E and F. This determination should be based
on the detafled review guides that 1ist information and parameter
needs.

Applicable Sections of 10 CFR Part 60

Sections 60.112, 60.113, 60.133, 60.134, and 60.135

4.2.2.4

Key Documents to Consider

U.S. Nuclear Regulatory Commissfon, Regulatory Guide 4.17, "Standard Format and
Content of Site Characterization Plans for High-lLevel Waste Repcsitories,"
Revision 1, March. 1987. (See Section 6.7)

NRC-DOE agreements on performance allocation are documented in the meeting
summaries of the following generic NRC/DOE meetings: (1) Performance
Allocation, April 17, 1985, (2) Subsystem Performance Allocation,
September 26-27, 1985, (3) Level of Detail in Site-Characterization Plans,
May 7-8, 1986, (4) Issues Hierarchy and Performance Allocation,

March 3-4, 1987, and (5) SCP Issues Hierarchy and Performance Allocation
Briefing, October 8-9, 1987.

U.S. Department of Energy, "Issues Hierarchy for a Mined Geologic Disposal
System," OGR/B-10, August 1987

U.S. Department of Energy, "Mission Plan for the Civilian Radiocactive Waste
Management Program,” June 1985, (See Part II, Section 2.6)
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4.2.3 Review Guide for Site and Design Investigations
4.2.3.1 Background and Approach

It is anticipated that Sections 8.3.1 through 8.3.4 of the SCP will address the
planned investigations and activities that are deemed necessary to fulfill the
specific information needs of the "Issues Hierarchy" for the site program,
repository program, seal system program, and waste package program,
respectively. Section 8.3 of DOE's "Annotated Outline for Site
Characterization Plans" establishes the basic content for description of these
planned investigations and activities. It is based on guidance provided in NRC
Regulatory Guide 4.17 and on DOE/NRC agreements made during a May 7-8, 1986
meeting on "Level of Detail for SCPs." The general criteria given below are
consistent with the NRC gquidance and meeting agreements. They are to be
applied in the review of the investigations and activities regardless of site
or technical discipline.

Additional criteria are provided in the detailed review guides in Sections
4.3.1 through 4.3.26 of this Review Plan. They are to be applied, as
appropriate, for review of the investigations and activities related to
specific key technical topics of the site, repository, seal system, and waste
package programs.

4.2.3.2 Criteria

A. In general, those investigations/activities related to the information/
parameter needs given in the detailed review quides, should adequately
address (as appropriate) all the information on the objectives, rationale,
description of studies, application of results, and scheduled milestones,
as specified in the following reference: "Summary of the NRC/DOE Meeting
on the Level of Detail for Site Characterization Plans and Study Plans,"
May 7-8, 1986, Attachment 4, "DOE Content Requirements for Description of
Investigations in Chapter 8.3 of the Site Characterization Plan."

1. The investigation/activity and any associated studies should
summarize and identify a reasonable set of tests, analyses, and/or
technical procedures for meeting the necessary information needs/
parameters identified in the detailed review guides, with
consideration given to the process of performance allocation.

2. The investigation/activity should include an adequate description of
how the results will be integrated with results of other
investigations/activities.

3. The description of the planned investigation/act'vity should include
appropriate consideration of interferences with other
investigaticns/activities and/or construction of the exploratory
shaft facility. OGOther constraints on the investigations or
activities should be adequately considered.

4, If any planned investigation/activity requires the use of radioactive
materfals, this requirement should be identified and justified
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consistent with requirements in NWPA Section 113. The quantities to
be used and any plans for retrieval should be adequately discussed.

Appropriate consideration should be given to the potential effects of
the investigation/activity on the capability of the site to isolate
high-level waste. If potentfal effects exist, the SCP should include
acceptable discussion of preventive/mitigative measures.

The investigation/activity should accurately reflect what is already
known about the site/design, as presented in Chapters 1-7 of the SCP.

The description of the duration and sequencing of studies, tests and
analyses associated with the planned investigation/activity and other
related investigations/activities should be based on obtaining the
information needs, rather than on any time constraints.

Appropriate milestones should be identified which allow for decision

and consultation points logically placed so as to effectively guide
the investigation/activity.

Applicable Sections of 10 CFR Part 60

60.15
60.17(1),(2)

Key Documents to Consider

"Summary of the NRC/DOE Meeting on the lLevel of Detail for Site
Characterization Plans and Study Plans," May 7-8, 1986, Attachment 4.

U.S. Department of Energy, "Annotated Qutline for Site Characterization Plans,"
OGR/B-S, April 1987, Section 8.3.
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4.2.4 Review Guide for Performance Assessment Activities

Performance assessment {s the process of quantitatively evaluating component
and system behavior, relative to containment and isolation of radiocactive
waste, to support development of a high-level waste repository and to determine
compliance with the numerical criteria associated with 10 CFR Part 60.
Performance assessment will be a primary tool in both DOE's demonstration of
and NRC's assessment of compliance with the numerical criteria of Part 60. It
will also be used in directing site characterization activities, identifying
important processes and parameters, and assisting in development of conceptual
models.

In the performance allocation of Chapter 8, the SCP is anticipated to include
the conceptual models and related mathematical models that DOE considers will
be needed to resolve the performance issues. These models would be used in the
performance allocation process to identify performance and characterization
parameters. Section 8.3.5 of the SCP is anticipated to include preclosure and
postclosure performance assessment strategies necessary for resolution of
preclosure and postclosure performance fssues. Section 8.3.5 of DOE's
"Annotated Outline for Site Characterfzation Plan," based on guidance provided
in NRC's Regulatory Guide 4.17, establishes the basic content for a description
of the Performance Assessment Program,

The Performance Assessment Program, in demonstrating compliance with the
performance objectives of 10 CFR Part 60, is expected to address the following:
scenario development and screening; determination of anticipated and
unanticipated processes and events {for post-closure analyses); estimation of
scenario probabilities; modeling; mode'ing uncertainty; data uncertainty;
sensitivity analysis; and formal use of expert judgement. The following review
guides address these topics. There are also review guides for the containment
requirements of the EPA standards and for preclosure analyses under

Section 60.111 that establish the specific relationship of these topical guides
to the Part 60 performance objectives. Finally, performance confirmation is
addressed in a review guide.

The following subsections provide general criteria for reviewers in the various
technical disciplines to become conversant with, and to consider in reviewing
performance allocation and applicable portions of the Performance Assessment
Program in the SCP. These criteria apply to all quantitative analyses of
repository performance. They are also partially applicable to the repository
design process (detailed review criteria that address the repository design
process are included in Section 4.3.23). As part of its SCP review, the staff
will review the models used for performance allocation, and, at a comparable
level of detail, will review models throughout the SCP. The staff will not
review computer codes as part their SCP review.

The general ¢riteria of this Section should be used in conjunction with other
general review criteria for parameter identification in Section 4.2.2 and
investigations in Section 4.2.3 to review activities related to perfarmance
assessment. Existing information in Chapters 1-7 relevant to tne criteria
given below and any staff concerns regarding this material should also be
considered in the review of the performance assessment activities.
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4.2.4.1 Review Guide for Scenario Development and Screening
4.2.4.1.1 Background and Approach

To conduct a performance assessment (efther preclosure or postclosure) of a
reposftory, it is necessary to hypothesize the future states that the disposal
system may experience over the time period of interest. Scenario development
addresses this issue. Scenarios are combinations of processes and events that
could initiate or influence the release or migration of radionuclides from the
waste to human beings. Scenario development includes systematic methods for
the selection of scenarios, as well as an estimate of their likelihood of
occurrence,

The scenarios used to evaluate a particular repository will depend on the
design of the facility and the characteristics of the site. However, a general
procedure can be used to identify scenarios for any given site and design.

Such a procedure would generally include: (1) an initial comprehensive
identification and classification of processes and events; (2) an initial
screening to eliminate unimportant processes and events; (3) the formation of
scenarios by taking specific combinations of the remaining processes and
events; and (4) the screening of scenarios to select a final set for use in
repository analysis. The classification in Step 1 includes natural phenomena
that occur independently of the presence of the repository, phenomena resulting
from human activity, and phenomena resulting from the presence of the
repository. An additional classification to identify anticipated and
unanticipated processes and events is also essential in assessing compliance
with the postclosure requirements of 10 CFR Part 60. The screening of
process.s and events and scenarios is based on criteria such as (1) physical
reasonableness (e.g., "not credible" processes and events as defined by the
NRC); (2) probability; and (3) consequences,

The term "scenario" is not specifically used by the NRC in 10 CFR Part 60, or
by the EPA in 40 CFR Part 191. However, the development of scenarios is
clearly implied both in the definition of performance assessment provided in
Section 191.12 of 40 CFR Part 191, and in the assessment of compliance with the
EPA's containment requirement. This requirement is in Section 191.13 of 40 CFR
Part 191, and implemented in Section 60.112 of 10 CFR Part 60. Scenario
development {s used to assess compliance with Sections 60.111, 60.113, and
60.134 of 10 CFR Part 60. Scenarfos are also useful in demonstrating the
completeness of performance assessment dnalyses and in directing site
characterization efforts,

In addressing the topic of scenario development and screening, the SCP is
expected to include: (1) a definitional statement of the term "scenario"; (2) a
identification of the analyses in which the scenarios will be used; (3) a
description of the methodology that has been or will be used to develop and
screen scenarios; (4) supporting justification for the methodology, such as
evidence that the methodology has been successfully used in the past; and (5) a
discussion of how the issue of completeness will be addressed in scenario
development., The staff will review the SCP to assess the adequacy of the
scenario development and screening process. In these reviews the staff will
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evaluate any preliminary fdentification and screening of scenarions and f{ts
Justification.

4,2.4.1.2 Criteria

A. The SCP should provide a concise definition of a scenario and identify the
methodology for scenario development and screening. This methodology
should satisfy the following criteria:

1.

Be systematic
a. The steps of the methodology should be well-defined and orderly.
b. The product of applying the methodology should be reproducible.

Provide assurance that all relevant events and processes will be
considered in the development of scenarios, in the following ways:

a. Compare the initial 1ist of events and processes to other
available 1ists (e.g., that published by the International
Atomic Energy Agency); at a minimum, the SCPs should consider
all of the siting criteria in Section 60.122 and the design
criteria in Sections 60.131 through 60.134.

b. Compare the events and processes on the fnitfal list to the site
description, to identify events and processes unique to a
particular site that might not be on the list.

Contain explicit criteria, with justification for these criteria, for
screening events, processes, and scenarios.

Ensure the compatibility of scenarios developed for the various
components of an overall performance assessment (e.g., waste package,
engineered barrier system, etc.).

Clearly identify the areas where formal use of expert judgement is
applied. Such formal use of expert judgement should satisfy the
criteria provided in Section 4.2.4.8.

B. Scenarios developed for the ultimate purpose of demonstrating compliance
with the EPA's containment requirement (implemented by Section 60.112 of
10 CFR Part 60) should include all anticipated and unanticipated processes
and events (see Section 4.2.4.2). This consideration should be included
in any proposed method to develop such scenarios.

C. Scenarios developed for the ultimate purpose of showing compliance with
engineered barrier system and waste package performance objectives should
consist of the subset of scerarios that include anticipated processes and
events (see Criterion B above).
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4.2.4.1.3 Applicable Sections of 10 CFR Part 60

60.111
60.112
60.113
60.134

4.2.4.1.4 Key Documents to Consider

R.M. Cranwell, R.V. Guiowski, J.E. Campbell, and N.R. Ortiz, "Risk Methodology
for Geologic Disposal of Radioactive Waste: Scenario Selection Procedure,”
USNRC Report NUREG/CR-1667, in press.

U.S. Nuclear Requlatory Commission, Regulatory Guide 4.17, "Standard Format and
Content Guide of Site Characterization Plans for High-Level Waste
Repositories,” Revision 1, March 19387.

U.S. Department of Energy, "Annotated Outline for Site Characterization Plans,"
OGR/B-5, April 1987,

International Atomic Energy Agency, "Performance Assessment for Underground
Radioactive Waste Disposal System,” Safety Series No. 68, IAEA, Vienna, 1985.
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4.2.4.2 Review Guide for Anticipated Processes and Events and Unanticipated
Processes and Events

4.2.4.2.1 Background and Approach

In the SCP, the programs of studies, investigation, analysis and performance
assessment, especially in regard to the waste package and engineered barrier
system, will need to consider anticipated processes and events and
unanticipated processes and events. Within Section 60.113(a)(1), it is
speciffed that the engineered barrier system be designed to meet the following
conditions, assuming anticipated processes and events. (1) Containment of high
level waste will be substantially complete during the period when radiation and
thermal conditions within the engineer barrier system are dominated by fission
product decay. (2) Release of radionuclides from the engineered barrier system
will be a gradual process. (3) Specific numerical performance objectives will
be achieved. Therefore, without specifically stating the premise, the primary
function of anticipated processes and events is to specify, in part, the design
basis for the engineered barrier system and waste package, during the
post~closure period,

In addition to the requirements specified in Section 60.113, anticipated
processes and events must be considered, along with unanticipated processes and
events, in evaluation of compliance with the overall containment requirements
of the EPA standard, as specified in Section 60.112. Within the license
application, the applicant must present an evaluation of the performance of the
geologic repository, for the period after permanent closure, assuming
anticipated processes and events along, with a similar evaluation assuming
unanticipated processes and events (Section 60.21(c (1 (ii1)(C)). The EPA
standard has not been formally adopted by the NRC because of its rejection in
court. However, if the final standard is similar to the vacated standard, it
also will be necessary to consider anticipated preccesses and events, in the
evaluation of compliance with the groundwater and individual protection
standards.

As stated above, unanticipated processes and events must be considered, along
with anticipated processes and events, in evaluating compliance with the
overall containment requirements of the EPA standard. Within the license
application, the applicant also must present an evaluation of the performance
of the geologic repository, assuming unanticipated processes and events. Based
on these analyses, as is stated in Section 60.113(c), the NRC may specify
additional requirements to satisfy the overall system performance requirements
(Section 60.112), as they relate to unanticipated processes and events. The
requirements for the unanticipated processes and events thus serve the purposes
of helping to provide assurance that the multiple barrier concept is valid and
providing a means of evaluating the margin of safety designed into the
engineered barrier system.

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in Section 4.2.2, and
investigations and activities in Section 4.2.3 and 4.2.4 to review appropriate
portions of SCP Chapter 8. Existing information presented in Chapters 1-7
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relevant to the criteria given below and any staff concerns regarding this
material should also be considered in the review of Chapter 8.

4.,2.4.2.2 Criteria

The plans presented in the SCP should show that the following criteria have
been or will be considered.

1.

An "anticipated event" and a natural "unanticipated event" should reflect
the maximum event which has occurred within the geologic setting during
the Quaternary. The "anticipated event" should be assumed to occur at the
location or along the controlling structure where this event occurred
during the Quaternary. An "unanticipated event" should be transposed,
within the geologic setting, to any credible locations at which it could
occur, to determine its effect on waste isolation.

An "anticipated process" should reflect a reasonable and conservative
projection of the rate of the process which is occurring or which has
occurred within the geologic setting during the Quaternary. The variation
around the average rate of the process should be considered, with emphasis
on the rate of this process during the late Quaternary. A natural
"unanticipated process" should consider the maximum sustained rate of this
process during the Quaternary. As with anticipated and unanticipated
events, an anticipated process should be assumed to occur at the location
where this process has occurred in the past. An unanticipated process
should be assumed to occur at any credible location, within the geologic
setting, to determine its effect on waste isolation.

Both the "anticipated" and "unanticipated" processes and events must
reflect the potential modifications to such processes and events caused by
past, ongoing or projected human-induced processes and events which will
not be under DOE's control.

Human-induced processes and events which may occur on lands which will be
under DOE's juristiction, either within or outside the controlled area,
are considered unanticipated.

Natural processes and events which are normally handled as "random"
processes and events will normally be considered as anticipated processes
and events.

The processes and events used in the performance assessment and in design
must reflect modifications to these processes and events which could occur
due to the perturbations from the effects of waste emplacement and the
uncertainty in the various projections,

Professional judgement must be exercised in evaluating the various natural
processes and events which may affect the site during the post-closure
period. The processes and events should not simply reflect average or
maximum values, but should reflect the natural geologfc variability
fncluding, but not limited to:
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a. the spatial and tempora) varfability of the processes and events;
and
b. the periodicity of the processes and events.

Although the Quaternary record for the region of the geologic setting, and
especially the late Quaternary record, should be the main basis for
providing the evidence for consideration of the various processes and
events, the following information should also be considered:

a. the pre-Quaternary record for those processes and events which
have a cycle which may not be adequately reflected in the
Quaternary record;

b. any changes in the processes and events which are evident in the
Quaternary record; and

c. evidence from analogues in other geological settings, experimental
data or the results of modeling and sensitivity exercises.

When evaluating the effect of human-induced processes and events, {if it is
assumed that potentially adverse condition of Section 60.122(¢c)(17) is not
present, the guidance which had been presented in appendix B to 40 CFR 191
(subsequently vacated) on frequency and severity of inadvertent human
intrusion should be followed.

When potentially adverse condition of Section 60.122(c)(17) 1s assumed to
be present, the rationale for frequency and severity of inadvertent human
intrusion should be based on a comparison of drilling histories of similar
deposits in similar geologic settings.

The evaluations in 9 and 10 above should also consider the express
assumptions contained in the definition of "unanticipated processes and
events" in Section 60.2.

The use of the terms "anticipated processes and events" and Unanticipated
processes and events'" should be consistent with the regulatory definition
of the terms, not the standard dictionary usage.

The conceptual design and analysis for the engineered barrier system and
the waste package, as presented within the SCP, should consider
anticipated processes and events in formulating the design and in
performing the preliminary analysis.

The preliminary analysis for determining complfance with Section 60.112,
the section of the rule which requires compliance with the EPA standard,
should show consideration for both anticipated processes and events and
unanticipated processes and events.

The investigations of the natural system must be sufficient to allow both
a deterministic and a probabilistic evaluation of known and potential
processes and events which could affect the geologic setting. The
information stemming from these fnvestigations must be sufficient to allow
the potential events and processes to be characterized, evaluated and
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catagorized into anticipated processes and events and unanticipated
processes and events.

4.2.4.2.3 Applicable Sections of 10 CFR Part 60.

60.2

60.21(c)(1)(11)(C)

60.112

60.113

4.2.4.2.4 Key Documents to Consider

U.S. Department of Energy, "Annotated Outline for Site Characterization Plans,"
USDOE Report OGR/B-5, April 1987.

U.S. Department of Energy and Geological Survey, U.S. Department of Interior,
"Earth Science Technical Plan for Disposal of Radioactive Waste in a Mined
Repository," USDOE Draft Report DOE/TIC-1033, Apri) 1980.

U.S. Department of Energy, "NWTS Program Criteria for Mined Geologic Disposal
of Nuclear Waste: Site Performance Criteria," USDOE Report DOE/NWTS-33/2,
February 1981.

U.S. Department of Energy, "Major Geoscience Issues Assocfated with Siting a
High Level Nuclear Waste Repository," prepared for DOE's Office of Civilian
Radioactive Waste Management by R. F. Weston Consultants, June 15, 1984,

U.S. Department of Energy, "Issues Hierarchy for a Mined Geologic Disposal
System (OGR/B-10)," USDOE Report DOE/RW-0101, Rev. 1, August 1987.

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Summary of
the NRC/DOE Meeting on the Level of Detail for Site Characterization Plans and
Study Plans," May 7-8, 1986, 9pp. plus four attachments.

U.S. Nuclear Regulatory Commission, "Draft Site Characterization Analysis of
the Site Characterization Report for the BWIP," USNRC Report NUREG-0960, March
1983.

U.S. Nuclear Regulatory Commission, "Comments on DOE Draft Environmental
Assessments for the Hanford Site,”" March 20, 1985.

U.5. Nuclear Regulatory Commission, "Information Needs for Characterization of
High-Level Waste Repositcry Sites in Six Geologic Media," USNRC Report
NUREG/CR-2663, Vols. 1 and 2, May 1985,

U.S. Nuclear Regulatery Commission, Regulatory Guicde 4.17, "Standard Format
and Content of Site Character{ization Plans for High-Level Waste Repasitories,"
Revision 1, March 1987,

U.S. Nuclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Posizion (ISTP) for Basalt Waste Isolation Project (EWIP)," September 1384,
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U.S. Nuclear Regulatory Commission, "Draft lssue-Oriented Site Technical
Posttion (ISTP) for Nevada Waste lsolation Project (NNwSI)," September 1984,

U.S. Nuclear Regulatory Commission, "Draft lssue-Oriented Site Technical
Position (ISTP) for Salt Repository Project (SRP), Permian Basin Sites,"
September 1984.

U.S. Nuclear Regulatory Commission, "NRC Guidance on SCP Content," dated June
27-28, 1981,

U.S. Nuclear Requlatory Commission, "NRC Staff Comments on the DOE Final
Environmental Assessments," Hanford Site comment numbers 1, 2, 3, and 4; Yucca
Mountain Site comment numbers 1, 2, 3, 4, and 5; Deaf Smith site comment number
1; dated December 22, 1986,

U.S. Nuclear Regulatory Commission, "NRC Comments on DOE Draft Environmental
Assessment for the Deaf Smith County Site," March 20, 1985.

U.S. Nuclear Regulatory Commission, "NRC Comments on DOE Draft Environmental
Assessment for Yucca Mountains Site," March 20, 1985.

Conversation record between Steve Frishman, Director of State of Texas Nuclear
Waste Program Office and Robert L. Johnson, NRC, "Preliminary EA Comments for
the State of Texas," dated February 20,1985

Letter from Steve Frishman, Director of Nuclear Waste Programs Office, Office
of the Governor, Austin, Texas, to Benard C. Rusche, DOE; Subject: "State of
Texas Co ments on Nuclear Waste Policy Act Draft Environmental Assessments for
Deaf Smith County Site, Texas (DOE/NW-0014) and Swisher County Site, Texas
(DOE/RW-0015): Addendum to Comments Submitted March 19, 1985," dated May 23,
1935,

Letter from Bruce Blanchard, Director of Environmental Project Review, U.S.
Department of the Interior, to U.S. Department of Energy; Subject: "Comments on
the Environmental Assessments for the Deaf Smith and Swisher County Sites,
Texas," dated April 8, 1985.

U.S. Department of Energy, "Environmental Assessment for Deaf Smith County
Site, Texas,” DOE/RW-0069, Vols. 1-3, May 1986,

U.S. Department of Energy, "Environmental Assessment for Yucca Mountain Site,
Nevada Research and Development Area, Nevada," 00E/RW-0073, Vols, 1-3, May
1986.

U.S. Department of Energy, "Environmental Assessment Reference Repository
Location, Hanford Site, Washington," DOE/RW-0070, Vols. 1~3, May 1986.
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4.2.4.3 Review Guide for Estimating Scenario Probabilities
4.2.4.3.1 Background and Approach

There is a direct relationship between scenario development and screening and
the estimation of scenario probabilities. Scenario probabilities generally are
determined by combining the probabilities of the specific events and processes
that comprise the scenario. As applied to assessinr the performance of
repositories, scenario probabilities are initially used as screening criteria
for scenarios. They are ultimately used in combination with scenario release
estimates in assessing release probabilities to show compliance with Section
60.112 of 10 CFR Part 60 (see Section 4.2.4.9). In addition, probabilities of
events and processes can be used to direct data collection and other activities
for events and processes that are at or near the “cut-off" probability.

The SCP is expected to include: (1) a statement of why probabilities are
needed; (2) a description of what probabilities are needed (i.e., for which
events and processes); (3) an explanation of how the probabilities are (will
be) used; (4) a description of what technique(s) are (will be) used to estimate
probabilities of events and processes; (5) the criteria required for the use of
each technique; and (6) alternative approaches for estimating probabilities
when little or no data are available. The staff will review the SCP to
determine the adequacy of the approach for estimating probabilities of
important events and processes and of scenarios. In their review, the staff
will evaluate: (1) approaches associated with scenarios documented in the SCP;
(2) proposed approaches associated with future scenario development; and (3)
specific site characterization activities aimed at estimating probabilities of
specific events and preocesses.

4.2.4.3.2 Criteria

The SCP should contain provisions that will clearly identify the technique used
to estimate the probability of each event and process and state the
Justification for using the technique selected. The least subjective technigue
should be the most favored. However, the appropriate technique for a
particular event or process will depend on the nature of the phenomenon: the
level of understanding of the phenomenon; the quantity and quality of the
available data; and the appropriateness of the data base for future
projections. The nature of a particular event or process may suggest a
specific technique, although the available .ita for a site or the time frame
over which the event or process occurs may necessitate the use of another
technique.

A, Criteria for the selection of four important probability technigues are:

1. Frequentist (the use of existing freguency data to estimate a
probability density function cirectly)

(a) Sufficient data exist so that the frequency of cor cyclicity in
the data can be recognized (see aiso Section 4.2.4.6).
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(b) Projection of the frequency or cyclicity into the future is
reasonable given the nature of the event or process and the time
period involved.

2. Modeling (the use of a model of the physical system and a sampling
procedure to perform Monte-Carlo simulations to estimate a
probability densfity function):

(a) The physical system is understood well enough that a conceptual
model can be developed that incorporates all or most of the
available data (see also Sections 4.2.4.4 and 4.2.4.5).

(b) Recognition of a need to provide computer code that can
represent the events or process in the physical system (see also
Section 4.2.4.4).

(c) The available data are sufficient that sampling from the data
and performing Monte-Carlo simulations using the data will
produce a realistic probability density function (see also
Section 4.2.4.6).

3. Axiomatic (the use of a probability model (e.g., Poisson)):

(a) Sufficient data exist to determine that the event or process is
random in space and/or time (see also Section 4.2.4.6).

(b) The event or process is likely to remain random during the time
period of interes ..

4. Subjective (the formal use of expert judgement, see Section 4.2.4.8)
B. The proposed method should explain how time-dependent probabilities are
(will be) assessed for scenarios that involve transient phenomena (e.g.,
volcanism: if the pressure in a magma chamber increases with time, the
probability of renewed volcanism also increases).
4.2.4.3.3 Applicable Sections of 10 CFR Part 60
60.112
4.2.4.3.4 Key Documents to Consider

R.M. Cranwell, R.V. Guzowski, J.E. Campbell, and N.R. Ortiz, "Risk
Methodology for Geologic Disposal of Radioactive Waste: Scenario
Selection Procedure,” USNRC Report NUREG/CR-1667, in press.
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U.S. Nuclear Requlatory Commission, Regulatory Guide 4.17, "Standard
Format and Gontent Guide of Site Characterization Plans for High-Level
Waste Repositories,” Revision 1, March 1987. Copies are available from

USNRC Division of Technical Information and Bocument Control, Washington,
DC 20555.

U.S. Department of Energy, "Annotated Outline for Site Characterization
Plans," OGR/B-5, April 1987.
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4.2.4.4 Review Guide for Modeling
4.2.4.4.1 Background and Approach

Predictive modeling fs a procedure for simulating the response of a system.

For performance assessment, it is used for estimating the consequences of
processes and events that are expected to occur in a repository system. The
use of predictive mcdeling is necessary because it is not possible to
ascertain, by direct observation, the consequences of all the physical
processes relevant to the geologic disposal of high-level waste. Direct
observation, either through field or laboratory experiments, is not possible
for all processes because of both the spatial and temporal scales that must be
considered in showing compliance with Sections 60.111, 60.112, 60.113, and
60.134 of 10 CFR Part 60. Although natural analog studies can provide insight
on some of the relevant processes over large spatfal and temporal scales, these
studies are generally qualitative and cannot be used to resolve all of the
pertinent fssues. Predictive modeling used in conjunction with data from
accelerated tests is expected to be used to help provide reasonable assurance
that the performance chjectives will be met (see Section 60.101(a)(2) of 10 CFR
Part 60),

Predictive modeling may be divided into two major components: (1) conceptual
models and (2) mathematical models. A conceptual model {s composed of a set of
hypotheses that delineates the behavior of a system. This set of hypotheses
includes the identification of physical processes that affect the behavior of
the system as well as the definitfon of the structure, qeometry, inftial and
boundary ccenditions, and properties of the system. A mathematical model is the
mathematic. 1 representation of the conceptual model. A mathematical model s
normally composed of a set of coupled algebralc, differential, and/or inteqral
equations with appropriate boundary conditions fn a specified domain.

The SCP is expected to propose the use of predictive modeling to aicd in
repository design, to screen scerarios, and to assess the consaquences of
certain scenarfos. It is also expected that modeling techniques will be
applied for both data collection and recduction during site characterization.

In many cases, i1t 15 necessary %o use predictive models to transform observabie
data to a form that is usefyl {n consequence analysis. For data collection
activities, predictive modaling could be used for design of both field and
laboratory experiments. Predictive modeling, when used in conjunction with
sensitivity analysis (see Section 4.2.4.7), could also be used to guide the
data collection activities of site ~taracterfzation through the identéification
of important parameters. For these reasons, the SCP should include a
description of the physical processes and domains modeled or to be madeled, and
wnere any mathematical equations and bcoundary conditions are us2d, the
inalytical ard numerical techniques used to solve the mathematical eguations.
The staff will focus its review on conceptual and mathematical models used to
support the identification of parameters fcr performance issues developed in
tne performance allocation process. (See alsc the closely related review guide
n model uncertainty, Section 4.2.3.%).
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Criteria

Conceptual models.

1.

Existing data and evidence from field and laboratory tests and
natural analog studies should support the given conceptual model.
Justification for neglecting any contradicting information or
alternative finterpretations should be clearly presented, or multiple
conceptual models should be considered in the modeling uncertainty
program (see Section 4.2.4.5).

Assumptions in conceptual models to be used for data reduction during
site characterization should be consistent with those for use in
consequence analysis,

The role of expert judgement in developing conceptual models should
be documented (see Section 4.2.4.8).

Mathematical models.

1.

Types and characteristics of mathematical models necessary to
simulate the consequence of all significant scenarios should be
identified. The use of these models to represent features, events,
processes, or repository components or subsystems should be justified
through a discussion of the assumptions, application(s), and
limitations of the mathematical model. These should not contradict
any of the hypotheses embedded in the corresponding conceptual
model(s). If mathematical models of appropriate type or
characteristics do not currently exist, activities to develop these
should be identified,

Mathematical models should not be unnecessarily complex. Al}l
processes that could affect the model results should, however, be
considered; decisions to omit certain processes should be technically
Jjustified.

The procedure to be used for implementing in the mathematical models
for the investigations should be identified. The assumptions,
application{s), and limitations of the procedures identified should
be discussed.

The validation of mathematical models used in the SCP addressed. For
those that have not been validated, the need to do so should be
identified (see Section 4.2.4.5).

If a sequence of conceptual and/or mathematical models is used to
represent a subsystem, a procedure to aggregate the results for the
subsystem performance should be described that properly links the
subsystem responses both spatially and temporally.
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4.2.4.4.3 Applicable Sections of 10 CFR Part 60

60.101(a)(2)
60.111
60.112
60.113
60.134

4.2.4.4.4 Key Documents to Consider

U.S. Nuclear Regulatory Commission, Requlatory Guide 4.17, "Standard Format and
Content Guide of Site Characterization Plans for High-Level Waste
Repositories," Revision 1, March 1987. Copies are available from USNRC
Division of Technical Information and Document Control, Washington, DC 20555.

U.S. Department of Energy, "Annotated Outline for Site Characterization Plans,"
OGR/B-5, April 1987.
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4.2,4.5 Review Guide for Model Uncertainty
4.2.4.5.1 Background and Approach

Model uncertainty is the uncertainty introduced during the tormulation of the
conceptual models and the formulation and implementation of the mathematical
models (see Section 4.2.4.4) that describe the behavior of the system, and its
subsystems and components. Uncertainty is introduced during the formulation of
a conceptual model by: (1) simplifying assumptions made about the behavior of
the real system so that it may be represented by a tractable mathematical
model; (2) insufficient data describing the real system or its various
subsystems that force certain assumptions about their behavior; (3) all of the
available data not supporting a single conceptual model; and (4) significant
data describing the behavior of the real system being discarded because of
preconceived notions about the system. Conceptual model uncertainty, which is
uncertainty associated with the use and interpretation of the data, should not
be confused with data uncertainty. The conceptual model includes implicit
assumptions about the natural (spatial and temporal) variation of the data (see
Section 4.2.4.6). Uncertainty can be introduced into the formulation and
implementation of the mathematical model by: (1) uncertainty in the conceptual
mode) carrying forward to the mathematical model; (2) difficulties that can be
encountered in measuring the representative parameters required by the
mathematical model; (3) the limited capability of mathematics to represent
complex processes and their couplings; and (4) extrapolation into space and
time of small-scale accelerated experimental results. If the mathematical
model is implemented in a computer code, additional uncertainty may be
introduced by: (1) coding errors; (2) computational limitations; (3)
simplifying assumptions applied to the mathematical mudel to enhance
computational efficiency; and (4) user error in the form of improper
application of the computer codes and/or errors in the interpretation of the
computational results.

The SCP is expected to address uncertainty assocfated with the formulation of
conceptual models and the development and implementation of mathematical
models. Site characterization activities are expected to be based largely on
hypotheses regarding the behavior of the system (conceptual models) and the
representation of the system mathematically (mathematical models). The
identification of model uncertainties associated with both the data collectiaon
and data reduction activities of site characterization and the consequences
analyses associated with performance assessment should be considered in the
SCP.

The staff should review the 5CP to determine whether or not modeling
uncertainties have been addressed adequately. The review should emphasize the
manner in which uncertainties in the formulation of conceptual models and the
formulation and implementation of mathematical models are recognized and what
their potential impact con site characterization and ultimately on performance
assassment could be. Specifically, and as is brought out in more detall in the
criteria below, the data and reascning used to arrive at the conceptual and
mathematical mcdels should be examined to ensure that the stated conceptual
conceptual model and mathematical medels adequately address the full scope of
physical processes in a consistent manner,
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4.2.4.5.2 Criteria

Model uncertainty includes uncertainty in conceptual models and mathematical
models. The SCP should address each of these areas and the plans should be
reviewed with respect to the following criteria.

A.

The SCP should identify or include provisions for identifying the areas of
uncertainty in the development of conceptual models, accordingly:

1. The simplifying assumptions should be addressed and shown to be
consistent with the observed behavior of the real system.

2. A1l of the available data should support the given conceptual
model(s). If contradictory data or alternative interpretations
exist, justification for neglecting these data or interpretations
should be clearly stated or multiple conceptual models should be
considered.

3. The extrapolation and interpolation of data to address spatial
distribution and gain insight on conditions not covered in
experiments should be based on the use of well-established techniques
(e.g., such as kriging for interpolation).

In each instance, the SCP should describe the potential effect of multiple
conceptual models on estimated consequences and include a procedure for
resolution of differences.

The SCP shoulu identify or include provisions for identifying potential
sources of uncertainty in the mathematical models.

1. Assumptions embedded in the formulation and implementation of the
mathematical model(s) should be consistent with the hypotheses
embedded in the related conceptual model(s).

2. Any simplifying assumptions should be a correct mathematical
representaticn of the related physical process(es).

3. The treatment of couplings between processes should represent the
appropriate response of couplings in the real system.

4, The treatment of the interdependence of parameters and temnerature
dependence of physical properties should be consistent with the
responses observed in the real system,

At the performance {ssue level of detail, the SCP should describe the
methodology used for addressing uncertainty in model results including
quantifying and propagating uncertainties.

Investigations designed to validate key conceptual models should be given
high priority.
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4.2.4.5.3 Applicable Sections of 10 CFR 60

60.101
60.111
60.112
60.113
60.131
60.132
60.133
60.134
60.135

4.2.4.5.4 Key Documents to Consider

U.S. Department of Energy, "Annotated Outline for Site Characterization Plans,"
OGR/B-5, April 1987

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and
Content of Site Characterization Plans for High-Level Repositories,”
Revision 1, March 1987.

Summary of NRC/DOE Meeting on Level of Detail for Site Characterization Plans,
May 8-9, 1986.
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4.2.4.6 Review Plan for Analysis of Data Uncertainty
4.2.4.6.1 Background and Approach

Data uncertainty 1s the lack of assurance that the available data for a given
site truly represents the conditions of the site. To a lesser degree,
incertainty will also exist in the data for the engineered components of the
repository system. Data uncertainty arises from two sources. First there will
be imprecision or error in the instruments and techniques used to obtain
primary data (e.q., hydraulic head). Secondly, there may be errors in
interpretation and analysis of the primary data, in arriving at coefficients
and parameters used in describing the physical system (e.qg., hydraulic
conductivity). Data uncertainty is not to be confused with uncertainties
arising from the use or interpretation of the data, such as spatial
interpolation of the data (i.e., contouring or kriging the data) or assigning
probability distributions to the data; these are conceptual model
uncertainties. This section does not treat data uncertainty arising from
naturally occurring variability which addressed under conceptual models
(Sections 4.2.4.4. and 4.2.4.5.) The SCP is expected to include a description
of the sources of data uncertainty along with consideration of the need to
guantify and reduce this uncertainty in the site characterization
investigations.

The quantification and reduction of uncertainty is important in the assessment
of whether the plans proposed in the SCP will result in sufficient information
to allow decisions to be made reqgarding compliance with the requirements of

10 CFR 60 at the time of licensing. These requirements pertain to the
estimation (using medels) of cumulative radionuclide releases, ground-water
travel time, and radionuclide release rates from the engineered barrier system.
Uncertainty in the collection and use of data in model development or as input
to models and computer codes, is an important component of overall uncertainty.

The staff will review the SCP to determine whether or not the major sources of
uncertainty in data have been identified and considered in the development of
conceptual models as well as in its plans for investigations to determine
parameters. Particularly, the review would emphasize the determination of the
adequacy of approaches proposed to quantify uncertainty and reduce uncertainty
in data.

4.2.4.6,2 Criteria
A. The sources of uncertainty in data used to develop conceptual models
should be identified and addressed. The most important sources of data
uncertainty that should be addressed in the plan are the follewing:

1. Measurement errors caused by incorrect use of a given measuring
technique statistical bias of the measurement

2. An incomplete understanding of the spatial variability of data
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3. Misinterpretation of data caused by incorrectly assuming a priori the
conditions of the system, and/or by using indirect observations to
infer values of parameters.

5. Analysis and interpretat’on of data to obtain coefficient and
parameters such as hydraulic conductivity.

B. The SCP should describe the proposed use of techniques for analyzing and
interpreting the data in investigations to determine parameters.
Justification should be provided for the use as well as sufficient
evidence that other more direct means of measuring given coefficient and

parameters are not available.

C. The SCP should recognize the need for and propose developing approaches to
reduce uncertainty in data.

4.2.4.6.3 Applicable sections of 10 CFR 60

60.101
60.111
60.112
60.113
60.122
60.130
60.131
60.132
60.133
60.134
60.135

4.2.4.6.4 Key Documents to Consider

U.S. Department of Energy, "Annotated OQutline for Site Characterization Plans,"
OGR/B-5, April 1987

U.S. Nuclear Regulatory Commission, Requlatory Guide 4.17, "Standard Format and
Content of Site Characterization Plans for High-Level Repositories,"
Revision 1, March 1987,

Summary of NRC/DOE Meeting on Level of Detail for Site Character1zatfon Plans,
May 8-9, 1986.
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4.2.4.7 Review Guide for Sensitivity Analysis
4.2.4.7.1 Background and Approach

Sensitivity analysis is a methodology for jfdentifying and assessing the
importance of the variables that affect the site performance parameters. Many
variables can introduce uncertainty into the values of the performance and
design parameter(s). However, all of these variables will not have the same
impact. Sensitivity analysis can be used to identify the important variables
that contribute to uncertainties. Sensitivity analysis should not be confused
with uncertainty analysis., Uncertainty analysis involves the estimation of the
probabilistic properties of the variables in the performance analyses.
Sensitivity analysis involves determining the variables that influence
performance parameters and their distribution.

In the SCP, it is not anticipated that sensitivity analyses will be a
frequently used tool. However, at the investigation level, the SCP should
present plans to identify and quantify important uncertainties that affect the
performance parameters of a given site. This is necessary because reasonable
assurance must be provided at the time of licensing that the engineered barrier
system and the geologic setting conform with performance objectives and
criteria.

This effort should be supported, where practicable, by appropriate sensitivity
analyses. If a sensitivity analysis indicates that a certain performance
parameter is important for resolving a performance fssue and values for the
parameter are not well known, the study(s) to determine the parameter will be
essential. As addressed in more detail in the criteria stated below, the staff
will review the SCP to determine the purpose, applicability, and completeness
of the sensitivity analyses used or proposed, and the role it plays in the
issue resolution strategy.

4.2.4.7.2 Criteria
In the SCP, sensitivity analyses should satisfy the following criteria:
A. The objective of the sensitivity analysis should be clearly stated. The

sensitivity analysis should be used to identify important parameters so as
to:

1. Identify important sources of uncertainty in terms of parameters that
most influence the results and the uncertainties associated with
their values. (see Section 4.2.4.6)

2. Identify influential parameters that must be considered for
measurement and quantification during site characterization
activities.

3. Identify important parameters for model development.

B. The approach used for the sensitivity anaiysis in the SCP or proposed
approaches to be used should be described. The description sheuld include
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the following, all of which should be applicable to the objective of the
analysis.

1. Techniques used and the procedure to apply the techniques

2. The rationale for selecting the technique(s)

3. Inherent assumptions and limitations of the selected technique(s)
4, Method of presenting results of the sensitivity analysis

C. For sensitivity analyses to identify important parameters the following
criteria should be met:

1. The criteria for deciding on the importance of parameters (i.e.,
ranking of parameters) should be such that no parameters are
unnecessarily excluded.

2. The nature of the model used (i.e., complex vs. simple models;
bounding models) should be appropriate for the purpose.

3. Validated models should be used to the extent practicable. If
model{s) that have not yet been validated are used, the technical
basis for using these models should be stated.

4, The ranges of values of parameters considered in the sensitivity
analysis should be representative of expected repository conditions.

D. Sensitivity analysis used for or proposed for identifying important
processes and the effect of modeling assumptions about these processes on
performance assessment should be described.

1. Models used should be validated and for models not yet validated, the
effect of using such models should be addressed.

2. The ranges of value of parameters governing these processes should be
representative of expected repository conditions.

4.2.4.7.3 Applicable Sections of 10 CFR 60

60.101
60.111
60.112
60.113
60.122
60.130
60.131
60.132
60.133
60.134
60.135
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4,2.4.7.4 Key Documents to Consider

u.s. Departmen£ of Energy, "Annotated Outline for Site Characterization Plans,"
OGR/B-5, April 1987

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and
Content of Site Characterization Plans for High-Level Repositories,"
Revision 1, March 1987.

Summary of NRC/DOE Meeting on Level of Detail for Site Characterization Plans,
May 8-9, 1986.

R.L. Iman and W. J. Conover, "Sensitivity Analysis Techniques: Self-Teaching
Curriculum,” U.S. NRC Report, NUREG/CR-2350, 1983

R.M. Cranwell, J.E. Campbell, J.C. Helton, R.L. Iman, et al, "Risk Methodology

for Geologic Disposal of Radioactive Waste: Final Report," U.S. NRC Report,
NUREG/CR-2452, Auqust, 1987.

R.L. Iman and J.C. Helton, "A Comparison of Uncertainty and Sensivity Analysis
Techniques for Computer Models," U.S. NRC Report, NUREG/CR 3904, May 1985,
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4.2.4.8 Review Guide for Formal Use of Expert Judgment
4.2.4.8.1 Background and Approach

The formal use of expert judgement is a systematic, documented technique for
eliciting and reporting the opinions of panels of experts who have been
selected and who have worked according to methods that are generally accepted
in the scientific literature on subjective judgement. The formal use of expert
judgement is highly structured and is intended to be a way of drawing
inferences from sparse data and assessing the uncertainty of those inferences.
It is not the same as the routine use of expert judgement that is part of any
scientific or engineering investigation or design process. The formal use of
expert judgement should also be distinguished from the formal use of peer
review, another process in which expert panels are used (See Section 4.3.28).
The formal use of expert judgement {s directed toward drawing inferences where
hard data and facts are few, whereas peer review is an independent critique of
the way data and information are analyzed or of conclusions drawn from those
analyses. Thus, a peer review of an application of formal use of expert
judgement is possible and even likely {in some instances. As with peer review,
the formal solficftation and use of expert judgement should be a documented
process.

The SCP is expected to include the formal use of expert judgement in the
development of investigations. For example, formal use of expert judgement
might have been applied to formulate hypotheses that are the basis for site
characterization investigations such as screening scenarios. Also, formal use
of expert judgement might be applied to estimate quantitative values of certain
parcmeters or to draw qualitative conclusions when other approaches are
unavailable,

Finally, formal use of expert judgement might play a major role in the
interpretation of data (including the determination of distributions of
parameters): assignment of probabilities of occurrence to scenarios; and the
formylation and validation of conceptual and mathematical models.

During the licensing process, results of the forma) use of expert judgement
will not be accepted without question. Instead, the facts and reasoning used
by experts to reach their conclusions will be examined {ndependently. In
reviewing the SCP, the staff will determine whether the formal use of expert
Jjudgement is proposed or was applied only when more objective approaches were
found to be unavailable. Where such approaches are shown to be unavailable,
the staff should determine whether formal use of expert judgement was applied
or {s proposed to be applied in a manner that will yield an adequate basis for
HRC staff review of the license application,.

4.2.4.8.2 Criteria

The formal use of expert judgement either in the SCP or proposed for use in the
site characterization program should meet the following criteria.
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In general, the formal use of expert judgement should be relied upon only
when other sources of information such as experimental data, quantitative
analyses, and historical data are not reasonably obtainable.

Problems addressed through the formal use of expert judgement should be
identified.

1. Problems to be addressed by experts should be explicitly identified.
The importance of these issues should be stated.

2. The reasons that particular problems were identified for formal use
of expert judgement should be stated. The reasons that alternate
approaches were not adopted should be presented to provide assurance
that the formal use of expert judgement was not adopted when other
approaches, such as data collection, were available,

The methodology used in the decomposition of problems should be described
and should include:

1. A description of the scope of the problem addressed by experts

2. A technique to assure that the problem {s well-formulated and
tractable. Also, assurance should be provided that all important
aspects of the prcblem have been included.

3. A description of the approach to decomposing the problem into
subproblems. Also, the procedures to integrate the answers from each
subproblem tc provide an answer for the overall problem 'should be
documented.

The criteria for selecting experts that have a substantive knowledge of
the prublem should be described.

For evidence presented to experts, as a basis for developing opinions or
recommendations, the nature of the data (quantitative vs. qualitative) and
the source of the data (laboratory vs. field; actual site vs. generic
site) should be identified.

The methodology for eliciting and applying expert judgment should be
discussed. The approach should be logical and systematic.

1. The approach to provide normative training (training in techniques
for treating uncertainties and estimating probabflities) to experts
should be addressed to assure that they can incorporate uncertainties
in their estimates.

™~y

The reasoning used by the experts to arrive at their estimates should
be documented.

Whenever possible, the SCP should provide for the calibration of the
estimates made by experts. Calibration techniques should {nclude:
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1. A feedback mechanism for the calibration of estimates by experts
against data collected during site characterization.

2. The use of new data to refine estimates (test assumptions and reduce
uncertainties) or to result in new estimates (provide for alternative
interpretations).

H.  Any problems to be addressed by the formal use of expert judgement as part
of a site characterization investigation should be identified and
described.

4.2.4.8.3 Applicable Sections of 10 CFR Part 60

60.101
60.111
60.112
60.113
60.122
60.130
60.131
60.132
60.133
60.134
60.135

4,2.4.8.4 Key Documents to Consider

U.S. Department of Energy, “Annotated Outline for Site Characterization Plans,"
OGR/B-5, April 1987

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and
Content of Site Characterization Plans for High-Level Repositories,"
Revision 1, March 1987.

U.S. Huclear Regulation Commission/U.S. Department of Energy, Summary of
NRC/DOE Meeting on Level of Detail for Site Characterization Plans, May 8-9,
1986.

A. Mosleh, V.M. Bfer, and G. Apostolakis, "Methods for the Elicitation and Use
of Expert Opinfon in Risk Assessment, Phase I," USNRC Report, NUREG/CR-4962,
August 1987.

M.A. Meyer, and J.M, Booker, "Scurces of Correlation Between
Experts: Empirical Results of Two Extremes," USNRC Report, NUREG/CR-4814,
April 1987.

U.S. Department of Energy, Summary of the Briefing on the DOE Issue Hierarchy
and Issue Resolution Strategy, October 8 & 9, 1937.
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4.2.4.9 Review Guide for Compliance Assessment with the EPA Containment
Requirement

4.2.4.9.1 Background and Approach

The NRC's overall system performance objective for the repository after
permanent closure (Section 60.112 of 10 CFR Part 60) is designed to implement
the containment requirement of the EPA Standard* (Sectfon 191.13 of 40 CFR Part
191). The requirement is that a repository protect the public from significant
radiation doses by limiting the radioactivity released to the accessible
environment for up to 10,000 years after repository closure. Compliance with
the containment requirement is to be shown based upon a performance assessment
that must include: (1) an identification of events and processes that might
affect the disposal system; (2) an estimate of the likelihood of occurrence of
these events and processes; (3) an examination of the effects of these events
and processes on the performance of the disposal system, and (4) an estimate of
the cumulative release of radionuclides, considering the associated
uncertainties, caused by all significant events and processes. It is expected
that the results of the performance assessment will be incorporated into an
overall probability distribution of cumulative release, to the extent
practicable. A commonly used type of distribution would indicate the
prebability of exceeding various levels of cumulative releases. The means of
displaying such a probability distribution is called a complementary cumulative
distribution function (CCDF), which is one (1) minus the integrated value of
the probability density function.

It is expected that the SCP will address the containment requirement by
discussing a probabilistic approach to compliance demonstration 'nd identifying
the information needs of this approach. This information is important in
evaluating the acceptability of the proposed probabilistic approach in showing
compliance with the containment requirement, and the sufficiency of the plan to
provide site-specific data for use in compliance demonstration at the time of
license application.

The staff will review the SCP to assess whether the plan will result in the
information necessary to evaluate compliance with the containment requirement.
The staff will review both the plans to use methodologies specified in the SCP
and the plans to develop such methodologies. In addition, regardless of
whether a CCDF or some alternate approach is identified in the SCP, the staff
review should ascertain that an acceptable method of consolidating the results
of performance assessment has been presented or proposed.

In June 1986, the Commission requested comment on proposed amendments to
conform existing 10 CFR Part 60 with 40 CFR Part 191. Based on comments
received, the Commission prepared final amendments; in July 1987, however, the
U.S. Court of Appeals for the First Circuit vacated the EPA Standard and
remanded it to the Agency for further consideration. Accordingly, the final
amendments have not been {ssued. Lacking a final standard, this review gquide
is based on the existing standard.
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4.2.4.9.2 Criteria

A. The SCP should present the approach for demonstrating compliance with the
containment requirement. The following four steps should be included in
the approach, -

1.

An identification of events and processes that might affect the
disposal system. Events and processes can be combined to construct
scenarios which may be analyzed if the scenario probability warrants
this (see Section 4.2.4.1).

An estimate of the likelihood of occurrence of these events and
processes (see Section 4.2.4.3).

An analysis of the effects of these events and processes on the
performance of the disposal system (see Section 4.2.4.4). Effects of
events and processes may be estimated by performing multiple
deterministic calculations with computer codes or by using analytical
solutions.

The consideration of uncertainties in the estimate of cumulative
releases (see Sections 4.2.4.1, 4.2.4.5 and 4.2.4.6), and the
relative significance of these uncertainties (see Section 4.2.4.7).

The following specffic criteria are needed in the approach to develop a CCDF
that is used to present the results of a performance assessment:

5.

The sc2narios used in generating the CCOF would be mutually
exclusive. (See Section 4.2.4.1)

The sum of the probabilities of the scenarios would be less than or
equal to unity.

The CCDF (or a family of CCDF's) would incorporate estimated
uncertainties in the scenario probabilities.

4.2.4.9.3 Applicable Sections of 10 CFR Part 60

60.112
60.113(a)(1)

4.2.4.9.4 Key Documents to Consider

Sandia National Laboratories, Fuel Cycle Risk Analysis Division, "Technical
Assistance for Regulatory Development: Review and Evaluation of the Draft EPA
Standard 40 CFR 191 for Disposal of High-Level Waste," Vols. 1-6, USNRC Report
NUREG/CR-3235, April 1983,

U.S. Nuclear Requlatory Commission, Regulatory Guide 4.17, "Standard Format and
Content Guide of Site Characterization Plans for High-Level Waste
Repositories," Revision 1, March 1987.

U.S. Department of Energy, "Annotated Qutline for Site Characterization Plans,”
OGR/B-5. April 1987. ,
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4.2.4.10 Review Guide for Preclosure Analysis
4.2.4.10.1 Background and Approach

It is anticipated that the SCP will present procedures to develop information,
models and data for both surface and subsurface facilities at the repository
site to show compliance with 10 CFR Part 60.111(a), which incorporates by
reference the radiological safety criteria of 10 CFR 20 and 40 CFR 191,

Subpart A. The SCP is also expected to identify methodology needs for the
license application to provide reasonable assurance that the Geologic
Repository Operations Area (GROA) complies with the criteria identified in
Parts 60.131 through 60.133. Thus, at a broad level of detail the SCP is
expected to describe a methodology for analyzing important scenarios*
(sequences for both normal operation and accident conditions during
pre-closure) and estimating their consequences. Alternatively, where there are
gaps in the methodology, the need to complete the methodology would be
described. These methodologies would be used in the SCP as a basis for
identifying parameters (needed information) that will be determined during site
characterization.

4.2.4.10.2 Criteria

The methodology for preclosure analysis to be used in preparing the SCP should
meet the following criteria:

A. A scenario for normal release and scenarios for accident and radionuctide
release should be generated and should satisfy the criteria identified in
Section 4.2.4.1 on scenario development and screening, and Section 4.2.4.3
on estimating scenario probabilities. Methodology used to generate these
scenarios should also meet the following criteria.

1. Initiating events of accidents should include (as a minimum) those
listed in 10 CFR Parts 60.131 through 60.133.

a. Natural phenomena and environmental conditions (such as
earthquakes, landslides, floods, and accidents caused by rain,
sleet, snow, tornadoes, wind)

b. Dynamic effects of equipment failure and similar events

c. Fires and explosions

d. Failure of utility services
e. Failures leading to criticality
f. Failures of instruments and controls

*in this quide, the word scenario, which {s frequently referred to as an
"accident sequence" in engineering reports, is used to provide consistency in
terminology between this guide and other gquides.
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g. Faflure of waste handling equipment (e.g. hoists, cranes, etc.)

h. Human (operator) error

i. Subsurface structure failure (loss of ground support, rockburst
etc.)

J. Failure (including aging) of structures and equipment

k. Engineering and operational changes during the lifetime of the
facility.

The selection of a comprehensive set of scenarfos for the subsurface
and surface facilities (emplacement, waste handling, etc) should:

a. Consider possible mechanisms and timing for releases from the
waste packages and the ventilation system. The SCP should
contain a description of how the initial inventory and the
source term will be determined. It should be stated whether
some fixed fraction of the total inventory is assumed to be
released or whether the accident is {ndependently modeled to
determine the released fraction

b. Provide the basis for the determination of the quantity of
release (taking into account deposition and containment
mechanisms inside the GROA)

The identification of systems, stri-tures, and components important
to safety should:

a. Satisfy the criteria identified in Section 4.3.30 on items and
activities subject to QA procedures

b. Show that the performance objectives in 10 CFR 60.111(a) can be
met for margins of safety selected for normal operations and for
conditions resulting from anticipated operational occurrences
(including those conditions of natural origin)

Models for consequence analyses described in the SCP should permit
assessment of compliance with the applicable exposure and concentration
limits specified in 10 CFR 20 and in 40 CFR 191, Subpart A, for normal
operations.

1.

The SCP should recognize the need to ident{fy and assess the impact
of other site-specific factors that could significantly affect the

performance of the GROA, such as features of the site, meteorology

(see Section 4.3.18), and population density.

For normal operations and anticipated operational ocrurrences, the
SCP should consider the transport of radionuclides from the GROA and
from all operations covered by 40 CFR 190 into the terrestrial,
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atmospheric and aquatic environments (resuspensfon and surface
deposition should be included for the atmospheric pathway).

C. Models for consequence analyses (1hc1ud1ng accident scenarios) should
satisfy the criteria given in Sectfon 4.2.4.4 on modeling, Section 4.2.4.5
on model uncertainty, and Section 4.2.4.7 on sensitivity analysis.

4,2.4.10.3 Applicable Sections of 10 CFR 60

2
60.21(c)(1)
60.21(c)(1)($1)(A)
60.21(c)(1)(i1)(E)
60.21(c)(1)(i1)(F)
60.21(c)(3)
60.21(c)(5)
60.101(a)(2)
60.111(a)
60.122(b)(6)

4.2.4.10.4 Key Documents to Consider

P.A. Harris, D.M. Ligon, and M.G. Stamatelatos, GA Technologies, Inc., "High-
Level Waste Preclosure Systems Safety Analysis, Phase I, Final Report", USNRC
Report NUREG/CR-4304, July 1935.

.M. Ligon, M.G. Stamatelatos, A.W. Barsell, and C.A. Bolig, GA Technologfes,
Inc., "High-Level Waste Preclosure Systems Safety Analysfs, Phase 2, Final
Report", USNRC Report NUREG/CR-4846, June 1987.

D.R. Gallup, D.W. Whitehead, and M.G. Vannoni, Sandfa National Laboratories, "A
Method for Using PRA to Establish Quality Assurance Program Applicability"
USHRC Report NUREG/CR-4678, August 1936.

U.S. Nuclear Requlatory Commission, "PRA Procedures Guide™, USNRC Report
NUREG/CR-2300, Vols. 1-2, 1983.

D. L. Strenge, Battelle-Pacific Northwest Laboratory, "Models Selected for
Calculation of Doses, Health Effects and Economic Costs due to Accidental
Radionuclide Releases from Nuclear Power Plants," USNRC Report NUREG/CR-1021,
May 1980.

U.S. Nuclear Requlatory Commission, "Radiological Assessment, A Textbook on
Envircnmental Dose Analysis,” USNRC Report NUREG/CR-3332, September 1933.

U.S. Nuclear Regulatory Commission, "Handbook of Reliability Analysis With
Emphasis on Nuclear Power Plant Applications, ™ USNRC Report NUREG/CR-1278,
August 1983.
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4,.2.4.11 Review Plan for Performance Confirmation
4.2.4.11.1 Background and Approach

Performance confirmation is a program, of tests, experiments and analyses which
is conducted to evaluate the accuracy and adequacy of the information used to
determine, with reasonable assurance, that 60.112 and 60.113 will be met. It
will include determining parameters, responses (e.g., rock mass, hydrologic),
and conditions (disturbed or undisturbed) in order to compare the measured data
with assumed or predicted behavior. Initially, performance confirmation is a
subpart of site-characterization. It is meant to provide, for parameters and
processes, baseline information that may be altered by further site
characterization and/or construction and/or operation activities. Subsequent
to construction authorization, the performance confirmation program is meant to
monitor changes from the baseline condition of parameters that could affect
repository performance. In so doing, it should provide confirmation of the
conceptual and mathematical models used in licensing a repository.

Section 60.137 requires a performance confirmation program that meets the
requirements set forth in Subpart F of Part 60, 60.140(b) explicitly states
that performance confirmatton should start during the site characterization
phase and continue untfl permanent closure. The SCP should present a
discussion on the performance confirmation program, and how the program fntends
to meet the requirements of Subpart F. A comparison of the performance
confirmation data with the original design bases and assumptions will be useful
in assessing whether the performance of the natural and engineered feature; are
within design limits, Performance confirmation data will help detect any
substantfal deviations from expected (or assumed) performance. It {s expected
that the license amendment for permanent closure or a decfsfon to retrieve will
depend on the results of the performance confirmation program,

The staff will review the SCP to determine if the plan constders those aspects
aof the performance confirmation program that need to be implemented during site
characterization and §f the plan provides, as appropriate, for performance
confirmation during censtruction and operation of the reposfitory. Oiscussions
in the SCP for the performance confirmation proqram during site
characterization should be considerably more detatled than those for the
program during construction and cperation. Because of the long-term and
first-of-a-kind nature of the performance confirmation program, the staff may
find that the criteria below are insufficient to review the SCP and may need to
supplement them during the course of the SCP review.

4,2 V11.2 Criteria

Discussicns in the SCP rertaining to performance confirmation should satisfy
the following criteria:

A. The SCP should recognize a need to identify performance confirmation
parameters. Performance confirmaticn parameters should include parameters
neaded for confirming ard validiting the conceptual ard mathematica)
models proposed for use in *he performance assessment program to show
compliance with ¢G.1312 and 0,113,
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parameters for which performance confirmation will be {nitiated during
site characterization should be iden:ified as such.

1. Tha carameters of which the repository design 15 based should be
baselined during site characterization.

2. Parameters for long-term performance confirmation should be
jdentified before exploratory shaft sinking and drifting.

3. Data to establish subsurface base\ioe conditions <hould be collected
before repository construction.

performance confirmation activities should not adversely affect the
ability of the natural and engineered elements of the repository
system toO meet the performance objectives.

The SCP should address the relationship between the site characterization
and construction and operation phases of the performance confirmation
program.

4.2.4.11.3 Applicable sections of 10 CFR Part 60

60.2

60.137
60.140
60.141
60.142
60.143

4.2.4.11.4 Key Documents to Consider

u.s.

Muclear Regulatory Commission, Generic Technical position, “{n Situ

Testing Ouring Site Characterization for High-LeveI Muclear Waste
Repositories.“ '

u.s.

Department of Energy, wAnnotated OQutline for Site Characterization Plans,”

OGR/B-5, April 1987.

u.s.

Muclear Regulatory Commission, Regulatory Guide 4.17, ngrandard Format and

Content Guide of Site Characterization pilans for High-Leve1 Waste
Repositories,“ Rev. 1, March 1987.
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4.2.5 Review Guide for Exploratory ShaftiFacility
4.2.5.1 Background and Approach -

In the SCP, it is anticipated that the exploratory shaft facility details will
include a description of the plans and procedures for the construction of
exploratory shafts, underground test areas and exploratory drifts. It is
expected that the details will also include facility location rationale,
construction testing, and inspection plans; plans for gathering specific
information related to site characterization; and shaft and seal design
considerations. It is also expected that the SCP will provide an analysis of
the effects of exploratory shaft facility construction and in situ testing on
long-term performance of the geologic repository.

The NRC has raised concerns and questions with the DOE on information needs and
performance related issues for the Exploratory Shafts in letters to the DOE,
dated April 1983. The staff should review the SCP information on exploratory
shaft facility design, construction, exploration testing, and performance with
the following two broad concerns in mind: 1. The s{ite characterization
activities will not compromise subsequent long-term isolation and containment
capabilities of the repository. 2. Plans for construction of the exploratory

shaft facility will not preclude the acquisition of adequate {nformation for
site characterization,

The detailed criteria below should be used to review appropriate portions of
SCP Chapter 8. Existing information presented in Chapters 1-7 relevant to the

criteria given below and any staff concerns regarding this materfal should also
be considered in the review of Chapter 8.

This review guide focuses on the design and construction testing aspects. The
testing in the area of geology, hydrology etc., is considered in detailed
review criteria for these disciplines. Considerations to be applied to any of
the three sites are provided in Criterion A. Considerations relative to key
site-specific topics that should receive special attention in the review for
the applicable site are provided in Criterion B.

4.2.5.2 Criteria

A. The conceptual design description and program of activities related to
exploratory shaft facility should provide an adequate consideration of the
following items with consideration of the performance allocation for the
topic:

1. Rationale for the Exploratory Shaft Location, including:

a. flooding potential through surface and other sources of water
b. ability to obtain representative site characterization

information
c. adeguate separation distance from other shafi(s)
d. adequate separation from the long~term influance cf the waste

package heat source
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2. Construction Plans and Procedures

a. technifques employed to inflict minimal damage (fracturing) to
rock units

b. excavation experience in similar rock types under similar
conditions

c. stability of openings, support requirements

3. Construction Testing

a. mechanical characteristics of the zone surrounding the opening
b. effect of damaged zone on seal installation

4. Characterization of Rock Above and Below Repository Level

a. important geologic, hydrologic and geochemical aspects of
characteristics around shaft openings

b. water inflow through discrete faults and fractures

c. effects of shaft construction method on ability to collect
fnformation

5. Seal Design Considerations
see Review Guide on "Borehole and Shaft Seals.®
6. Performance Analysis

a. preliminary performance assessment that accounts for appripriate
degree of reliability of seal design and placement

b. see also Review Guide for "Compliance Assessment with the EPA
Containment Requirement"

7. Test Area Layout
a. see Review Guide for "Geomechanics Testing"

8. Exploratory DOrifts and Coreholes

a. direction, length, and size of drifts, based on need for site
characterization

b. fnvestigation of specific target features of interest (such as
adverse anomalies)

c. design of exploratory drilling (core drilifing) from the
expioratory drifss

d. see Review Guide for Geomechanics Testing

The ESF design description, {dentification of parameters, and program of
activities should provide an adequate consideration of the following vey
site-specific topics:
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1. Yucca Mountain Site

a. proposed exploratory shaft location at the edge of wash area
(flooding concern)

b. interference from construction of nearby second shaft

c. representativeness of data from ESF and need for exploration of
south side of repository block

d. fnvestigations of the effects of natural and man-made vibrations
on underground openings and seals (effects of seismotectonic
events, underground nuclear explosions, etc.)

e. investigations of the effects of rock movements on underground
openings, seals and waste packages ‘

2. Hanford Site
a, shaft construction

high water inflows during construction

ability of available equipment to drill 12-ft inside
diameter second exploratory shaft

effects of high horfzontal stress field on shaft drilling
and lining

8, undergraund rock burst, and gases

W N

3. Deaf Smith Site

a. shaft freezing method and fts effect on the properties of the
frozen . ofl/rock

b. effect of salt bed creep on the integrity of the ESF liner and
post-closure seals

¢. physical interface of the ESF and the repository

d. also see Review Guide for Borehole and Shaft Seals

4.2.5.3 Applicable Sections of 10 CFR 60

10 CFR 60.2
10 CFR €0.15
10 CFR 60.16
10 CFR 60.17
10 CFR 60.18
10 CFR 60.112
i0 CFR 60.113
10 CFR 60.134
30 CFR 60.137
10 CFR 60.140
10 CFR 60.142

4.2.5.4 Key Documents to Consider
U.S. Goverament Printing Office. Ccde of Federal Requlations, 10 CFR 60,

"Radioactive Wastes in Geoiogic Rapositories.” Washirgton, 0C: U.S.
Government Printing Cffice, January 1987,
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U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard
Format and Content of Site Characterization Plans for High-Level Waste
Geologic Repositories.”

U.S. Department of Energy. "Annotated Outline for Site Characterization
Plans," DOE Report DOE/RW-0142 (OGR/B-5), April 1987.

U.S. Nuclear Regulatory Commission. Draft Issue-oriented Site Technical
Position, "NNWSI Repository Design/Rock Mechanics."

U.S Nuclear Regulatory Commission. Oraft Issue-oriented Site Technical
Position, "BWIP Repository Design/Rock Mechanics."

U.S. Nuclear Regulatory Commission. Draft Issue-oriented Site Technical
Position, "SALT Repository Design/Rock Mechanics."

U.S. Nuclear Regulatory Commission, "Generic Technical Position on Design
Information Needs in Site Characterization Plans."

U.S. Nuclear Regulatory Commissicn, "Generic Technical Position on
Borehole and Shaft Seals."

U.S. Nuclear Regulatory Commission, "Generic Technical Position on In-Situ
Testing during Site Characterization.”

U.S. Nuclear Regulatory Commission, "Draft Generic Technical Position on
Interpretation and Identification of the Disturbed Zone."

U.S. Nuclear Regulatory Commission, "Draft Generic Technical Position on
Items and Activities in the HLW Geologic Repository Program Subject to i0
CFR Part 60 Quality Assurance Requirements."

U.S. Nuclear Regulatory Commission, "Generic Technical Position on
Qualification of Existing Data."

U.S. Nuclear Regulatory Commission, "Generic Technical Position on Peer
Review."

U.S. Nuclear Regulatory Commission/U.S. Department of Energy, "Summary of
the NRC/DOE Meeting on the Level of Detail for Site Characterization Plans
and Study Plan," May 7-8, 1986.

U.S. Nuclear Regulatory Commission/NNWSI, "Summary of the NRC-NNWSI
Project Exploratory Shaft Design/Construction Meeting," August 27-28,
1985.

U.S. Nuclear Regulatory Commission/NNWSI, "Summary of <he NRC-NNWSI
Project Meeting on Proposed Changes to the NNWSI Project Exploratory Shaft
Facility," April 14-15, 1987,



56

Letters from NRC to DOE, Subject: Information Considered Necessary

Regarding Exploratory Shaft Construction and Sealing (all sites), dated
April 14, 1983,

U.S. Nuclear Regulatory Commission/SRPO, Summary of NRC/SRPO Technical
Meeting on Design of Exploratory Shaft Facility, May 5-7, 1987, Houston, TX.

U.S. Nuclear Regulatory Commission/BWIP, "Summary of the NRC/BWIP Workshop
on Reposiiory Design-Exploratory Shaft," October 5-6, 1982.

U.S. Nuclear Regulatory Commission/BWIP, "Meeting Minutes for NRC/BWIP
Exploratory Shaft Meeting, Richland, WA, December 3-5, 1985.
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4.2.6 Review Guide for Milestones and Schedule

4.2.6.1 Background and Approach

Details of milestones and sequencing of tests and analyses that are presented
for each investigation/activity in SCP Section 8.3 are reviewed in accordance
with applicable criteria in Section 4.2.3 of this document. However, Section
2.5 of the SCP presents a compilation of the milestones and decision points

established for the overall characterization program. The schedule presented
in this section is reviewed on a broad programmatic level, in accordance with

the following criteria.
4.2.6.2 Criteria

A. The overall schedule of characterization program activities should be such
that it represents proper sequencing, considering the interrelationships
and interferences among the activities.

B. The overall program duration should be realistic and should be based on a
goal of adequately obtaining the information needs, so that they can be
used at the time of license application.

C. The schedule should appropriately identify the key stages in the

characterization program, when options would be assessed and decisions
would be made as to how to proceed (hold points, readiness reviews, NRC

consultation, etc.).
4.2.6.3 Applicable Sections of 10 CFR Part 60
N/A
4.2.6.4 Key Documents to Consider
U.S. Nuclear Regulatory Commissicn, Reguiatory Guide 4.17, "Standard
Format and Content of Site Characterization Plans for High-Level

Waste Geologic Repositories, Rev. 1, March 1987, Sections 8.6, B8.7.

U.S. Department of Energy, "Annotated Qutline for Site
Characterization Plans," QOGR/E-S, April 1987, Section 8.5.
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4.2.7 Review Guide for QA Program
4.2.7.1 Background and Approach

In accordance with the requirements of 10 CFR Part 60, Subpart G - "Quality
Assurance," DOE is required to implement a QA program, based on the criteria of
Appendix B to 10 CFR Part 50, for its conduct of site characterization
activities. For each of the criteria in Appendix B, the NRC staff positions
and information that needs to be addressed have been identified in Appendix A
of the NRC Review Plan, "QA Program for Site Characterization of High-Level
Nuclear Waste Repositories." DOE has submitted specific QA plans to NRC for
advance review. HNRC staff have reviewed these plans, and resolution of
significant outstanding issues should be completed before site characterization
activities begin.

In light of this advance review, much of the review of the QA discussion in the
SCP (Saction 8.6), as required by the following criteria, will be to ensure
consistency with the advance cetailed QA plans. More specific criteria
pertinent to review of the items and activities subject to QA requirements,
qualification of existing data, peer review, and software QA procedures, are
provided in Sections 4.3.27 through 4.3.30 of this document. Since discussion
of specific QA measures to be applied to tests and analyses will be included at
the study plan level, these specific aspects of the QA program will not be an
item of the SCP review. They will be addressed as part of the NRC staff's
review of study plans, when they are fssued.

4.2.7.2 Criteria

A. The following informaticn areas should be addressed in the SCP; should
generally meet applicable criteria provided in Appendix A of the NRC's
"Review Plan: QA Programs for Site Characterization of High-Level Nuciear
Waste Repositories"; and should be reasconably consistent with the
site-specific QA plan NRC staff previously evaluated:

l. Listing of the HQ and site-specific QA plans of the participating
organizations,

General approach of how CA will be applied to site characterization,

N~

3. Summary of the reculatory regquirements, regulatory guicance, DOE
documents, and natioral starcards on which the QA plan and criteria
are based,

Organizaticral charts and a cescriction of the specific
responsibiiity of the HQ and project participants, and

£

Uy

Discussion of the acministrative QA proczdures to bte applied to sive
characterization.
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4.2.7.3 Applicable Sections of 10 CFR Part 60
60.150
60.151
60.152

4.2.7.4 Key Documents to Consider

10 CFR Part 50, Appendix B, "Quality Assurance Criteria for Nuclear
Power Plants and Fuel Reprocessing Plants."”

U.S. Nuclear Regulatory Commission, "Review Plan: Quality Assurance
Programs for Site Characterization of High-Level Nuclear Waste
Repositories," June 1984.

QA Plan review correspondence
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4.2.8 Review Guide for Consideration of EA Comments
4.2.8.1 Background and Approach

ihe NRC staff reviewed the final EAs and provided comments for consideration by
the DOE in their development of the SCPs. Furthermore, DOE responded to some
of NRC's draft EA comments by indicating that they would be addressed in the
SCP. Therefore, this review guide addresses the staff's follow-up of those EA
comments relevant o the SCP, to determine if they have been adequately
addressed in the SCP. PBiased on the review of the related SCP contents in
Chapter 8, performed in accorcdance with Sections 4.2.2 through 4.2.5 of this
review plan, conclusions should be made with regard to how the NRC's EA
comments are addressed in the SCP. It is anticipated that Section 8.2.1 of the
SCP, in part, will present an explanation of the relation of the Issues
Hierarchy to other previously identified NRC concerns, including EA comments.
This explanation is to include tables which correlate NRC EA concerns to the
contents of the SCP. Therefore, these correlations will be useful to the
appropriate staff involved in the particular EA comments for this review.

4...8.2 Criteria

Al The plarned characterization programs should be such that the appropriate
site-related concerns expressed in NRC final EA comments, and those draft
EA comments which DOE indicated would be addressed ir the SCP, are
adequately addressed in the SCP.

4.2.8.3 Applicable Sections ¢f 10 CFR Part 60

NA

o
ra
o
.b

Key Documents to Consider

U.S. Nuclear Regulatcry Commission, "NRC Comments on the DOE Draft
Environmental Assessments," March 20, 1985,

J.S. Huclear Regqulatory Commission, "NRC Comments on the DOE Final
tnvironmental Assessments," December 22, 1936.
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4.3 Detailed Review Guides




4.3.1 Review Guide for Geomorphic, Physiographic, and Tcpographic Infermation
and Investigations

4.3.1.1 Background and Approach

In the SCP, it is anticipated that the site program will include plans for
fnvestigations of the geomorphic, physiographic, and topographic features, as
needed, for {ssues resolution and a basic understanding of the site. An
understanding of geomorphic processes and events {s necessary both for the
siting of the preclosure facilities, and for projection of effects on the
ability of the site to meet the performance objectives during the post closure.
The physiographic and topographic features of the site and region can provide
important clues as to the geology of the geologic setting, not only in the area
of geomorpholoqy, but as a means of evaluating the basic structure,
stratigraphy and tectonic processes which are operating or may have operated in
the geoloqic setting. These processes, events, and condftions are {important
consicderations in developing site-specific scenarios, conceptual models,
numerical models and designs.

Tre detailed criteria below should be used in conjunction with the genwrai
review criteria for parameter identification in Section 4.2.2 and
investiqations and activities in Sections 4.2.3 and 4.2.4, to review
appropriate portions ot SCP Chapter 3. Existing ifnfarmation presented in
Chapters 1-7 relevant to the criteria given below and any staff concerns
regarding this material should also be considered in the review of Chapter §.

Consicerations to be applied to any of the three sites are provided in
Criterica A, whiie considerations relative to key site-specific topics that
snoule rezeive special atsention in the review for the applicable site, are
provided in Criterion B.

4.3.1.2. Criteria

A, the identiticaction of parameters and program of i{nvestigations related to
gecmorghology, physiography and topography should provide an adeguate
consideration of the fallowing items, with consigaration nf the
perfarmance allocation for the topic:

-~

Tke physioqraphic provinces within a 200-mile radius including:

a. arriai patont
b. ralaticrenip L0 vther provinces
C. Qretrtrngishing chargoteristics
d. maior geologta 3ctivity(s) responsitle *ar its formation
e. majar qealojic activity mydifying the gresent tand forms
2. The gromsrrhic units and featuras within and abutting the controllad arwa,

inciuding: :

3. aesrizl exianre
D. ralationship to cther gecmor-pnil yrits ard Fuataras
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distinguishing characteristics

major geologic activity(ies) responsible for the formation of
the unit or feature e. major geologic activity(ies) modifying
the present landforms

Qo

The geomorphic processes such as erosion, mass wasting dissolution etc,
which are acting or could be acting within the geologic setting, including
tnformation on the:

location of the processes

nature of the processes

rate of the processes

frequency of the processes

cycle of the processes

contrelling mechanism for the processes

-~ D OO T W

The paleogeomorphic processes such as glaciation or dissolution which have
occurred, could have occurred, or could reoccur within the geologic
setting, including such infocrmation as the:

Tocation of the processes

nature of the processes

rate of the processes

frequency of the processes

cycle of the processes

controlling maechanism for the processes

o AN oo

The paleo conditions which can beddecduced from the geomorphic studies,
such as climatalogical variations and palec surface and groundwater
conditions.

The locaticn, nature and extent of known or suspected geomorphic features
such as erosion channels or breccia pipes within the geologic setting.

Reasonable assurance that areas studied are representative of
physiographic, topographic, and qgecmorphic conditions throughout the site,

The identification of parameters and program of investiqations should
provide an adequate consiceration of the following items
(information/parameter needs and possible methodologies) for key
site-specific topics (with consideration of performance allocation for the
topic):

Yugca Mountain site:
a, erosion

(1) poterntial raxinum rate of erccion in the vicinity of the
expicratory shaft factifvy

(2) potential maximum rate of crosion in the area of the was'e
hardling facilities
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(3) potentiai maximum rate of erosion of repository overburden
(4) potential maximum rate of erosfon in adjacent or overlying
wash areas

b. features resulting from geomorphi¢ processes

(1) locations and characteristics of paleo spring deposits
(2) locations and characteristics of landslide areas

c. paleoclimate

(1) pleistocene climatic variations
(2) effect of variations on

- effective precipitation,

- water table,

- springs

= carbonate deposition

Hanford site:
a. glacial activity

(1) extent of glaciation during Pleistocene
(2) Columbia River erosional channels

Deaf Smith site:
a. dissolution

(1) extent, lccation and rate of advance of dissolution
front(s)

2) stream solute loads

3) role of structural contro)

1) Wink Sink

5) Tierra Blanco creek

e Y R Y

b. playas

(1) mechanisms of playa developmens
(a) eluviation,
(b) leaching of calcium carbonate,

(¢c) eolian deflation,

(d) piping nf Cetritus

(e) structural control

(f) relationship to dissolution
C. collapse featurns

(1) re1a:ion;r,~:p v0 depssttian
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4.3.1.3 Applicable sections of 10 CFR Part 60

l.ead Input
60.21(c)(1) 60.21(¢)(2)
60.122(a) 60.21(c)(3)
60.122(b)(1) 60.21(b)(8)
60.122(b)(5) 60.21(c)(5)
60.122(c)(3) 60.21(c)(6)
60.122(c)(6) 60.21(<)(20)
60.122(c)(10) 60.21(¢)(22)
60.122(c)(16) 60.111
60.112
60.113
60.130-135

4.3.1.4 ¥ey Documents to Consider

U.S. Department of Energy, "Annotated Qutline for Site Characterization Plans,"
USDOE Report OGR/B-5, April 1937.

U.S. Department of Energy and Geological Survey, U.S. Department of Interior,
"Earth Science Technical Plan for Disposal of Radiocactive Waste in a Mined
Repository," USDOE Draft Report DOE/TIC-1033, April 1980.

U.S. Department of Energy, "NWTS Program Criteria for Mined Gaologic Disposal
of Nuclear Waste: Site Performance Criteria," USDOE Report DOE/NWTS-33/2,
February 1i881.

U.S. Ozpariment of frergy, "Major Gecscience Issues Associated with Siting a
High Level Huclear Waste Repository,” prepared for O0E's Office of Civilian
Radioactive Waste Management by R. F. Weston Consultants, June 15, 1984,

U.S. Depariment of Energy, "Issues Hierarchy for a Mined Geologic Disposal
System (CGR/E-10)," USDOE Report DOS/RA-0101 Revision 1, Auqust 1987,

U.S. Department of Erergy and U.S. Muclear Regulatory Ccmmission, "Surmary of
the NRCL/CCE Meeting on the Level of Cetail for Site Characterization Plans and
Study Plans," May 7-8, 1926, S%pp. pius four attachments,

U.S. Nuclear Regulatory Commission, Memorandum from H. E, Lefavre, NRC, to
R. L. Ballard, "Report of 1987 Meeting of the 83rd Cordilleran Sﬂction
Geoloqgical Sociat y of America, at Hilo, Hawati," dated June 25, 1987.

U.S. Nuclear Rejulatcry Commission, “Draft Site Characterization Analysis cof

the Sfte Characterization Report for the BA[P," USNRC Repore MUREG-0960, Maren
1063,

V.5, Huclear Raguylatory Comrission, "Comments on 0CE Craft Eavironmental
Acsessmants for the kanford Size," March 20, 19385,

.S. Nallear Ra;u]a::f/ Commission, "Information YNeads for Characterizatian of
far-Lav 21 Waste Repositery Sites in Six Geologic Media," YSNRC Rezc-t
LEES, CR-2651, Vols Pand 2, May 1935,



U.S. Nuclear Requlatory Commission;'lkegu1§£6ry Guide 4.17, "Standard Format
and Content of Site Characterization Plans for High-Level Waste Repositories,”
Revision 1, March 1987. e

U.S. Nuclear Regulatory Commission, "DraftAIssue-Oriented Site Technical
Position (ISTP) for Basalt Waste Iso]ation_Project (BWIP)," September 1984,

U.S. Nuclear Requlatory Commission, "Draft Issue-Oriented Site Technical
Position (ISTP) for Nevada Waste Iso!atiqn Project (NNWSI)," September 1984.

U.S. Nuclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Position (ISTP) for Salt Repository Project (SRP), Permian Basin Sites,"
September 1984, Vi

U.S. Nuclear Regulatory Commission, "Repoéftory Design, Exploratory Shaft, and
In-Situ Testing," dated October 25-26, 1983.-

U.S. Nuclear Regulatory Commission, "NRCﬁGufdance on SCP Content," dated June
27-28, 1983. o

U.S. Nuclear Reqgulatory Commission, "NRC Staff Comments on the DOE Final
Environmental Assessments," Hanford Site comment numbers 1, 2, 3, and 4; Yucca
Mountain Site comment numbers 1, 2, 3, 4, and 5; Deaf Smith site comment number
1: dated December 22, 1986, ’ -

.S, Muclear Regulatory Commission, "Review of the DOE Site Screening in Salt,
Paradox Basin (meetings and site visits),” dated May 11-21, 1981.

U.S. Nuclear Requlatory Commission, "NRC Comments on DOE Oraft Environmental
Assessment for the Deaf Smith County Site," March 20, 1985.

U.S. Nuclear Regulatory Commission, "NRC Comments on DOE Draft Environmental
Assessment for Yucca Mountains site,”" March 20, 1985,

Conversation record between Steve Frishman, Dfrector of State of Texas Nuclear
Waste Program Office and Pobert L. Johnson,NRC, "Preliminary EA Comments for
the State of Texas," dated February 20,1985

Letter Report from 0. H. Chung, Lawrence Livermore National Laboratory, to M.
E. Blackford, NRC, Subject: "C. Purcell Report on Potential Erosion at the
Yucca Mountain Nuclear Waste Site", Purcell Letter Report, dated September 25,
1956.

Memorandum from T. L. Johnson, NRC, to R. J. Starmer, NRC, Subject: "Report of
Site Visit to NNWSI Project", dated July 22, 1987.

Letter from Steve Frishman, Director of Nuclear Waste Programs Office, Office
of the Governor, Austin, Texas, to Benard C. Rusche, DOE, Subject: "State of
Taxas Comments on Nuclear Waste Policy Act Draft Environmental Assessments for
Deaf Smith County Site, Texas (COE/RW-001¢) and Swisher County Site, Texas
(COE/RW-0015): Acddendum to Comments Submitted March 19, 1985", dated May 23,
1085, K
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Letter from Bruce Blanchard, Director of Environmental Project Review, U.S.
Department of the Interior, to U.S. Department of Energy, Subject: "Comments on
the Environmental Assessments for the Deaf Smith and Swisher County Sites,
Texas", dated April 8, 1985.

Sandia Mational Laboratories, "Review Comments =~ Deaf Smith EA," January 16,
1985,

U.S. Department of Energy, "Environmental Assessment Deaf Smith County Site,
Texas," DOE/RW-0069, Vols. 1-3, May 1986,

U.S. Department of Energy, "Environmental Assessment Yucca Mountain Site,
Hevada Research and Development Area, Nevada," DOE/RW-0073, Vols. 1-3, May

1936.

U.S. Department of Energy, "Environmental Assessment Reference Repository
Location, Hanford Site, Washington," DOE/RW-0070, Vols. 1-3, May 1986.

U.S. Nuclear Regulatory Commission, "Effects of Earthquakes on Underground
Facilities: Literature Review and Discussion," USNRC Report, June 1986.
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4.3.2 Review Guide for Stratigraphy and Lithology Information and
Investigations

4.3.2.1 Background and Approach

In the SCP, it is anticipated that the site program will include plans for
investigations of stratigraphy and lithology, ac nceded for issue resolution
and a basic understanding of the site. Stratigraphic and lithologic studies
are diverse and serve multiple purposes for the characterization of the region
and the candidate area. Specific knowledge of the stratigraphy and lithology,
as developed through Chapter 8 (Site Characterization Program) investigations,
is required (1) for the development of a framework on which other geologic and
hydrologic studies depend, such as structure, tectonics, and groundwater flow,;
(2) the identification of physical properties of the host rock that could
influence repository design; and (3) for the identification of the isolation
capabilities of the rock. These processes, events, and conditions associated
with the stratigraphic and lithologic studies are important considerations in
developing site-specific scenarios, conceptual models, numerical models and
designs.

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in section 4.2.2, and
investigations and activities in section 4.0.3 and 4.2.4, to review appropriate
portions of SCP Chapter 8. Existing information presented in Chapters 1-7
reievant to the criteria given bel.ws and any staff concerns regarding this
material should also be considered in the review of Chapter 8.

Considerations to be ap, lied to any of the three sites are provided in
Criterion A, while considerations relative to key site-snecific topics that
should receive special attenticn in the review for the applicable site, are
provided in Criterien B.

4.3.2.2 C(Criteria
AL The identificaticn of parameters and program of investigations related to

stratigraphy and lithology should proviae an adequate consideraticn ¢f the
follewing items, with consideration of performance allocation for the topic:

1. Description of the stratigraphic framework of the candidate area {minimum
of 50-mile radius from the candidate site) including:
a. surface and subsurface geoioqgy
b, relatienship between Quaternary and pro-Guaternary units
c. relatienship between surface rock units and subsurface rock unics
d. basis fcr stratigraphic boundaries
e. genetic models fer the origin and develnpment of the rock

sequences that will include:

(1) qersral genlogic history of the rack sequence thmauch tire
(2) +ha process»s that formed and altered the seauence
inciuding
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- sedimentation

- tectonics

- source area

- depositional and diagenetic environments
- yolcanism

- plutonism

- metamorphism

Description of the stratigraphy of the site, focusing, as a minimum, on
the following topics:

a.
b.

cC.

l1ithologic and mineralogical components

diagnostic physical and paleontological characteristics
useful for identification and correlation

physical characteristics such as

(1) bedding

(2) mineralogy

(3) intergranular filling
(4) secondary mineralization

geophysical characteristics or signatures such as

(1) density

(2) magnetic susceptihility
(3) remanent magnetism

(4) conductivity

(5) velocity profiles

vertical and lateral varia“ion of composition and characteristics
and comparison to surrounding rock units including

(1) contacts
(2) unconformities

thickness and spatial extent

. age dating of the lithostratiqraphic units, as weil as that

of secondary mineralization, when neces:ary
genesis or origin of the unit, including

(1) rocy foirmation processss
(2) modeis
(3) rcck alteration processeas

interrelationship with structure of site area
(see Review Guides 4.3.4, 4.3.6)

interrelationship with geochemistry

>
L)

(1) see Review Guida 4.3.11

interrelationship with hydralogy

-

(1) see Review Guida 4.2.15
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1. interrelationship with natural resources
(1) see Review Guide 4.3.5

Level of detail of exploratory shaft facility mapping should be sufficient
to assure examination of a statistically significant sampling of
stratigraphic features encountered.

The identification of parameters and program of investigations should
provide an adequate consideration of the following items
(information/parameter needs and possible methodologies) for key
site-specific topics (witr consideration of performance allocation for the
topic):

Yucca Mountain Site:
a, identification of stratigraphic features

(1) degree of welding

(2) lithophysae content

(3) bedding

(4) content of lithic fragments

(5) thinning and thickening of repository horizon
(6) porosity and permeability

b. amcunt of offset of stratigraphic units by faulting
Hanford Site: .
a. identification and correlaticn of stratigraphic units

(1) ability of methodology to identify and correlate
stratigraphic units
b. identificaticn of potentially important water-bearing intervals

(1) interbeds
(2) flow top breccia
(3) highly-fractured or jointed sections

c. palynology of interflow sadiments

(1) Rattlesnake Hills well
(2) Reference Repository locaticn tect wells

e. coal-like interbeds

(1) multiple occurrences in the Ratitlesnare Hills well
(2) potential for occurrence in Refzrence Repository location

area

1
2
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3. Deaf Smith Site:
a. relationship between dissolution and stratigraphy
(1) see Review Guide 4.3.1

b. identification of dissolution zones in Permian salt core and
on geophysical logs including

(1) thin or missing salt horizons
(2) dissolution residue

(3) dissolution breccia

(4) hydration of anhydrite to gypsum
(5) see Review Guide 4.3.6

¢. lateral and vertical varfations in the purity of the
lower San Andres unit 4 salt

d. hydrostratigraphy

(1) pre-San Andres Formation aquifers

(2) Yower San Andres unit 4 carbonate section
(3) Queen-Grayburg formation clastics

(4) Dewey Lake, Dockum, and Ogallala aquifers
(5) see Review Guide 4.3.16

4.3.2.3 Applicable Sections of 10 CFR Part 60

Lead input
60.21(c)(1) 60.21(c)(2)
60.122(b)(1) 60.21(c)(3)
60.122(H)(4) 60.111
60.112
60.113

60.122(b)(7)
60.122(b)(8)
60.122(c)(20)
60.122{c)(21)
60.122(c)(23)
50.122(c)(24)
60.120 '
60.131
60.132
60.133
53.134
60.135
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4.3.2.4. Key Documents to Consider

U.S. Bureau of Mines and U.S. Geological Survey, Principles of a
Resource/Reserve Classification for Minerals, U.S. Geological Survey Circular
831, 1980.

U.S. Bureau of Mines, "Natural Resource Assessment Methodologies for Proposed
High-Level Waste Repositories," USNRC draft report, 1987.

U.S. Department of Energy, "Annotated Outline for Site Characterization Plans,"
USDOE Report OGR/B-5, April 1987.

U.S. Department of Energy and Geological Survey, U.S. Department of Interior,
"Earth Science Technical Plan for Disposal of Radioactive Waste in a Mined
Pepository,”" USDOE Draft Report DOE/TIC-1033, April 1980.

U.S. Department of Energy, "NW7S Program Criteria for Mined Geologic Disposal
of Nuclear Waste: Site Performance Criteria," USDOE Report DOE/NWTS-33/2,
February 1981.

U.S. Department of Energy, "Major Geoscience Issues Associated with Siting a
High Level Nuclear Waste Repository," prepared for DOE's Office of Civilian
Radioactive Waste Management by R. F. Weston Consultants, June 15, 1984.

U.S. Department of Energy, "Issues Hierarchy for a Mined Geologic Disposal
System (0OGR/B-10)," USDOE Report DOE/RW-0101, Rev. 1, August 1987.

J.S. Depars mnnt cf Energy and U.S. Nuclear Regulatory Commission, Letter from
M. Bell, NRC, to C. Heath, DOE, "Trip Report, July 7-17, 1920," dated September
i7, 1980.

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, Memorandum
from H. J. Miller, NRC, to M. Bell, NRC, "Notes of NRC/DOE Meeting in Richland,
Washington on January 12-13, 1982," dated March 19, 1982.

.S. Department of Energy and U.S. Nuclear Regulatory Commission, "CCE/NRC
Worksheg, Geology and Geolcgic Stability, April 11-15, 1923," cated Jure 2,
1983.

J.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Summary
Meeting Notes, CGE/NRC Status Workshop on BWIP Geology, March 13-15, 16%4."
dated March 15, 1924 and multiple reports dated March 22, March 28, AC”1I 4,
May 11, June 5 and June 15, 1932,

J.S. Cepartment cf Energy and U.S. Nuclear Regulatory Commission, "Surmary
“oating Notes, DOE/NRC Meeting on the BWIP Hydroleqic Characterization,"
Cecember 13-13, 1984,

;.S. Osparement of £neray and U.S. Nuclear Kegulatzry Commission, "
NRC/C2E Meeting cn Seismic/Tactenic Investigations,” December 4, 19

c

partment of Enargy and U.
* DOE/NRL Weorestcp ¢f De

L e . - *~~r

S.

iear Ragulatory Commissicn, ““3et.rg
~

\! ,-
I‘ -
ember 3-4, 1985, Exploratory Shafi Qesign,"
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U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Summary
Meeting Notes, DOE/NRC Meeting on BWIP Seismic Testing in the Vicinity of the
Reference Repository Location, May 23, 1985, Silver Spring, Maryland," dated
May 23, 1985. )

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Summary of
the HRC/DOE Meeting on the Level of Detail for Site Characterization Plans and
Study Plans,” May 7-8, 1986, 9pp. plus four attachments.

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Summary
Notes for BWIP Hydrology Data Review,” December 2-4, 1086.

U.S. Muclear Regulatory Commission, "Summary of Technical Meeting on DOE/SRP
Exploratory Shaft Facility,” May 5-7, 1987.

U.S. Nuclear Regulatory Commission, Memorandum from R. Boyle, NRC, to
J. C. Malaro, "Trip Report for the Basalt Annual Technical Information
Meeting," dated February 5, 1980.

U.S. Muclear Regulatory Commission, Memorandum from S. Brocoum, L. L. Lehman,
and 0. L. Siefken, NRC, "Notes of Meeting Held with U.S. Geological Survey,
Tuesday, June 17, 1980," dated July 31, 1930.

U.S. Huclear Regulatory Commission, "Trip Report, SWIP Annual Review Meeting,
Cecember 2-3, 1930 and Meeting with Rockwell, Decemoer &, 1980," dated January
16, 1621,

U.S. Nuclear Regulatory Cemmission, "Visit tu th: Basalt Waste Isolation
Project (BWIP), Hanford, Washington, September 22-26, 19z1," November 1981.

U.S. NHuclear Regulatory Commission, Memorandum from R. J. Wright, HRC, to M.
Bell, NRC, "Notes of NRC/COZ Meeting in Richland, Washington, June 9 and 10,
1982," dated August 9, 1632.

1.S. Nuclear Regulatory Commission, Memorandum from J. M. Cutler, NRC, to
P. S. Justus, "Trip Report for Trip to Hanford Reservation, Washington, July
2G-August 2, 1924," dated August 14, 1934,

U.S. Huclear Regqulatory Commission, Memorandum from K. Westbrook, MNRC, to
M. R. Knapp, "Trip Report: NRC Geology Mapping-Field Review for the Basalt
Waste Isolation Prcject Region," dated November Z6, 1934.

U.S. Nuclear Regulatory Commission, Memorandum from X. Wastbrook, HRC, to
M. K. Knapp, "Trip Report for Hanford High Level Nuclear Waste Site - May
29-31, 1985," dated July 15, 1985.

U.S. Nuclear Requiatory Cemmission, Memorandum from H. E£. Lefevre and

K. McConneil, NRC, to P. S. Justus; Subject: "Report Describing Activities
Associated with the September B through 15, 1926, Visit to the Hanford (BWIP)
Site and Vicinity," cated April 3, 1937.
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U.S. Nuclear Regulatory Commission, Memorandum from H. E. Lefevre, NRC, to

J. J. Linehan: Subject: "Assessment of Representation of Ceological/Geophysical
Concerns at the NRC~DOE BWIP Geohydrology Testing Program Meeting of April 7-9,
1987," dated June 8, 1987.

U.S. Nuclear Regulatory Commission, Memorandum from J. Warner, NRC, to
P. Hildenbrand; Subject: "Report on Appendix 7 Visit to Hanford," dated June
12, 1987.

U.S. Nuclear Regulatory Commission, Memorandum from H. E. Lefevre, NRC, to
R. L. Ballard; Subject: "Report of 1987 Meeting of the 83rd Cordilleran
Section, Geological Society of America, at Hilo, Hawaii," dated June 25, 1987.

U.S. Nuclear Regulatory Commission, Memorandum from H. E. Lefevre,

K. McConnell, and J. Warner, NRC, to R. L. Ballard, NRC; Subject: "Report
Describing Activities Associated with the August 2 Through 6, 1987 Yakima Fold
Belt Field Trip in the Vicinity of the Hanford (BWIP) Site," dated September
11, 1987.

U.S. Nuclear Regulatory Commission, Memorandum from H. E. Lefevre and

K. McConnell, NRC, to R. L. Ballard, NRC; Subject: "Report Describing
Activities Associated with the September 30, 1987 Field Trip to the Bureau of
Reclamation's Exploratory Trenches Near 0'Sullivan Dam and at Smyrna Bench in
the Saddle Mountains," dated October 27, 1987.

U.S. Nuclear Regulatory Commission, Memorandum from H. E. Lefevre, NRC, to

R. L. Ballarc; Subject: "Report Describing Proceedings Associated with the
Co-Sponsored (Lmat 1la/Nez Perce) Structural Geology/Petroleum Potential
Werkshop Held at Richland, Washington on October 28-29, 1987," dated Novemter
19, 1987.

U.S. Nuclear Regulatory Commission, "Draft Site Characterization Analysis of
the Site Characterization Report for the BWIP," USNRC Report NUREG-0960, March
19€3.

U.S. Nuclear Requlatory Commission, "Information Needs for Characterization of
High-Level Waste Repository Sites in Six Geologic Media," USNRC Report
NUREG/CR-26€3, Vols. 1 and 2, May 1935,

U.S. Nuclear Regqulatory Commission, Regulatory Guide 4.17, "Standard Format
ard Content of Site Characterization Plans for High-Level Waste Repositories,"
Ravision 1, March 1987,

J.S. Nuclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Position (ISTP) for Basalt Waste Isolation Project (BWIP)," September 1924,

qulatery Commission, "Draft Issue-Orieated Site Technical

for Mevada Waste Isolation Project (NHWSI)," Septembar 1884,
U.S. Muclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Position (ISTE) for Salt Rapository Project (SRP) Permian £asin Sites,"
Septemtar 1924,
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U.S. Nuclear Requlatory Commission, "Repository Design, Exploratory Shaft, and
In-Situ Testing," dated October 25-26, 1983,

U.S. Nuclear Requlatory Commission, "NRC Guidance on SCP Content,” dated June
27-28, 1983.

U.S. Nuclear Regulatory Commission, "NRC Staff Comments on the DOE Final
Environmental Assessments," Hanford Site comment numbers 1, 2, 3, and 4; Yucca
Mountain Site comment numbers 1, 2, 3, 4, and 5; QOeaf Smith site comment number
1; dated December 22, 1926.

U.S. Nuclear Regulatory Commission, "Review of the DOE Site Screening in Salt,
Paradox Basin {meetings and site visits)," dated May 11-21, 1981.

U.S. Nuclear Regulatory Commission, "Survey of Geophysical Techniques for Site
Characterization in Basalt, Salt and Tuff,"” NUREG/CR-4957, July 1987.

U.S. Muclear Regulatory Commission, “NRC Comments on OCE Draft Envirconmental
Assessment for the Deaf Samith County Site,”" March 20, 1985.

U.S. Nuclear Regulatory Commission, "NRC Comments on COE Draft Environmental
Assessment for Yucca Mountains site," March 20, 1935.

Conversation record between Steve Frishman, Director of State of Texas Nuclear
Waste Program Office and Robert L. Johnson, NRC, "Preliminary EA Comments for
the State of Texas," dated February 20, 1935.

Letter Report frem D. H. Chung and G. E. Cummings, Lawrence Livermore National
Laboratory, to M. E. Blackford, NRC; Subject: "Monthly Management Letter Report
Ho. 38 (Volcanic Hazards Additions to the BWIP Site lssue-Oriented Site
Technical Position of September 1924)," dated June 6, 1937.

Letter Report from D. H. Chung, Lawrence Livermore National Laboratory, to
M. E. Blackford, NRL. Subject: "Transmittal of Letter Report on Volcanic Hzzard
at Hanford," dated April 29, 1986.

Letter Report frem D. H. Chung, Lawrence Livermore National Laboratory., to M.
E. Blackford, NRC; Subjezt: "C. Purcell Repcrt on Potential Erosion at the
Yucca Mountain MNuclear Waste Site,” Purcell Letter Repore, dated September 25,
1936.

Memorandum from T. L. Johnson, NRC, <o R. J. Starmer, NRC; Subject: "Report of
Site Visit to NNWSI Preject," dated Juiy 22, 1927.

Letter from Steve Frisnman, Rirectcr of Nuclear Waste Programs Office, Office
of trne Goverrnor, Austin, Teras, to Eenard C. Rusche, UCE; Subject: “State of
Texas Comments on huclaar Aaste 2¢licy Act Crafe Snvircnmenzal Assessments far
Deaf Smith Ccunty Site, Taxas (ICE/R«-3014) and Swisher County Site, Texas
(COE/RW-0015): Adgercum to lomments Submittea March 19, 1985," dated May 23.
1985,
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Letter from Bruce Blanchard, Director of Environmental Project Review, U.S.
Department of the Interior, to U.S. Department of Energy; Subject: "Comments on
the Environmental Assessments for the Deaf Smith and Swisher County Sites,
Texas," dated April 8, 1985.

Sandia National Laboratories, "Review Comments - Deaf Smith EA," January 16,
1985,

U.S. Department of Energy, "Environmental Assessment Deaf Smith County Site,
Texas," DOE/RW-0069, Vols. 1-3, May 1986.

U.S. Department of Energy, "Environmental Assessment Yucca Mountain Site,
Nevada Research and Development Area, Nevada," DOE/RW-0073, Vols. 1-3, May
1986.

U.S. Department of Energy, "Environmental Assessment Reference Repository
Location, Hanford Site, Washington," DOE/RW-0070, Vols. 1-3, May 1986.

U.S. Nuclear Regulatory Commission, "Effects of Earthquakes on Underground
Facilities: Literature Review and Discussion,” USHRC Report, June 1986.
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4.3.3 Review Guide for Seismological Information and Investigations.
4.3.3.1 Background and Approach

In the SCP it is anticipated that the site program will include plans for
seismological investigations. Seismological investigations are important
because they are needed for the resolution of issues that arise during the
consideration of the applicable sections of 10 CFR 60 listed in Section 4.3.3.3
and to obtain a basic understanding of the site. Subsections 2.5.1, 2.5.4.6,
2.5.4.7, 2.5.4.8, 2.5.5.1 (Rev. 1, July 1981), 2.5.2.1, 2.5.2.2, 2.5.2.3,
2.5.2.4, 2.5.2.5, and 2.5.2.6 (Proposed Revision, September 1984) of the Office
of Nuclear Reactor Regulation Standard Review Plan (NUREG-800) form the bases
for the criteria set forth below. The criteria have been modified to reflect
the requirements and terminology expressed in 10 CFR 60. However, the basic
seismicity criteria required in NUREG-800 are considered applicable to both the
period of construction and operation and the period of performance after
permanent closure of a HLW Geologic Repository.

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in section 4.2.2, and
investigaticns and activities in section 4.2.3 and 4.2.4 to review appropriate
portions of SCP Chapter 8. Existing information presented in Chapters 1-7
relevant to the criteria given below and any staff concerns regarding this
material should also be considered in the review of Chapter 8.

Considerations to be applied to any of the three sites are provided in
criterion A. Considerations relative to key site-specific topics that should
receive special attention in the review for the applicable site are providec in
criterion E.

4.3.3.2 Criteria

A, The icentification of parameters and progrim of investigation related %o
seismology should provide an adequate consideration of the following
items, with ccnsideraticn of performance allccation for the topic:

1. Seismic history of the geologic setting and site region ( within a radius
of approximately 200 miles ) including:

a. all earthguakes having Modified Mercalli (MM) intensitv gresater
than, or equal to, IY, or magnitude greater than, or equal %9,
3.0, which have been reported, with consideraticn for:

epicenter coordinates

depth of focus

origin time

highast intensity

magnitude, such as mb, ML' MS, etc.

Y Fa ) P

Nve” N Nt Nt N vt i’ S

seismic moment
source mechanism
scurca dimansiors
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(9) distance from the site
(10) any strong-motion recordings

all historical earthquakes located beyond 200 miles of the site,
which nevertheless may have affected the site in a manner similar
to those within the 20G-mile criteria

any reported earthquake-induced geologic failure, such as
liquefaction, landsliding, landspreading, and lurching, including
the level of strong motion which induced failure and physical
properties of the materials

The relationship of seismicity to geology and tectonic characteristics,
inciuding:

d.

W -~d Ao

characteristics of all significant geologic structures within the
region, with emphasis on potentially seismogenic faults
tectonic history of region
paleo and present stress regime
relationship between geologic structures and tectonic activity
relationship between geologic structure and sefsmic activity
earthquake-generating potential of various geologic structures
regions of uniform earthquake potential, with justification
based on such things as:
(1) pattern and level of historic seismicity
(2) differences in geologic history,with emphasis on the Post
Miocene and younger history
(3) develcepme. t and characteristics of the current tectonic
regime
(4) neotectonics
(5) alternative tectonic models

Earthquake-generating potential of geologic structures and seismo-tecticnic
zones within the geclogic setting, including:

a.

the maximum credible earthquake which could occur on each
geologic structure, or within each region of uniform earthquake
potential, based cn such things as:

(1) the tyre of faulting

(2) fault length

(3) fault slip rate

(4) rupture length

(5) rupture area

(6) memen:

(7) earthquaka history

the maximum historic earthquake associated with each geologic
structure or region of uniform earthquake potentiai

the earthquake which would produce the maximum vibratory ground
motion at the site, considering such things as relationship of
structure or region of uniform earthquake potential to the size
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. the vibratory ground motion due to the maximum credible

earthquake associfated with each geoclogic structure or region of
uniform earthquake potential, based on such things as:
(1) sefsmic wave transmissfon characteristics

(2) frequency bands
wave transmission characteristics of the site, including:
amplification and/or attenuation characteristics of the materials

overlying bedrock at the site, as a function of the significant
frequencies

. material properties for each stratum under the site, including:

(1) seismic compressional and shear wave velocities
(2) bulk densities
(3) soil index properties and classification
(4) shear modulus and damping variations with strain level
(5) water table elevation and its variation
free-field ground motion at the foundation level of each
structure, system or component important to safety considering:
(1) significant frequency bands
(2) different seismic wave types
(3) variations from each maximum credible event along each
structure or in each region of uniform earthquake potential

. the effects of site conditions and material property variations

upon wave propagation and frequency content

. one-dimensional equivalent-linear analysis, nonlinear analysis,

or other appropriate analysis, of vertical and horizontally
propagating shear waves, surface or compressional waves, which
may produce the maximum ground motion

. comparison of site ~esponse characteristics determined from

analytical proceduras with historical and instrumental earthguake
data

5. Vibratory ground motion at the site, including:

a.

free-field response spectrum for design basis and maximum
credible earthquakes, considering:

(1) site transmission effects

(2) different frequency bands
statistically developed horizontal and vertical-component site
specific response spectra based on response spectra of recorded
strong motion records selected to have similar source,
propagaticn path and recording site properties as the controlling
earthquake(s)
important source properties, including:

(1) magnitude, {if possible

(2) fault type

(3) tectonic environment

. propagation path preperties including:

(1) distance
(2) depth



80

(3) attenuation
e. relevant site properties including:
(1) shear velocity profile
(2) other factors which affect the amplitude of waves at
different frequencies
f. development of site-specific spectra including, as appropriate:
(1) direct estimates of spectral ordinates
(2) corrections for site effects for site-specific response
spectra not obtained under geologic conditions similar to
those at site
(3) scaling approximations, which represent the best estimate
of source, propagation path and site properties, for
limited ensembles of strong motion data
(4) sensitivity studies of such scaling approximations
(5) determination of site~specific peak ground acceleration
velocity and displacement (if necessary) for appropriate
magnitude, distance and foundation conditicns
(6) determination of response spectra by scaling the
acceleration, velocity and displacement values with
appropriate amplification factors
(7) use of a peak acceleration as the high frequency asymptote
to appropriate standardized response spectra
(8) use of theoretical-empirical modelled ground motion, with
thoroughly documented input parameters, at sites near
potentially seismogenic faults
g. determination of peak ground motions for each controlling
earthquake, fncluding use of current relations between:
(1) acceleration
(2) velocity
(3) displacement (if necessary)
(4) earthquake size (magnitude or intensity)
(5) source distance
h. determination of the design basis earthquake time history
including:
(1) time duration
{2) number of cycles of strong ground motion
(3) adeguacy of the time history for structural analysis
(4) compatibility with the seismological and geological
conditions in the site vicinity
(5) comp?t1b111ty with the accepted design basis earthquake
mode
(6) use of an ensemble of ground motion time histories from
earthquakes with similar size, site-source characteristics,
and spectral characteristics
(7) use of results of a statistical analysis of such an
ensemble

farthquake-induced gheromena within the geolcgic setting that may affect
the site, inciuding:

a. historic groundwater fluctuaticns during seismic events
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b. effects of prior earthquakes on the soils and rocks {n the

vicinity of the site, including:
(1) evidence of liguefaction
(2) sand cone formation '

c. dynamic tests, performed in the laboratory, on samples of the
foundation sofl and rock from the site of proposed surface
facilities of the repository, to aid in determination of:

(1) shear stresses induced in the soil by postulated
earthquakes
(2) ligquefacticn potential

d. consequences of induced soil stresses and strains on the proposed
surface facilities

e. lateral and vertical variations fn slope and foundation
conditions

f. static and dynamic properties of the soil and rock

Potential for induced seismicity, including:

a. potential effects of waterways, either natural or man-made
b. effects of potential exploftation of natura’ resources,
including:

(1) hydrocarbons

(2) water

(3) injection and/ or disposal
effects of large-scale rock extraction
effects of cetonation of significant amounts of high-yleld
explosives in the region

ao

Seismic risk evaluaticns, including:

a. probabilistic estimates of seismic hazard emphasizing sources
significant to the site

b. calculated uniform hazard spectra over the frequency range of
interest for 0.01, 0.001 and 0.7001 annual probabilizies of
exceadance at the site

c. estimatfon and ccmparison of the probadbility of exceeding trne
design basis earthquake response spectra with results from other
probahilistic studies

The igensificaticn of parameters and proaram of investigations should
provide an adecuate cconsideration of the following items (possible
methodolcqgies and information/parameter neecs) for key sita-spacific
topics (with consideraticn of performance allocation for the tapic):

fucca Mountain Site;
3. historic sefsmicity, including:
(1) representativensss of th2 historical pattern cf setsmiczity
in the vicinity of the site
(2) raccenctifation of focal mechanisms for mlsrsegreihquabes in
vicinity of the site with apparant natuyre Of tectenic
acLivity
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b. relationship of seismicity to geologic and tectonic structures,
including:

(1) regions of uniform earthquake potentfal in the southern
Great Basin including, but not limited to, regions
encompassing:

(a) the Walker Lane

(b) Owens Valley

(c¢) Death Valley

(d) the Las Vegas Shear Zone

(e) the Southern Nevada East-West Seismic Belt

(2) potential for seismic activity on faults in the immediate
vicinity of Yucca Mountain

c. earthquake generating potential of geologic structures and
seismotectonic zones, including:
(1) faults in the Yucca Mountain vicinity
(2) maximum earthquake potentials

d. seismic wave transmission characteristics, fncluding:
(1) response at repositeory depth to nuclear tests and nearby
natural earthquakes

e. vibratory ground motion including
(1) nature of vibratory motion at the site resulting from
earthquaxes on faults in the immediate vicinity of Yucca
Mountain

f. seismically induced phenomena, including:
(1) effect of earthquakes on ground water levels

Hanford Site:

a. histeric seismicity, including:
(1) microearthguake swarm activisy
(2) mod}f.cab1cns cf the groundwater system
(3) earthquakes similar in nature to large earthcuakes that
have occurred on structuras that trend toward the site and

are buried b2neath the Coiumbia River basalts

b. relationship of seismicity to geclogic and tectonic structures,
including:

terns in microearthquake swarms

wtencicn of the Yakima Ridge stiructure

c. earthguake-guenerating petential of geologic struztures and
seismotec:Oﬂic zenes, including:

(1) the Rattiesnare-Wallula Alignment characteristic earthquate
d. sziamiz wave trapimissicn Cnarattieristics, inciudirg:
(V) geep be fnko,» near-tieid recorcding cf swarm
ﬁHCY‘G‘.‘ r\.hqud w2
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(2) surface/repository depth spectral ratios for sefsmic waves
from swarm microearthquakes
e. vibratory ground motion, including:
(1) nature of vibratory motion at depth of underground facility
resulting from the cccurrence of earthquake swarms in
immediate vicinity

f. coseismic phenomena, including:
(1) effect of earthquakes on the ground water levels

3. Deaf Smith Site:

a. historic seismicity, including:
(1) relationship of seismicity in the Oldham nose to the
seismicity of the Amarillo-Wichita uplift
(2) modification of seismicity by the injection or withdrawal
of fluids in hydrocarbon fields near the site

b. relationship of seismicity to geologic and tectonic structures,
including:
(1) relationship of the Oldham Nose to the Amarillo-Wichita
uplift
(2) the Potter fault and similar trending structures relatively
close to the site compared to the Meers fault, farther east
along the Amarillo-Wichita Uplift

¢. earthguake generating potential of geologic structures and
seismotectonic zones, including:
(1) earthquake-generating potential of the Amarillo-Wichita
uplift
(2) southern extent of the Amarillo-Wichita uplift and its
influence on the determination of the maximum earthquake
potential of substructures in the site vicinity

d. seismic wave transmission characteristics, including:
(1) insitu determination of seismic wave attenuation
characteristics of the salt horizon preposad for the
underground facility of the repository

e. vibratory ground motion, including:
(1) effect on the magnitude of the vibratory motion at the site
due to modifications in the extent of the Amarillo-Wichita
Uplifse

4.3,2.3  Applicable Sections of 10 CFR 60

Lzad Input
60.2i(c)(1) 60.21(c)(2)
60.122(a) 60.21(c)(3)
60.122{b)(1) 60.111

63.122(c)(1i2) 60.112
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Lead (cont'd) Input (cont'd)
60.122(c)(13) 60.113
60.122(c)(14) 60.122(b)

4.3.3.4 Key LCocuments to Consider
U.S. Department of Energy, "Annotated Outline for Site Characterization Plans,
USDOE Report CGR/8B-5, April 1687.

U.S. Cepartment of Energy and Geological Survey, U.S. Deparﬁmen: of Interior,
"Farth Science Technical Flan for Disposal of Radioactive Waste in a Mined
Repository," USDOE Draft Report CCE/TIC-1033, April 1980.

U.S. Cepartment of Energy, "NWTS Przogram Criteria for Mined Geologic Disposal
of Huclear Waste: Site Performance Criteria," USDOE Report DOE/NWTS-33/2,
February 1231.

U.S. Denartment c¢f Energy, "Major Geoscience Issues Associated with Siting a
High Level luclear Waste Repositcry," prepared for DOE's Office of Civilian
Raciocactive Waste Management by R. F. Weston Consultants, June 15, 1924,

U.S. Cepartment of E nergy 'Issu a3 H1°farchy for a Mined Ceclegic Disposal
System (CGR/2-10)," USOOE Report COE/RW-0101, Rav. 1, August 1987
U.S. Cepa nt of Energy, Hevaca Operations Office, "Final Repcrt on the

reme ithe
Calcite and Opaline Silica Degosits Peer Raview," cated Hovember 10, 1927.

U.S. Dezar<ment of Energy, Nevada Cperations Office, "Final Summary of Wor«:h
on Fault-Related Calcite-Siiica Deposits Near Yucca Mountain Heid on Ce“rudr
22, 1356," dated March 21, 192¢.
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U.S. Department of Energy, Nevada Operations Office, "Final Summary of Workshop
on Fault-Related Calcite-Silica Deposits Near Yucca Mountain Held on April 28,
1986," dated June 26, 1936.

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, Letter from
M. Bell, NRC, to C. Heath, DOE: Subject: "Trip Report, July 7-17, 1980," dated
September 17, 1920.

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, Memorandum
from H. J. Miller, NRC, to M. Bell, NRC; Subject: "Noctes of NRC/DOE Meeting in
Richiand, Washington on January 12-13, 1982," dated March 19, 1982.

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "DOE/NRC
Workshop, Geology and Geologic Stability, April 11-15, 1983," dated June 2,
1923,

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Summary
Meeting Notes, COE/NRC Status Workshcp on BWIP Geology, March 13-15, 1984.)"
dat eH March 15, 1984 and multipie reports dated March 22, March 28, April &,
May 11, June 5 and June 1%, 1934,

U.S. Lepar

men
NRZ/EDZ Me n

>
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of Energy and U.S. Nuclear Requlatory Commission, "Summary of
on Seismic/Tectonic Investigations,” December 4, 1925.

+*
19
~
2

U.S. Department of Energy and U.S. Nuclear Requlatory Commission, "Meeting
Report of DOE/NRC Workshop of December 3-4, 1935, Exploratory Shaft Design,”
dated December 4, 1935. .

U.S. Department of tnergy and U.S. Nuclear Regulatory Commission, "Summary
“eeting notes, DOE/NRC Meeting on EWIP Seismic Testing in the Vicinity of <the
Raference Rc"osxborj Location, May 23, 1985, Silver Spring, Maryland," cdated
May 23, 1925

U.S. Cepartment of tnergy and U.S. MNuclear Reguiatary Commissicon, "Summary cf
the NRC/COE Meeting on the Level of Detail for Site Characterization Plans and
Study Plans," May 7-32, 13E6, 9op. plus four attachments.

U.S. Huclear Regulataory Cemmission, "Summary of Technical Meeting on DOE/SR?
Exploratory Shaft Fazility," May 5-7, 1987.

U.S. Nuclear Regulat ory Commission and U.S. Department of Energy, "Summary cf
NRC/OCt Meeting on tha Structure and Tectonics of the Palo Curo Basin,”
Hevembar 18-21, 1995.

U.S. Nuclear Regulatory Commission, Memorandum frocm R. Soyle, NRC, to
J. C. Yalaroc:; Subject: "Trip Redort for the Basalt Arnnual Technical Information
Meeting," dated February 5, 19230.

U.S. MNuclear Requliatsry Commission, rarndun frem Co Abrams to K. Stablefn
LRC; Subject: "Trip Report, 4-22-26, <o SAIC Gffices, las Vezas. Neviaca anc
Notes of Meeting un Calcita-Silica Oepnsits”, dated June 3, 19%6
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U.S. Nuclear Regulatory Commission, Memorandum from C. Abrams tc K. Stadblein,
NRC: Suojecb. "Appencdix 7: Attendance at COE Peer Review Committee Meeting for
Veins Deposits,” dated June 30, 1987,

U.S. Nuclear Regulatery Commissicn, Memorandum from J. Trapp, NRC, to M. Knapp;
Subject: "Trip Report: Appendix 7 Visit to NNSWI, September 17-19, 1985," dated
QOztober 3, 1955,

U.S. Nuclear Regulatory Commission, Memorandum from S. Brocoum, L. L. Lehman,
and D. L. Siefken, NRC; Subject: "Notes of Meeting Held with U.S. Geological
Survey, Tuasday, June 17, 1930," dated July 31, 19£0.

U.S. Muclear Regulatery Ccmmission, "Trip Report, EWIP Annual Review Meeting,
December 2-3, 1980 and Meeting with Rockwell, Decemper 4, 1980," dated January
16, @8

U.S. Huclear Regulatory Commission, "Visit to the Basalt Waste Isolation
roj : (EWIP), Hanford, Washington, September 22-26, 1921," November 1981.

U.S. Huclear Regulatory Cemmission, Memorandum frem R. J. Wright, NRC, o M.
£oall, NRC; Subject: "Notes of NRC,/UGE Meeting in Richland, Wwashington, June ©
and 10, 1932.," dated Auguss 9, 1682,

.S. huclear Regulatory Commission, Memerandum frem J. M. Cutler, NRC, to
S. Jus.us; Subdect. "Trip Rep ort for Trip to Hanford Reservatio
wichington, July 29-August 2, 1924." dated August 14, 1824,

o
o }

.S, Nuclear Regulatory Commissicn, Memorandum fram K. Westbrook, “RC. to
M. R. Knagp; Subject: "Trip Repocrt: NRC Geology Mapoing-Field ReJi for the
Basale Waste Isolaticn Prajact Regign," dated Movember 26, 1984,

U.S. Nuzlear Regulatory Cemmissicn, Memoranumn from K. Westhrook, NRC, o
M. K. %napp; Subject: "Trio Regort for Hanford High Laval Nuzlear Waste Site -
May 29-31, 16:25." dated July 1%, 132

1

L)

wn

.5, Nuclear Reguiatory Tommissicn, Memorardum freom Jdermn Traop, NAC, to Malcoinm
4 . . « T “an -5 . -~ i .. e ot -
“mapp: Subject: "Trip kescrt-Structure and Teclionils of the Paio Duro Basin
] - . -~

“oeving with DOE and Their Contracticrs," dated Jaruary 15, 1986,
.S, Huclear Regulatsry Commisszion, Memgrandut frem H. £, Lefevre and
X, McConnell, NRC, to P. S. Justus; Sunject: "Repors Descricing Aztivities
Azscciated With tne September 2 thrauga 15, 1935, Visit to the Hanford (EWIF)
Site and Vicinity," dated April 3, 1527,
£.S. huclear Raguiatory Carmiisicn, Meworardum frem 4. £ lefevre, KR(C, o

H S pe . gy oM na - “d { <5 P : ) -
2. J. Linshan; Subject: "Asszssment of Raprecentaticn 27 Geciolical/Gegdhysical
P - . IRr_NTE BT e . Y, Toeed ~ oy ‘ ; Y T
sncerns at the NRC-D3E EWIP Cecrydroisgy Testing Program Mesting of Agpril 7-3,
DI B TR B S BN TanY
LIET." dansd June 3, 1%E)
U3, Nuslear Zoguiatory Cormmiscicn, Mame~arcun from ), Warner, NRC, to
2. oritrentrang; Sutlect: "Report on Apserdia 7 Visie o Fantere," dated June
M TLI7
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U.S. MNuclear Regulatory Commission, Memorandum from C. Abrams, NRC, to P.
Justus; Subject: "Trench 14 Calcite-Silica Vein Deposits, Observations and
Implications," dated June 4, 1986.

U.S. Nuclear Regulatory Commission, Memorandum from H. E. Lefevre, NRC, to
R. L. Ballard; Subject: "Report of 1987 Meeting of the 83rd Cordilleran
Section, Geological Society of America, at Hilo, Hawaii," dated June 25, 1937.

U.S. Nuclear Regulatory Commission, Memorandum from H. E. Lefevre,

K. McConnell, and J. Warner, NRC, to R. L. Ballard, NRC; Subject: "Report
Describing Activities Associated with the August 2 Through 6, 1987 Yakima Fold
Belt Field Trip in the Vicinity of the Hanford (BWIP) Site," dated September
11, 1987,

U.S. Nuclear Regulatory Commission, Memorandum from H. E. Lefevre and

K. McConnell, NRC, to R. L. Ballard, NRC; Subject: "Report Describing
Activities Associated with the September 30, 1987 Field Trip to the Bureau of
Reclamation' s Exploratory Trenches Near 0'Sullivan Dam and at Smyrna Bench in
the Saddle Mountains," dated Ccteber 27, 1987.

U.S. Nuclear Regulatory Cemmissicn, "Draft Site Characterization Analysis of
the Site Characterization keport for the BWIP," USNRC Repcrt NUREG-0960, March
1983,

U.S. huclear Regulatory Commission, "Comments on DOE Draft Environmental
Assessmants for the Hanford Site," March 20, 1925,

U.S. Nuclear Regul:itory Commission, "Information Needs for Characterization of
High-Level haste Repository Sites in Six Geoloqic Media," USNRC Report
NUREG/CR-2663, Vols. 1 and 2, May 19&5,

U.S. Huclear Regulatsr
and Cent en‘ of Site Cn
Revision 1, March 1827

arcard Form

on, Regulatcry Guide &4.17, e 2t
L e Repositories,"

on Plans for High~Level Was

~
N

<

e
-

latory Ccmmission, "Oraft Issue-Oriented Si

eguy te Technical
) for 2asalt Waste Isolation Prcject (EWIP)," Septe

mber 1924,

.5. Nuzlear Regulatory Commissicn, "Drafi lssue-Orientad Site Technica)
sition (I5TP) for Nevagca Waste Isciation Project (NNWSI)," September 1924,

U.S. Nuciear Ragulatcry Commission, “Oraft Issu2-Griented Site Technical
Fesition (IS7%) for Salt Repositonry Project (SRP), Permian Basin Sites "
Septemcer 195%

n, ""po;x'or/ Cesign, Exploratory Shaft, arnd
25-26, 1933

U.S. NHuclear Regulatory Cemmission, "NRC Guidance cn SCP CZontent " datec June
27-023, 19€3
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U.S. Huclear Requlatory Cemmission, "NRC Staff Comments on the DOE Final
Environmental Assessments,”" Hanford Site comment numbers 1, 2, 3, and 4; Yucca
Mountain Site comment numbers 1, 2, 3, 4, and 5; Deaf Smith site comment number
1; dated December 22, 1926. 1

U.S. Nuclear Regulatory Commission, "Review of the DOE Site Screening in Salt,
Paradox Basin (meetings and site visits),"” dated May 11-21, 1981.

U.S. Nuclear Regulatory Commission, "Survey of Geophysical Techniques for Site
Characterization in Basalt, Sal: and Tuff,” NUREG/CR-4957, July 1887.

U.S. Nuclear Regulatory Cemmission, "NRC Comments on DOE Draft Environmental
Assessment for the Deaf Smith County Site," March 20, 1985.

U.S. Nuclear Regulatory Commission, "NRC Comments on DOE Draft Environmental
Assassment for Yucca Mountains site," March 20, 1985.

Conversation record between Steve Frishman, Director of State of Texas Nuclear
Waste Program Office and Robert L. Johnson KNRC, "Preliminary EA Comments for
the State of Texas," dated February 20,1685

Letter Report from 0. H. Chung ard G. E. Cummings, Lawrence Livermore National
Laboratory, to M. E. Blackford, NRC, Subject: "Menthly Management Letter Report
No. 38 (Volcanic Hazards Additicns to the BWIP Site Issue-Oriented Site
Technical Positicn of September 1984)," dated June 6, 1937.

Letter Report from D. H. Chung, Lawrence Livermore Hational Laboratory, to
M. E. Blackford, NRC; Subject: "Transmittal of Letter Report on VYolcanic Hazard
at Hanford," cated April 29, 1926.

Letter Report frem 0. H., Chung, Lawrence Livermore National Laboratory, to M.
E. 8lackford, WRC; Subject: "C. Purcell Report on Potential Erosion at the
Yuzca Mountain Nuclear Waste Site," Purcell Letter Report, dated September 26,
1936.

Memorandum from T. L. Johrson, NRC, 2o R. J. Starmer, NRC; Subiact: '"Report of
Site Visit to \nSI Projecs," dated July 22, 1937.

etter from Steve Fr1,rnan, Cirector of Nuclear Waste Programs Office, Office
of the Governcr, Austin, Texas, to Benard C. Rusche, DCE; Subject: "State of
Texas Ccmments c¢n Nu:iecr Wacte Fo]'cy Act Draft Environmental Assessments for
Deaf Smith County Site, Texas (OOE/RW-0014) and Swisher County Site, Texas
(DOE/KW-0015): Addendum tc Comments Su3m1 ted March 19, 1985," dated May 22,
1935,

1

Letter from Eruce glanchard, Directer of Environmental Project Review, U.S.
Cepartment of the Intericr, to U.S. Cepartment of Energy; Subject: "Comments cn
3

the Environmantal Assescmants for the Deaf Smith and Swisher County Sites,
Taxas," dated April 8, 1585,

dia tiational Laboratories, "Review Comments - Deaf Smith EA," January 16,
5
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U.S. Department of Energy, "Environmental Assessment, Deaf Smith County Site,
Texas," DOE/RW-0069, Vols. 1-3, May 1986.

U.S. Department of Energy, "Environmental Assessment, Yucca Mountain Site,

Nevada Research and Development Area, Nevada," DOE/RW-0073, Vols. 1-3, May
1986. : .

U.S. Department of Energy, "Environmental Assessment, Reference Repository
Location, Hanford Site, Washington," DOE/RW-0070, Vols. 1-3, May 1986.

U.S. Nuclear Regulatory Commission, "Effects of Earthquakes on Underground
Facilities: Literature Review and Discussion,” USNRC Report, June 1986.
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4.3.4. Review Guide for Structural Geology and Tectonic Information and
Investigations

4.3.4.1. Background and Approach

In the SCP, it is anticipated that the site program will include plans for
investigations of the structural and tectonic features as needed for issue
resolution and a basic understanding of the site. An understanding of
structural geology and tectonic processes and events is necessary both for the
siting of the preclosure facilities and for projection of effects on the
ability of the site to meet the performance objectives during post closure.
The structural features of the site and region, in large part, define the
geologic setting. They are important, therefore, not only in the area of
tectonics, but also as a means of evaluating other processes that are
operational now, or may have operated in the past, in the geologic setting.
These processes, events and conditions are important considerations in
developing site-specific scenarios, conceptual models, numerical models, and
designs.

The detailed criteria belew should be used in conjunction with the general
review criteria for parameter identification in section 4.2.2, and
investigations and activities in section 4.2.3 and 4.2.4, to review appropriate
portions of SCP Chapter 8. Existing information presented in Chapters 1-7
relevant tc the criteria given below and any staff concerns regarding this
material, should also be considered in the review of Chapter 8.

Consideraticns to be applied to any of the three sites are provided in
Criter‘on A. Considerations relative to key sfite-specific topics that show'd
receive special attention in the review, for the applicable site, are provided
in Criterion B,

4.3.4.2. Criteria

A, The identification of paramaters and program of investigations related to
structure and tectonics should provide an adequate consideratior of the
following items with concideration of performance allocation for the
tapic:

1. Teztonic framéwork and tectonic history:

a. primary and aiternative tectonic models under consideration

b. approach for establishing which mcdel is the most accurate for
predicting future events

¢. the style of defcrmation associated with the preferred mccel

2. Volcanic history in the vicinity of the site:

a. age of the most recent volcanic event

b. recurrence interval

c. potential for asscciated volcanogenic ecconemic mineral deposits
d. tirelihocd of a velcanic event close Lo the repository
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e. interrelationship of volcanic processes and events, hydrology,
and geochemistry

structural control of volcanism

. hydrothermal processes and events

presence of magma bodies in the crust

b i Vs B Y

3. Faulting history in the vicinity of the site:

a. location of faults with emphasis on "active" faults in the
geologic setting

. age of most recent movement

spacing of faults

relationship between faults and seismicity

accuracy of tectonic model in accounting for faults

interrelationship of faults and hydrologic regime

. type and style of faults/faulting present and predicted such as:

W w0 O 00O

(1) detachment/decollement style faulting
(2) normal faults
(3) shear faults

. mechanism for low-angle faults

. methodology for identifying detachment faults

. orientation and aerial extent of faulting

reliability/accuaracy of currently available radiometric dating
techniques

1. amount of offset of stratigraphic units

P TN

4. folding history in the vicinity of the site:

a. styles of folding present
b. potential for coseismic folding
c. interrelationship with faults/faulting

5. Jointing history in the vicinity of the site:
a. lecation and characteristics of joints/jointing patterns
b. variation between and within units
c. origin of joint systems .
d. relationship to faults/faulting

[¢21
X
8
cr
-
<
D

stress field in the vicinity of the site:

. characteristics of local and regional siress fields

state of stress at repository depth

c. interrelationship of siress field with faulting, folding and
hydrology

d. potential for movement along favorably oriented structures

[o 1]

7. Information sufficient tc shew that conditions in the areas of proposed
tests are representative of geologic structures throughout the repository
with consideration of:
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brecciation

. width and spacing of faults

fracture spacing, aperture, filling, and density
jointing

an oo

Level of detail of exploratory shaft facility mapping sufficient to assure
that a statistically significant sampling of structural features has been
identified and examined.

The identification of parameters and program of investigaticns should
provide an adequate consideration of the following items
(information/parameter needs and possible methodclogies) for key
site-specific toonics (with consideration of performance allocation for the
topic)

Yucca Mountain Site:
a. tectonic framework and tectonic history
(1) role of pure and/or obligue extension in tectonic model
b. volcanic history in the vicinity of the site
(1) volume of material associated with each cycle
c. fa.lting history in the vicinity of the site

(1) amount of vertical versus oblique displacement
(2) effect of detachment faults on site stability

d. active stress field in the vicinity of the site
(1) 1
(2)

nfluence of nuclear tests on the state-of-stress
rela

1
Z ationship to microseismicity
Hanford Site:

a. tectonic framework and tectonic history

(1) thin-skinned vs, thick-skinned tectonic models
(2) rates of deformation

b. faulting history in the vicinity of the site

(1) potential for faulting within the repository horizon

(2}

. jointing history in the vicinity of the site
(1) tectonic vs. cooling joints

d. active str2ss field 4n the vicinity of the site
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(1) relationship of high stress state to tectonics
(2) relaticnship of the current stress state to microseismicity

3, Deaf Smith Site:
a. tectonic framework and tectonic history

(1) regional tectonic model with basis
(2) identification -and delineation of faults

b. faulting and folding history in the vicinity of the site

(1) control of folding by basement structure
(2) folding in the San Andres Unit 4 salt

c. jointing and fracturing history in the vicinity of the salt
(1) dissolution associated with jointing and/or fracturing
d. stress field in the vicinity of the site

(1) potential for the stress field to open faults that could
act as ground water pathways and dissclution channels
(2) potential for local stress variations

4.3.6.3. Applicable secticns of 10 CFR Part 60

Lead Input

60.21(c)(1) 60.21(c)(
60.122(a) 60.21(c)(
60.122(b)(1) 60.122(b)
£0.122(c)(11
(i5

2

3

(

) . (
60.122(c)(15) 60.122(b)(
(

(

(

(

€0.122(c)(2
€0.122(c)(z24
60.111
60.112
60.113
60.13C-125

)
)
)
)
)
)
)

4.3.4.4. Key documents to consider

5.S. Cepartment of Enercy, "Annotated Outline for Site Charscterization Plans,™
U320% Report CGR/B-5, April 1937.
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U.S. Department of Energy and GeologicalVSurvey. U.S. Department of Interior,
"Earth Science Technical Plan for Disposal of Radioactive Waste in a Mined
Repository," USDOE Draft Report DOE/TIC-1033, April 1980.

U.S. Department of Energy. "NWTS Program Criteria for Mined Geologic Disposal
of Nuclear Waste: Site Performance Criteria," USDOE Report GCOE/NWTS-33/2,
February 1981.

U.S. Department of Energy, "Major Geoscience Issues Associated with Siting a
High Level Nuclear Waste Repository," prepared for DOE's Office of Civilian
Radioactive Waste Management by R. F. Weston Consultants, June 15, 1984.

U.S. Department of Energy, "Issues Hierarchy for a Mined Geologic Disposal
System (OGR/B-10)," USDOE Report DOE/RW-0101 Revision 1, August 1937.

U.S. Department of Enerqy, lNevada Operations Office, "Final Report on the
Calcite and Cpaline Silica Deposits Peer Review," dated Hovember 10, 1987.

U.S. Department of Enerqgy, Nevada Operations Office, "Final Summary of Workshop
on Fault-Related Caicite-Silica Deposits Near Yucca Mountain Heid on February
28, 1626," dated March 11, 1986.

U.S. Department of Energy, Nevada Operations Office, "Final Summary of Workshop
on Fault-Related Calcite-Silica Deposits Near Yucca Mountain Held on Aprii 23,
1936," dated June 26, 1926.

U.S. Departmant of Energy and U.S. Huclear Regulatory Commission, Letter from
M. Bell, NRC, to C. Heath, COE, "Trip Report, July 7-17, 1980," dated September

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, Memorandum
from H. J. Miller, HRC, to M. Bell, NRC, "Notes of MRC/DOE Meeting in Richiand,
Washington on January 12-13, 1982," dated March 19, 1982,

U.S. Department of Enerqgy and U.S. Nuclear Regulatory Commission, “DOZ/WRC
Workshop, Geology and Geologic Stahility, April 11-15, 19%23," dated June 2,
1923,

U.S. Deparwment of Energy and U.S. Nuclear Regulatery Commissicn, "Summary
Meeting MNotes, DCE/NRC Status Workshop on EWIP Gealeqgy, March 13-15, 1484."°
dated March 15, 1984 and muitiple reports dated March 22, March 28, April 4,
May 11, June 5 and June 15, 1234,

U.S. Canartmant of Energy and U.S. Wuclear Regulatory Commiss!
Meeting Notes, DCE/HRC Y¥eetirng on the BWIP Hydrologcic Characte
December, 1984,

S“PﬁJYj

on,
rization,

S. 5
/et

-

parsrent of Energy end i1.S. Nuclear Regulatory Commissicn, "Surmary of

U. a
N Meeting cn Seismic/Tactonic Investications," December 4, 1985,

R

(22 W3]



95

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Meeting
Report of DOE/NRC Workshop of December 3-4, 1985, Exploratory Shaft Design,”
dated December 4, 1925.

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Summary
Meeting Notes, DOS/NRC Meeting on BWIP Sefsmic Testing in the Vicinity of the
Reference Repository Lecation, May 23, 1985, Silver Spring, Maryland," dated
May 23, 1985,

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Summary of
the NRC/DOE Meeting on the Level of Detail for Site Characterization Plans and
Study Plans," May 7-8, 1986, 9pp. plus four attachments.

U.S. Department of Energy and U.S. Huclear Regulatory Commission, "Summary
Notes for BWIP Hydrology Data Review," December 2-4, 1986.

U.S. Nuclear Regulatory Commission, "Summary of Technical Meeting on CCE/SRP
Exploratory Shaft Facility,”" May 5-7, 1987.

U.S. Huclear Regulatory Commission and U.S. Department of Energy, "Summary of
MRC/CCE Meeting on the Structure and Tectonics of the Palo Duro Zasin,”
November 18-21, 1935,

U.S. Nuclear Regulatery Commission, Memorandum frem C. Abrams to K. Stablein,
NRC; Subject: "Trip Repor , 4-28-86, to SAIC Offices, Las Vegas, Mavada," MNotes
of Meeting on Calcite-Silica Ceposits, dated June 3, 1936,

U.S. Nuclear Regulatory Commission, Mamorandum from C. Abrams to K. Stablein,
NRC; Subject: "Appendix 7: Attendance at DCE Peer Review Committee Meeting for
Vains Deposits,” dated June 30, 1987.

U.S. Nuclear Regulatory Commissicn, Memorandum frcem J. Trapp, NRC, to M. “napp:
Subject: "Trip Report: Appendix 7 Visit to NHSWI, September 17-19, 1225," z2ated
October 3, 1985,

U.S. Nuclear Requlatory Commissicn, Memorandum frem S. Brocsum, L. L. Lenman,
and D. L. Siefren, NRC, Subject: "Notes of Meeting Held with U.5. Geclogical
Survey, Tuesday, June 17. 1920," dated July 31, 1%80.

U.S. Nuglear Regulatory Lemmissicn, "7
Cacember 2-3, 1980 anc Meeting with Ro
16, 1681,

. CalP Annual Raview Meating,
cermber 4, 1980," dated January

5alt wWaste Isojation

U.S. Huclear Regulatory Cemmission, "WVi he 2a
r 22-25, 1981," November 1981.

sit b
Project (EWIP), Hanfard, Washington, Septemb
m from R, J. Wright, NRT, to M.

U.S. Huclear RPQU]Jt'”j Commisst ur
3 in Richaland, Wwashingicn, June 5

Ball, NRC:; Subject: "lowas of KR
and 10, 1922," datec August 9, 1

U.S. Nuclear Regulatery Commission, Mamerandur from J. M. Cutlaer, N3C,



%

P. S. Justus; Subject: "Trip Report for Trip to Hanford Reservation,
Washington, July 29-August 2, 1984," dated August 14, 1984.

U.S. Nuclear Regulatory Commission, Memorandum from K. Westbrook, NRC, to
M. R. Knapp:; Subject: "Trip Report: NRC Geology Mapping-Fiel¢ Review for the
Basalt Waste Isolation Project Region," dated November 26, 1934,

U.S. Nuclear Requlatory Commission, Memorandum from K. Westbrook, NRC, to
M. K. Knapp; Subject: "Trip Report for Hanford High Level Nuclear Waste Site -
May 29-31, 1985," dated July 15, 1985,

U.S. Nuclear Regulatory Ccemmission, Memorandum from John Trapp, MRC, to Malcoim
Knapp; Subject: "Trip Report- Structure and Tectonic: of the Palo Duro Basin:
Meating With BOZ and Their Contractors," dated January 15, 19%6.

U.S. Nuclear Requlatory Commission, Memorandum from H. E. Lefevre and

K. McConnell, KRC, to P. S. Justus; Subject: "Report Describfrg Activities
Associated s 1th the September 2 through 15, 1986, Visit to the Hanfurd (EWIP)
Site and Vicinity," dated April 3, 1687.

.S. Nuclear Requlatory Commission, Memorandum from H, E. Lefesre, NRC, to

. J. Linehan: Subjcy : "Assessment of Represantation of Geolojical/Geophysical
cncerns at NRC-CCE BAIP Geonydrology Testing Program Meeting of April 7-9,
Gg7." dated June 8, 1937.° '

b—-‘(\C.-C

U.S. Nuclear Regulatory Cermission, Memorandum from J. Warner, NRC, to

P. Hildenbrand; Subject: "Repor: on Appendix 7 Visit to Hanford,” dated June
12, 1937

U.S. Nuclear Regulatcry Commission, Memorandum from L. Abrams, NRC, o F.
Justus; Subject: "Trench 12 Ca)c.te*SiIica Yein Deposits, Chservaticons arnd
Im~'ications." ditec June 4, 1985,

J.S. Nuciear Regulasor
R. L. Balla*d Su“Jec: "He
[

<sian, Memorandum from H. E. Lefevre, NRC, to
ciety of Anerica, at Bilo, Hawaifi,

i'
ore of 1987 Meeting ¢f the 83rd lordiileran
" dated June 25, 1GZ7.

U.S. Nuclear Rejulatory Ccemmiscion, Memorancun from H. E. Lefevre,

K. McCorrall, ara J. Wirner, N3C, to R. L. Ballard, NRC; Subjece: “Report
Deccrining Activities Associated with the #ugust 2 Through 6, 1937 Yaira roid
Dais Fielg Trig in the Yicinity of the Hanford (EWI?) Site,” dated Septemder
11, 1337.

.8, Huzlear Regulatsry Coamission, Memgrandum from M, E. Lefevre and
K. Mclonnell, H«C. tc R. L. tatlard, NAC; Sutiect: "Report Duscribing
Activities Associatzd With tne September 37, 1927 Field Trip to the EBureau of
reclamasticn's Exploratory Trenchas Near O Sull‘\an Dam and at Smyrna Ssnzh in
&
e

he Sacsla Mountains,” zated QJescher 27, 1327,

i

0.5, Nuclear Requiatery Commicsinn, Menarancum from MO B, Lafeyre, NRC, to
A. L. Eallard, Sudbject: "Kersrt Tescribing Procecaings Acenciated with the
To-Soonsored (Umatiliasti=z Farqcz) Structural Geology/Petrole m Folentia!
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Workshop Held at Richland, Washington on October 28-29, 1987," dated November
19, 1987.

U.S. Nuclear Regulatory Commission, "Draft Site Characterization Analysis of
the Site Characterization Report for the BWIP," USNRC Report NUREG-0960, March
1933,

U.S. MNuclear Regulatory Ccmmission, "Comments on DOE Draft Environmental
Assessments for the Hanford Site,”" March 20, 1985,

U.S. Muclear Requlatory Commission, "Information Needs for Characterization of
Higr .evel Waste Repository Sites in Six Geologic Media," USNRC Report
NUREG/CR 2663, Vols. 1 and 2, May 1985,

U.S. Nu.:lear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and
Content of Site Characterization Plans for High-Level Waste Repositories,”
Revisfor 1, March 19&7.

U.S. Nuclear Requlatery Cormission, "Draft Issue-Oriented Site Technical
Fosition (ISTP) for Basalt Waste Isolation Procject (EWIP)," September 1984.

U.S. Huclear Regulatory Ccmmission, “Draft Issue-Oriented Site Technical
Position (ISTP) for Nevada Waste Isolation Project (NNWSI)," September 1984,

U.S. Nuclear Regulatory Cemmission, "Draft Issue-Orfented Site Technical
Position (ISTP) for Salt Repository Project (SRP), Permian Basin Sites,"
September 1934,

U.S. Huclear Requlatcry Cemmission, "Repository Design, Expleratory Shaft, and
In-Situ Tes.ing", dated Octcber 25-26, 1933.

U.S. Nuclear Requlatory Commission, "NRC Staff Comments on the DOE Final
Environmental Assessments,” Hanford Site comment numbers 1, 2, 3, and 4; Yucca
¥ountain Site c:cwment nuxbers 1, 2, 3, 4, and 5; Deaf Smith site comment number
1. dated Decembar 22, 19386,

U.S. Nuclear Regulatory Commission, "Review of the UOE Site Screenin~ in Sale,
Paradox Basin (m2etings and site visits)," dated May 11-21, 1931.

U.S. Huclear Regulatory Cormission, "Survey of Geophysical Techniques for Size
Characterization in Basalt, Salt and Tuff,” NUREG/CR-4957, July, 1987.

U.S. Nuclear Ragqulatory Commission, "NRC Comments on DOE Drafe Environmentz]
Assessmant fcr the Ceaf Smith County Site," March 20, 1985,

U.S. Nuclear Bequlatory Commission, "NRC Comments on DOE Draft Environmentzd
Assessmant for Yucca Mountains site," March 20, 1925.

ational

Letter Report froem D. H. Chung and G. E. Cummings, Lawrence Livermore N
ter Report
te

Laboratory, to M. E. °IAf¢ ord, HRT; Subject: "Menthly Management Le
ho. 35 (Volcanic Hazerds Acditions to the BWIP Site Issue-Oriesnted $i
Technical Position of sep.evbnr 1984)," dated June 6, 1937,

2
-
.
1
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Letter Report from D. H. Chung, Lawrence Livermore National Laboratory, to
M. E. Blackford, NRC; Subject: "Transmittal of Letter Report on Volcanic Hazard
at Hanford," dated April 29, 1936.

Letter Report from D. H. Chung, Lawrence Livermore National Laboratory, to M.
E. Blackford, NRC; Subject: "C. Purcell Report on Potential Erosion at the
Yucca Mountain Nuclear Waste Site," Purcell Letter Report, dated September 26,
1936,

Letter from Steve Frishman, Director of Nuclear Waste Programs Office, Office
of the Governor, Austin, Texas, to Benard C. Rusche, DOE; Subject: "State of
Texas Comments on Nuclear Waste Policy Act Draft Environmental Assessments for
-Deaf Smith County Site, Texas (DOE/RW-0014) and Swisher County Site, Texas
(DOE/RW-0015): Addendum to Comments Submitted March 19, 1985," dated May 23,
1925,

Letter from Bruce Blanchard, Director of Environmental Project Review, U.S.
Department of the Interior, to u.S. Department of Energy; Subject: "Comments on
the Environmental Assessments for the Deaf Smith and Swisher County Sites,

Texas," dated April 8, 1925,

dia National Laboratories, "Review Comments - Deaf Smith EA," January 16,

U.S. Department of Enerqgy, "Environmental Assessment, Oeaf Smith County Site,
Texas," DOE/RW-0069, Vols. 1-3, May 1986.

U.S. Department of Energy, "EnvfronmentalbAssessment. Yucca Mountain Site,
Nevada Research and Development Area, Nevada," OOE/RW-0073, Vols. 1-3, May
1986.

U.S. Ceparwment cf Energy, "Envirconmental Assessment, Reference Repository
Location, Hanford Site, Washington," DCE/RW-0070, Vols. 1-3, May 1983.

U.S. Nuclear Regulatory Commission, "Effects of Earthquakes on Undergrourd
Facilities: Literature Raview and Discussion,'" USNRC Report, June 1936,
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4.3.5. Review Guide for Natural Resourcesvlnvestigations
4.3.5.1. Background and Approach |

In the SCP, it is anticipated that the site program will include plans for
investigations of the natural resources potential as needed for issue
resolution and a basfc understanding of the site. An understanding of the
natural resource potential is necessary to assure that the information on the
topic of natural resources is sufficient to address the likelihood of human
intrusion as a result of the presence and exploitation of natural resources of
the candidate area.

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in section 4.2.2, and
investigations and activities in section 4.2.3 and 4.2.4 to review appropriate
portions of SCP Chapter 8. Existing information presented in Chapters 1-7
relevant to the criteria given below and any staff concerns regarding this
material should also be considered in the review of Chapter 8,

Consideraticns to be applied to any of the three sites are provided in
Criterion A, Considerations relative to key site-specific topics that should
receive special attention in the review for the applicable site are provided in
Criterion B.

4,3.5.2. Criteria

A. The identification of parameters and program of investigations reilated to
ratural resources and the potential of human intrusion should provide an
adequate consideration of the following items, with consideration of
performance allocation for the topic:

1. Resource assessment of economic, marginally economic, and subeconomic
identified resources, including:

a. mineral
b. hydreczarbon
c. geothermea]

2. Uses and net worth of mineral, hydrocarbon and geothermal resources in the
candidate area

3. Commodities mined or prosgected in the vicinity of the site
4. Locations of wnown mining activity in the vicinity of the site to,
incluge:
a. mines
b. prospect pits
¢c. shafts

d. trenches
e, exploratory drill hoies
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5. Economic assessment from literature, mapping, geochemical sampling, and
comparison with working models of known.
a. mines -
b. prospects
c. shafts
d. trenznes
e. exrjoratory drill holes

6. Lithologi. and structural associations of mineral and hydrocarbon deposits
mined or prospected in the candidate area

7. Comparison of the candidate area with areas of mineral and hydrocarbon
deposits which have similar origins, host rocks, and structural regimes

8. Assessment of candidate area based on comparis1ons with known mineral
resources and models

Yoy

The location, nature, and extent of any known or suspected mineralizaticn,
hydrocarbons, or waters of elevated temperatures within the candidate area

B. The identification of parameters and program of investigations should
provide an adequate consideration of the following items
(information/parameter needs and possible methodologies) for key
site~specific topics (with consideration of performance allocation for the
topic):

1. Yucca Mountain Site:

a. the presence of mineral deposits and their association with
(1) stratigraphic units of volcanic origin
(2) veining
(3) fault zones

b. the association of hydrocarbcn resources with Paleozoic
stratigraphic units underlying the site

2. Hanford Site:
a. asscciation of hydrocarbon resources with

(1) Basalt stratigraphy
(2) Underlying stratigraphic units

b. Potential geothermal resources
3. Deat Smith Site:
a. Hydrocarben Resources

(1) San Andres
(2) Lower Stratigraphic units



4.3.5.3. Applicable Sections of 10 CFR Part 60

Lead Input

60.122 (a) 60.122 (c)(2)
60.122 (c)(17) 60.112

60.122 (c)(18) 60.113

60.122 (c)(19)
60.21 (c)(13)
60.121 (a)(2)

4.3.5.4. Key Documents to Consider
U.S. Bureau of Mines and U.S. Geological Survey, Principles of a

Resource/Reserve Classification for Minerals, U.S. Geological Survey Circular
831, 19&0.

U.S. Bureau of Mines, "Natural Resource Assessment Methodologies for Proposed
High-Level Waste Repositories,” USNRC draft report, 1987.

U.S. Bureau of Mines, "Oil and Gas Drilling in Clark, Esmeralda, Lincoln, and
Hye Counties, Nevada 1220 through 1986," USNRC Draft Report, February, 1987.

U.S. Department of Energy, "Annotated Outline for Site Characterization Plans,

USDOE Report GGR/B~5, April 1987.

U.S. Department of Energy and Geolecgical Survey, U.S. Department of Interior,
"Earth Science Technical Plan for Disposal of Radioactive Waste in a Mined
Repository," USDOE Draft Report DOE/TIC-1033, April 1980.

U.S. Department of Energy, "NWTS Program Criteria for Mined Geologic Disposal
of Huclear Waste: Site Performance Criteria,” USDOE Report DOE/NWTS-33/2,
February 1981.

.S, Department of Energy, "Major Geoscience Issues Associated with Siting a
High Level Huclear Waste Repository," prepared for DOE's Office of Civilian
Radioactive Waste Management by R. F. Weston Consu'*irts. June 15, 1984,

U.S. Department of Energy, "Issues Hierarchy for a * =~ yeologic Disposal
System (CGR/B-10)," USDOE Report COE/RW-0101 Revision 1, August 1987.

U.S. Department ¢f Enargy, Nevada Cperaticns Office, "Final Report on the
Calcite and Cpaline Silica DLeposits Peer Review," dated Ncvember 10, 1887.

U.S. Department of Energy and U.S. Nuclear Requlatory Commission, "DOE/NRC
Workshep, Geology and Geologic Stability, April 11-15, 1983," dated June 2,
1983.

U.S. Department of Energy and U.S. Nuclear Requlatory Commission, "Summary

Menting Hotes, DCE/NRC Status Workshop on BWIP Geology, March 13-15, laza.v
datad March 13, 1984 znd multiple repor.s dated March 22, March 28, April 4,
May 11, June 5 and June 1%, 1936,
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U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Summary of
the NRC/COE Meeting on the Level of Detail for Site Characterization Plans and
tudy Plans,”" May 7-8, 1986, 9pp. plus four attachments.

U.S. Muclear Regulatory Conmission and U.S. Department of Energy, "Summary of
NRC/DOE Meeting on the Structure and Tectonics of the Palo Duro Basin,”
November 18-21, 1985.

U.S. Nuclear Regulatory Commission, Memorandum from R. Boyle, NRC, to
J. C. Malaro, Subject: "Trip Report for the Basalt Annual Technical Information
Meeting," dated February 5, 1980.

U.S. Nuclear Regulatory Commission, Memorandum from S. Brocoum, L. L. Lehman,
and D. L. Sfefken, NRC, Subject: "Notes of Meeting Held with U.S. Geological
Survey, Tuesday, June 17, 1980," dated July 31, 1930.

U.S. Nuclear Regulatory Commission, "Trip Report, BWIP Annual Review Meeting,
December 2-3, 1580 and Meeting with Rockwell, December 4, 1980," dated January
16, 1921,

U.S. Nuclear Ragulatory Commission, Memorandum from R. J. Wright, NRC, to M.
Eell, HRC, Subject: "Notes of NRC/DOE Meeting in Richland, Washington, June 9
and 16, 1982," cated August 9, 1982,

U.S. Nuclear Regulatory Cemmission, Memorandum from H. £. Lefevre and

K. McCennell, NRC, to P. S. Justus. Subject: "Report Describing Activities
Associated wfth the Z:ptember 8 through 15, 1986, Visit to the Hanford (EWIP)
Site and Vicinity,"” dated April 3, '987.

U.S. Nuclear Regulasory Cemmission, Memorandum from C. Abrams, NRC, %o P.
Justus, Subject: "Trench 14 Calcite-Sflica Vetin Deposits, Observaticns ard
Implications,” dated Jure 4, 1936,

U.S. Nuciear Requlatory Commission, Memerandum from H., E. Lefevre, NRC, %o
R. L. Ballard, Subject: "Report of 1957 Meeting of the 83rd Ccrdillaran
Secticn, Geological Ssciesy of America, at Hilo, Hawali," dated June 25, 1327.

U.S. Nuclear Regulatory Cemmission, Memorancdum frem H, E. Lefevre, NRC, to

kK. L. 8allarc, Subject: "Report Describing Proceedings Assocfatad with the
Co-Sponsored (Umatilla/Nez Perce) Strustural Geology/Petrsleum Potential
Worksheop Held at Richland, Washington on QOctcber 25-29, 1387," dated Movembar
19, 1957.

clear Reqgulataory Cummd sn, "Craft Site Characterization Analysis of
racte n

U.S. Nue seion
the Site Cha ~izaticn Repcrt for tne EWIP," USNRC Repcore NUREG-CI6Q, March
1933

U.S. tiuclear Regitatnry CTe~=issiar, "Comments cn D0C Crafs Ervironmental
Assasemenss for ke Hantord Sit2," March 20, 1923,
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U.S. Nuclear Regulatory Commission, "Idfofﬁatidﬁ Needs for Characterization of
High-Level Waste Repository Sites in Six Geologic Media," USNRC Report
NUREG/CR-2663, Vols. 1 and 2, May 1985.

U.S. MNuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and
(antent of Site Characterization Plans for High-Level Waste Repositories,"
i~yision 1, March 1987.

U.S. Nuclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Pos tion (ISTP) for Basalt Waste Isolation Project (BWIP)," September 1984.

U.S. Muclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Position (ISTP) for Nevada Waste Isolation Project (NNWSI)," September 1984.

U.S. Nuclear Regulatery Commission, "Draft Issue-Oriented Site Technical
Position (ISTP) for Salt Repository Project (SRP) Permian Basin Sites,"
September 1934,

U.S. Nuclear Regulatory Commission, "HRC Staff Comments on the COE Final
Environmental Assessments," Hanford Site comment numbers 1, 2, 3, and 4; Yucca
Mountain Site comment numbers 1, 2, 3, 4, and 5; Deaf Smith site comment number
1, dated December 22, 1935. D :

U.S. Muclear Requlatory Commission, "Review of the DOE Site Screening in Salt,
Paradcx Basin (meetings and site visits)," dated May 11-21, 1981.

U.S. Nuclear Regulatory Commission, "HRC Comments on DOE Oraft Environmental
Assessqant for the Deaf Smith County Site," March 20, 1935,

U.S. MNuclear Regulatory Commission, "NRC Comments on DOE Draft Environmental
Assessment for Yucca Mountain site,” March 20, 1935.

Conversation record between Steve Frishman, Director of State of Texas Nuclear
waste Program Office and Robert L. Johnson, NRC, "Preliminary EA Comments for
the State of Texas," datec February 20,1925

Letter frcm Steve Frishman, Director of Nuclear Waste Programs Office, Office
cf the Governor, Austin, Texas, to Benard C. Rusche, DCE, Subject: State of
Texas Comments on Nuclear Waste Policy Act Draft Environmental Assessments for
Daaf Smith County Site, Texas (DOE/RW-0014) and Swisher County Site, Texas
(CCE/RW-0815): Acdendum to Comments Submitted March 19, 1935, dated May 23,

10835,

Sandia Maticral Laboratories, "Raview Comments - Deaf Smith EA," January 16,
1985.

U.S. Cepartment of Energy, "Environmental Assessment Deaf Smith County Site
Texas," COE/RW-0089, VYois. 1-3, May 1926.

»

U.S. Department of Energy, "Ervironmental Assessment Yucca Mountain Site,
“evada Research and Daveilopment Area, Nevada," GOZ/8w-0073, Vels. 1-3, May
1636,



U.S. Department of Energy, "Environmenté‘_l Asséssmeni Reference Repository
Location, Hanford Site, Washington," DOE/R_W-0070, Vols. 1-3, May 1986.
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4.3.6. Review Guide for Geophysical Informatfon and Investigations.
4.3.6.1 Background and Approach

In the SCP, it is anticipated that the site program will include plans for
geophysical investigations, as needed for i{ssue resolution and a basic
understanding of the site. Surface-based and borehole geophysical
investigations are critical components of site characterization. They provide
ctherwise unattainable data from boreholes where no coring was performed, from
areas where no boreholes exist, and from a relatively large area around the
site through non destructive testing. -

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in sectfon 4.2.2 and
investigations and activities in section 4.2.3 and 4.2.4, to review appropriate
portions of SCP Chapter 8. Existing information presented in Chapters 1-7
relevant to the criteria given below and any staff concerns regarding this
material should also be considered in the review of Chapter 8. In addition,
specific attention should be focused on the concerns and recommendations
presented in NUREG/CR-~4957. :

Considerations to be applied to any of the three sftes are provided in
Criterion A. Considerations relative to key site-spacific topics that shculd
receive specfal attention in the review for the applicable site are provided in
Criterion B.

4.3.6.2. Criteria

A. The identification of parameters and program of investigations related to
geophysics should provide an acequate consideration of the following items
with consideration of performance allocation for the topic:

1. Use of the following surface-based and borehole geophysical methods to
characterize the site:

a. surface-based to include

(1) seismic reflecticn
(2) seismic refracticn
(3) gravity

(4) magnetic

(5) magnetctelluric

b. borehole to include

(1) nuclear logging (censity, neutron, etc.)
“(2) natural gamma

(3) acoustic (sonic, acoustic teleyiewer, e4c.)
(4) resistivity

(5) spontaneous potertial

(6) downhole and crosshole sefsmic surveys

(7) temperature
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Surveying and processing techniques for each method

Resolution, penetration depths, 1imitations, and potent1a1 uncertainty
associated with each method

Area of coverage, depths, and sampling density that shou1d be used
for each method used at the site

Previous and planned applications of speciffc geophysica1 methods:

a. applications to stratigraphic studies
b. applications to tectonic studies

(1) fold characterization _

(2) fault characterization

(3) fracture/joint characterization
c. applications to hydrologic studies

(1) identification of groundwater pathways to and from the
repository

d. applications to engineering parameter studies

(1) determination of engineering parameters (Poisson s ratio,
rigidity, density, etc.)

Integration of geophysical data with geologic hycro]cgic, and
engineering data v

Modeling of synthetic data for comparison with empirical data

Rationale for rejecting geophysica1 methods that will not be used
at the site

The identification of parameters and program of investigations should

provide an adequate consideration and application of geophysical methods

for the following key site-specific topics (with consideration of
performance allocation for the topic):

Yucca Mountain Site:
a. volcanism
(1) potential magma chambers and magma sources
b. structure
(1) fault characteristics with emphasis on detachment

surfaces, if present _
(2) fracture characteristics.



Hanford Site:

a. structure

(1) features contro]iing groundwater f]ow such as the Yakima
barricade

(2) fault and fracture characteristics, with emphasis on
detachment surface if present -
b. natural resources -
(1) features denoting botehtiai‘sites forlhydrocarbon resources
Deaf Smith Site: R |

. a. disso]ution

(l) Tocation and characteristics such as
- fault-controlled dissoiution |
- localized dissolution channe]s around the periphery of
the basin, trending in the direction of the
repository site v ,
b. geomorphic features

(1) Playa characteristics

4.3.6.3. Applicable Sections of 10 CFR Part 60

Input

60
60
60

21(e) (1)
.21(c)(2)
.21(c)(3)
60.
112

L1113
.122(a)
.122(b)(1)
.122(b)(2)
.122(b)(5)
.122(b)(8)
.122(c)(4)
.122(c)(5)
.122(c)(10)
.122(e)(11)
.122(c)(13)
.122(c)(13)
.122(c)(16)
.122(c)(17)
.122(c)(19)

111



lnput (cont'd)
60.122(c)(20) -
60.122(c)(21)
60.122(c)(22)
60.122(c)(23)
60.122(c)(24)
60. 130-135"‘*

4.3.6.4. Key Documents to Consider.

u.s. Department of Energy, "Annotated“Outline for Site Characterization Plans,'
USDOE Report OGR/B-5, April 1987. IR o

U.S. Department of Energy and Geo]ogica] Survey, U.s. Department of Interior,
“"Earth Science Technical Plan for Disposal of Radicactive Waste in a Mined
Reposfitory,” USDOE Draft Report DOE/TIC-1033, April 1980.

U.S. Department of Energy, "NWTS Program'Crfteria for Mined Geologic Disposal
of Nuclear Waste: Site Performance Criteria," USDOE Report DOE/NWTS-33/2,
February 1981.

U.S. Department of Energy, "MaJor Geoscience Issues Associated with Siting a
High Level Nuclear Waste Repository," prepared for DOE's Office of Civilian
Radioactive Waste Management by R. | Weston Consultants, June 15, 1984.

U.S. Department of Energy, "Issues errarchy for a Mined Geo]ogic Disposal
System (OGR/B-10)," USDOE Report DDE/RW-DID] Revision 1, August 1987.

u.s. Department of Energy and U. S Nuclear Regulatory Commission, "DOE/NRC
Workshop, Geology and Geologic Stabi]ity, Apri] 11-15, 1983 " dated June 2,
1983. o KRS

U.S. Department of Energy and U.S.'Nuc1ear'Regu1atory Commission, "Summary
Meeting Notes, DOE/NRC Status Workshop on BWIP Geology, March 13-15, 1984."
dated March 15, 1984 and multiple reports dated March 22, March 28, April 4,
May 11, June 5 and June 15, 1984.

U.S. Department of Energy and U.S. Nuclear Regu1atory Commission, "Summary of
NRC/DOE Meeting on Seismic/Tectonic Investigat1ons," December 4, 1985,

U.S. Department of Energy ard U.S. Nuclear Reguiatory Commission, "Summary
Meeting Notes, DOE/NRC Meeting on EWIP Seismic Testing in the Vicinity of the
Reference Reposftory Location, May 23, 1985, Silver Spring, MaryIand " dated
May 23, 1935.

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Summary of
the NRC/DOE Meeting on the Level of Detail for Site Characterization Plans and
Study Plans," May 7-8, 1986, 9pp. plus four attachments.

U.S. Nuclear Regulatory Commission and U.S. Department of Energy, "Summary of
NRC/DOE Meeting on the Structure and TeCtonics of the Palo Duro Basin,"
Movember 18-21, 1985, R L E
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U.S. Nuclear Regulatory Commission, Memorahdum from J. Trapp, NRC, to M. Knapp;
Subject: "Trip Report: Appendix 7 Visit to NNSWI September 17-19, 1985," dated
October 3, 1985.

U.S. Nuclear Regulatory Commission, Memorandum from S. Brocoum, L. L. Lehman,
and D. L. Siefken, NRC; Subject: "Notes of Meeting Held with U.S. Geological
Survey, Tuesday, June 17, 1980," dated July 31, 1980.

U.S. Nuclear Regulatory Commission, "Tfip Report, BWIP Annual Review Meeting,
December 2-3, 1980 and Meeting w1th Rockwe11 December 4, 1980," dated January
16, 1981. e

U.S. Nuclear Regulatory Commission, Méﬁbranddmbffom R. J. Wright, NRC, to M.
Bell, NRC; Subject: "MNotes of NRC/DOE Meeting in Richland, Washington, June 9
and 10 1982 " dated August 9, 1982. -

U.S. Nuclear Requlatory Commission, Memorandum from J. M. Cutler, NRC, to
P. S. Justus; Subject: "Trip Report for Trip to Hanford Reservation,
Washington, July 29-August 2, 1984." dated August 14, 1984,

U.S. Nuclear Requlatory Commission, Memorandum from K. Westbrook, NRC, to
M. R. Knapp; Subject: "Trip Report: NRC Geology Mapping-Field Review for the
Basalt Waste Isolation Project Region," dated November 26, 1984.

U.S. Nuclear Regulatory Commission, Memorahdum from K. Westbrook, NRC, to
M. K. Knapp; Subject: "Trip Report for Hanford High Level Nuclear Waste Site -
May 29-31, 1985," dated July 15, 1985.

U.S. Nuclear Regulatory Commission, Memorandum from John Trapp, NRC, to Malcolm
Knapp; Subject: "Trip Report-Structure and Tectonics of the Palo Ouro Basin:
Meeting With DOE and Their Contractors,” dated January 15, 1986,

U.S. Nuclear Regulatory Commission, Memorandum from H. E. Lefevre and

K. McConnell, NRC, to P. S. Justus; Subject: "Report Describing Activities
Associated with the September 8 through 15, 1986, Visit to the Hanford (BWIP)
Site and Vicinity," dated April 3, 1937.

U.S. Nuclear Regulatory Commission, Memorandum from H. £. Lefevre, NRC, to

J. J. Linehan; Subject: "Assessment of Representation of Geological/Geophysical
Concerns at the NRC-DOE EWIP Geohydrology Testing Program Meeting of April 7-9,
1987," dated June 8, 1987.

U.S. Nuclear Regulatory Commission, Memorandum from J. Warner, NRC, to
P. Hildenbrand; Subject: "Report on Appendix 7 Visit to Hanford," dated June
12, 1987.

U.S. Nuclear Regulatory Commission, Memorandum from H. E. Lefevre, NRC, to
R. L. Ballard; Subject: "Report of 1987 Meeting of the 83rd Cordilleran
Section, Geological Society of America, at Hilo, Hawaii," dated June 25, 1927,

U.S. Nuclear Regulatory Commission, Memorandum from H. E. lLefevre,



110

K. McConnell, and J. Warner, NRC, to R. L. Ballard, NRC; Subject: "Report
Describing Activities Associated with the August 2 Through 6, 1987 Yakima Fold
Belt Field Trip in the Vicinity of the Hanford (BWIP) Site," dated September
11, 1987.

U.S. Nuclear Regulatory Commission, Memorandum from H. E. Lefevre and

K. McConnell, NRC, to R. L. Ballard, NRC; Subject: "Report Describing
Activities Associated with the September 30, 1987 Field Trip to the Bureau of
Reclamation's Exploratory Trenches Near 0'Sullivan Dam and at Smyrna Bench in
the Saddle Mountains," dated October 27, 1987.

U.S. Nuclear Regulatory Commission, Memorandum from H. E. Lefevre, NRC, to

R. L. Ballard; Subject: "Report Describing Proceedings Associated with the
Co-Sponsored (Umatilla/Nez Perce) Structural Geology/Petroleum Potential
Workshop Held at Richland, Washington on October 28-29, 1987," dated November
19, 1987.

U.S. Nuclear Regulatory Commission, "Draft Site Characterization Analysis of
the Site Characterization Report for the BWIP," USNRC Report NUREG-0960, March
1983.

U.S. Nuclear Regulatory Commission, "Comments on DOE Draft Environmental
Assessments for the Hanford Site," March 20, 1985,

J.S. Nuclear Regulatory Commission, "Information Needs for Characterization of
High-Level Waste Repository Sites in Six Geologic Media," USNRC Report
NUREG/CR-2663, Vois. 1 and 2, May 1985.

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and
Content of Site Characterization Plans for High-Level Waste Repositories,"
Revision 1, March 1987.

U.S. Nuclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Position (ISTP) for Basalt Waste Isolation Project (BWIP)," September 1984,

U.S. Nuclear Regulatory Commission, "Oraft Issue-Oriented Site Technical
Position (ISTP) for Nevada Waste Isolation Project (NNWSI)," September 1984.

U.S. Nuclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Position (ISTP) for Salt Repository Project (SRP) Permian Basin Sites,"
September 1984.

U.S. Nuclear Regulatory Cemmission, "Repository Design, Exploratory Shaft, and
In-Situ Testing", cated October 25-26, 1933.

1J.S. Nuclear Regulatory Commission, "NRC Guidance on SCP Content." dated June
27-28, 1983,

U.S. Nuclear Requlatory Commissien, "NRC Staff Comments on the DOE Final
Environmental Assescments," Hanford Site comment numbers 1, 2, 3, and 4: Yucca
Mountain Site comment numbers 1, 2, 3, 4, and 5; Deaf Smith site comment numher
1: dated Decemtcer 22, 1736.
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U.S. Nuclear Regulatory Commission, "Review of the DOE Site Screening in Salt,
Paradox Basin (meetings and site visits)," dated May 11-21, 1981.

U. S. Nuclear Regulatory Commission, "Survey of Geophysical Techniques for Site
Characterization in Basalt, Salt and Tuff," NUREG/CR-4957, July 1987.

U.S. Nuclear Regulatory Commission, "NRC Comments on DOE Draft Environmental
Assessment for the Deaf Smith County Site," March 20, 1985.

U.S. Nuclear Regulatory Commission, "NRC Comments on DOE Draft Environmental
Assessment for Yucca Mountains Site," March 20, 1985.

Conversation record between Steve Frishman, Director of State of Texas Nuclear
Waste Program Office and Robert L. Johnson, NRC, "Preliminary EA Comments for
the State of Texas," dated February 20,1985

Letter Report from D. H. Chung and G. E. Cummings, Lawrence Livermore National
Laboratory, to M. E. Blackford, NRC; Subject: "Monthly Management Letter Report
No. 38 (Volcanic Hazards Additions to the BWIP Site Issue-Oriented Site
Technical Position of September 1984)," dated June 6, 1987.

Letter Report from D. H. Chung, Lawrence Livermore National Laboratory, to
M. E. Blackford, NRC; Subject: "Transmittal of Letter Report on Volcanic Hazard
at Hanford," dated April 29, 1986.

Memorandum from T. L. Johnson, NRC, to R. J. Starmer, NRC; Subject: "Report of
Site Visit to NNWSI Project," dated July 22, 1987.

Letter from Steve Frishman, Director of Nuclear Waste Programs Office, Office
of the Governor, Austin, Texas, to Benard C. Rusche, DOE; Subject: "State of
Texas Comments on Nuclear Waste Policy Act Draft Environmental Assessments for
Deaf Smith County Site, Texas (DOE/RW-0014) and Swisher County Site, Texas
(DOE/RW-0015): Addendum to Comments Submitted March 19, 1985," dated May 23,
1985.

Letter from Bruce Blanchard, Director of Environmental Project Review, U.S.
Cepartment of the Interior, to U.S. Department of Energy; Subject: "Comments on
the Environmental Assessments for the "eaf Smith and Swisher County Sites,
Texas," dated April 8, 1935.

Sandia National Laboratories, "Review Comments -~ Deaf Smith EA," January 16,
1985.

U.S. Department of Energy, "Environmental Assessment Deaf Smith County Site,
Texas," DOE/RW-0069, Vols. 1-3, May 1936.

U.S. Department of Energy, "Environmental Assessment, Yucca Mountain Site,
Nevada Research and Development Area, Nevada," DOE/RW-0073, Vols. 1-3, May
16€6.

U.S. Department of Energy, "Environmental Assessment Reference Repository
Location, Hanford Site, Washington," OQE/RW-0070, Vols. 1-3, May 1986.
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U.S. Nuclear Regulatory Commission, "Effects of Earthquakes on Underground
Facilities: Literature Review and Discussion,” USNRC Report, June 1986.
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4.3.7 Review.Guide for Information and Investigations on
Natural Analogs and Related Field Tests

4.3.7.1 Background and Approach

In the SCP, it is anticipated that the site program include plans for
investigations which include the use of natural analogs and related field
tests. Studies of geologic systems which are analogous to repository systems
are needed to: (a) gain confidence in the models that will be applied to the
repository; (b) to identify important processes that occur in geologic settings
similar to proposed repositories; and (c) to assess the extrapolation of
short-term laboratory experiments to long-term system performance. Data from
field sites other than natural analog sites (e.g., below-ground nuclear weapons
tests) can yield information relevant to the investigation of the migration of
radionucliides, as well as in the evaluation of geochemical codes and
performance assessment models. Natural analogs and related field tests may be
used in the development of site-specific scenarios, conceptual models,
numerical models, and designs.

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in Section 4.2.2, and
investigations and activities in Sections 4.2.3 and 4.2.4 to review appropriate
porticns of SCP Chapter 8. Existing information presented in Chapters 1-7
relevant to the criteria given below and any staff concerns regarding this
material should also be considered in the review of Chapter 8.

Considerations to be applied to any of the three sites are provided in
Criterion A. Considerations relative to key site-specific topics that should
receive special attention in the review for the applicable site are provided in
Criterion B.

4,3,7.2 Criteria

A. The identification of parameters and programs of investigations related to
the use of information from natural analogs and related field tests should
provide an adequate consideration of the following items with
consideration of performance allocation for the tepic:

1. Natural Analogs

a. Similarities between the natural analog and the proposed
repository site.
should include a characterization of appropriate
physical and chemical parameters of both the natural
analog and the proposed repository site

b. Description of the process of interest to an appropriate level
of detail

c. Discussion of the effects of differences in scale be-ween <he
recository and the natural analog
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Discussion of the effect of differences in time over which the
natural and repository processes occur

Discussion of the constraints involved in characterizing a
system in which the reaction of interest has already occurred,
or where the system has already evolved.
specifically, in terms of chemical, physical, time, and
transport parameters

Discussion of the effects of open versus closed systems

Discussion of the effects of varying hydrological conditions on
site geochemistry in the analog envirenment

Alteration history of the analog system of interest including
considerations of climatic shifts

2. Dther Related Field Tests

qa.

Similarities between the field test and the expected conditions
of the repository

Discussion of the process of interest to the appropriate level
of detail

Discussion of the effects of differences in scale

Discussion of the effects of differences in the time over which
the process has operated

e. Constraints involved in extrapolating field test data to
repository conditions

f. Representativeness of the test area to the total repository
environment

The identification of parameters and programs of {investigations should
also provide an adequate consideration of the following items
(information/parameter needs and possible methodologies) for key
site-specific topics with consideration of performance allccation for the

topic:

1, Yucca Mountain Site
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a. Natural Analogs
use of analogs in the fnvestigation of zeolite stability
and in interpretation of the origin of the calcite-silica
vein deposits

b. Related Field Tests
use of data from the nuclear weapons tests at the Nevada
Test Site for investigating radionuclide migration in tuff

2. Hanford Site:

Natural Analogs
use of natural analogs in determining the redox conditions
in basalt

3. Deaf Smith Co. Site:

a. Natural Analogs
Use of the Salton Sea Geothermal Field (SSGF) to obtain
data on the effects of hydrothermal alteration on brine
chemistry and the behavior of radionuclides. SSGF data
should also be considered for use in validating geochemical
reaction path codes.

b. Related Field Tests
use of field data from geochemical investigations
(specifically on brine migration and brine chemistry) at
the WIPP site in New Mexico

4.3.7.3 Applicable Sections of 10 CFR Part 60

Lead Input
60.101(a)(2)
60.112
60.113(a)(1)
60.113(a)(2)

4.3.7.4 Key Documents to Consider

U.S. Department of Energy, Office of Civilian Radfoactive Waste Management,
“"Annotated Outline for Site Characterization Plans," OGR/B-5, April, 1987.

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and
Content of Site Characterization Plans for High-Level Waste Geologic
Repositories, Revision 1," March 1987.

U.S. Nuclear Regulatory Commission/U.S. Department of Energy, "Summary of the
NRC/DOE Meeting on the Level of Detail for Site Characterization and Study
Plans," May 7-8, 1986.

Jacobs, G.K., K.L. Von Damm, J.G. Blenco, and A.D. Kelmers, "Geochemistry
Issues for the Hanford Site Candidate High Level Waste Repository
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(Information/Data Needs Test Methods)" Draft Letter Report LR-287, Oak Ridge
National Laboratory, 1987.

Jacobs, G.K., A.D. Kelmers, and K.L. Von Damm, "“Geochemistry Issues for the
Yucca Mountain Site Candidate High Level Waste Repository (Information/Data
Needs Test Methods)," Draft Letter Report, LR-287, Oak Ridge National
Laboratory, 1987.
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4.3.8 Review Guide for Information and Investigations on
the Effects of Post-Closure Changes on Site Geochemistry

4.3.8.1 Background and Approach

In the SCP, it is antictipated that the site program will include plans for
investigations which assess the effects of post-closure changes in site
conditions other than those produced directly from repository constructfon and
operation on the geochemical environment of the site. These changes may be
anthropogenic and/or natural changes, and include events such as resource
recovery operations, climatic changes, or tectonic changes. These changes
could affect the groundwater and rock geochemistry, the retardation
properties, and the mineral stability of the site. The performance of the
repository could be affected by these changes, and therefore, they should be
fully assessed in the site characterization process. This assessment will be
important in the development of site-specific scenarios, conceptual models,
numerical models, and designs.

The detatled criteria below should be used in conjunction with the general
review criteria for parameter identification in Section 4.2.2, and
investigations and activities in Sections 4.2.3 and 4.2.4 to review appropriate
porticns of SCP Chapter 8. Existing information presented in Chapters 1-7
relevant to the criteria given below and any staff concerns regarding this
material should also be considered in the review of Chapter 8.

Considarations to be applied to any of the three sites are provided in
Criterion A. Considerations relative to key site-specific topics that should
receive special attention in the review for the applicable site are provided in
Criterion B.

4.3.8.2 Criteria

A. identification of parameters and programs of investigations related to
effects of post-closure changes on site geochemistry should provide an

acecquate consideration of the following items with consideration of
performance ailocation for the topic:

- -y

h
h

® ¢

<

1. Hatural Changes

a. Tectonic Processes
movement of rock units along fault planes and changes in
the lJocation of the water tahble, caused by tectonic
processes, resulting in changes in mineralogy and water
chemistry along flow paths

b. Magmatic and Volcanic Processes
thermal and chemical effects of magmatic intrusions on
the geochemistry of the host rock and surrounding units

c. C(Climatic Changes
effects of changes in climate, such as the onse: of a
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pluvial period, on the location of the water table,
the water chemistry, retardation, and mineral stability

d. Flooding
effects of flooding on the location of the water table and
geochemical processes and conditions dependent upon
water chemistry, such as radionuclide transport,
retardation, and mineral stabflity

e. Hydrothermal Processes
hydrothermal systems could be produced by a heat source
ifn the vicinity of the repository, and effect retardation
properties and mineral stability

2. Anthropogenic Changes

a. Resource Recovery Activities
recovery of resources in the vicinity of the repository
could introduce water into the host rock, or introduce air
(and therefore oxygen) into the repository environment
affecting site geochemical conditions

b. Groundwater Withdrawal
changes in the chemical conditions caused by the
withdrawal of groundwater affecting the groundwater
flow path and flow rate

The identification of parameters and programs of investigations should
also provide an adequate consideration of the following ftems
(information/parameter needs and possible methodologies) for key

site~specific topics with consideration of performance allocation for the
topic:

1. Yucca Mountain Site:

Natural Changes

climatic variations may affect the location of the
unsaturated zone, and may result in changes in
water chemistry and rock geochemistry

2. Hanford Site:

Anthropogenic Changes

effects of resource recovery (e.g., drilling) on redox
condftions
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4.3.8.3 Applicable Sections of 10 CFR Part 60

Lead Input
1) 60.112

. 3) 60.113(a

60.122(b)(4) 23'%%3%3

8) . a

7) 60.122(b

60.122(c)(10) 60.122(b

4.3.8.4 Key Documents to Consider

U.S. Deparcmen of Energy, Office of Civilian Radioactive Waste Management,
"Annotated Outline for Site Characterization Plans,"” OGR/B-5, April, 1987.

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and
Content of Site Characterization Plans for High-Level Waste Geclogic
Repositories, Revision 1," March 1987.

U.S. Nuclear Regulatory Commission/U.S. Department of Energy, "Summary of the
NRC/DOE Meeting on the Level of Detail for Site Characterization and Study
Plans," May 7-8, 1986.

Jacebs, G.K., K.L. Von Damm, J.G. Blenco, and A.D. Kelmers, "“Geochemistry
Issues for the Hanford Site Candidate High Level Waste Repository
(Informatfon/Data Needs Test Methods)" Draft Letter Report LR-287, Oak Ridge
National Laboratory, 1927,

Jacobs, G.K., A.D. Kelmers, and K.L. Von Damm, "Geochemistry Issues for the
Yucca Mountain Site Candidate High Level Waste Repository (Information/Data
Needs Test Methods)," Draft Letter Report, LR-287, Oak Ridge National
Laboratory, 1987,
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4.3.9 Review Guide for Geochemical Concerns for Modeling
4.3.9.1 Background and Approach

In the SCP, it is anticipated that the site program will include plans for
investigations which include the use of geochemical models. Geochemical models
will be coupled with other models (e.g., hydrologic) to demonstrate the ability
of the site to meet the performance objectives of 10 CFR Part 60. The
verification and validation of these models is necessary to assure that these
demonstrations are sound mathematically and are representative of site
geochemical conditions. Geochemical models can be used to support predictions
of waste package corrosion, waste form leaching, radionuclide migration in
groundwater and radionuclide source term at the accessible environment and the
engineered barrier system.

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in Section 4.2.2, and
investigations and activities in Sections 4.2.3 and 4.2.4 to review appropriate
portions of SCP Chapter 8. Existing information presented in Chapters 1-7
relevant to the criteria given below and any staff concerns regarding this
material should also be considered in the review of Chapter 8.

Considerations to be applied to any of the three sites are provided in
Criterion A. Considerations relative to key site-specific topics that should
receive special attention in the review for the applicable site are provided in
Criterion B.

4.3.9.2 Criteria

AL The identification of parameters and programs of investigations related to
the use of geochemical models should provide an adequate consideration of
the following items with consideration of performance allocation for the
topic:

1. Thermodynamic Data Base
the thermodynamic data base used in the model should be
critically evaluated and internally consistent

2. Applicability of the Model
The models selected should be applicable to geochemical
processes expected in the repository. The appropriateness of
geochemical assumptions and simplifications should be assessed.
Specific areas of concern are: the validity of the local
equilibrium assumption; the ability to model solid solutions:
the method of activity coefficient calculation; the approach to
representing sorption in the model;, and the approach to
modeling processes which have kinetic controls.

3. Model Sensitivity
The investigations should consider the sensitivity of model
recsults to the uncertainty of the geochemical input
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parameters. The effects of the geochemical assumptions and
simplifications should be assessed.

The effects of the coupling of geochemical models with models
from other disciplines and the propagation of errors should
be considered.

4. Model Validation
a. models should be compared with experimental and field data
b. natural analogs should be used to test the validity of the

mode]

B. The identification of parameters and programs of investigations should
also provide an adequate consideration of the following ftems (information
and parameter needs and possible methodologies) for key site-specific
topics with consideration of performance allocation for the topic:

1.  Yucca Mountain Site:
a. the ability of models chosen to predict chemical processes in
the unsaturated zone
b. the appropriateness of solid solution models used in
calculating the thermodynamic parameters of zeolites

2. Hanford Site:
the ability of codes to model reactions affected by redox

kinetics
3. Deaf Smith Site:

a. plans should include development of a model which predicts
brine migration along crystal boundaries

b. uncertainty in predicting brine migration using a
non-mechanistic approach

c. the need for improvements in the data base for reaction path
codes at high jonic strengths.

4.3.9.3 Applicable Sections of 10 CFR Part 60
Lead Input

60.111(a)
60.111(b)
60.112
60.113(a)(1)
60.112(a)(2)
60.113(b)(4)

4.3,9.4 Key Documents to Consider
U.S. Nuclear Regulatery Commission, Regulatory Guide 4.17, "Standard Format and

Content of Site Characterization Plans for High-Level Waste Geologic
Repositories, Revision 1," March 1987.
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U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and
Content of Site Characterization Plans for High-lLevel Waste Geologic
Repositories, Revision 1," March 1987. .

U.S. Nuclear Regulatory Commission/U.S. Department of Energy, "Summary of the
NRC/DOE Meeting on the Level of Detail for Site Characterization and Study
Plans," May 7-8, 1986.

INTERA Environmental Consultants, EQ3/EQ6: A Geochemical Speciation and
Reaction Path Code Package Suitable for Nuclear Waste Performance Assessment,
Technical Report, ONWI-472, May 1983.

U.S. Nuclear Regulatory Commission, "Conference on Application of Geochemical
Models to High-Level Nuclear Waste Repository Assessment," NUREG/CP-0062,
May 1985.

U.S. Nuclear Regulatory Commission, "The Symposium on Groundwater Flow and
Transport Modeling for Performance Assessment of Deep Geologic Disposal of
Radioactive Waste: A Iritical Evaluation of State of the Art," NUREG/CP-0079,
August 1986.

U.S. Nuclear Regulatory Commission, NRC Staff Comments on the DOE Final
Environmental Assessment, Deaf Smith Site, Comment #6, Waste Package
Predictions, December 1986,
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4.3.10 Review Guide for Information and Investigations on
Geochemical Concerns for the Engineered Barrier System

4.3.10.1 Background and Approach

In the SCP, it is anticipated that the site program will include plans for
investigations of the geochemical concerns for the engineered barrier system.
The geochemical conditions of the geologic setting can affect the physical and
chemical state of the engineered barrier system. Conversely, the engineered
barrier system can affect the geochemical conditions in the near-field geologic
setting. Both of these interactions may produce geochemical conditions which
can affect the mobility of released radionuclides, and ultimately, the overall
performance of the repository. The geochemical conditions and processes
produced as a result of the interaction among engineered barrier materials,
waste radionuclides, and the natural geochemical/geological setting must
therefore be thoroughly assessed to determine what effects they will have on
the ability of the site to attenuate radionuclide transport. This assessment
will be important in developing site-specific scenarios, conceptual models,
numerical mcdels, and designs.

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in Section 4.2.2, and
investigations and activities in Sections 4.2.3 and 4.2.4 to review appropriate
portions of SCP Chapter 8. Existing information presented in Chapters 1-7
relevant to the criteria given below and any staff concerns regarding this
material should also be considered in the review of Chapter 8.

Considerations to be applied to any of the three sites are provided in
Criterion A. Considerations relative to key site-specific topics that should
receive special attention in the review for the applicable site are provided in
Criterion B.
4.3.10.2 Criteria
A, The identification of parameters and programs of investigations related to
the geochemical concerns for the engineered barrier system should provide
an adequate consiceration of the following items with consideration of
performance allocation for the topic:
1. Geochemistry of the fngineered Barrier System
a. chemical composition of the waste
b. identification of dissolution reactions, and rates of reactiors

c. solubility of the waste form under expected repository
conditions

d. chemical and mineralogical composition of engineared barriars
under anticipated repositery conditions
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e. stability of engineered barriers under expected repository
conditions

f. speciation, and changes in speciation of waste radionuclides
crossing the engineered barrier/natural system interface

g. fdentification of key reactions between the engineered barrier
system materials and the host rock and groundwater

h. proportions of phases involved in reactions

i. chemical buffering and poising of the engineered barrier system
J. hydrothermal alteration of the host rock

k changes in groundwater chemistry due to the thermal pulse

1. changes in groundwater chemistry due to the radiation field

m. effects of changes in the host rock and groundwater on
radionuclide migration

Geochemical Concerns with Regard to Leaching
a. Physico-chemical state of the waste form

b. Characterization of leaching mechanisms of key radionuclides

under repository cuinditions, including the effects of the
following:

(1) thermal pulse

(2) kinetics

(3) radiation field

(4) radiolytic products

(5) time

(6) groundwater flux

(7) stress/strain

(8) concentration gradfents

c. Applicability of studies to reposftory conditfons

Geochemical Concerns with Regard to Corrosion
a. Physfco-chemical state of the waste package

b. Effects of repository conditions/site geochemistry on waste
package corrosion, including a consideration of the following:
(1) thermal pulse
(2) radiation field
(3) radiolytic products
(4) groundwater flux
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(5) concentration gradients
(6) stress/strain

{(7) time

(8) kinetics

c. Applicability of studies to repository conditions

The identification of parameters and programs of investigations should
also provide an adequate consideration of the following ftems
(information/parameter needs and possible methodologies) for key
site-specific topics with consideration of performance allocation for the
topic:

1.

Yucca Mountain Site:

a. Geochemical Concerns for Leaching
effects of successive wetting and drying cycles

b. Geochemical Concerns for Corrosfon
effects of salt build-up, caused by the evaporation of
infiltrating water

Hanford Site:

a. Geochemistry of the Engineered Barrier System
effectiveness of EBS materfals to poise redox conditions

b. Geochemical Concerns for Leaching
effects of the uncertainty of groundwater flux estimates

c. Geochemical Concerns for Corrosion
effects of redox, fncluding consideration of redox
perturbations caused by repository construction

Deaf Smith Co. Site:

a. Geochemistry of the Engineered Barrier System
effectiveness of the engineered barrier system as a pH
buffer

b. Geochemical Concerns for Corrosfon
effects of brine migration in response to thermal and
pressure gradients, including estimates of brine migration
rates, brine volumes, and brine chemistry (Mg in
particular)
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4.3.10.3 Applicable Sections of 10 CFR Part 60

Lead Input :

60.113(b)(3) 60.111(a)

60.122(<c)(8) 60.112
60.113(a)(1)
60.113(a)(2)
60.113(b)(1)

60.113(b)(2)
60.113(b)(4)
60.122(b)(7)
60.122(c)(20)

4.3.10.4 Key Documents to Consider

U.S. Department of Energy, Office of Civilian Radioactive Waste Management,
"Annotated Qutline for Site Characterization Plans,'" OGR/B-5, April, 1987.

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and

Content of Site Characterization Plans for High-Level Waste Geologic
Repositories, Revision 1," March 1987.

U.S. Nuclear Regulatory Commission/U.S. Department of Energy, "Summary of the
NRC/DOE Meeting on the Level of Detail for Site Characterization and Study
Plans," May 7-8, 1986.

Jacobs, G.K., K.L. Von Damm, J.G. Blenco, and A.D. Kelmers, "Geochemistry
Issues for the Hanford Site Candidate High Level Waste Repository
(Information/Data Needs Test Methods)" Draft Letter Report LR-287, QOak Ridge
National Laboratory, 1987.

Jacobs, G.K., A.D. Kelmers, and K.L. Von Damm, "Geochemistry Issues for the
Yucca Mountain Site Candidate High Level Waste Repository (Information/Data
Needs Test Methods)," Draft Letter Report, LR-287, Oak Ridge National
Laboratory, 1987.

U.S. Nuclear Regulatory Commission, NRC Staff Comments on the DOE Final
Environmental Assessment, Deaf Smith Site, Comment #6, Waste Package
Performance Prediction, December 1986.

U.S. Nuclear Regulatory Commission, "Brine migration in Salt Rock, Technical
Report," February 26, 1987.

Nowak, E.J., Preliminary Results of Brine Migration Studies in WIPP, Sandia
National Laboratories, SAND 86-0720, May 1986.
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4.3.11 Review Guide for Information and Investigations
on Geochemistry of the Host Rock

4.3.11.1 Background and Approach

In the SCP, it is anticipated that the site program will include plans for
investigations of the geochemistry of the host rock. An understanding of the
geochemistry of the host rock is necessary in order to assess the performance
of a nuclear waste repository. Geochemical characterization of the rock will
provide information on potential changes in water chemistry, sorption and other
retardation mechanisms operating in the natural system, and physical stability
of the host rock. A thorough assessment of the geochemistry of the host rock
is therefore important in developing site-specific scenarios, conceptual
models, numerical models and designs.

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in Section 4.2.2, and
investigations in Sections 4.2.3 and 4.2.4 to review appropriate portions of
SCP Chapter 8. Existing information presented in Chapters 1-7 relevant to the
criteria given below and any staff concerns regarding this material should also
be considered in the review of Chapter 8.

Considerations to be applied to any of the three sites are provided in
Criterion A. Considerations relative to key site-specific topics that should
receive special attention in the review for the applicable site are provided in
Criterion B.

4.3.11.2 Criteria

A. The identification of parameters and programs of investigations related to
the geochemistry of the host rock. should provide an adequate
consideration of the following items with consideration of performance
allocation for the topic:

1. identification of minerals in the host rock and surrounding
strata

2. petrology of the host rock and surrounding strata
3. chemistry of the minerals and rcck
4, surface area/surface properties of minerals and rock

5. hydrodynamic properties of the host rock and the surrounding
strata

6. effects of stress/strain on mineral dissolution and mineral
stability

7. age determination
to investigate the genesis and thermal history of the host
rock and surrounding units
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8. fluid inclusions .
to fnvestigate the genesis of the host minerals and the
characteristics of paleowaters at the repository

B. The identification of parameters and programs of investigations should
also provide an adequate consideration of the following items
(information/parameter needs and possible methodologies) for key
site-specific topics with consideration of performance allocation for the
topic:

1. Yucca Mountain Site:

(a) petrology of the calcite-silica veins
(1) use of stable jsotopes to determine genesis
(2) age determination
(3) use of fluid inclusions and trace elements to determine
temperature of formation

(b) petrographic studies of geopetal structures to support geologic
investigations of tectonism

(c) formation and distribution of zeolites

2. Hanford Site .
rock -chemistry as a stratigraphic indicator

3. Deaf Smith Co. Site:

(a) distribution, mineralogy and water content of interbeds and
mudstones

(b) origin and nature of fluid fnclusions
(1) stable isotope investigations
(2) brine migration evaluation

4.3.11.3 Applicable Sections of 10 CFR Part 60

Lead Input
60.113(b)(1) 60.111(b)(1)
60.113(b)(3) 60.111(b)(2)
60.113(b)(4) 60.112
60.113(c) 60.113(a)(1)
60.122(a)(1) 60.113(a)(2)
60.122(a)(2) 60.113(b)(1)
60.122(b)(1) 60.113(b)(3)
60.122(b)(3)(1) 60.113(b)(4)
£0.122(b)(3)(11) 60.113(c)
60.122(b)(3)(1i1) 60.122(a)(1)
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Lead (cont'd) Input (cont'd)

60.122(b)(4) 60.122(a)(2)

60.122(c)(8) gg.igggggg;;
60.122(b)(5)

60.122(b)(7)
60.122(b)(8)
60.122(c)(17)

4.3.11.4 Key Documents to Consider

U.S. Department of Energy, Office of Civilian Radiocactive Waste Management,
"Annotated Outline for Site Characterization Plans," OGR/B-5, April, 1987.

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and
Content of Site Characterization Plans for High-Level Waste Geologic
Repositories, Revision 1," March 1987.

U.S. Nuclear Regulatory Commission/U.S. Department of Energy, "Summary of the
NRC/DOE Meeting on the level of Detail for Site Characterization and Study
Plans," May 7-8, 1986

Jacobs, G.K., K.L. Von Damm, J.G. Blenco, and A.D. Kelmers, "Geochemistry
Issues for the Hanford Site Candidate High Level Waste Repositcry
(Information/Data Needs Test Methods)" Draft Letter Report LR-287, Oak Ridge
National Laboratory, 1987.

Jacobs, G.K., A.D. Kelmers, and K.L. Von Damm, "Geochemistry Issues for the
Yucca Mountain Site Candidate High Level Waste Repository (Information/Data
Needs Test Methods)," Draft Letter Report, LR-287, Oak Ridge National
Laboratory, 1987.

Bernhard, M., et al, eds., The Importance of Chemical Speciation in
Environmental Processes,Life Sciences Research Report #33, Dahlem Workshop,
Berlin, West Germany, Springer Verlag, New York, 1984.

U.S. Nuclear Regulatory Commission, "NRC Nuclear Waste Geochemistry '83,"
Proceedings of U.S. NRC Workshop, August 30-31, 1983, NUREG/CP-0052, 1984.

U.S. Nuclear Regulatory Commission, "Critical Parameters for a High-Level Waste
Repository," Volume 1: Basalt -- NUREG/CR-4161, (1985), Volume 2: Tuff --
NUREG/CR- TBD, (1985), Volume 3: Salt -- NUREG/CR- TBD, 1985.

Apps, J.A., et al, "Status of Geochemical Problems Relating to the Burial of
High-Level Radioactive Waste," NUREG/CR-3062, 1982.

Claiborne, H.C., et al, "Repository Environmental Parameters and
Models/Methodologies Relevant to Assessing the Performance of High-Level Waste
Packages in Basalt, Tuff, and Salt," NUREG/CR-4134/R1.

Trudinger, P.A., and Swane, D.J., eds., Studies in Environmental Science 3,
"Biogeochemical Cycling of Mineral-Forming Elements," Elsevier Scientific
Publishing Company, New York, 1979.
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Cranwell, R. M., et al., "Risk Methodology for Geologic Disposal of Radiocactive
Waste," Final Report, NUREG/CR-2452, 1987.

National Research Council, Waste Isolation Systems Panel, Board on Radicactive
Waste Management, "A Study of the Isolation System for Geologic Disposal of
Radioactive Waste," National Academy Press, Washington, D.C., 1983.

American Physical Society Study Group on Fuel Cycle and Waste Management,
"Report to the American Physical Society on Nuclear Fuel Cycles and Waste
Management," Reviews of Modern Physics 50, No. 1, Part II, p. S1-S185, 1978.

Malbrain, C.M. and R.K. Lester, "An Improved Environmental Pathway Model for
Assessing High-level Waste Repository Risks," Health Physics, Vol. 53, No. 5,
pp. 473-486, 1987.

U. S. Nuclear Regulatory Commission, Draft Site Technical Position on the Use
of Hydrazine to Experimentally Simulate Expected Site Redox Conditions and
Reactions, 1987.

U.S. Nuclear Regulatory Commission/U.S. Department of Energy, "Summary of
Geochemistry Data Review on Hydrazine, Meeting Minutes,” Richland, Washington,
July 21-23, 1987.
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4.3.12 Review Guide for Information and Investigations on the
Geochemistry of Groundwater

4.3.12.1 Background and Approach

In the SCP, it is anticipated that the site program will include plans for
investigations of the geochemistry of groundwater. An understanding of the
geochemistry of groundwater is a concern for both the siting of the repository
and performance of a nuclear waste repository. The characterization of the
geochemistry of groundwater will support predictions of the rates of waste
package corrosion, waste form leaching, radionuclide migration and groundwater
movement. A thorough assessment of the geochemistry of groundwater is
therefore important in developing site-specific scenarios, conceptual models,
numerical models and designs.

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in Section 4.2.2, and
investigations in Sections 4.2.3 and 4.2.4 to review appropriate portions of
SCP Chapter 8. Existing information presented in Chapters 1-7 relevant to the
criteria given below and any staff concerns regarding this material should also
be considered in the review of Chapter 8.

Considerations to be applied to any of the three sites are provided in
Criterion A, Considerations relative to key site-specific topics that should
receive specfal attention in the review for the applicable site are provided in
Criterion B.
4.3.12.2 Criteria
A. The identification of parameters and programs of investigations related to
the geochemistry of the groundwater should provide an adequate
consideration of the following items with consideration of performance
allocation for the topic:
1. major elements in solution
2. minor elements in solution
3. trace elements in solution
4, speciation of ambient groundwaters
5. jonic strength
6. charge balance
7. pH
8. redox conditions

Investigations should include consideration of
uncertainties in redox measurement and calculations
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9. ambient groundwater and rock temperature, and predicted
post-closure temperatures .

10. biogeochemical processes -
investigations should identify important macro- and
micro-species, and identify the key biogeochemical
reactions and cycles '

11. f{dentification of disequilibrium conditions
12. degree of saturation of groundwater with respect to key minerals
13. dissolved gas content and composition

14. stable isotopes
can provide information on water/rock ratio

15. age of groundwater
can provide information for groundwater travel time
calculations

16. groundwater density

17. background concentrations of radfoactive elements

18. size, nature, and amount of natura1ly-occurr1ng colloids
19. size, nature and amount of naturally-occurring particulates

20. kinetic effects
Investigations should include identification of the key
kinetically controlled reactions and determine rate
constants for these reactions

21. effects of radiolytic processes on groundwater chemistry

The identification of parameters and programs of i{nvestigations should
also provide an adequate consideration of the following items
(information/parameter needs and possible methodologies) for key
site-specific topics with consideration of performance allocation for the
topic:

1. Yucca Mountain Site:

(a) evaluate the effect of water sample collection method on
unsaturated zone water chemistry

(b) presence and effect of colloidal or particle-bound
radionuclides on matrix diffusion
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2. Hanford Site:

(a) difficulty in retaining representative redox conditions during
sampling.

(b) presence of organic compounds or complexing agents and effects
of radiolytic reactions of organics on speciation

(c) kinetic controls on the reestablishment of ambient geochemical
conditions after closure

(d) Eh buffering capacity of the system

(e) effect of redox conditions on the speciation of multivalent
radionuclides :

3. Deaf Smith Co. Site:

(a) Mg concentration of brines which will contact the waste package

(b) uncertainties in speciating high fonic strength groundwater

(c) evaluate effects of collection method on obtaining
representative samples of mudstone water chemistry and mobile
fluids in salt (i.e., intercrystalline fluids)

4.3.12.3 Applicable Sections of 10 CFR Part 60

Lead Input
60.113(b)(3) | 60.18(e)
60.113(b)(4) 60.111(a)
60.122(b)(1) 60.112
60.122(b)(3) 60.113(a)(1)
60.122(c)(7) 60.113(a)(2)
& i
60.122(c)(9) 60.122(c)(17)

60.122(c)(20)
60.122(c)(24)

4.3.12.4 Key Documents to Consider

U.S. Bepartment of Energy, Office of Civilian Radioactive Waste Management,
"Annotated Outline for Site Characterization Plans," OGR/B-5, April, 1987.

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "“Standard Format and
Content of Site Characterization Plans for High-Level Waste Geologic
Repositories, Revision 1," March 1987.

U.S. Huclear Reqgulatory Commission/U.S. Department of Energy, "Summary of the
NRC/DOE Meeting on the Level of Detail for Site Characterization and Study
Plans," May 7-8, 1986

Jacobs, G.K., K.L. Von Damm, J.G. Blenco, and A.D. Kelmers, "Geochemistry
Issues for the Hanford Site Candidate High Level Waste Repository
(Information/Data Needs Test Methods)" Oraft Letter Report LR-287, Oak Ridge
National Laboratory, 1987.
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Jacobs, G.K., A.D. Kelmers, and K.L. Von Damm, "Geochemistry Issues for the
Yucca Mountain Site Candidate High Level Waste Repository (Information/Data
Needs Test Methods)," Draft Letter Report, LR-287, Oak Ridge National
Laboratory, 1987.

Bernhard, M., et al, eds., The Importance of Chemical Specfation in
Environmental Processes, Life Sciences Research Report #33, Dahlem Workshop,
Berlin, West Germany, Springer Verlag, New York. 1984.

U. S. Nuclear Regulatory Commissfon, Draft Site Technical Position on the Use
of Hydrazine to Experimentally Simulate Expected Site Redox Conditfons and
Reactions, 1987.

U.S. Nuclear Regulatory Commission/U.S Department of Energy, "Summary of
Geochemistry Data Review on Hydrazine, Meeting Minutes,”" Richland, Washington,
July 21-23, 1987.

U.S. Nuclear Regulatory Commission, NRC Staff Comments on the DOE Final
Environmental Assessments, Comment Number 6, Redox Conditions, December, 1986.

U.S. Nuclear Regulatory Commission, "NRC Nuclear Waste Geochemistry '83,"
Proceedings of U.S. NRC Workshop, August 30-31, 1983, NUREG/CP-0052, 1984.

U.S. Muclear Regulatory Commission, "Critical Parameters for a High-Level Waste
Repository," Volume 1: Basalt -- NUREG/CR-4161, 1985, Volume 2: Tuff --
NUREG/CR~- TBD, 1985, Volume 3: Salt -- NUREG/CR- TBD, 1985.

Apps, J.A., et al, "Status of Geochemnical Problems Relating to the Burial of
High-Level Radiocactive Waste," NUREG/CR-3062, 1982.

Claiborne, H.C., et al, "Repository Environmental Parameters and
Models/Methodologies Relevant to Assessing the Performance of High-Level Waste
Packages in Basalt, Tuff, and Salt," NUREG/CR-4134/R1.

Trudinger, P.A., and Swaine, D.J., eds., Studies in Environmental Science 3,
"Biogeochemical Cycling of Mineral-Forming Elements," Elsevier Scientific
Publishing Company, New York, 1979.

U.S. Nuclear Regulatory Commission, Determination of Radionuclide Solubility in
Groundwater for Assessment of High-level Waste Isolation, Technical Position,
Geochemistry Section, Geotechnical Branch, Division of Waste Management, 1984.

National Research Council, Waste Isolation Systems Panel, Board on Radicactive
Waste Management, "A Study of the Isolation System for Geologic Disposal of
Radioactive Waste," National Academy Press, Washington, D.C., 1933.

American Physical Society Study Group on Fuel Cycle and Waste Management,
Repart to the American Physical Society on Nuclear Fuel Cycles and Waste
Management, Reviews of Modern Physics 50, No. 1, Part II, p. S1-S185, 1978.
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4.3.13 Review Guide for Information and Investigations on
Mineral and Glass Stability

4.3.13.1 Background and Approach

In the SCP, it {is anticipated that the site program will include plans for
investigations of the mineral and glass stability. An understanding of the
geochemistry of these processes and conditions is necessary in order to assess
the performance of a nuclear waste repository. The assessment of mineral and
glass stability will identify those phases which may change due to natural
disequilibrium conditions, and in response to repository construction and
operation. A thorough assessment of these geochemical processes and conditions
is therefore important in developing site-specific scenarios, conceptual
models, numerical models and designs.

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in Section 4.2.2 and
investigations in Sections 4.2.3 and 4.2.4 to review appropriate portions of
SCP Chapter 8. Existing information presented in Chapters 1-7 relevant to the
criteria given below and any staff concerns regarding this material should also
be considered in the review of Chapter 8.

Considerations to be applied to any of the three sites are provided in
Criterion A. Considerations relative to key site-specific topics that should

receive special attention in the review for the applicable site are provided in
Criterion B.

4.3.13.2 Criteria
A. The identification of parameters and programs of investigations related to
mineral and glass stability should provide an adequate consideration of

the following items with consideration of performance allocation for the
topic:

1. key mineral and glass reactions occurring under site-specific
solid, liquid and vapor phase conditions

2. effects of stress/strain on mineral and glass stability

3. effects of the engineered barrier system materfals on mineral
and glass stability

4. duration and rate of change of gecchemical conditions
5. kinetic controls on key mineral and glass reactions
6. thermodynamic controls on key mineral and glass reactions

7. effects of the radiation field and radiolytic reactions on
mineral and glass stability
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B. The fidentification of parameters and programs of investigations should also
provide an adequate consideration of the following ftems
(information/parameter needs and possible methodologies) for key
site-specific topics with consideration of performance allocation for the

topic:
1. Yucca Mountain Site:

effect of silica phase stability on zeolite stability

2. Hanford Site:

(a) stability of clay minerals and of the glassy mesostasis
(b) stability of redox- sensit1ve and redox-controlling mineral
assemblages

3. Deaf Smith Co. Site:

(a) chemistry of waters involved in salt dissolution
(b) stability of clay minerals :

4.3.13.3 Applicable Sections of 10 CFR Part 60

Lead - Input
60.113(a)(1) - 60.111(a)
60.113(b)(1) _ 60.113(a)(1)
60.113(E)(2) ‘ 60.113(a)(2)
60.113(b)(3) 60.113(b)(1)
60.112(b)(4) 60.113(b)(2)
60.122(c)(4) 60.113(b)(4)
R B
. . c
60.122(c)(9) | 60.122(c)(17)

60.122(c)(10)
60.122(c)(15)
60.122(c)(20)

4.3.13.4 Key Documents to Consider

U.S. Department of Energy, Office of Civilian Radicactive Waste Management,
"Annotated Outline for Site Characterization Plans," OGR/B-5, April, 1987.

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and
Content of Site Characterization P1ans for High-Level Waste Geologic
Repositories, Revision 1," March 1987.

U.S. Muclear Regulatory Commission/U.S. Department of Energy, "Summary of the
NRC/DOE Meeting on the Level of Detail for Site Characterization and Study
Plans," May 7-8, 1986.
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Jacobs, G.K., K.L. Von Damm, J.G. Blenco, and A.D. Kelmers, "Geochemictry
Issues for the Hanford Site Candidate High Level Waste Repository
(Information/Data Needs Test Methods)" Draft Letter Report LR-287, Oak Ridge
National Laboratory, 1987.

Jacobs, G.K., A.D. Kelmers, and K.L. Von Damm, "Geochemistry Issues for the
Yucca Mountain Site Candidate High Level Waste Repository (Information/Data
Needs Test Methods)," Draft lLetter Report, LR-287, Oak Ridge National
Laboratory, 1987. '

U.S. Nuclear Regulatory Commission, NRC Staff Comment on the DOE Final
Environmental Assessments, Comment Number 6, Redox Conditions, December, 1986.

U.S. Nuclear Regulatory Commission, "NRC Nuclear Waste Geochemistry '83,"
Proceedings of U.S. NRC Workshop, August 30-31, 1983, NUREG/CP-0052, 1984.

U.S. Nuclear Regulatory Commission, "Critical Parameters for a High-Level Waste
Repository,” Volume 1: Basalt -- NUREG/CR-4161, 1985, Volume 2: Tuff =--
NUREG/CR- TBD, 1985, Volume 3: Salt -- NUREG/CR- TBD, 1985.

Apps, J.A., et al, "Status of Geochemical Problems Relating to the Burial of
High-Leve)l Radioactive Waste," NUREG/CR-3062, 1982.

Claiborne, H.C., et al, "Repository Envifonmental Parameters and
Models/Methodologies Relevant to Assessing the Performance of High-Level Waste
Packages in Basalt, Tuff, and Salt," NUREG/CR-4134/R1.

Trudinger, P.A., Swaine, D.J., eds., Studies in Environmental Science 3,
"Biogeochemical Cycling of Mineral-Forming Elements," Elsevier Scientific
Publishing Company, New York, 1979.

Cranwell, R. M., et al., "Risk Methodology for Geologic Disposal of Radioactive
Waste," Final Report, NUREG/CR-2452, 1987.

National Research Council, Waste Isolation Systems Panel, Board on Radiocactive
Waste Management, "A Study of the Isolation System for Geologic Disposal of
Radicactive Waste," National Academy Press, Washington, D.C., 1983.
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4.3.14 Review Guide for Information and Investigations on
Radionuclide Retardation

4.3.14.1 Background and Approach

In the SCP, it {s anticipated that the site program will include plans for
investigations of radionuclide retardation. An understanding of the
geochemistry of these processes and conditions is necessary in order to assess
the performance of a nuclear waste repository. Investigations of radionuclide
retardation mechanisms such as sorption, precipitation, and matrix diffusion
will provide valuable information on the ability of a site to isolate released
radionuclides. A thorough assessment of these geochemical processes and
conditions is therefore important in developing site-specific scenarfos,
conceptual models, numerical models and designs.

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in Section 4.2.2, and
investigations and activities in Sections 4.2.3 and 4.2.4 to review appropriate
portions of SCP Chapter 8. Existing information presented in Chapters 1-7
relevant to the criteria given below and any staff concerns regarding this
material shculd also be considered in the review of Chapter 8.

Considerations to be applied to any of the three sites are provided in
Criterion A. Considerations relative to key site-specific topics that should
receive special attention in the review for the applicable site are provided in
Criterion B.

4.3.14.2 Criteria

A. The identification of parameters and programs of investigations related to
radionuclide retardation should provide an adequate consideration of the
following items with consideration of performance allocation for the
topic:

1. Key Radionuclides

In assessing the transport of radionuclides, it is essential to
identify those radionuclides which are likely .n reach the
accessible environment and pose the greatest potectial
radiological hazard. Investigations should be focuscd on these
"key radionuclides," identified using the following criteria:

(a) Physico-chemical form of the waste

(b) Radionuclide inventory over time

(c) NRC radionuclide release limit from the engineered barrier
system

(d) EPA standards for radionuclide release to the accessible
environment, individual radiation protection, and
groundwater protection

(e) Annual Limits of Intake for radionuclides, as defined by the
International Commission on Radiation Protection, ICRP-30
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(f) Speciation
(g) Processes and conditions affecting radionuclide mobility

Sorption of key radionuclides

(a) assessment of the effects of the following conditions and
processes on the sorption of radionuclides:
(1) geochemistry of the groundwater
(2) geochemistry of the host rock
(3) groundwater flow rate
(4) temperature
(5) redox conditions
(6) colloids and particulates
(7) biogeochemical processes
(8) radiocactive decay
radiolytic processes
kinetics
mineral stabflity
speciation of radfonuclides
surface area of rocks and minerals along flow paths
time
scale
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(b) rationale for the selection of phases and conditions to be
used in sorption experiments

(c) assessment of the applicability of particular sorption
tests to repository conditions

Solubility/precipitation of key radionuclides
(a) demonstration of approach to equilibrium
(b) consideration of supersaturation

(¢) demonstration that the axperimental reactants and
conditions simulate those in the repository

(d) characterization of experimental reactants

(e) characterization of experimental products
Dispersion, diffusion, advection of key radionuclides
(a) fracture density and aperture size distribution
(b) velocity of groundwater through the fractures
(c) pore size distribution and geometry

(d) matrix porosity and permeability
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(e) degree of matrix saturation
(f) pore and fracture mineralogy

(g) differences in physical and chemical conditions between
fracture and pore

(h) characterization of the diffusing species, including
colloids and particulates

(1) effective diffusion coefficients for species under
consideration

(j) solute concentration gradients between fracture and matrix
(k) applicability of studies to repository conditions
(1) effects of anifon exclusion
(m) effects of sorption
(n) hydrodynamic dispersion
(o) effects of channeling
5. Vapor-phase transport of key radionuclides
(a) chenical analysis of the vapor phase
(b) dating of the vapor phase
(c) characterization of the nature and chemistry of aerosols
(d) degree of saturation
(e) effective porosity
(f) gas permeability
(g) effect of the thermal gradient on vapor-phase transport

(h) partitioning of radionuclides among the gas, liquid, and
solid phases under repository conditions

(i) 1inventory and release rates of gaseous radionuclides
(j) vapor flux
B. The identification of parameters and programs of investigations should

also provide an adequate consideration of the following ftems
(information/parameter needs and possible methodologies) for key
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site-specific topics with consideration of performance allocation for the
topic: .

1. Yucca Mountain Site:

(a) Sorption of key radionuclides
(1) sorption of radionuclides on zeolites
(2) effect of wetting/drying cycles on sorption
(b) Solubility/precipitation ¢f key radionuclides
effects of successive wetting/drying cycles on
‘ radionuclide solubility
(c) Dispersion, diffusion, advection of key radionuclides
effects of unsaturated conditions
(d) Vapor-phase transport
consequences of vapor phase transport of gaseous
radionuclides by-passing the unsaturated zone hydrologic
barrier

2. Hanford Site:

(a) Sorption of key radionuclides
(1) sorption of radionuclides on clays
(2) effect of redox conditions on sorption
(3) effect of hydrazine on sorption
(b) Solubility/precipitation of key radionuclides
effects of redox conditions on radionuclid2 solubility
(c) Dispersion, diffusion, advection of key radionuclides
role of these processes in reestablishment of ambient
redox conditions
(d) Vapor-phase transport of key radionuclides
assessment of vapor-phase transport of radionuclides prior
to resaturation

3. Deaf Smith Co. Site:

(a) Sorption of key radionuclides
sorption of radionuclides on clays

(b) Solubility/precipitation of key radionuclides
appropriateness of existing solubility data base to high
fonic strength solutions

(c) Vapor-phase transport
assessment of gas/brine inclusion migration under a
thermal gradient
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4.3.14.3 Applicable Sections of 10 CFR Part 60

Lead

Key radionuclides

A13(a)(1) (1)
L13(a)(1)(11)
L113(a)(1)(114)
L113(b)(

Solubility/precipitation

113(a)(1)(1)(A)
-113(a)(1)(1)(B)
113(a)(1)(11)(A)
-113(a)(1)(11)(B)

i
i

1
1
2
3
4
1
2
1
3
3)(i1)
7

8

9

)
)
)
)
)
)
)
)
)
)
)
)

Dispersion, diffusion, advection

J122(b)(

L113(b)(1)

(141)

Input

.112
.113(a)(1)
.113(b) (1)
.113(b)(2)
.113(b)(4)
.111(a)



Vapor phase transport
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60.113(a)(1)(i)(A) 60.111(a) .
60.113(a)(1)(i)(B) 60.113(a)(1)
60.113(a)(1)(i1)(A) 60.113(b)(1)
60.113(a)(1)(i1)(B) 60.113(b)(2)
60.113(b)(1) 60.113(b)(4)
60.113(b)(2) 60.113(c)
60.113(b)(3) 60.122(a)(2)
60.113(b)(4) 60.122(b)(1)
60.122(a)(2) 60.122(c)(10)
60.122(b)(1)

60.122(b)(3)(1)

60.122(b)(3)(i1)

60.122(b)(8) .

60.122(c)(6)

60.122(c)(24)

60.122(c)(7)

60.122(c)(8)

60.122(c)(9)

4.3.14.4 Key Documents to Consider

U.S. Department of Energy, Office of Civilian Radiocactive Waste Management,
"Annotated Qutline for Site Characterization Plans," OGR/B-5, April, 1987.

U.S. Muclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and
Content of Site Characterization Plans for High-Level Waste Geologic
Reposito-ies, Revision 1," March 1987.

U.S. Nuclear Regulatory Commission/U.S. Department of Energy, "Summary of the
NRC/DOE Meeting on the Level of Detail for Site Characterization and Study
Plans," May 7-8, 1986.

Jacobs, G.K., K.L. Von Damm, J.G. Blenco, and A.D. Kelmers, "Geochemistry
Issues for the Hanford Site Candidate High Level Waste Repository
(Information/Data Needs Test Methoeds)" Draft Letter Report LR-287 Oak Ridge
National Laboratory, 1987.

Jacebs, G.K., A.D. Kelmers, and K.L. Von Damm, "Geochemistry Issues for the
Yucca Mountain Site Candidate High Level Waste Repository (Information/Data
Needs Test Methods)," Draft Letter Report, LR-287, Oak Ridge National
Laboratory, 1987.

U.S. Nuclear Regulatory Commission, Determination of Radionuclide Sorption for
High-level Nuclear Waste Repositories, Technical Position, Geochemistry
Section, Geotechnical Branch, Division of Waste Management, January 1986.

U.S. Nuclear Regulatory Commission, "Radionuclide Sorption Methodologies for
Performance Assessment of High-level Nuclear Waste Repositories," Meeting
Minutes from NRC Sorption Workshop, May 13-15, 1986.
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Blencoe, J.G., Draft Topical Report, Matrix Diffusion of Radionuclides in
Rock/Groundwater Systems, Oak Ridge National Laboratory, 1987.

Bernhard, M., et al, eds., The Importance of Chemical Speciation in
Environmental Processes, Life Sciences Research Report #33, Dahlem Workshop,
Berlin, West Germany, Springer Verlag, New York, 1984.

U. S. Nuclear Regulatory Commission, Draft Site Technical Position on the Use
of Hydrazine to Experimentally Simulate Expected Site Redox Conditions and
Reactions, 1987.

U.S Nuclear Regulatory Commission/U.S. Department of Energy, "Summary of
Geochemistry Data Review on Hydrazine, Meeting Minutes," Richland, Washington,
July 21-23, 1987.

U.S. Nuclear Regulatory Commission, NRC Staff Comment on the DOE Final
Environmental Assessments, Comment Number 6, Redox Conditions, December, 1986.

U.S Nuclear Regulatory Commission, NRC Staff Comment on the DOE Final
Environmental Assessments, Comment Number 7, Microbial/Organic Complexes and
Radionuclide Retardation, December, 1986.

U.S. Nuclear Regulatory Commission, "NRC Nuclear Waste Geochemistry '83."
Proceedings of U.S. NRC Workshop, August 30-31, 1983, NUREG/CP-0052, 1984,

U.S. Nuclear Regulatory Commission, "Critical Parameters for a High-Level Waste
Repository," Volume 1: Basalt -- NUREG/CR-4161, 1985, Volume 2: Tuff --
NUREG/CR- TBD, 198%, Volume 3: Salt -- NUREG/CR- TBD, 198S.

Apps, J.A., et al., "Status of Geochemical Problems Relating to the Burial of
High-Level Radioactive Waste," NUREG/CR-3062, 1982.

Claiborne, H.C., et al, "Repository Environmental Parameters and
Mode1s/Methodo]og1es Ra1evant to Assessing the Performance of H1gh Level Waste
Packages in Basalt, Tuff, and Salt," NUREG/CR-4134/R1.

Trudinger, P.A., and Swafne, D.J., eds., Studies in Environmental Science 3,
"Biogeochemical Cycling of Mineral-Forming Elements," Elsevier Scientific
Publishing Company, New York, 1979.

U.S. Nuclear Regulatory Commission, Cetermination of Radionuclide Solubility in
Groundwater for Assessment of High-level Waste Isolation, Technical Position,
Geochemistry Section, Geotechnical Branch, Division of Waste Management,
Movember 1984.

Cranwell, R. M., et al., "Risk Methodology for Geoloqic Disposal of Radiocactive
Waste,? Final Report, NUREG/CR-2452, 1987.

Kerrisk, J. F., "An Assessment of the Important Radionuclides in Nuclear
Waste," LA-10414-MS, Los Alamos National Laboratory, Los Alamos, NM, 1985,
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Natfonal Research Council, Waste Isolatfon Systems Panel, Board on Radioactive
Waste Management, "A Study of the Isolation System for Geologic Disposal of
Radioactive Waste," National Academy Press, Washington, D.C., 1983.

Barney, G. S. and Woods, B. J., "ldentification of Key Radionuclides in a
Nuclear Waste Repository in Basalt," RHO-BWI-ST-9, Rockwell Internatfonal
Rockwell, Hanford Operations, Richland, WA, 1980.

American Physical Society Study Group oh Fuel Cycle and Waste Management,
Report to the Amerfcan Physical Socfety on Nuclear Fuel Cycles and Waste
Management, Reviews of Modern Physics 50, No. 1, Part II, p. S1-5185, 1978.

Committee 4 of the Internatfonal Commission on Radiological Protection, Report
on "Radiation Protection Principles for the Disposal of Solid Radioactive
Waste," ICRP 46, Pergamon Press, New York, 198S.

International Commission on Radiation Protection, "Limits for Intake of
Radionuclides by Workers," Annals of ICRP Pub. 30, Supplement to Part 1, Vol.3
No. 1-4, Pergamon Press, New York, 1979.

Malbrain, C.M. and R.K. Lester, An Improved Environmental Pathway Model for
Assessing High-level Waste Repository Risks, Health Physics, Vol. 53, No. 5,
pp. 473-486, 1987.

Oversby, V.M. Important Radionuclides {n High-Level Nuclear Waste Disposal:
Determination Using a Comparison of the U.S. EPA and NRC Regulations, Nuclear
and Chemical Waste Management, Vol. 7, pp. 149-161, 1987.
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4.3.15 Review Guide for Surface Water System Informatfon and Investigations
4.3.15.1 Background and Approach

In the SCP, it is anticipated that the site program will include plans for
investigation of surface water features for siting and design of surface
facilities and issue resolution, primarily to determine the effects of flooding
and erosion on the operational and post-closure performance of the repository.
Surface water i{s a concern because of potential flooding and damage to surface
facilities. This could possibly result in surface water transport of
radionuclides; potentially cause flooding of surface access and underground
facilities; potentially affect groundwater hydrology; and, as a result,
potentially affect transport of radioactive waste from the repository. Such
processes, events and, conditions are important consideratfons in developing
site~specific scenarios, conceptual and numerical models, and designs.

The detailed criteria below should be used, in conjunction with the general
review criteria for parameter identification in Section 4.2.2, and
investigations and activities in Sections 4.2.3 and 4.2.4, to review
appropriate portions of SCP Chapter 8. Existing information presented in
Chapters 1-7 relevant to the criterfa given below and any staff concerns
regarding this material should also be considered in the review of Chapter 8.

Considerations to be applied to any of the three sites are provided in
Criterion A. Considerations relative to key site-specific topics that should
receive special attention in the review for the applicable site are provided in
Criterion B.

4.3.15.2 Criteria

A. The identification of parameters and program of investigations related to
surface water systems, should consider the following items (with
consideration of the performance allocation for tha topic):

1. description of all bodies of surface water and watercourses, both
permanent and ephemeral, within the controlled area and in the immediate
region, including:

a. drainage areas
b. soil types

c. topographic features

d. stream channel cross-sections sufficient to perform detailed flgeding
analyses for each stream identified

e. fdentification of erosion processes which may affect flooding
analyses, including effects of scour, sedimentation and other
phenomena asscciated with flooding
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previous floods and high water levels, both from the historic and
prehistoric record, including the date, level and peak discharge for major
floods assocfated with nearby watercourses, or associated with dam
failures, ice jams, or landslides

potential for future flooding of the site, including:

a. description of all types of flooding that potentially could affect
the site

b. discussion of the extent and potential effects of floods as severe as
the Probable Maximum Flood (PMF), including:
(1) peak water levels, velocities, and flood magnitude
(2) potential for erosion and/or inundation of surface facilities
(3) maximum scour depths and sediment/debris deposition
(4) potential for geomorphic changes to affect site flood protection
features

c. discussion of procedures used to derive estimates of flood magnitude,
water levels, velocities, recurrence intervals and
erosion/sedimentation potential

flooding protection designs and requirements, including:

a. erosion protection measures provided to protect both natural and
engineered features at the site from flooding and erosion

b. analyses used to determine magnitude, extent and feasibility of flood
protection measures

¢. description of flooding scenarios that could affect infiltration and
recharge and subsequent transport of radionuclides to the accessible
environment

points of surface-water use

projected surface-water use

chemical composition of adjacent watercourses

The identification of parameters and program of investigations should

consider the following key site-specific topics (with consideration of the

performance allocation for the topic):

Yucca Mountain

a. potential for flooding of surface locations of shafts and ramps

during the preoperational, operational and post-closure periods for
floods up to and including the PMF

b. estimates of the potential for debris blockage of site ephemeral
streams resulting in flooding
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c. estimate of recharge to the unsaturated zone from potential flooding
of surface openings or ponding in the vicinity of surface access
location

e. discussion of geomorphic changes which could affect drainage
configurations

f. measurements necessary for water balance estimates
(1) meteorological parameters; e.g., solar radiation, wind speed,
rainfall, air temperature, potential evapotranspiration

(2) characterization of infiltration potential; e.qg.,
infiltrometers, rainfall simulators, direct rainfall/runoff
measurements in channels.

g. discussfons of designs to preclude or minimize infiltration to the
underground facility, particularly at shafts and ramps

2. Hanford

a. potential for flooding on Cold Creek for floods as severe as the PMF,
fncluding the potential for erosion or inundation of site facilities

b. potential for in-flow at shafts or other access locations
3. Deaf Smith

There are no site-specific issues fdentified for surface water at the Deaf
Smith site that are not covered under Criterion A.

4.3.15.3 Applicable Sections of 10 CFR 60 Subparts E, F and G
Lead Responsibility
60.122 (c)(1)

Input Responsibility To

60.111 (a) Compliance Demonstration
60.112 (a)(1)*,(2)" Compliance Demonstration
60.112 (b)* Compliance Demonstration
60.113 (a)Y(1)(§)(A),(B);(ii)(A),(B) Materials Engineering
60.122 (a)(2)(1);(11);(i11)(A),{B),(C) Compliance Demonstration
60.122 (b)(1) Compliance Demonstration
60.122 (¢)(2),(3),(6) Hydrology (Groundwater Flow)
60.131 (b)(1) Design/Rock Mechanics
60.132 (c)(1),(2) Design/Rock Mechanics
60.132 (e) Design/Rock Mechanics
60.133 (a)(1),(2) Design/Rock Mechanics
60.133 (c) Design/Rock Mechanics

60.133 (d) Design/Rock Mechanics
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60.133 (f) Design/Rock Mechanics
60.134 (a) Design/Rock Mechanics
60.134 (b)(2) Design/Rock Mechanics
60.135 (a)(1) Materials Engineering

* Based on proposed rule change (51FR22288, June 19, 1986)
4.3.15.4 Key Documents to Consider

U. S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format
and Content of Site Characterization Plans for High-Level Waste Geologic
Repositories,”" Rev. 1, March 1987.

U. S. Nuclear Regulatory Commission and U. S. Department of Energy, "Summary of
NRC/DOE Meeting on Level of Detail for Site Characterization Plans and Study
Plans," May 8-9, 1986.

Johnson, T.L, Subject: Memorandum to J. Starmer; "NNWSI site visit, flooding
and erosion comments, shaft and ramp locations," July 22, 1987.

Johnson, T.L., "Review of flooding analyses, Exploratory Shaft Performance
Analysis Studies, NNWSI," April 21, 1986.

American Nuclear Society, ANS 2.8/ANSI N170-1976, "Standards for Determination
of Design Basis Floods at Power Reactor Sites," 1976.
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4.3.16 Review Guide for Groundwater Flow System Information and
Investigations

4.3.16.1 Background and Approach

In the SCP, 1t fs anticipated that the site program will include plans for
investigations of the grcundwater flow system as needed for issue resolutfon
and a basic understanding of the site. Saturated and unsaturated groundwater
flow is the primary way for radionuclides to be transported from a geologic,
high-level waste repository. Thus, an understanding of the groundwater flow
system is necessary for evaluating performance during preclosure operation and
for providing assurance on the ability of the repository to meet the
performance objectives after closure. For example, the potential for inflow of
groundwater into the underground facility during the operatfonal phase is a
consideration fn evaluating repository design and design criteria. In the
context of long-term performance, groundwater flow into and/or through the
underground facility s a consideration in evaluating waste package performance
and radionuclide releases to the accessible environment. Finally,
characterization of the groundwater flow system is needed to evaluate the
pre-waste-emplacement groundwater travel time along the fastest path of likely
radionuclide transport.

The detailed criteria below should be used, in conjunction with the general
review criteria for parameter identification in Section 4.2.2, and
investigations and activities in Sections 4.2.3 and 4.2.4, to review
appropriate portions of SCP Chapter B. Existing information presented in
Chapters 1-7 relevant to the criteria given below and any staff concerns
regarding this material should also be considered in the review »f Chapter 8.

Considerations to be applied to any of the three sites are provided in
Criterion A, Considerations relative to key site-specific topics that should
receive special attention in the review for the applicable site are provided in
Criterion B.

4.3.16.2 Criteria

A. The identification of parameters and program of investigations related to
the groundwater flow system should provide an adequate consideration of
the following items (with consideration of the performance allocation for
the topic):

1. hydrostratigraphic units within the region and at the site, including:
a. l1ithology

b. hydraulic characteristics
(1) wvertical and horizontal saturated hydraulic conductivity
(3) transmissivity
(4) intrinsic permeability
(5) total and effective porosity
(6) storage coefficient
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(7) saturated thickness
(8) flow conditions

c. hydraulic characteristics of unsaturated zone
(1) unsaturated hydraulic conductivity
(2) moisture content
(3) temporal and spatial extent of unsaturated zone
(4) modes and amounts of infiltration and percolation (recharge)
(5) existence of perch water, flow rates and directions
(6) matrix vs. fracture flow
(7) flux rates
(8) potential for vapor transport

hydraulic head relationships between hydrostratigraphic units within
the region and at the site, including:

a. potentiometric levels
b. hydraulic gradients
¢. flow directions

d. seepage fluxes

regional and site hydrochemistry, including:

a. hydrochemical facies

b. {sotopic ages of groundwater
c. major ions

d. trace constituents

e. dissolved gases

f. temperatures

g. density of fluids
h. temporal and spatial variations in groundwater quality

location, nature and extent of recharge and discharge areas for the
region and site

groundwater velocity and travel time, including:
a. identification of credible pathways

b. methods for determining average interstitial velocities for darcian
flow
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¢. maximum velocities for fractured flow

d. expected range of advective travel times

groundwater levels during the Quaternary

potential for changes in hydrologic conditions from foreseeable human
activities, natural phenomena creating large-scale surface water
impoundments, structural deformation or foreseeable climatic changes,
fncluding:

a. hydraulic gradient

b. average interstitial velocity

c. storage coefficient

d. hydraulic conductivity

e, natural recharge

f. potentiometric levels

g. discharge points

baseline groundwater monitoring program for the site, including:

a. monitor well construction, develupmesrt and completion techniques
b. monitor well locations

cC. screen depths

d. types and locations of seals

e. materials

f. mode of drilling
g. schedules of development

h. monitoring and sampling methods
(1) geophysical techniques
(2) water sampling
(3) head measurements
(4) pressure testing

Identification of rarameters and programs of investigations related

to the groundwater flow system should consfder the following items
(information and parameter needs, and possible methodologies) for key
site-specific topics (with ccnsideration of the perfarmance allocation for
the topic):
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1. Yucca Mountain

a. possible methodologies for characterizing flow in unsaturated,
fractured tuff formations, including:
(1) thermocouple psychrometer tests
(2) tensiometer tests
(3) soil moisture block tests
(4) neutron log tests
(5) permeameter tests
(6) fractured rock infiltrometer tests
(7) packer tests of fracture permeability
(8) pore water extraction by core squeezing
(9) pore water extraction by centrifuge and displacement
(10) pore water samples by lysimeter
(11) vacuum collection of vapor-phase isotopes

2. Hanford

a. possible methodologies for characterizing flow in saturated,
fractured, bedded basalt formations (Site Technical Position 1.1,
(NRC 1983) and NRC/DOE meeting summaries), including:
(1) large scale, multiple well pumping tests
(2) convergent flow tracer tests
(3) radiologic dating of formation water
(4) regional hydrochemistry analyses
(5) continuous hydraulic head measurements
(6) assessment of migration of defense wastes in groundwater

3. Deaf Smith

a. possible methodologies for characterizing flow in low-permeability
formations associated with bedded salt deposits, including:
(1) standard slug tests
(2) shut-in slug tests
(a) rising head
(b) pressure pulse
(3) constant-rate pumping tests (multiple well)
(4) two-well recirculaticn tracer tests
(S) convergent flow tracer tests

4.3.16.3 Applicable Sections of 10 CFR Part 60, Subparts E, F and G

Lead Responsibility

60.113 (a)(2)

£0.122 (b)(2)(1),(1i),(ii1)

60.122 (b)(7)

60.122 (b)(8)(i),(i1),(1ii).(iv)

60.122 (¢)(2),(3),(4).(5),(6).(22)*,(24)"
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Input Responsibility To

60.111 (a) Compliarce Demonstration
60.111 (b)(1) DesignsRock Mechanics
60.112 (a)(1)*,(2)* Compliance Demonstration
60.112 (b)* Compliance Demonstration
60.112 (c)(1)*,(2)* Compliance Demonstration
60.113 (a)(1)(1)(A),(B);(11)(A),(B) Materials Engineering
60.122 (a)(2)(1);(i1);(ii1)(A).(B),(C) Compliance Demonstration
60.122 (b)(1) Compliance Demonstration
60.122 (c)(21)* Design/Rock Mechanics
60.122 (c)(25)* Geochemistry

60.131 (b)(1) Design/Rock Mechanics
60.132 (c)(1),(2) Design/Rock Mechanics
60.132 (e) Design/Rock Mechanics
60.133 (d) Design/Rock Mechanics
60.133 (e)(1) Design/Rock Mechanics
60.133 (f) Design/Rock Mechanics
60.134 (a) Design/Rock Mechanics
60.134 (b)(1),(2) Design/Rock Mechanics
60.135 (a)(1) Materials Engineering
60.140 (d)(1).(2),(3) Compliance Demonstration

* Based on proposed rule change (51FR22288, June 19, 1986)
4.3.16.4 Key Documents to Consider

Davis S. N., and Murphy, E., University of Arizona, "Dating Ground Water and
the Evaluation of Repositories for Radioactive Waste," USNRC Report
HUREG/CR-4912, April 1987.

Rasmussen, T. C., and Evans, D. D., University of Arizona, "Unsaturated Flow
and Transport through Fractured Rock Related to High-Level Waste Repositories,”
NUREG/CR-4655, May 1987.

Schrauf, T. W., and Evans, D. D., University of Arizona, "Relationship Between
the Gas Conductivity and Geometry of a Natural Fracture,” USNRC Report
NUREG/CR-3680, April 1984.

Evans, D. D., University of Arizena, "Unsaturated Flow and Transport through
L'ractured Rock - Related to ngh-Level Waste Repositories," USNRC Report
MUREG/CR-3206, March 1983.

U.S. Nuclear Regulatory Commission, "Final Technical Position on Documentation
of Computer Codes for High-Level Waste Management," USNRC NUREG-0856, June
1983.

J.S. Nuclear Regulatory Commission, "BWIP Site Technical Paosition No. 1.1:
Hydrologic Testing Strategy for the Basalt Waste [solation Project," Site
Technical Position 1.1, December 1983, ,

U.S. Nuclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Posftion (ISTP) for Salt Repository Project (SRP) Permain Basin Sites," Uraft
Report, September 1984,
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U.S. Nuclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Position (ISTP) for Nevada Nuclear Waste Storage Investigations (NNWSI)," Draft
Report, September 1984,

U.S. Nuclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Position (ISTP) for Basalt Waste Isolation Project (BWIP), "Draft Report,
September 1984.

U.S. Nuclear Regulatory Commission, "Generic Technical Position on Groundwater
Travel Time," Draft Report, July 1986.

U.S. Nuclear Regulatory Commission, "Generic Technical Position on In-Situ
Testing During Site Characterization," Final Report, December 1985.

U.S. Nuclear Regulatory Commission, "Generic Technical Position on
Qualification of Existing Data," Final Report, June 1987.

U.S. Nuclear Regulatory Commission, "NRC Staff Comments on the DOE Final
Environmental Assessments," December 22, 1986.

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format and
Content of Site Characterization Plans for High-Level Waste Geologic
Repositories," Rev. 1, March 1987.

U.S. Department of Energy, "Annotated Qutline for Site Characterization Plans,"
USDOE Report OGR/B-S5, April 1937,

Hsieh, P. A., Neuman, S. P., and Simpsor,, E. S., University of Arizona,
"Pressure Testing of Fractured Rocks; A Methodology Employing Three-Dimensional
Cross-Hole Tests," USNRC Report NUREG/CR-3213, July 1983.

Winters, C. L., Neuman, S. P., and Newman, S. M., University of Arizona,
"Prediction of Far-Field Subsurface Radionuclide Dispersion Coefficients from
Hydraulic Conductivity Measurements: A multidimensional Stochastic Theory with
Application to Fractured Rocks," USNRC Report NUREG/CR-3612, March 1984.

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "“Summary of
NRC/DOE Meeting on the Level of Detail for Site Characterization Plans and
Study Plans," May 7-8, 19%6.

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Summary of
NRC/DOE Meeting on the Geohydrology Testing Program before Construction of the
Exploratory Shaft," April 9, 1937.

U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Summary of
NRC/DOE Meeting on the BWIP Large-Scale Hydraulic Stress Testing Pre-test
Consultation,”" December 9~10, 1935.

U.S. Department of Energy and U.S. Nuclear Regulatory Commissfon, "Summary of
DOE/NRC Meeting on the BWIP Hydrologic Characterization Plans," December 12-13,
1924,
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U.S. Department of Energy and U.S. Nuclear Regulatory Commission, "Summary of
DOE/NRC Meeting on BWIP Hydrologic Testing: General Understanding on Testing
Strateqgy," July 11-15, 1983.

Jones, J. W., Simpson, E. S., Neuman, S. P., and Keys, W. S., University of
Arizona, "Field and Theoretical Investigations of Fractured Crystalline Rock
Near Oracle, Arizona," USNRC Report NUREG/CR-3736, August 1985,

Reeves, M., and Cranwell, R. M., Sandia National Laboratories, "Users Manual
for the Sanida Waste-lsolation Flow and Transport Mode! (SWIFT) Release 4.81,"
USNRC Report NUREG/CR-2324, November 1981.

Pruess, K., Lawrence Berkeley Laboratory, "TOUGH Users Guide," USNRC Report
NUREG/CR-4645, August 1987.

Reeves, M., Ward, D. S., Johns, N. D., and Cranwell, R. M., Sandia National
Laboratory, "Theory and Implementation for SWIFT II," USNRC Report
NUREG/CR~3328, August 1986.

Ouda, L. E., Sandia National Laboratory, "Verification of the Network Flow and
Transport/Distribution Velocity (NWFT/DVM) Computer Code," USNRC Report
NUREG/CR-3378, June 1984,

Cranwell, R. M., and Cambell, J. E., Sandia National Laboratory, "ONET
Self-Teaching Curriculum," USNRC report NUREG/CR-2391, March 1983.

Reeves, M., Ward, D. S., and Johns, N. D., Sandia National Laboratory, "Data
Input Guide for SWIFT II; the Sandia Waste-Isolation Flow and Transport Mode)
for Fractured Media Release 4.84," USNRC Report NUREG/CR-3162, April 1986.
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4.3.17 Review Guide for Water Resources Information and Investigations
4.3.17.1 Background and Approach

In the SCP, it is anticipated that the site program will include plans for
studying the water resources of the site and surrounding area for resolution of
issues related to repository performance, groundwater protection, radiological
doses, and land ownership and control. Estimates of present and future water
resource development, including use of injection wells, are important to
understanding the overall groundwater flow system and for assessing the
potential for human activity to adversely affect respository performance.
Water resource investigations are needed for determining the presence of
"significant" and "special sources" of groundwater in making total pathway
radiological dose estimates and for assuring that invaluable groundwater is
adequately protected from radiological contamination. Lastly, water resource
investigations are needed for determining water rights in relation to the
requirements for land ownership and control.

The detailed criteria below should be used, in conjunction with the general
review criteria for parameter identification in Section 4.2.2, and
investigations and activities in Sections 4.2.3 and 4.2.4, to review
appropriate portions of SCP Chapter 8. Existing information presented in
Chapters 1-7 relevant to the criteria given below and any staff concerns
regarding this material should also be considered in the review of Chapter 8.

Considerations to be applied to any of the three sites are provided in
Criterion A. There are no site-specific topics identified for water resources
that are not covered under Criterion A.

4,3.17.2 Criteria

A. Identification of parameters and program of investigations related to
water resource potential should consider the following items (with
consideration of the performance allocation for the topic):

1. fdentification of methods to detect whether (1) "significant" sources
of groundwater exist at the sites; (2) "special" scurces of
groundwater exist within controlled areas, or in areas less than
five km beyond controlled areas

2. presentation of data on groundwater quality and aguifer productivity
(i. e., groundwater resource evaluation)

3. identification of users of regional and local grsundwater resources
and projections of future human activities related to water rescurces,
including irrigation, subsurface fluid injection, groundwater
withdrawals, military activities, and dam construction

4, data needed to determine what water rights may have to be acguired

5. defensibility of planned studies in view of present knowledge of
water resources



6. effects of water quality on

4.3.17.3 Applicable Sections of

Lead Responsibility:
None

Input Responsibility:

60.112 (b)*,(c)*

60.121 (c)(1),(c)(2)

60.122 (c)(2)

60.122 (c)(17),(c)(18)*,(c)(20)"

* Based on proposed rule change
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use of groundwater resources

10CFR Part 60

To:

Hydrology (Groundwater Flow)
Compliance Demonstration
Hydrology (Groundwater Flow)
Geology

(51FR22288, June 19, 1986)

4,3.17.4 Key Documents to Consider

U. S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format
and Content of Site Characterization Plans for High-Level Waste Geologic
Repositories," Rev. 1, March 1987.

U. S. Nuclear Regulatory Commission, "10 CFR Part 60: Proposed Rule," Federal
Register,Vol. 51, No. 118, June 19, 1986.

U. S. Department of Energy, "Annotated Qutline for Site Characterization
Plans," USDOE Report OGR/B-5, April 1987.
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4.3.18 Review Guide for Climatology and Meteorology Information and
Investigations

4.3.18.1 Background and Approach

In the SCP, it is anticipated that the site program will include plans for
investigations of climatology and meteorology as needed for issue resolution
and a basic understanding of the site. An understanding of both current
climatological and meteorological conditions and future changes in those
conditions is necessary, both for the siting of the preclosure facilities, and
for projection of effects on the ability of the site to meet the performance
objectives during the post closure.

Issues that need to be addressed during site characterization pertaining to
meteorology include possible atmospheric pathways that might result in
contamination of the accessible environment. The atmospheric transport,
diffusion, deposition and resuspension of contaminants should be addressed.

The detailed criteria below should be used, in conjunction with the general
review criteria for parameter identification in Section 4.2.2, and
investigations and activitities in Sections 4.2.3 and 4.2.4, to review
appropriate portions of SCP Chapter 8. Existing information presented in
Chapters 1-7 relevant to the criteria given below and any staff concerns
regarding this material should also be considered in the review of Chapter 8.

Considerations to be applied to any of the three sites are provided in
Criterion A. There are no site-specific topics for climatology and meteorology
that are not covered under Criterion A.

4.3.18.2 Criteria

A. The identification of parameters and program of investigations related to
climatology and meteorology should provide a consideration of the
following items (with consideration of the performance allocation for the
topic):

1. an analysis of the the Quaternary paleoclimatology of the candidate area
and site in the context of determining the magnitude of past climatic
change and rates at which the changes occurred, including:

a. atmospheric information, including:
(1) air temperature
(2) wind flow patterns
(3) precipitation regimes, including relationships between windflow
patterns, air temperatures and regional precipitation
(4) potential evaporation/transpiration (evapotranspiration)

b. hydrospheric information (i.e. existence of paleolakes, streams or
other surface water bodies), including:
(1) levels, areal extent and proximity to the site area
(2) accumulation, evaporation and flow rates



160

c. cryospheric information (i.e. existence of ice sheets and glaciers),
including:

(1) areal extent and thickness

(2) proximity to the candidate area

(3) accumulation and ablation

(4) estimated time of onset

(5) 1length and severity of glacial regimes in candidate site area

d. consideration of a complete climatic cycle from maximum glacial to
maximum interglacial

description of conceptual models and information utilized in the paleo-
climatic and future climate analyses, and evidence to support the results
of the analyses, including:

a. geological and geomorphological data

b. biological data

c. ecological data

discussion of the potential impact of future climatic change on:

a. precipitation patterns

b. windflow regimes

c. the cryosphere

d. sea levels

e. fluctuations in lake and stream levels

f. potential for glaciation

long-term estimates of climatic conditions based on paleo and current
climate informaticn and models, including:

a. potential maximum and minimum changes and rates of change in
precipitation

b, potential maximum and minimum and rates of change in air temperatura

c. potential regional windflow and precipitation patterns that may
evolve as a result of climatic and geologic changes

d. future fluctuations in sea levels and the cryosphere
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a description of the general climate in the site area based on data
sufficient in detail to indicate impacts on the conceptual design and
operation of a repository, including:

a.

b.

g.

types of air masses, synoptic features and frontal systems
general airflow patterns

precipitation

evaporation

transpiration potentials

relationships between synoptic-scale atmospheric processes and local
(site) meteorological conditions

climatological characteristics attributable to the terrain

procedures for obtaining meteorological information to characterize site
atmospheric dispersion processes, including:

a.

b.

c.

d.

e.

airflow trajectories (local)

atmosphe}ic stability conditions
depletion and deposition characteristics
resuspension

precipitation

description of models to be used to characterize atmospheric transport,
diffusion, deposition and resuspension of contaminents, including:

d.

b.

c.

relationships between topography, release points and effluent
characteristics

model uncertainties and potential sources of error

any plans to modify existing models or develop new modeling
approaches

description of the planed site meteorological measurement program,

including:

a. measurements to be made

b. locations and elevations of measurements
c. description of instruments
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d. instrument performance specifications
e. calibration and maintenance
f. data analyses procedures

4.3.18.3 Applicable Sections of 10 CFR Part 60, Subparts E, F and G
Lead Responsibility
60.122(b)(8)(v)

Input Responsibility To

60.111(a) Compliance Demonstration
60.112(a)(1)*,(2)* Hydrology (Groundwater Flow)
60.112(b)* ‘ Compliance Demonstration
60.112(c)( 1), (2)* Compliance Demonstration
60.113(a)(1)(1)(A),(B);(i1),(A)(B) Materials Engineering
60.113(a)(2) Hydrology (Groundwater Flow)
60.122(a)(2);(1);(31);(11i)(A),(B),.(C) Compliance Demonstration
60.122(b)(1) Compliance Demonstration
60.122(b)(7) Hydrology (Groundwater Flow)
60.122(b)(8) (i),(1i1),(iv) Hydrology (Groundwater Flow)
60.122(c)(5),(6),(23)*,(24)* Hydrology (Groundwater Flow)
60.131(a) Compliance Demonstration
60.131(b)(1) Design/Rock Mechanics
60.132(a);(b);(c)(1),(2) Design/Rock Mechanics
60.133(g)(1) Design/Rock Mechanics
60.134(a) Design/Rock Mechanics
60.135(a)(1) Hydrology (Groundwater Flow)

* Based on proposed rule change (51FR22288, June 19, 1986)

4.3.18.4 Key Documents to Consider

U. S. Department of Energy, "Annotated Outline for Site Characterization
Plans," USDOE Report OGR/B-5, April 1987.

U. S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard Format
and Content of Site Characterization Plans for High-Level Waste geologic
Repositories, Rev. 1, March 1987,

U. S. Nuclear Regulatory Commission, Regulatory Guide 3.63 (Task ES 401-4),
"Onsite Meteorological Measurement Program for Uranium Recovery Facilities -
Data Acquisition and Reporting," December 1987.

U. S. Nuclear Regulatory Commission, Requlatory Guide 1.101, "Emergency
Planning and Preparedness for Nuclear Power Reactores," Rev. 2, October 1981.
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U. S. Environmental Protection Agency, "Ambient Monitoring Guidelines for

Prevention of Significant Deterioration (PDS)", USEPA Report EPA-450/4-8-012,
November 1980.

U. S. Environmental Protection Agency, "Guideline on Air Quality Models", USEPA
Report EPA-450/2-78-027R, Rev., July 1986.

Culkowski, W. M., National Oceanographic and Atmospheric Administration, "An
Initial Review of Several Models Suitable for Low-Level Waste Disposal
Facilities," USNRC Report NUREG/CR-3838, June 1984.

Culkowski, W.M. and Patterson, M. R., "A Comprehensive Atmospheric Transport
and Diffusion Model," ORNL/NSF/EATC-17, April 1976.

Howe, S. E., Webb, T., et al., Brown University, "Climatic Calibration of
Pollen Data," USNRC Report NUREG/CR-3847, June 1984.
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4.3.19 Review Guide for the Disturbed Zone Information and Investigations
4.3.19.1. Background and Approach

In the SCP, it is anticipated that the site program will include plans for
establishing the disturbed zone, as needed, for issue resolution. To meet the
siting criterion 60.122 and the performance objective 60.113 of pre-waste
emplacement groundwater travel time-the computation of which starts from the
edge of the disturbed zone- the extent of the disturbed zone needs to be
established.

The NRC has provided gquidance on the disturbed zone to the DOE, in the form of
a generic technical position entitled: "Interpretation and Identification of
the Extent of the Disturbed Zone in the High-Level Waste Rule."

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in Section 4.2.2, and
investigations and activities in Sections 4.2.3 and 4.2.4, to review
appropriate portions of SCP Chapter 8., Existing information presented in
Chapters 1 - 7 relevant to the criteria given below and any staff concerns
regarding this material should be addressed in the review of Chapter 8.
Considerations to be applied to any of the three sites are provided in
Criterion A. C(onsiderations relative to the key site-specific topics that
should receive special attention in the review for the applicable site, are
provided in Criterion B.

4.3,19.2 Criteria

A, The identifcation of parameters and the program of investigations related
to the disturbed zone should provide an adequate consideration of the
following items with consideration cf the performance allocation for the
topic:

1. The extent of change in host rock irtrinsic properties, namely
permeability ard effective porosity, as combined results of:

a. redistribution of stresses around openings
(1) rock anisotropy
(2) rock fracturing
(3) geologic anomalies

o. method of excavation
(1) rock mass characteristics (e.g.,discontinuities)
(2) excavation technique (e.g., blasting, mechanical mining)

c. thermomechanical effects
(1) thermal stresses

a. thermcchemical effects
(1) thermal alweration of minerals
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B. The identification of parameters and program of investigations
should provide an adequate consideration of the following key
site-specific topics:

1. Yucca Mountain Site
a. vibratory ground motion (underground nuclear explosions and
earthquakes)
b. thermal decomposition of zeolites

2. Hanford Site

a. magnftude and direction of in sftu stresses
b. effect of rock bursts

3. Deaf Smith Site

a. effects of creep
b. brine migration in response to thermal and pressure gradients

4.3.19.3 Applicable Sections of 10 CFR 60

10 CFR 60.2

10 CFR 60.15
10 CFR 60.16
10 CFR 60.17
10 CFR 60.18
10 CFR 60.112
10 CFR 60.113
10 CFR 60.122
10 CFR 60.133
10 CFR 60.134

4.3.19.4 Key documents to Consider

U.S. Department of Energy, "Annotated Outline for Site Chacterization Plans,"
April 1985,

U.S. Nuclear Regulatory Commission, "Draft Generic Technical Position on
Interpretation and Identification of the Extent of the Disturbed Zone," June
1626.

U.S. Huclear Regulatory Commission, "Oraft Issue-oriented Site Technical
Positions for Design/Rock Mechanics BWIP, NNWSI, and SALT Repositories,"
September 1984.

U. S. Nuclear Waste Policy Act, 1932.
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R. Codel) and N. Tanious, "Disturbed Zone and Groundwater Travel Time in the
High Level Waste Rule (10CFR60), Waste Management 1986 Conference, Tucson,
Arizona, 1986.



167

4.3.20 Review Guide for Geomechanics Testing Information and Investigations
4.3.20.1 Background and Approach

In the SCP, it is anticipated that the site program will include plans for the
geomechanics testing needed for issue resolution and a basic understanding of
the engineering properties of the host rock. An understanding of the site and
the conceptual design of the repository is necessary for conducting a review of
an investigation program consisting of surface-based and/or at-depth testing.
Furthermore, an adequate understanding of the range of parameter values likely
to be measured during site characterization, the analytical/numerical
techniques used in the evaluation of test data and their application tc
repository design and performance analyses, is necessary for the review of
investigations that will be proposed in the SCP.

NRC has provided guidance on in situ testing to the DBOE in the form of a
generic technical position (GTP) entitled, "In Situ Testing During Sitc
Characterization for High-Level Muclear waste Repositories." Geclder
Associates, 1932 contains a complete listing of the geomechanics data needs and
the tests required to collect the data.

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in Section 4.2.2 and
investiqations and activities in Section 4.2.3 and 4.2.4 to review appropriate
portions of SCP Chapter €. Existing information presented in Chapter 1-7
relevant to the criteria given below and any staff concerns regarding this
material should also be considered in the review of Chapter 8. Consicderations
to be applied to any of the three sites are provided in Criterion A.
Considerations relative to key site-specific topics that should receive special
attention in the review for the applicable site are provided in Criterion B.

4.3.20.2 Criteria

A. The identification of parameters and the program of investigations related
to geomechanics testing should provide an adequate consideration of the
following items, with consicderaion of the performance allccation for the
topic:

[

Rationale for gecomechanics testing program, including:

a. identification of unique and/or non-standard investigations which
must be conducted to collect the needed information

b. Justification of the extent of the uncerground faciiity recguired to
ass2ss host rock variability for repository design input

4
(1) plans for achieving minimum levels of uncertainty in
geomechani<s parameter ranges

c. adequacy of the extent of the underground fazility required <3
evaiuate resporse cnharacteristics of the host rock
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(1) shape, size and orientation of excavations
(2) principal in situ stress directions

(3) location of tests

(A) scale of tests

d. Jjustification of the basis for scale and duration for large scale
geomechanics tests

e. provisions for coupled thermal-hydrological-mechanical~chemical
testing or justification for not conducting coupled testing

f. plans for determining sufficiency of testing

g. plans for integration of small-scale laboratory geomechanics test
results with surface-based and at-depth test results

Identification of analyses to be applied to geomechanics test data

Identification of geomechanical parameters, including:

a. intact rock mechanical properties
(1) modulus
(2) poisson's ratio
(3) density
(4) compressive strength
(5) cohesion
(6) friction
(7) dilation
(8) others (e.g., Hoek-Brown empirical criterion)
b. therma) properties
(1) rock temperature
(2) thermal conductivity
(3) coefficient of thermal expansion
(4) diffusivity
c. rock mass properties
(1) large scale modulus
{(2) density
(3) Jjoint cohension
(4) Jjoint friction

identification of rock response characteristics including:
a. determination of stress-strain behavior

(1) 1intact rock
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(a) ambient temperature
(b) thermal load

(2) rock mass

(a) ambient temperature
(b) thermal load

b. failure criteria

The identification of parameters and programs of investigations should
provide an adequate consideration of the following key site-specific
topics:

Yucca Mountain Site

a,. geomechanics characteristics of lithophysal zone
b. feasibility testing of long horizontal emplacement technology

Hanford Site
a. stability of openings in Cohassett flow
(1) validation and refinement of equivalent continuum model for
(a) Cohassett flow top
(b) Vesicular zone
(c) Entablature
(d) Colonade

(2) evaluation of rockburst potential

(a) verification of in situ stress data
(b) monitoring excavation-induced seismic activity

D. constructibility

(1) estimation of water inflow rates

(2) estimation of methane concentration

(3) verification of dense interior thickness
Deaf Smith Site
a. verification and refinement of craep model

(1) ambient temperature

(a) salt rock

(b) salt/mudstone rock units

(2) elevated temperature
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(a) salt rock
(b) salt/mudstone rock units

4.3.20.3 Applicable Sections of 10 CFR Part 60

LEAD INPUT
60.15 60.151
60.16 60.152

60.17 60.18 60.111 60.112

4,.3.20.4 Key Documents to Consider

Golder Associates, for U.S. NRC, "In Situ Test Program Related to Design and
Construction of High-Level Nuclear Waste (HLW) Deep Geologic Repositories,”
NUREG/CR-3065, 1982.

Meeting Minutes for Basalt Waste Isolation Project/U.S. NRC Exploratory Shaft
Test Plan Workshop, Richland, WA, November 29 - December 2, 1983.

U.S. Department of Energy, "Annotated Qutline for Site Characterization Plans",
OGR/8-5, April 1987.

U.S. Nuclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Position for Basalt Waste Isolation Project,” September 1984,

U.S. Nuclear Regulatory Commission, "Generic Technical Position on In Situ
Testing During Site Characterization for High-Level Nuclear Waste
Repositories,” December 1985.
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4.3.21 Review Guide for Borehole and Shaft Seals
4.3.21.1 Background and Approach

In the SCP, it is anticipated that the Seal Program will include a description
of the activities required to develop designs and demonstrate performance of
seals to be placed in shafts, ramps, drifts and boreholes. The seals are to be
designed and emplaced so that following permanent closure, they do not become
pathways that compromise the geologic repository's ability to meet the
performance objectives.

Information on borehole and shaft seals should be in sufficient detail for the
MRC staff to make the nmecessary assessment about the adequacy of the borehole
and shaft seal development program. The staff has provided gquidance on the
needed information for this assessment in the generic technical position on
"Borehole and Shaft Seals." The information, plans and procedures should be
basically consistent with the NRC staff positions described in the said GTP.

The detafled criteria below should be used in conjunction with the general
review criteria for parameter identification in Section 4.2.2 and
investigations and activities in Sections 4.2.3 and 4.2.4 to review appropriate
portions of SCP Chapter 8. Existing information presented in Chapters 1-7
relevant to the criteria given below and any staff concerns regarding this
material should also be considered in the review of Chapter 8.

Considerations %o be applied to any of the three sites are provided in
Criterion A. Considerations relative to key site-specific topics that should

receive special attention in the review for the applicable site are provided in
Criterion B.

4.3.21.2 Criteria

A The conceptual cesign cescription and program of activities related to
borehole ang shaft seals should nrovide an adequate constderation of the
following ftems, with consideration of the performance allccation for the
tepic:

1. The excavation ard drilling techniques including:

a. selection to inflict minimal damage (fracturing) to rock units
b. excavation excerience in similar rock types

2. The insitu investigations to measure excavation-induced dameged :zcres
ircluding:
a. mechanical characteristics of the zone surrcunding the 2penirgs
b. effect of damaged zone on seal instaiiation

3. Tre important geolcqgic, hydrolegic and gecchemical asoects ¢f seal

environment, inciuding:
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a. potential for future changes
b. flow through discrete faults and fractures

The broposed treatment of the damaged section of rock around openings
and sealing methods for water-bearing strata, including:

a. design measures to control groundwater
b. design of seals in damaged zone
c. effect of seal faflure on repository performance

The use of operational seals for post-closure including:
a. effect of liners and casings on ability to seal

The compatibility of materials for boreholes and shaft seals with
host rock, including:

a. planned field and laboratory investigations (see Review Guide
for "Geomechanics Testing Information and Investigation")

b. considerations for seal materials selection

The adequacy of installation of borehole and shaft seals, including:

a. effectiveness of emplaced seals
b. investigations to develop required procedures

The preliminary performance assessment that accounts for appropriate
degree of reliability of seal design and placement (see Review Guide
on "Compliance Assessment with the EPA Containment Requirement")

The long-term stability of seals, including:

a. impact of thermal loading
b. physical and chemical compatibility of seals to host rock
€. accelerated testing of sealing materials

The performance confirmation program investigation plan, including:

a. early initiation of seal tests
b. plans for test sections in the exploratory shaft facility
c. plans for long-term monitoring

The borehole and shaft sealing portion of the conceptual design
description, identification of parameters and program of activities should
provide an adequate consideration of the following key site-specific
topics:

1.

Yucca Mountain
a. Sealing-design strategy

(1) free drainage strategy
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(a) reliability of free drainage for 10,000 years
(b) site characterization investigations for free drainage

(2) seal performance in unsaturated medium (geochemical)

b. Sealing of major faults
c. Sealing of excavation below the repository horizon

2. Hanford

a. Sealing with consideration to high water in-flow potential
b. Effect of drilling mud on ability to seal

3. Deaf Smith
a. Impact of freezing on long-term performance

(1) Long-term changes in permeability of Ogallala and Dockum
formations

b. Seal failure by dissolution
4.3.21.3 Applicable Sections of 10 CFR 60

10 CFR 60.2

10 CFR 60.15
10 CFR 60.16
10 CFR €9.17
10 CFR 60.18
10 CFR 60.112
10 CFR 60.113
10 CFR 60.134
10 CFR 60.137
10 CFR 60.140
10 CFR 60.142

4.3.21.4 Key Documents to Consider

U.S. Government Printing Office. Code of Federal Regulations, 10 CFR 60,
"Radioactive Wastes in Geologic Repositories." Washington, DC: U.S.
Government Printing Office, January 19387.

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard
Format and Content of Site Characterization Plans for High-Level Waste
Geologic Repositories.”

U.S. Department of Energy. "Annctated Qutline for Site Characterization
Plans," DOE Report DOE/RW-0142 (CGR/B-5), April 1987.

U.S. Nuclear Requlatory Commission. Oraft I[ssue-oriented Site Technicai
Position, "NNWSI Repository Design/Rock Mechanics."
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U.S. Nuclear Regulatory Commission. Draft Issue-oriented Site Technical
Position, "BWIP Repository Design/Rock Mechanics."

U.S. Nuclear Regulatory Commission. Draft Issue-oriented Site Technical
Position, "SALT Repository Design/Rock Mechanics."

U.S. Nuclear Regulatory Commission, "Generic Technical Position on Design
Information Needs in Site Characterfization Plans."

U.S. Nuclear Regulatory Commission, "Generic Technical Position on
Borehole and Shaft Seals."

U.S. Nuclear Regulatory Commission, "Generic Technical Position on In-Situ
Testing during Site Characterization."”

U.S. Nuclear Reqgulatory Commission, "Draft Generic Technical Position on
Interpretation and Identification of the Disturbed Zone."

U.S. Nuclear Regulatory Commission, "Draft Generic Technical Position on
Items and Activities in the HLW Geologic Repository Program Subject to 10
CFR Part 60 Quality Assurance Requirements."

U.S. Nuclear Regulatory Commission, "Generic Technical Position on
Qualification of Existing Data."

U.S. Nuclear Regulatory Commission, "Generic Technical Position an Peer
Review."

U.S. Nuclear Regulatory Commission/U.S. Lk, artment of Energy, "Summary of
the NRC/DOE Meeting on the Level of Detail for Site Characterization Plans
and Study Plans," May 7-8, 1986.

U.S5. Nuclear Regulatory Commission/NNWSI, "Summary of the NRC-NNWSI
Project Exploratory Shaft Design/Construction Meeting," August 27-28,
1935,

U.S. Nuclear Regulatory Commission/NNWSI, "Summary of the NRC-NNWSI
Project Meeting on Proposed Changes to the NNWSI Project Exploratory Shaft
Facility," April 14-15, 1985,

Letters from NRC to DOE, Subject: Information Considered Necessary
Regarding Exploratory Shaft Construction and Sealing (all sites), dated
April 14, 1983.
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4.3.22 Review Guide for Retrievability Information and Investigations
4.3.22.1 Background and Approach

In the SCP, it is anticipated that the conceptual design program will include
plans for investigations that pertain to or affect retrieval. It is expected
that the SCP will contain descriptions of the following items: the waste
emplacement mode; the expected temperatures in the emplacement entries during
retrieval; stability of openings during retrieval; use of backfill in the
emplacement rooms before the time of permanent closure; ventilation air
temperature; the reliability of retrieval machinery; and likelihood of
radionuclide release into the ventilation circuits. Therefore, the conceptual
design should be reviewed to examine how the retrievability requirement has
been incorporated into the overall scheme of the repository design, operation
and construction.

The overall objective of the SCP conceptual design review should be to
determine if all of the design elements provide reasonable assurance that the
retrieval option, which is a pre-closure performance objective, is not
precluded. Retrieval, in general, is not likely to be a simple reversal of the
waste emplacement cperation, because of thermal effects and the resulting
deterioration of rock and the underground environment.

NRC has provided gquidance to DQE staff in the form of comments to their draft
Generic position on retrievability and retrieval (July 1985).

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in Sect.on 1.2.2, and
investigations and activities in Sections 4.2,3 and 4.2.4, to review
appropriate portions of SCP Chapter &. Existing information presented in
Chapters 1-7 relevant to the criteria given below and any staff concerns
regarding this material, should also be considered in the review of Chapter 8.
Considerations to be applied to any of the three sites are provided in
Critericn A. Considerations relative to key site-specific topics that should
receive special attention in the review for the applicable site are provided in
Criterion B,

4.3.22.2 Criteria
A. The conceptual design description and program of activities related to

retrievability should provide an adequate consideration of the following
items with consideration of the performance aliocation for the topic:

1. Waste emplacement configuration and its effects on retrievail operations:
a. horizontal, vertical, or other configuraticns
b. feasibility of excavation and emplacement
c. retrieval under normal and potentially adverse conditicns

2. Analyses of thermal envircnment in emplacement drifts and hoies during

retrieval:
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a. Input design assumptions:

(1) waste type and age

(2) quantity of waste per package

(3) areal waste density

(4) host rock thermal chzracteristics
(5) ventilation

(6) use of backfill

Stability analyses of openings (emplacement drifts/holes) during
retrieval:

a. state of stress in the host rock around openings
b. reduction in rock strength with thermal load or time
c. performance of the rock-support system, or emplacement hole liner

Identification of proof-of-principle and mockup demonstrations:

a. status of mockups or equipment testing
b. plans for demonstrations
c. alternative design concepts

The retrievability portion of the conceptual design and program of
activities to perform any testing or analyses should provide an adequate
consideration of the following key site-specific topics:

Yucca Mountain Site

a. long horizontal holes emplacement option

Hanford Site

a. effects of increased deviatoric stresses due to thermal loads, on
(1) stability of emplacement rooms
(2) stability of emplacement holes

b. high water inflow during retrieval
Deaf Smith Site

a machinery for re-mining hot backfill

b stability of re-excave*ed hot emplacement rooms
c. heated brine around the waste packages

d. problem of locating the packages

e effect of host rock hetercgeneities

f effect of creep
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4,3.22.3 Applicable Sections of 10 CFR Part 60
LEAD

10 CFR 60.2
10 CFR 60.15
10 CFR 60.16
10 CFR 60.17
10 CFR 60.18
10 CFR 60.21
10 CFR 60.111
10 CFR 60.112
10 CFR 60.130
10 CFR 60.132
10 CFR 60.133
10 CFR 60.140
10 CFR 60.142
10 CFR 60.151
10 CFR 60.152

4.3,22.4 Key Documents to Consider
U.S. Code of Federal Regulations 10 CFR 60, 1987,

U.S. Department of Energy, "Annotated Outline for Site Characterization Plans,"
April 1985.

U.S. Nuclear Regulatory Cormission, "Draft Issue-oriented Site Technical
Positions for Design/Rock Mechanics for BWIP, NNWSI, and SALT Repositories,”
September 1934,

U.S. Nuclear Regulatory Commission, "Generic Technical Position on Design
Information Needs in Site Characterization Plans," December 1985,

U.S. Nuclear Regulatory Commission, "Generic Technical Position on In-Situ
Testing During Site Characterization,”" December 1925.

U.S. Nuclear Requlatory Commission, "Generic Technical Position on Items and
Activities in the HLW Geologic Repository Program Subject to 10 CFR 60 Quality
Assurance Requirements,” 1986.

Summary of the U.S. Nuclear Regulatory Commission/U.S. Department of Energy
Meeting on the Level of Detail for Site Characterization Plans and Study Plans,
May 7-8, 1986.

NUREG/CR-3489, "Assessment of Retrieval for the Geoloqic Dispcsal of Nuclear
Waste," 1984.

NUREG-0804, "Staff Analysis of Public Comments on Proposed Rule 10 CFR Part 60:
Disposal of High-Level Racicactive Wastes in Geologic Repositories, 1983.

U.S. Department of Energy, "Draft Generic Position on Retrievability and
Retrieval far a Geologic Repository,"” June 18, 1985.
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Letter frod;Hbert J. Miller to Ralph Stein on review of DOE Draft Generic
Technical Position on Retrievability and Retrieval, August 30, 1985.

N.S. Tanious, M.S. Nataraja, and J.K. Daemen, "Retrievability of High-Level
Nuclear Waste from Geologic Repositories - Regulatory and Rock Mechanics/Design
Considerations," 28th Symposium on Rock Mechanics, Tucson, AZ, June 1987.
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4.3.23 Review Guide for Conceptual Design of the Repository
4.3.23.1 Background and Approach

In the SCP, 1t §s anticipated that a conceptual design will be presented that
takes into account likely site-specific conditions. An understanding of the
site and the conceptual design of the repository is necessary for conducting a
review of the design. Information on the conceptual repository design
submitted in the SCP is expected to be of sufficient detail for NRC to
determine the completeness and adequacy uf the site characterization pgrogram.

NRC has provided guidance to the DOE in the form of a Generic Technical
Position entitled "Design Information Needs in the Site Characterization
Plans." 1In addition, NRC and DOE had a meeting on this topic in April 1985.
For this meeting, the DOE submitted to NRC a draft annotated outline (AOQ) for
the SCP Conceptual Design Report (CDR).

The review approach that will be taken for the repository conceptual design
will be based on the NRC GTP and the A0 of the CDR that was agreed upon by NRC
and DOE. The detailed criteria below should be used in conjunction with the
general review criteria for investigations and design activities in 4.2.3 to
review appropriate portions of SCP Chapter 8. Existing information presented
in Chapters 1-7 (predominantly Chapter 6) relevant to the criteria given below
and any staff concerns regarding this material should also be considered in the
review of Chapter €. While review {tems such as Q-List, retrieval, seals,
quality assurance and the engineered barrier system are included under
repository design, separate review gquides have been prepared for these items.

Considerations to be applied to any of the three sites are provided in
Critericn A. Considerations relative to key site-specific topics that shouid
receive special attention in the review for the applicable site are provided in
Criterion B.

4 3.23.2 Criteria

A, The concepiual repositcry design description in Chapter 6 and programs of
activities related to the repository design should provide an acequate
consideration of the following items with consideration of the performance
allocation of the topic:

1. The design bases, including:
a. the technical requirements and assumpticns that form the haies
aof the design
b. tne site constraints that affect the desigr ar the aporoach %o
the cdesign
c. the refarence geological and geotecnnical data used %0 suncors

the cesign
2. Radinlogica’l protection:

a. see Freclosure Analyses Review Guide (4.2.4.10)
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Structures, systems or components of the repository important to
safety:

a. see {tems and activities subject to "QA Procedures” Review Guide
(4.3.30)

Surface waste-handling facilities, including:

a. layout of surface facilities
b. procedure for handling and retrieval of waste

Underground facility design element, including:

location of shafts

depth to host rock

geometry and orientation of underground openings

spatial relationship of the test facility and the repository
general description and layout of the design

o aon oOm

Engineered Barrier System (EBS) design

a. see Waste Package Design and EBS Release Rates Review Guides
(4.3.25 and 4.3.26)

Identification of possible disruptive events and their possible
effects on the integrity of the repository.

a. See review guide on "Anticipated and Unanticipated Processes and
Events" (4.2.4.2)

Design elements, including:

retrieval of waste (see Retrievability Review Guide, 4.3.22)
control of water and gas

stability of underground openings

rock=support systems

rock-excavation techniques

underground-facility ventilation

thermal loads

[Ya e Y- 2o RN o N o -1

Borehole and shaft seal design
a. see review guide on "Borehole and Shaft Seals" (4.3.21)
A description of barriers important to waste isolation.

a. see review guide on "Compliance Assessment with the EPA
Containment Requirement' (4.2.4.9)

Altaernative design concepts which take into account:
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uncertainties and variability of site parameters

local unacceptable conditions

flexibility to make trade-offs between subsystem components
interrelationship between system/components

ano oo

Descriptions of the computer codes that have been used in the design:
a. see review guide for "Software QA Procedures" (4.3.29)
QA program for the design

a. see review guide for "Items and Activities Subject to QA
Procedures”" (4.3.30)

The conceptual repository design description, identification of parameters
and the program of activities should provide an adequate consideration of
the following items for key-specific topics:

Yucca Mountain Site:

a. Timits on vertical and lateral flexibility imposed by:

(1) faulting

(2) thickness of target horizon

(3) heterogeneities such as lithophysae
(4) overburden requirement

b. defense-related activities

(1) effects of proximity to bombing range on surface facilities
(2) effect of underground nuclear explosions on the repository
(3) potential for aircraft crashes on surface facilities

c. long horizontal emplacement holes
(1) retrieval (see "Retrievability" Review Guide 4.3.22)
(2) deleterious rock movements
(3) construction equipment technology

Hanford Site

d.

shaft design/construction for site characterization
(1) availability of drilling technology for repository shaft

(a) extrapolation of experience of crilling small diameter
holes and shafts

maintenance and construction of underground openings

(1) rockburst potential
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(2) in situ stress field

(3) support systems

(4) wvesicular zone

(5) dense interior thickness

(6) water in-flows during construction

(a) water in-flow rate
(b) methane gas

3. Deaf Smith Site:
a. shaft design and construction during site characterization
(1) effect of freezing of the rock surrounding the shafts
(2) effectiveness of operational seals

(3) effectiveness of long term seals (see "Borehole and Shaft Seals"
Review Guide 4.3.21)

b. effects of rock mass heterogeneities, thermal load and creep
(1) construction
(2) operation
(3) maintenance
(4) retrieval (see "Retrievability" Review Guide, 4.3.22)
4.3.23.3 Applicable Sections of 10 CFR part 60:
Lead Input
10 CFR 60.11 10 CFR 60.112-113
10 CFR 60.130-134 10 CFR 60.135
10 CFR 60.141 10 CFR 60.140,142-143

10 CFR 60.150-152
4.3.23.4 Key Documents to Consider:
U.S. Department of Energy, "Annotated outline for SCP CODR," April 1935.

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard format and
content guide for SCP's, March 1937.

Nuclear Waste Policy Act, 1982.

U.S. Nuclear Regulatory Commission, "GTP on Design Information Needs," December
1985.

U.S. Nuclear Requlatory Commission, "GTP on Borehole and Shaft Seals," December
1985.

U.S. Nuclear Regulatory Commission, "GTP on In Situ Testing," December 1935.
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U.S. Nuclear Regulatory Commission, "GTP on Items and Activities in the HLW

Geologic Repository Program Subject to 10 CFR 60 Quality Assurance
Requirements," 1986.

U.S. Nuclear Regulatory Commission/U.S Department of Energy, "Summary of
NRC/DOE meeting on SCP Repository Design Information, "April 1985.

U.S. Nuclear Regulatory Commission, "Parameters and Variables Appearing in
Radiological Assessment Codes," NUREG/CR-3160 June 1983.

ITASCA Consulting Group "A Review of Thermomechanical Analysis Methodologies
for NNWSI, BWIP and SRP," March 1987.

ITASCA Consulting Group, "Major Underground System Design Components for
NNWSI," 1987.
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4.3.24 Review Guide for Substantially Complete Containment
4.3.24.1 Packground and Approach

In the SCP, the waste package program is expected to include plans for
investigations related to demonstrating that containment of the waste within
the waste package during the containment period (300 to 1,000 years) will be
substantially complete, consistent with the Commission's regulations (10 CFR
60.113).

Substantially complete containment of the waste within the waste package during
the containment period is the only performance objective specified for the
waste package per se. The completeness and accuracy of the data base to
demonstrate substantially complete containment of the waste within the waste
package for a period of 300 to 1000 years, therefore, is a major concern.
Specifically, data that can be used to predict the rate of degradation of the
waste package component(s) designed to contain the waste in an environment
representative of the repository will govern whether NRC can make a positive
finding for this performance objective in a licensing proceeding.

The detailed criteria below should be used in conjunction with the general
reyiew criteria for parameter identification in Section 4.2.2 and
investigations and activities in Section 4.2.4 to review appropriate porticns
of SCP Chapter 8. These criteria should also be used to review Chapter 7.

Considerations to be applied to any of the three sites are provided in
Criterion A. Considerations relative to key site- specific topics that should
receive special attention in “he review for the applicable site are provided in
Criterion B.

4.3.24.2 Criteria
A. The waste package design description in Chapter 7 and programs of

activities in Chapter 8 related to demonstrating substantially complete
containment should provide an adequate consideration of the following

items:
1. Waste package design basis including:

a. the design goals or performance allocated to each waste package
component in meeting the overall waste package “erformance
objective of substantially complete containment

b. the reliability goal for each component as it relates %o
performance allocation

2. Waste package design descriptions including the proposed design(s) and

materials specificatians for:

a. the waste form, including the radicactive waste and any
associated encapsulation or stabilizaticn mecia
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b. the canister, including the major sealing enclosure system for
the waste form.

c. the overpacks, which consist of any additional vessel
receptacle, structure, or shielding which are both within and an
integral part of the proposed waste package and which provide
additional containment of the waste

d. the packing material, which may control the flow of groundwater,
modify the groundwater chemistry, or retard the transport of
radionuclides from the waste form after breach of the container

3. Design rationale/performance analysis including:

a. Justification for the design basis or rationale

b. an analysis, including preliminary performance estimates of the
waste package system, aimed at providing reasonable assurance
that the proposed waste package desians will meet the
substantially complete containment performance objective of 10
CFR Part 60 (see GTP on Waste Package Reliability Analysis)

C. estimates for rates of waste package degradation and the bases
for these estimates

d. the most likely failure modes

e. input data required for the models used to calculate or estimate
waste package performance

f. scenarios and processes for waste pickage degradation

4. Planned investigations and tests including:

a. the temperature profile of the waste package

b. solubility of the waste form

c. the radiation profile of the waste package

d. the pressure and stress fields of the waste package

e. synergistic effects including effects of waste package
degradation products on the rates of degradation of other waste
packages

f. the rates of propagation of stress corrosion cracks in the waste
package container

g. the rates of formation and propagation of pits in the waste

package container
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h. the rates of formation and propagation of crevice corrosion in
the waste package container
i.  the rate of uniform corrosion of the waste package container
J. interactions of waste package components and host rock
k. radionuclide retardation in packing material
1. leaching of radionuclides from the waste form
B. The identification of parameters and program of investigations should
provide an adequate consideration of the following key site-specific
topics:
1. Yucca Mountain Site
a. the consequences of uncertainties on the analyses of waste
package lifetime and radionuclide release rate
b. assumptions regarding waste package failure modes and the
uncertainties associated with these assumptions
c. the susceptibility of the austenitic stainless steels to

stress-assisted cracking in chloride/oxygen/water (steam)
enyironments

2. Hanford Site

a.

the effects of oxidizing environment during repository operation
and after closure

localized corrosion as a waste package failure mode

the effect of packing on corrosion of the overpack materials
the effect which instability of packing may have on ingress of
water as well as on migration of radionuclides through the

packing material

the inclusion of localized corrosion failure modes such as
stress-corrosfon-cracking and pitting in corrosion models

3. Deaf Smith Site

a.

assumptions regarding the performance analysis of the waste
package and the uncertainties associated with these assumptions
as they relate to temperature profiles, radiation effects,
solubilities, brine quantities and inhomogeneities, corrosion
modes, performance models, waste package lifetime and
radionuclide release rates
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b. the assumptions related to the distribution of brine over the
overpack

c. consideration of other modes of corrosion in addition to uniform
corrosion

4.3.24.3 Applicable Sections of 10 CFR Part 60.

Lead Input
60.113(a)(1) 60.135
60.113(b)

4.3.24.4 Key Oocuments to Consider

1. U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard
Format and Content of Site Characterization Plans for High-Level Waste
Geologic Repositories."

2. U.S. Department of Energy, Office of Civilian Radiocactive Waste
Management, "Annotated outline for Site Characterization Plans" (OGR/B-5),
April 1987.

3. U.S. Nuclear Regulatory Commission Generic Technical Position, "Waste
Package Reliability Analysis for High-Level Nuclear Waste Repositories."

4. U.S. Nuclear Regulatory Commission/U.S. Department of Energy, "Minutes of
the Third Meetiag of NRC and DOE/NPO Preparatory to Submittal of the Salt
Site SCP," August 9-10, 1983.

5. U.S. Nuclear Regulatory Ccmmission/U.S. Department of Energy, "Minutes,
Barrier Material Test Plan for BWIP," May 8-9, 1984.

6. U.S. Nuclear Regulatory Commission/U.S. Department of Energy, "Meeting
Summary, Salt Waste Package Workshop,” January 22-24, 1986.

7. U.S. Nuclear Regulatory Ccmmission/U.S. Department of Energy, "Meeting
Summary, NNWSI Waste Package Workshop," July 23-25, 1985.

8. U.S. Nuclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Pgsition (ISTP) for Nevada Nuclear Waste Storage Investigations (HNWSI),®
September 1G84.

9. U.S. Nuclear Regulatory Commission, "Draft Issue-Oriented Site Technical

Pesition (ISTP) for Salt,"” September 1984,

10. U.S. Nuclear Regulatory Commission, "Dratt Issue-Oriented Site Technical
Position (ISTP) for Basalt," September 1934,

11. U.S. Nuclear Regulatory Commission/U.S. Department of Enerqy, "Summary cf
the NRC/DOE Meeting on the Level of Detail for Site Characterization Plans
and Study plans,”" May 7-8, 1986.
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4.3.25 Review Guide for Waste Package Design
4.3.25.1 Background and Approach

In the SCP, the waste package program is expected to {nclude plans for
investigations related to the design basis and criteria for the repository
waste package. The repository waste package must be designed to satisfy a
number of functional requirements. These requirements include provisions for
handling, package identification and chemical stability of the contained waste
form, among others. Additionally, the design and characteristics of the waste
package will directly determine the ability of the waste package and engineered
barrier system to meet the performance objectives of 10 CFR 60.113. The
chemical, physical, and nuclear properties of the waste package and its
interaction with the emplacement environment must be such that all functional
requirements are satisfied without adversely affecting the performance of the
underground facility or the geologic setting. The Commission's regulations (10
CFR 60.135) specify minimum design criteria for the waste package to address
identified functional requirements that are important to its intended use.
Accordingly, the staff's review will focus on investigations planned by the DOE
to demonstrate compliance with the Commissions design criteria for the waste
package.

The detailed criteria below should be used in conjunction with the general
review criteria for parameter identification in Section 4.2.2 and
investigations and activities in 4.2.3 to review appropriate portions of SCP
Chapter 8. These criteria should also be used to review Chapter 7.
Considerations to be applied to any of the three sites are provided in
Criterion A. Considerations relative to key site-specific topics are not
applicable for this review guide.

4.3.25.2 Criteria

A. The waste package design description in Chapter 7 and programs of
activities in Chapter 8 related to waste package design should provide an
adequate consideration of the following items.

1. General waste package design including:

a. in situ chemical, physical and nuclear pfoper:ies of the waste
package.

b. waste package interactions with the emplacement environment and
consideration of solubility, oxidation/reduction reactiions,
corrosion, hydriding, gas generation, thermal effects,
mechanical strength, mechanical stress, radiolysis, radiation
damage, radicnuclide retardation, leaching, fire and explosion
hazards, thermal loads, and synergistic interactions.

2. Specific waste package design criteria including:

a. potential for explosive, pyrophoric and chemically reactive
material in the waste package.
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b. potentfal for adverse impacts resulting from liquids within the
waste package,

c¢. handling of the waste package during transportation,
emplacement, and retrieval.

d. means of identification for the waste package.
3. Specific waste form desfgn criterfa including:

a. solidification of radioactive wastes and placement in sealed

containers.

b. consolidation of particulate waste.

¢c. consideration of potentfal adverse impacts of combustible
radioactive waste.

Site Specific Criteria: None

.3.25.3 Applicable Sections of 10 CFR Part 60

lead input
60.135 none

.3.25.4 Xey Documents to Consider

H.C. Claiborne and others, "Repository Environnent:l Parameters and Models
Relevant to Assess the Performance of High-Level Waste Packages (Basalt,
Tuff and Salt)," NUREG/CR-4134, ORNL/TM-9522, Rev.l, 1987.

C. Interrante and Others, "Evaluation and Compilation of DOE Waste Package
Test Data," NUREG/CR-4735, Vol.l and 2, October 1987.

P. Soo, Ed., "Review of Waste Package Verification Tests,' NUREG/CR~3091.

U.S. Nuclear Regulatory Commission, "Draft Issue-Oriented Site Technical
Position (ISTP) for BWIP, NNWSI and SRP," September 1984.

U.S. Nuclear Regulatory Commission, "Summary SRP/NRC Waste Package
Meeting, January 22-24, 1986."

U.S. Nuclear Regulatory Commission, "Summary, NNWSI Waste Package Meeting,
July 23-25, 1985."

U.S. Nuclear Regulatory Commission, "Summary Meeting Notes, DOE/NRC
Meeting on the BWIP Barrier Materfals Test Plan, Gaithersburg, MD May 8-9,
1984."

U.S. Nuclear Regulatory Commission, Regulatory Guide 4.17, "Standard
Format and Content of Site Characterization Plan for High-Level Waste
Geologic Repositories.”
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U.S. Nuclear Regulatory Commissfon, "Draft Annotated Outline for the SCP
Conceptual Design Report," April 8, 1985,

U.S. Nuclear Regulatory Commission, "NRC Staff Comments on the DOE Final
Environmental Assessments," December 22, 1986. Comment 8 for BWIP,
Comment 10 for NNWSI and Comment 10 for S3P.
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4.3.26 Review Guide for Engineered Barrier System Release Rates
4.3.26.1 Background and Approach

The Commission's regulations (10 CFR 60.113) fnclude objectives for the
performance of the engineered barrier system (EBS) following permanent closure
of the geologic repository. Specifically, these objectives specify that the
release rate of any radionuclide from the engineered barrier system following
the containment period (i.e., 300 to 1000 years after permanent closure) shall
not exceed one part in 100,000 per year of the inventory of that radionuclide
calculated to be present at 1000 years following permanent closure. In the
SCP, the site characterization program is anticipated to include plans for
investigations necessary to support the DOE's demonstration of compliance with
the Commission's performance objectives for the EBS.

The engineered barrier system is defined as the waste package and the
underground facility. The waste package is expected to consist of a complex
system of multiple barriers including the waste form, an outer canister, and
combinations of one or more overpacks and bickfill or packing. An under-
standing of the possible time- dependent processes, mocdes and mechanisms of
waste package degradation in the repository environment {s necessary to
deternine DOZ's ability to demonstrate compliance with the Commission's
pcstclosure performance objectives.

The detailed criteria below should be used in conjunction with the general
review criteria fcr parameter identification in Section 4.2.2, ard investi-
gations and activities in Sections 4.2.3 and 4.2.4 to review appropriate
portions of SCP Chapter § Existing information presented in Chapters 1-7
relevant to the criteria given below and any staff concerns regarding this
material shiculd also be cecnsidered in the review of Chapter 8.

Consideraticns to be applied to any of the three sites are provided in
Criterion A, whrile considerations relative to key site-specific topics that
shculd receive special attention in the review for the applicabie site, are
provigdea in Criterion B.

4.3.26.2 (riteria

AL The conceptual design descriptions of the enginaered barrier system in
Chapter 7 and of the program of investigaticns related to engineered
barrier system release rates should provide ar adequate consiceration uf
the following items:

1. Design features ard characteristics of all waste package comporants
including:

a. material properties of the waste form and waste picrage
cempeonenrts

b. geometry of all waste Dickage ccmpcrents

. waste lcading (i.e., radionuciide inventary)
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d. mechanical strengths of waste package components$

2. Design features and characteristics of the underground facility
including:

a. waste package configuration

b. radiation profile in the EBS

c. thermal profile in the EBS

d. electrochemical potentials of the waste package/aqueous
media/host rock system

3. Processes and scenarios for waste package degradation including:

solubility of the waste form

oxidation reduction reactions

corrosion reactions and interactions of waste package
components and host rock

gas generation and hydriding

thermal loads and effects

mechanical stress effects

radiolysis and radiation damage

radionuclide retardation and leaching

synergistic interactions

N o

—- T K QA

4. Rates of reactions or interactions for the various orocesses listed
in Item 3 above

5. Process and scenario modelirg, including methods proposed for extra-
polation of short-term data collected for investigations related
to the processes listed in Item 3 above

B. See Review Guide for Substantially Complete Containment for site-specific
criteria.

4.3.26.3 Applicable Sections of 10 CFR Part 60

Lead Input
60.113(a) 60.101(a)(2)
60.113(b) 60.135

4.3.26.4 Key Documents to Consider

U.S. Department of Energy, Office of Civilian Radiocactive Waste
Management, "Annotated Outline for Site Characterization Plans (OGR/B-5)",
DCE/RW-0142, April 1987.

U.S. Department of Energy, Office of Civilian Radiocactive Waste
Management, Office of Geolcgic Repositories, "Issues Hierarchy for a Mined
Geologic Disposal System (OGR/B-10)", GOE/RW-0101, Rev. 1, August 1987.
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DOE/NRC Meeting, U.S. Nuclear Regulatory Commission/U.S. Department of
Energy, "Issues Hierarchy/Performance Allocation", September 29~30, 1987.

U.S. Nuclear Regulatory Commission, Requlatory Guide 4.17, "Standard
Format and Content of Site Characterization Plans for High-Level Waste
Repositories", July 1982.

U.S. Nuclear Regulatory Commission/U.S. Department of Energy, "Summary of
NRC/DOE Meeting on Level of Detail for Site Characterization and Study
Plans", May 8-9, 1986.

U.S. Nuclear Regulatory Commission/U.S. Department of Energy, "Minutes of
SRP/NRC Waste Package Meeting", January 22-24, 1986.



194

4.3.27 Review Guide for Qualification of Existing Data
4.3.27.1 Background and Approach

To obtain a license to operate a high-level nuclear waste repository, DOE must
be able to demonstrate, in a license application, that the applicable health,
safety, and environmental regulations in 10 CFR 60 have been fulfilled.
Confidence in the adequacy of data, data analyses, construction activities, and
other {tems and activities associated with the license application is obtained
through a quality assurance (QA) program. Subpart G of 10 CFR 60 specifies a
QA program for items and activities important to safety and waste isolation.
DOE should have a QA program in place, consistent with 10 CFR 60, Subpart G and
any applicable regulatory guidance, before the start of site characterization
activities.

The staff expects that some data, which have not been initially generated under
a QA program meeting the requirements of 10 CFR 60, Subpart G, will be needed
to support DOE's license application to construct and operate a geologic
repository for high-level nuclear waste. It is anticipated that the SCP will
indicate generally in Section 8.6 and more specifically in appropriate sections
of Chapters 1-7, the existing data that will be confirmed by testing during
site characterization, and the existing data that are expected to be qualified
for use in licensing by other qualification methods. The SCP and/or the QA
plans referenced in the SCP are expected to describe the data qualification
program. The NRC staff has developed the "Generic Technical Position on
Qualification of Existing Data for High-Level Nuclear Waste Repositories.”

This Generic Technical Position (GTP) provides guidance to DOE on the use and
qualification of dasa that have not been initially collected under a 10 CFR 60,
Subpart G QA program. It will be the basis by which the NRC staff evaluates
DCE's data qualification program described in the SCP.

4,3.27.2 Criteria

A, D0t's data qualification program described in the SCP, and/or the QA plans
referenced in the SCP, should be consistent with the definitions and staff
positiocns described in NRC's "Generic Technical Position on Qualification
of Existing Data for High-Level Nuclear Waste Repositories.”

3. For existing data that will not be confirmed by additional testing during
site characterization but will be relied on for licensing, the SCP should
discuss the plans for fts qualification.

C. If described in the SCP, plans for qualification of existing data
pertinent to the following site~specific topics should meet the criteria
in the "Qualification of Existing Data" GTP:

1. Yucca Mountain Site

1. Core cbtafned from drilling at the site (collection and handling
procedures).

b. Seismic monitcring
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Hanford Site

a. Groundwater level measurement
Applicable Sections of 10 CFR Part 60
60.150

60.151
60.152

Key Documents to Consider

Appendix B, 10 CFR Part 50

U.S. Nuclear Regulatory Commission, '"NRC Review Plan: Quality
Assuranc2 for Site Characterization of High-Level Nuclear Waste
Repositories," June 1984,

Site~Specific QA Plans

U.S. Nuclear Requlatory Commission, "Generic Technical Position on
Peer Review for High-Level Nuclear Waste Repositories," Federal
Register, Vol. 52, No. 131, July 9, 1987, 25932-25933.
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4.3,28 Review Guide for Peer Review
4.3.28.1 Background and Approach

To obtain a license to operate a high-level nuclear waste reposftory, DOE must
be able to demonstrate, in a license application, that the applicable health,
safety, and environment regulations in 10 CFR 60 have been fulfilled.
Confidence in the adequacy of the data, data analyses, construction activities,
and other items and activities associated with the license application is
obtained through a quality assurance (QA) program. Subpart G of 10 CFR 60
specifies a QA program for items and activities important to safety and waste
isolation. DOE should have a QA program in place, consistent with 10 CFR 60,
Subpart G and any applicable regulatory guidance, before the start of site
characterization activities.

Peer reviews may be employed as part of the QA actions necessary to provide
adequate confidence in the work under review, where the work may be design, a
plan, a test procedure, a research report, a materials choice, or a site
exploration. Because of the potentfal uncertainty in most geotechnical data,
Tack of unanimity among experts, and the first-of-a-kind nature of geologic
repository technical issues, expert judgment will need to be used in assessing
the adequacy of work. Peer reviews are a mechanism by which these judgments
may be made.

The staff's "Generic Technical Position on Peer Review for High-Level Nuclear
Waste Repositories" provides guidance on the definition of peer reviews, the
areas where a peer review is appropriate, the acceptability of peers, and the
conduct and documentation of a peer review. It will be the basis by which the
NRC staff evaluates DOE's peer review process described in the SCP.

4,3.28.2 Criteria

A, OOE's peer review process, as described in the SCP and/or QA plans
referenced in the SCP, should be consistent with the definitions and staff
cositions described in the NR('s "Generig Tecknical Position an Peer

Review for High-Level Nuclear Waste Repositories.”

2. The use of peer review for the following site-specific tepics should be
addressed in the SCPs:

1. Yucca Mountain Site
(a) The origin of the silica-carbonate veins
4.3.28.3 Applicabie Secticns of 10 CFR Part €0
60.150

6J3.151
60.152
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4.3.28.4 Key Documents to Consider
Appendix B, 10 CFR Part 50
Site-Specific QA Plans
U.S. Nuclear Regulatory Commission, "NRC Review Plan: Quality

Assurance Programs for Site Characterization of High-Level Nuclear
Waste Repositories," June 1984,
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4.3.29 Review Guide for Software QA Procedures
4.3.29.1 Background and Approach

It is anticipated that Section 8.6 of the SCP, or the QA plans that it
references, will discuss and describe how the development, verification,
validation, operations, configuration management, and documentation of software
codes are controlled. The quality assurance staff will review the adequacy of
these procedures, using the criteria listed below.

4.3.29.2 Criteria

A. The software QA procedures should include the following information and
should meet the criteria in NUREG-0856, "Final Technical Position on
Documentation of Computer Codes for High-Level Waste Management":

1. Description cf the Software QA Plan

a management organization

b responsibilities

c. reviews, audits, and controls
d. configuration management

e verification and validation

f control of software procurement
g software development procedures

2. Code Documentation Regquirements

user's manuals

self-teaching curricula

verification and validation documents
sample problems

an oo

3, Internal Code Documentation

code name

version or completion data

short description

language(s)

hardware that code was developed for
required external libraries or routines
code evolution

contacts and/or author(s)

references to all assocfated documentation

- TU DO Q0 T

4.3.29.3 Applicable Sections of 10 CFR Part 60

60.150
60.151
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4.3.29.4 Key Documents to Consider

U.S. Nuclear Requlatory Commission, "Final Technical Position on Documentation
of Computer Codes for High-Level Waste Management," USNRC Report NUREG-0856,
June 1983.

Wilkinson, G.G., Runkle G.E., Sandia National Laboratories, "Quality Assurance
(QA) Plan for Computer Software Supporting the US Nuclear Regulatory
Commission's High-Level Waste Management Program," USNRC Report NUREG/CR-4369,
January 1986.

Bryant J.L., Wilburn N.P., Pacific Northwest lLaburatory, "Handbook of Software
Quality Assurance Techniques Applicable to the Nuclear Industry," USNRC Report
NUREG/CR-4640, August 1987.

U.S. Nuclear Regulatory Commission, "NRC Review Plan: Quality Assurance
Programs for Site Characterization of High Level Nuclear Waste Repositories,"
June 1984,
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4.3.30 Review Guide for Items and Activities Subject to QA Requirements

4.3.30.1 Background and Approach

Information on the items and activities to be controlled by the QA program
during site characterization is anticipated to be summarized in Section 8.6.4.2
of the SCP, and discussed in greater detail in Sections 6.1.4 and 6.1.5 of the
SCP. The staff will review this information in conjunction with "Generic
Technical Position on ltems and Activities in the High-Level Waste Geologic
Repository Program Subject to Quality Assurance Requirements" (Q-List GTP).

4.3.30.2 Criteria

A, The following areas should be addressed in the SCP and should be
consistent with the Q-List GTP:

1. A preliminary list of items and activities important to safety and/or
waste isolation (Q-list)
2. A general description of the process by which the preliminary Q-List
was developed and will be revised, including the following:
a. The preclosure accident dose limit and a justification for its
use
b. A listing of the design basis accidents in preclosure
c. The probability cutoff for preclosure accidents and
justification for its use
d. The method which was used to aralyze preclosure accidents (e.qg.,

probable risk assessment). The method should:

(1) identify credible events and scenarios, both external and
internal

(2) Analyze response of safety systems
(3) Calculate offsite dose conseguences

(4) Include all items relied on for accident mitigation on the
Q-list

(5) ldentify and justify accident source terms

e. Justification used for determining that various items will not
fail during an accident

-

The allocation of performance amonqg the various isolation
components to determine which items are included on the Q-1ist

g. The basis for determining which site characterization activities are
on the Q-list

h. The impact that the potential for retrieval has on the Q-List
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4.3.30.3 Applicable Sections of 10 CFR Part 60.

60.2

60.111
60.112
60.113
60.131
60.151

4.3.30.4 Key Documents to Consider

U.S. Nuclear Regulatory Commission, "Draft Generic Technical Position on Items
and Activities in the High-Level Waste Geologic Repository Program Subject to
Quality Assurance Requirements" (Q-List GTP), Federal Register, Vol. 51,

Mo. 147, July 31, 1986, 27447,




