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Technical Direction 1.2/1-91 which was a presentation by the Centers consultant.
CNWRA had previously forwarded a Work Plan for prof saistic seismic hazard analysis
to the NRC. NRC staff desired a discussion which was accomplished on the trip.

SUMMARY OF PERTINENT POINTS:

1.

On the 19th, Renner Hofmann and Gerry Stirewalt attended Larry McKague's
lecture regarding USGS’ stratigraphic nomenclature for Yucca Mountain. Dr.
McKague also disc 1. ~d existing and planned boreholes for the Yucca Mountain
repository site and «..sting and anticipated well logs.

On the 20th, Hofmann and Stirewalt attended the DOE/NRC technical exchange
meeting. The meeting was attended by many from various concerned
organizations including the State of Nevada, the TRB, the ANCW, USGS and EEI.
A list of attendees and materials distributed at the technical exchange are attached
to this report

The meeting topic was a presentation by the NRC of its new draft Staff Technical
Position (STP) and comments by others concerning its provisions. This STP was
derived from a previous STP regarding seismic hazards which also included
analysis guidelines. Commentary on the original STP was varied and contentious.
Consequently the NRC decided to split the STP, issue only the required
investigations portioi. and add investigations required for fault displacement.
NRC desired input from CNWRA concerning PSHA before issuing a second STP
concerning analysis of fault displacement and seismic risk.

The concept of two STPs was not well received. All who commented preferred
an STP with both investigation and analysis. In this way they could comment on
the appropriateness of the investigations to provide data for the analysis. The
State of Nevada argued that the STP being presented was sufficiently different
from the one previously reviewed that it shoud again go out for public comment.
A DOE representative stated that DOE would prefer that the four STPs (also
including tectonic models and repository engineering) be provided in a single
package. NRC management agreed to put the new STP up for public comment
and take details of comments by attendees under advisement.

Other comments were expressions that the new term "susceptible fault", as far as
Yucca Mountain was concerned, meant all faults, and therefore served no useful
purpose. The 200 mile radius for fault and earthquake investigations was argued
by DOE to be too large. DOE stated that the NRC criteria for the 200 mile radius
was in error - that 0.1 g was observed at only a 100 km radius from large Western
US. earthquakes, not 200 miles (although arguments could be made to the
contrary). Further, they pointed out that the 200 mile radius took in portions of
the San Andreas fault system but that earthquakes on this fault would not affect
the repository site in excess of 0.1g. Investigating the San Andreas, however
would greatly increase the amount of geological work required to characterize the



repository.

DOE pointed out NRC's requirement that a fault must have a date of most recent
movement earlier than 2,000,000 vears, tc <liminate it from characterization
studies. They noted that the requirement could not be met at Yucca Mountain
because Quaternary sediments extend only to 1.3 million years before present.
Consequently the NRC definition would preclude use of undistuu .- Quaternary
sediments as criteria that a fault need not be considered for further study.

EEI (presented by Jay Smith, their consultant) preferred the guidance be in the
form of a regulation, e.g. an "Appendix A" for Part 60 to eliminate legal
arguments that would arise with an STP. Others objected to implementing an
"Appendix A" type approach and pointed out that NRR had started a project to
rewrite 10 CFR 100 Appendix A to eliminate its restrictive terms.

Phil Justus indicated that there was an increased priority for CNWRA's
preparation of a technical basis for a probabilistic fault displacement and seismic
hazard analysis STP.

3. Discussions were held on both the 19th (briefly) and the 20th concerning the
Probabilistic Seismuc Hazard Analysis (PSHA) Work Plan. About 3 hours were
spent by Renner Hofmann, Gerry Stirewalt, Philip Justus and Buck Ibrahim in
discussions of the Work Plan.

IMPRESSIONS/CONCLUSIONS:

Funds available probably are not adequate to provide the in-depth research desired as
a technical basis for the combined STP recommended by those attending the meeting.
This thought was expressed by CNWRA staff. However, broad topics could be
addressed to the extent that funds were available. NRC staff stated that they had a
better idez of the work plan’s concepts, following our discussions, but expressed a need
for more technical details of the proposed work. It appears that those attending the
technical exchange meeting believe that the problems they enumerated regarding the
STP for investigations, should be reconciled and intimated that supporting technical
bases for NRCs guidance should be preserted with the STP. This suggests that a
substantial amount of work remains before a combined STP can be successfully
maneuvered through the comment and approval process.

PROBLEMS ENCOUNTERED:

A more thorough investigation appears to be required than NRC has requested that
CNWRA undertake, regarding these issues. The problem is further compounded by the
departure of the NRC's DITLWM seismologist, Dr. Blackford and the impending
departure of their geologist, Keith McConnell, for a year of management training in the
form of rotating assignments to other NRC facilities.
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- K UNITED STATES
SR g NUCLEAR REGULATORY COMMISSION
:° j WASHINGTON, D. C. 20886
W, oL FEB 18 1091
AGENDA

NRC-DOE TECHNICAL EXCHANGE ON DRAFT FIWAL NRC STAFF TECHNICAL POSITION
(STP) ON INVESTIGATIONS TO IDENTIFY FAULT DISPLACEMENT AND SEISMIC

HAZARDS AT A GEOLOGIC REPQSITORY

February 20, 1991
8:30 am - 5:00 pm

U.S. Nuclear Regulatory Commission
One White Flint North
11555 Rockville Pike
Rockville, Maryland 20852

Room 6811

PURPOSE: To discuss NRC's draft final STP on investigations to identify fault
displacement and seismic hazards at a geologic repository. In
addition, NRC will brief DOE on the staff's strategy for tectonics
guidance.

SCOPE « In presenting its draft final STP, NRC will discuss how it has
responded to the comments received on the earlier draft technical
position. WNRC will in particular explain how this STP and other work
under development in its tectonics guidance program will address the
need for guidance in the areas identified by DOE.

AGENDA TOPIC DISCUSSION LEADER

. Upening Remarks NRC, 5

. NRC Strategy for Tectonics Guidance (30 minutes) NRC
Discussion Al

¢ Draft Final STP (90 minutes) NRC
- Introduction
- Faulting
- Seismic Hazards
Discussion A1

" NRC Staff Resolution of Public Comments (30 minutes) NRC
Discussion Al

Lunch

Comments by DOE, the State of Nevada, and/or EEI/UWASTE DOE, State,

EE!]
. Open Discussion Al
» Final Remarks NRC, DOE,
tate, EEI




STAFF TECHNICAL POSITION ON
INVESTIGATTONS TO IDENTIFY FAULT DISPLACEMENT

ANZ SEISMIC HAZARDS AT A GEOLOGIC REPOSITORY
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BIF IBRFSIGT AN IGUNS INYTROGRULT ION

CHRONOLOGY OF DEVELOPMENT OF
STP ON FAULTING/SEISMIC HAZARD INVESTIGATIONS

PUBLIC COMMENT DRAFT TP ISSUED AUGUST 1989

GOE/NRC TECHNICAL EXCHANGE ON DRAFT DECEMBER 1989
TP ON METHODS CF EVALUATING THE
SEISMIC HAZARD AT A GEOLOGIC
REPZ "'TORY

DOE/NRC TECHNICAL EXCHANGE ON JUNE 1990
TECTONICALLY SIGNIFICANT FAULTS

DOE/NRC TECHNICAL EXCHANGE ON STP ON FEBRUARY 20, 1991
INVESTIGATIONS TO IDENTIFY FAULT
DISPLACEMENT AND SEISMIC HAZARD
AT A GEOLOGIC REPOSITORY

WRL/POER S3/8009




PRINCIPAL DIFFERENCES BETWEEN TP AND STP

DRAFT TP STP
« EMPHASIZED SEISMIC « BOTH FAULTING AND
HAZARD SEISMIC HAZARD
e APPEARS 'O REQUIRE « DRAWS FROM APPENDIX A
10 CFR PART 100, EXPERIENCE

APPENDIX A

WRC/BGE Br/aa/my
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OBJECTIVES OF STP I

* PROVIDE ACCEPTABLE APPROACHES TO INVESTIGATIONS FOR
COLLECTION OF SUFFICIENT DATA FOR INPUT TO FAULT
DISPLACEMENT AND SEISMIC HAZARD ANALYSES FOR
PRECLOSURE AND POSTCLOSURE PERIOD OF PERFORMANCE

STP DOES NOT ADDRESS

¢« METHODS OF HAZARD ANALYSES

e ANTICIPATED AND UNANTICIPATED PROCESSES AND EVENTS
« EFFECTS ON GROUNDWATER

¢ RELATION TO VOLCANISM

REC/BUR Sa/na/my
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STRATEGY FOR TECTONICS GUIDANCE
ON FAULTING AND SEISMIC HAZARDS, TECTONIC MODELS
AND APPLICATION TO DESIGN

PHILIP S. JUSTUS

GEOSCIENCES & SYSTEMS PERFORMANCE HBEANCH
DIVISION OF HIGH-LEVEL WASTE MANAGEMENT

* FEBRUARY 20, 1981
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STRMBAY FOR TECTANICS AQViIBANGCE

OBJECTIVES OF DHLWM GUIDANCE

HELP ENSURE DOE’'S PROGRAM IS SUFFICIENT TO

IDENTIFY AND ADDRESS LICENSING ISSUES EARLY

PROVIDE APPROPRIATE INPUT TO ASSESSM.!.TS

PROVIDE BASELINE DATA

DEVELOP COMPLETE LICENSE APPLICATION

WRLC/008 Sn/arws




STAMEEY FOUR TRACHNICAL Buibance

REGULATIONS REQUIRING ASSESSMENT OF TECTONICS
10 CFR PART 60

SITING CRITERIA (60.122)
DESIGN CRITERIA (6M.130-135)
PERFORMANCE OBJECTIVES (60.111-113)

40 CFR PART 191 (CONFORMED) (60.112)
TECHNICAL ASSESSMENTS (60.21)

PERFORMANCE CONFIRMATION (60.140-141)

HRC'DOS Ss/na/wmy
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DOE/NRC 02/20/91

TERCTORICE SUuiIBanCH

SELECTION OF TECTONICS GUIDANCE TOPICS

¢ INPUT
- STAFF EVALUATION OF REGULATIONS
- STAFF EVALUATION OF DOE'S PROGRAM
- DOE’'S REQUEST FOR GUIDANCE

« OUTPUT

FAULTING HAZARD
SEISMIC HAZARD
TECTONIC MODELS
APPLICATION TO DESIGN




BTRABRY FOR TACTONIES avibancs

TOPICS FOR WHICH TECTONICS GUIDANCE IS BEING DEVELOPED

1. INVESTIGATION OF FAULT DISPLACEMENT AND SEISMIC
HAZARDS [TOPIC FOR TODAY'S TECHNICAL EXCHANGE]

2. ANALYSIS OF FAULT DISPLACEMENT AND SEISMIC
HAZARDS

3. USE OF TECTONIC MODELS "

TOPIC UNDER CONSIDERATION

4. APPLICATION OF FAULT DISPLACEMENT AND SEISMIC
HAZARD TO REPOSITORY DESIGN

HRC/BGE Sn/sa/mn



STRARRY FOR TRCTONICS QuiIbanCe

1. STP - INVESTIGATIONS OF FAULT DISPLACEMENT AND SEISMIC
HAZARDS [TOPIC FOR TODAY'S TECHNICAL EXCHANGE]

SCOPE OF STP

- Methodology to ldentify Fault Displacement and
Seismic Sources

- Methodology to ldentify Faults Susceptible to
Displacement

- Response to DOE Request for Guidance

PRINCIPAL PART 60 REQUIREMENTS

-60.21c)1Mii) Analysis of Geology and
Geophysics

-60.122(A)(2) Adegquate Investigation

-60.131{b}{1) Protect SSCIS Against Natural
Phenomena

STATUS
- Final STP FY91 (4th Qtr)

HRC/DOS aurasimy
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BTAMAAY FOR TRCTONMICL BUIDANCSE

2. STP - ANALYSES OF FAULT DISPLACEMENT AND
SEISMIC HAZARDS

SCOPE OF STP
- Acceptable Analysis Methodology

Response to DOE's Request for Guldance

Deterministic Supplemented by Probabllistic

Consider lssue of Setback

PRINCIPAL PART 60 REQUIREMENTS
-60.112 Meet EPA Standard
-60.113 Meet Subsystem Performance Objectives
-80.122(a)(2) Analyses Not to Underestimate Effects
-60.131(b)(1) Maintain Safety Functions

STATUS
- Draft tor Public Comment FY92

HRL /PGS Su/eim
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BTRAERY FOR THRCTONICS BV .bancH

3. STP - USE OF TECTONIC MODELS

SCOPE OF STP

- Acceptable Approaches for Supporting &
implementing Predictive Models

- Response to DOE’'s Request for Guidance

PRINCIPAL PART 60 REQUIREMENTS
=-60.21c){)ii)}(F) Explain Support for Models

STATUS
- Final FY92

HRC/DOE AR/




BTRAEAT FOR TACTOMICS BuibANCE

8

GUIDANCE ON APPLICAT!ION OF FAULT DISPLACEMENT
AND SEISMIC HAZARDS TO DESIGN

SCOPE UNDER CONSIDERATION

- Acceptable Methods of Compilance With
Deeign Criterlon - 60.131{b)(1)

- Acceptable Methods of Compliance With Certain
Portions of 60.113(A}, (B)

PRINCIPAL PART 60 REQUIREMENTS
-60.21(c)(3) Analysis of Design
-60.mMm Preclosure Protection From Releases
~80.131(a) QGeneral Design Criterla for GROA
-60.131(b){(1) Maintaln Essentlal Safety Functions
-60.113(A),(B) Maintain Essential Safety Functions

STATUS

- Under Conslderation

KRC/BGE sg/a0




FAULT DISPLACEMENT HAZARD INVESTIGATIONS

KEITH I. McCONNELL
GECSCIENCES & SYSTEMS PERFOEMANCE BRANCH
DIVISION OF HIGH-LEVEL WASTE MANAGEMENT

" FEBRUARY 20, 1901




FAULT DISPLACEMENT HAZARD INVESTIGATIONS
(OUTLINC OF PRESENTATION)

NEEDO FOR THE POSITION

DEFINITION OF "SUSCEPTIBLE" FAULT

WHAT THE CONCEPT PROVIDES

WHAT THE CONCEPT DOES NOT NECESSITATE

A N A

HRLC /PGS Sa/00/0n

FAULT SISPLEINENT Hatane '
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METHODS OF EVALUATING THE SEISMIC HAZARD

AT A GEOLOGIC REPQOS!TORY

Public Comment Draft - June 1989
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TECHNICAL POSITION ON

METHODS OF EVALUATING THE SEISMIC HAZARD PRESENT

AT A GEOLOGIC REPOSITORY

Public Comment Draft - June 1989

1. INTRGDUCTION

The purpose of this Technical Position (TP) is to provide regulatory guidance
to the U.S, Department of tnergy (DOE) on appropriate methodologies that
address seismic hazard at a geologic repository. This paper considers the
seismic hazard for the construction and operation period through permanent
closure ("preclosure”), and the period following permanent closure
("postclosure”). This position also considers differences that may exist,
guring the preclosure, among the surface facilities and the underground
facility. The applicability of existing methodologies for establishing the
seismic basis for the determination of the maximum vibratory ground motion at a
geologic repository is discussed. This pesition does not address probabiliscic
seismic hazard analysis nor does it addresc the interpretation o anticipated
¢nd unanticipated processes and events, which are being addressed in other
technical positions and potential rulemakinos. The term seismic hazard, as

-seC in this TP, is meant to encompass the *.-ae= gue to either vibratory
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ground motion or coseismic faulting, or both, that can affect the design and

performance of the ge~ln~ni~ wengsitory.

TPs are issued to describe and make available to the public criteria for
methods acceptable to the U.S. Nuclear Regulatory Commission (NRC) staff for
implementing specific parts of the Commission's regulations, or to provide
guidance to DOE. TPs are not substitutes for regulations and compliznce with
them i< not recuired. They suggest on? approach which is acceptable to the NRC
staff for meeting rejulatory requirements. Methods and solutions different
from those set out in the position will! be acceptable if they provide a basis
‘or the findings requisite to the issuance or continuance of a permit or
license by the Commission. A glossary of selected technical terms used in this

paper mav be found in Appendix A of this paper.

2. REGULATORY BACKGROUND

2.1 Regqulations concerning Seismic Hazard

The regulatory background section of this TP outlines the significant elements
of Title 10, Chapter [ of the Code of Federal Regulations (10 CFR) that contain
provisions for pro*sct:or ° - seismic hazard. The elements of 10 CFR that
will be discussed a-e: 10 755 Part 50, Appendix A, “General Design Criteria for
Nuclear Power Plants" (see Ref, 1); 10 CFR Part 100, Appendix A, “"Seismic and

Geologic Siting Cr- clear Power Plants" (see Ref. 2); 10 CFR Part
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72, “Licensing Requirements for the Storage of Spent Fuel in an Independent
Spent Fuel Storage Installation (ISFSI)" (see Ref. 3); 10 CFR Part 40, Appendix
A, "Criteriz Relating to the Operation of Uranium Mills and the Disposition of
Tailings or Wastes Produced by the Extraction or Concentration of Source
Material from Ores Processed Primarily for Their Source Material Content" (see
Ref. 4); and 10 CFR Part 60, "Disposal of High-Level Radioactive Waste in
Geologic Repositories” (see Ref. 5). With the exception of 10 CFR 100,
Appendix A, the relevant text from the aforementioned parts of 10 CFR can be
found in Appendix B of this paper. An outline of 10 CFR Part 100, Appendix A

is found in Appendix C of this paper.

2.2 10 CFR Part 50, Appendix A

Early in the development of the use of nuclear material, it was generally
recognized that specia) provisions would be needed in orcer to provide
reasonable assurance that these materials could be used without undue hazard to
the public health and safety. With regard to seismic hazard, these provisions
were first embodied in Critericn 2 of 10 CFR Part 50, Appendix A, “Design bases
for protection against natural phemomena." Criterion 2 generally requires that
structures, systems, and components important to safety be designed so that
their safety functions are preserved under the impact of the most severe

adverse natyral phenomena.
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2.3 10 CFR Part 100, Appendix A

Appendix A of 10 CFR Part 100, hervafter referred to 2s Part 100, Appendix A,
is the most comprehensive of the NRC regulations dealing with seismic and
geologic criteria. Part 100, Appendix A, which was initially included in the
Commission regulations in 1973, provides more specific regulatory guidance for
the si<ing of nuclear power plants than 10 CFR Part 50, Appendix A. Although
the guidance is primarily directed toward an assessment ~f hazards due to
vibratory ground motion and surface faulting, it also includes guidance on
floods, water waves, and other related natural hazards. Part 100, Appendix A
describes three aspects of seismic and geologic hazard evaluation: 1) the
required investigations; 2) the Cevelopment of seismic and geclogic design

bases; and 3) the application of these bases to engineering design.

2.4 10 CFR Part 72 and 10 CFR Part 40, Appendix A

Following its issuance, Part 100, Appendix A came to be relied on during the
promulgation of regulations addressing seismic hazard for nuclear facilities
other than nuclear power plants. This reliance on Part 100, Appendix A sets an
‘mportant precedent that needs to be considered when new typec of nuclear

“atilities that require sevsmic hazard review are considered for licensing. 10

- --
- “" .
-

< and 1T UFF “4-¢ 40, Appendix A are examples of such regulations

that refer to Pa-t 100, Appendix A,
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The evaluation of geclogical and seismological characteristics of acceptable
sites for independent spent fuel storage installations (ISFSIs), described in
Section 72.6€ of 10 CFR Part 72, defers to the techniques of 10 CFR Part 100,
Appendix A, for sites west of the Rocky Mountain Front and other areas of
potential seismic activity. Criterion 4(e) of the technica) criteria of 10 CFR
Part 40, Appendix A discusses the siting of impoundment structures for yranium
mill tailings, with respect to capable faults as defined in 10 CFR Part 100,

Appendix A,

2.5 10 CFR Part 60

-

In contrast to the aforementioned examples given for other nuclear facilities,
10 CFR Part 60 does not specifically rely on Part 100, Appendix A for guidance
regarding provisions for dealing with the seismic hazard nor does it
specifically require the development of a design basis earthouake. Inste d,
the prrformance objectives and siting and design criteria described in 10 °FR
Part €0 establish the bases for considering seismic hazard for both the
preciosure and the postclosure periods. According to Sectiom 60.111, during
the preclosure period, the geologic repository operations area is to be
designed to provide protection against radiation exposures and releases of
redioactive material in accordance with standards set forth in 10 CFR Part 20
(see Ref. 6) and standards established by the U.S. Environmental Protection
Agency (EPA) in 40 CFR Part 191 (see Ref. 7)., Also, during the preclosure

period, the geologic repository operations area is to be designed so that the
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option to retrieve the emplaced radicactive waste 1s preserved. The criterion
set forth in Subsection 60.131(b)(1), which requires that facilities important
to safety in the geologic repository operations area be designed so that
natural phenomena do not interfere with their safety functions, formy the basis

for evaluating *he preclosure seismic hazard.

The overall performance objective presented in Section 60.112 requires that the
geologic setting, the engineered barrier system, shafts and any boreholes and
their seals be designed to 1imit the release of radicactive materials to the
accessible snvironment in accordance with standards established by EPA,

Section 60.113 provides specific performance requiraoments for both the
engineered barrier system and the geologic setting. The seismic hazard
associated with the engineered barrier system, as well as the overall system,
is to be evaluated in accordance with the appropriate siting criteria of

Subsection 60,.122(c).

The evaluations performed, using the aforementioned postclosure and preclosure
criteria, are necessary in order to satisfy the required input to the Safety
Analysis Report (SAR) described in Subsections 60.21(1)(41)(B) and (C) and
Subsection 60.21(c)(3), respectively. It is expected that much of the
information gathered to support the seismic hazard evaluation required by
Subsection 60.131(b)(1) for the preclosure period can also be used to support

the postclosure seismic hazard evaluation.
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3. TECHNICAL POSITION

It is the NRC staff's position that the methodologies prescribed in Appendix A
of 10 CFR Part 100 for investigating seismic and related faulting phenomena,
for determining the need to design for surface faulting, and for establishing
the seismic basis for the determination of the maximum vibratory ground motion
at a site are considered to be appropriate for addressing preclosure and
postclosure seismic and faulting hazards at a geologic repository operations
area. Further, it is the position of the staff that the results of Part 100,
Appendix A investigations can generally provide input for probabilistic and
other methods of assessing seismic and faulting hazards for the postclosure
period. The NRC staff will rely on the principles espoused in Part 100,
Appendix A, in its review of the apiropriate sections related to seismic
investigations in the SAR, which forws a major portion of the license
application for a repository. Inm paticular, the NRC staff will review those
sections of the SAR addressing Subsections 60.21(¢)(1)(41)(B) and (C) and
Subsection 60.21(c)(3) of 10 CFR Part 60, in the 1ight of Appendix A of 10 CFR
Part 100. In addition, the methodology outlined in this Technical Position can
be used in developing seismic and geologic bases for earthquaie design criteria
pertinent to Subsection 60.131(b)(1) of 10 CFR Part 60 and in assisting in
demonstrating compliance with Sections 60.111, 60,112, and 60.113.
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4, DISCUSSION

4.1 Seismic Hazard before and after Permanent Closure

Two very different timeframes are addressed with regard to the performance of a
geologic repository. The first is the initial period of about one-hundred
years, during which time nuclear material will be received and emplaced in the
repository and the option to retrieve the nuclear material must be preserved.
This "operational period" is comparable to the operational periods of other
nuclear farilities. The second period of time {s that followinc the permanent
~losure of the repository, during which time engineered and natural barriers
must isolate the nuclear material from the accessible environment. in
accordance with standards established by EPA, The surface facilities necessary
during the operational period will not remain in the postclosure pe=iod. since
the repository location remains unchanged, the data that can be acouired to
allow an estimation of the expected seismic hazard will be similar for both

periods.

4.2 Other Nuclear Waste Facilities

For the preclosure “=~‘s¢, ‘s reasonable to consider the way seismic hazard
is treated at other nuclear esste facilities. One type of facility is the
ISFSI, which is reguleted under 10 CFR Part 72, Subsection 72.66(a)(2), which

addresses massive w ~d air-cooled canyon types of ISFS! structures,
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states, "West of the Rocky Mointain Front (west of approximately 104° west
Tongitude), and in other areas of known potential seismic activity, seismicity
will be evaluated by the techniques uf Appendix A of Part 100 of this chapter
[10]." Subsection 72.66(a)(6)(1) goes on to to state, "For sites that have
been evaluated under the criteria of Appendix A of 10 CFR Part 100, the
ISFSI-DE [1SFSI design earthquake] shall be equivalent to the safe shutdown
earthquake (SSE) for a nuclear power plant." It is important to consider the
guidance given for cthe ISFSI, because NRC nhas used this guidance to evaluate
the O0E proposal for the Monitored Retrievab ¢ Storage (MRS) facility. The MRS
1lity ¥s :.ailar to the surface facilities of a geological repository
operations area. (learly, this presents a strong argument for following a
similar path “or evaluating the seismic hazard at a geologic repository, at

least for the preclosure surface facilities.

Impoundment structures built to contain the tailings and wastes from a uranium
mill constitute a second type of facility for which regulatory language exists
regarding seismic hazard evaluat’'- ., In Section I, "Technical Criteria,” of 10
CF? Part 40, Appendix A, Criterion 4(e) states, "The impoundment may not be
Tocated near a capable fault that coulc cause a maximum credible earthquake
larger than that which the impoundment could reasonably be expected to
withstand. As used in this criterion, the term 'capable fault' has the same
meaning as defined in Section I11(g) of Appendix A of 10 CFR Part 100. The terr
‘maximum credible earthquake' means that earthquake which would cause the

maximum vibratory ground motion based upon an evalyation of earthauake
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potential cunsidering the regional and local geoiogy and seismology and
specific characteristics of local subsurface material." Although this type of
facility is not necessarily similar to a geologis repository, it does
demonstrate that the NRC staff considers Appendix A of 7 "FR Fart 100 to be

applicable to nuclesr . ¢ . tgiee -iher than power plants.

4.3 Consideration of Part 100, Appandis A

A primary resson for taking the position that Part 100, Appendix A is an
apiropriate methodoleay for investigating the seismic nazard at a geologic
vepository i: that much of the technology presented in Part 100, Appendix A is
“an: “ic in nature. This is particularly true for the required investigations
desc-ibed in Secticr [V of Part 100, Appendix A. The following is a2 summary of

these required investigations,

4.3.1 Part 100, " .. dix #, Reauired Investigations

The types of investigations required by Part 100, Appendix A for both vibratory

ground motion and surface faulting investigations are:

determination of the Tithologic, stratigraphic, hydrologic, and structural
jec’czir tomitice  “ the site and the region surrounding the site,

including its geologic history;
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2)

3)

4)

6)

.

fdentification and evaluation of tectonic structures underlying the site
and the region surrounding the site, whether burie or expressed at the
surface, including, in particular,K -~onsidrration of i - possible effects
caused by man's activities, such as withdrawal of . iy 4 from or additic..

of fluid to the subsurface, extraction of mine.als, or the loading effects

of dams or reservoirs;

Tisting of all hiscorically reported earthquakes, inciuding appropriate
parametric data that describe time, loc. :fon and earthquake size: 40
partizular, for investigations for vibratorv ground motion, ..
compilation of any acditicral information on .“e nature of strong ground

motion, and 2ffects of local-site materials cn seismic wave trznsmission;

determination of capable faults:

for a capable fault, a listing of the length of the fault, its
relationship to regional tectonic structures, and the nature, amount, and
geologic history of displacements along the fault, including,
particularly, the estimated amount of the maximum Quaternary displacement

related to any one earthquake along the fault; and

correlation of earthquakes, where possible, with capable faults ar

tectonic structures or, at least in the case of vibrator, ground motion
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fnvestigations, with tectonic provinces, when specific structures cannot

be identified.

The types of investigations required by Part . )0, Appendix A specifically for

vibratory ground motion investigation are:

1) evaluation of physical evidence on the behavior, during prior earthquakes,
of the surficial geologic materials and the substrata underlying the site,
considering the information acquired from the lithologic, stratiaraphic,

and structural geologic studies; and

2) determination of the static and dynamic engineering properties of the
materials underlying the site, inciuding properties needed to determine
the behavior of the underlying material during earthquakes and the
characteristics of the underlying material in transmitting earthquake-

induced motion.

A specific investigation required by Part 100, Appendix A for surface faulting
is the determination of geologic evidence of fault offset at or near the ground

surface, at or near the site.

For some of the investigations summarized above, Section IV of Part 100,
Appendix A establishes specific 1imits on the extent of the investigations.

for vibratory ground motion, investigations are generaily limited to ranges
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that are within 200 miles of the site. For surface faulting, investigations
are also generally limited to faults greater than 1000 feet in length that are
within five miles of the site. Additfunal guidance is provided in Section 1V,
through footnotes, that makes it unnecessary to investigate features more
- remote from a site if it can be shown that features closer to the site will

control the design basis.

4,3.2 Part 100, Appendix A, Seismic and Geologic Base. Development

Using information gathered from the vibratory ground motfor investigations,
Section ¥ of Part 100, Appendix A describes specific procedures for
establishing the seismic and geologic bases for developing design criteria
related to earthquake protection. Section V(a) of rari 100, Appendix A states,
"The design basis for the maximum vibratory ground motion and the expected
vibratory ground motion should be determined through evaluation of the
seismology, geology, and the seismic and geologic history of the site and
surrounding region.” Sec*ion V(a)(1) then prescribes a set of specific steps
to t2ke in evaluating the data gathered through the required investigations, to
arrive at the earthquake that produces the maximum vibratory acceleration at
the site above a threshold of 0.1g. This earthquake is termed the Safe
Shutdown Earthouake (SSE). These basic procedures form the framework for
establishing the sefsmic basis for determimation of the maximum vibratory
motion at any site at relevant times and are therefore considered to be

scoropriate to a geologic repository.
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Section V(a)(2) addresses the determination of an Operating Basis Earthquake
(0BE). In contrast to a nuclear power plant, a geologic repository is not
likely to have components possessing high energy driving forces capable of
broadly dispersing the contained radiocactivity. Even with a gross failure of
those components of a repository involved in containment, a loss of containment
integrity would not be as likely to have as significant a consequence for
public health and safety as a nuclear power plant, because the systems would be
passive. Consideration srould also be given to the safety of cnsite personnel
in recovering from such a gross failure. Since an 0BE is intendcd to provide
the basis for regulating those features of a nuclear power plant necessary for
continued operation without undue risk to the health and safety of the public,
and since those features are not 1ikely to be incorporated into a geologic

repository, the UBE will not be given further consideration in this discussion.

Section V(b) of Part 100, Appendix A discusses the need to design for surface
faulting. This section prescribes specific guidelines to follow in order to
make this determination. For a geologic repository, it is necessary to
consider these specific guidelines in light of the consequences of faulting,
First, any guidelines for surface faulting should be considered applicable to
the underground facility ¢f 2 jeologic repository as well, since it is very
unlikely that a fau ¢ *na* =« -<yres the surface above the underground facility
would not also crez.e ¢ ru...-e within the underground facility. Second, any
faults discovered within the perimeter of the underground facility, through

drifting or other ® - - site characterization, that cannot be associated
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with surface faults, require special investigation similar to surface faults.
Finally, faulting in a geclogic repository can affect the integrity of the
facilities important to safety at the surface, the integrity of the waste
canisters in the underground facility, and the retrievability of the
radioactive waste. Thus, the values used in the specific guidelines of Section
V(b) need to be examined, but the basic principle, that is, the determination

of a need to design for faulting, remains unchanged.
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APPENDIX A

GLOSSARY

As u=ed in this guidance:

"Accessible environment” mezns: (1) the atmosphere, (2) land surface, (3)
surface water, /4) oceans, and (5) the lithosphere that is outside the

co: ~1led area. (10 CFR 60)

"Anticipated operational occurrences” mean these conditions of normal
operation which are expected to occur one or more times during the life of the
geologic repository operations area and to include the loss of functionality of
structures, systems, or components within the regulatory safety limits. (Based

on 10 CFR 50, Appendix A; “geslogic repository operations area” has been

substituted for "nuc ear power unit" and “tre loss of finctionality ... safety

1imits" has been substituted for "but are not limited to loss of power to all
recirculation pumps, tripping of turbine generator set, isolation of main

condenser, and ioss o' a1l offsite power.")

"Anticipated p ¢ esses and events" mea=s those natural processes and
events that are reasonably likely to occur curing the period the intended
performance objective must 2 achieved. To the extent rzasonable in the Tight

‘ the geclogic record, it shall be assume: *:* *mgse processes operating in
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the geologic setting during the Quatermary Period continue to operate but with
perturbations caused bv the o-esence of emplaced radicactive waste superimposed

thereon, (10 CFR 60)

"Barrier” means any material or structure that prevents or substantially

delays movement of water or radionuclides. (10 CFR 60)

A “capable fault" is a fault which has exhibited one or more of the
following characteristics:

(1) Mcvement at or near the ground surface at Teast once within the past

35,000 years or movem~nt of a recurring nature within the past 500,000

years,

(2) Macro-seismicity instrumentally . termined with records of sufficient

precision to demonstrate a direct relationship with the fault.

(3) A structural relationship to a capcdle fault according to

characteristics (1) or (2) of this paragraph, such that movement on one

could be reasonably expected to be accompanied by movement on the other.
In some cases, the geologic evidence of past activity at or near the ground
surface along a particular fault may be obscured at 2 particular site. This
might occur, for example, a1 2 site having deep overburden. For chese cases,
evidence may exist +'sewP: =" “‘ong the fault from which an cvaluation of its
characteristics in :me vic:r -/ of the site can be reasonably established.
Such evidence shall be used in determining whether the fault is a capable fault

within this definit
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THE CONCEPT OF 'SUSCEPTIBLE' FAULT IS
INTRODUCED TO:

1. TAKE ADVANTAGE OF PAST REGULATORY EXPERIENCE IN USING
EXPLICIT CRITERIA FOR IDENTIFYING FAULT HAZARDS;

2. OUTLINE THE BASELINE iNFORMATION RELATIVE TO FAULT
INVESTIGATIONS UNDER CRITERIA LISTED IN 10CFR60.122(a)2)

AND 60.131(B)(1);

3. IDENTIFY THE ENTIRE QUATERNARY RECORD AS THE PERIOD
OF GEOLOGIC TIME THAT SHOULD BE CONSIDERED;

4. INDICATE THAT FAULTS WITH AN UNCERTAIN QUATERNARY RECORD
SHOULD BE INVESTIGATED;

6. FORM A UNIFORM BAS:S5 FOR DESIGN CONSIDERATIONS.

6. ELIMINATE CONFUSION RESULTING FROM THE INTRODUCTION OF
MULTIPLE TERMS FOR FAULTS OF SIGNIFICANCE (VIEWGRAPH 3A);

7. ADDRESS AMBIGUOUS AND POTENTIALLY INADEQUATE FAULT-RELATED
CHARACTERIZATION PARAMETERS IN THE SCP (VIEWGRAPHS 3B AND

32).
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3A

TERMS USED TO DEFINE FAULTS OF SIGNIFICANCE
TO A REPOSITORY

1. POTENTIALLY ACTIVE FAULT (DRAFT STUDY PLAN 8.3.1.17.4.6);

. POTENTIALLY ACTIVE GEOLOGICAL STRUCTURES (DRAFT STUDY PLAN
8.3.1.17.4.6);

. SIGNIFICANT LATE QUATERNARY FAULTS (SCP; STUDY PLAN
8.3.1.17.4.2) (Slip-rate >0.00Imm/yr over last 100ka);

4. LATE QUTERNARY FAULTS (STUDY PLAN 8.3.1.17.4.2) (?);
. POTENTIALLY SIGNIFICANT QUATERNARY FAULTS (CHARACTERIZATION

PARAMETER - SCP) (Slip-rate >0.00tmm/yr; or offset of
materials |ess than 100ka);

. SIGNIFICANT QUATERNARY FAULTS (DESIGN PARAMETER - SCP)

(> /m offset of Quaternary material; or » 100m offset of
Tertiary rocks).

NRC/DOR RR/R8/0
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aB

AMIBIGUITIES IN THE APPLICATION OF
"CHARACTERIZATION PARAMETERZ"

* "A PHYSICAL PROPERTY OR CONDITION (EITHER MEASURABLE
OR CALCULABLE) WHOSE IVALUE IS TO BE DETERMINED IN THE]
SITE PROGRAM|IN ORDER TO OBTAIN, COMPUTE, OR EVALUATE

A PERFORMANCE PARAMETER FOR A DESIGN OR PERFORMANCE
ISSUE" (SCP, 1988).

e "..A[PRELIMINARY ESTIMATE OF FAULT SIGNIFICANCE/ (SCA

RESPONSE DOCUMENT)

*..THE [MINIMUM AMOUNT OF OFFSET|FOR GIVEN AGE MATERIALS
THAT THE FIELD INVESTIGATIONS SHOULD BE GEARED TO
DETECT.” (SCA RESPONSE DOCUMENT)

NRC/POR SR/RR/ /0
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EXAMPLES OF POTENTIALLY INADEQUATE
CHARACTERIZATION PARAMETERS

PRECLOSURE:

» Quaternary slip-rates of > 0.001 mm/yr or that
measurably offset materials less than 100,000 yrs;

* Surface locations of faults in repository with> 1 m
offset of Quaternary materials;

POSTCLOSURE:

e faults that penetrate the repository with total offset of
> 10 m.

HRC/DOR SR e
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'SUSCEPTIBLE'|FAULT:

o

1. HAS HAD MOVEMENT WITHIN THE PAST TWO MILLION YEARS; OR

2. HAS SEISMICITY, INSTRUMENTALLY DETERMINED WITH RECORDS OF
SUFFICIENT PRECISION, THAT [SUGGESTS|A DIRECT RELATIONSHIP
WITH THE FAULT; OR

3. %ENTED SUCH THAT IT IS SUBJECT]TO FAILURE IN THE
ING STRESS FIELD; OR

4. HAS A STRUGTURAL RELATIONSHIP J(se MOVEMENT ON ONE FAULT]

ICOULD CAUSE MOVEMENT ON AuQIuEﬁ)I‘O— A FAULT THAT MEETS ONE
OR MORE OF THE ABOVE CRITERIA.

’ , . N’ f' K .

NRC/DOR AR/ /NY

I

I




MULY DISPLACRMANTY HAXARD

WHAT THE CONCEPT OF 'SUSCEPT'BLE’
FAULT PROVIDES

1. PARALLELISM WITH FAULT HAZARD CONCEPTS USED IN
SITING AND LICENSING OTHER NUCLEAR FACILITIES;

2. SPECIFIC CRITERIA FOR DETERMINING WHICH
FAULTS ARE OF POTENTIAL IMPORTANCE
Specific criteria for determining which "susceptible”’
faults need characterization;

3. A SINGLE SET OF IDENTIFICATION CRITERIA FOR PRE- AND
POSTCLOSURE FAULT HAZARD ASSESSMENT;

4. CONFIRMS THE ENTIRE QUATERNARY PERIOD AS THAT PART OF
GEOLOGIC TIME THAT MUST BE EXAMINED;

5. FLEXIBILITY TO DOE TO DEMONSTRATE THAT CERTAIN CLASSES
OF 'SUSCEPTIBLE" FAULTS DO NOT NEED CHARACTERIZATION;
(e.g., limiting characterization of faults outside
of the controlied area);

6. BASIS FOR FUTURE CONSIDERATION OF "SETBACKS";
7. A CLEAR AND UNIFORM BASIS FOR PERFORMANCE ALLOCATION.
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WHAT THE CONCEPT OF 'SUSCEPTIBLE’
FAULT DOES NOT NECESSITATE:

1. CONSIDERATION OF "CAPABLE"™ FAULTS FROM 10CFR100, APPENDIX A;

2. DETAILED CHARACTERIZATION OF ESSENTIALLY ALL FAULTS WITHIN
THE SITE AREA. [STP DOES NECESSITATE THAT ALL FAULTS
IN THE CONTROLLED AREA THAT ARE SUSCEPTIBLE TO MOVEMENT BE
CONSIDERED AND ADDRESSED];

3. SUSCEPTIBLE FAULT, AS USED IN THIS STP, IS NOT A SITE
SUITABILITY TOOL.

NRC /OO0 SRR /INY
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VIBRATORY GROUND MOTION INVESTIGATIONS

ABOU-BAKR K. IBRAHIM
GEOSCIENCES & SYSTEMS PERFORMANCE BRANCH
DIVISION OF HIGH-LEVEL WASTE MANAGEMENT

FEERUARY 20, 19901




VIBRATORY GROUND MOTION INVESTIGATIONS

1. LIST ALL HISTORICALLY REPORTED SEISMIC EVENTS

* DATES, AND EPICENTER COORDINATES
* DEPTH, DISTANCE, AND ORIGIN TIME
e MAGNITUDES OR HIGHEST INTENSITY

* FOR EVENTS WITH ACCELERATION > .1G AT THE SITE,
PROVIDE DURATION AND FREQUENCY CONTENT

* SOURCE PARAMETERS (e.g.,, FOCAL MECHANISM, SEISMIC
MOMENT, AND STRESS DROP)

« PLOT THOSE EVENTS WITHIN 200 MILES

* IDENTIFY WHETHER THE EVENT IS AN EARTHQUAKE,
UNE, OR CAVITY COLLAPSE

NRC/DON G200
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VIBRATORY GROUND MOTION INVESTIGATIONS

2. CORRELATE EARTHQUAKE EPICENTERS WITH GECLOGICAL
STRUCTURES

* IDENTIFY METHODS AND ACCURACY USED TO LOCATE
EARTHQUAKES

* PROVIDE RATIONALE FOR THOSE WHICH CANNOT BE
ASSOCIATED

3. IDENTIFY GEOLOGIC STRUCTURES SIGNIFICANT FOR
EARTHQUAKE POTENTIAL

* BURIED OR LXPRESSED AT THE SURFACE
* INDUCED BY LOADING

MBC/DOR /0000




BRINMIC MAZARD

VIBRATORY GROUND MOTION INVESTIGATIONS

4. IDENTIFY FAULTS IMPORTANT FOR SEISMIC DESIGN BASIS

NRC/DOR ef/RB/RY

* FAULT LENGTH * TYPE OF FAULT
* RUPTURE LENGTH * SLIP RATE
* RUPTURE AREA

DETERMINE ENGINEERING PROPERTIES OF MATERIALS
UNDERLYING THE SITE

* RESPONSE TO EARTHQUAKES * DENSITY

» SEISMIC WAVE VELOCITIES * RIGIDITY

» WATER TABLE ELEVATION * POROSITY




VIBRATORY GROUND MOTICN INVESTIGATIONS

6. DETEXMINE REGIONAL ATTENUATION OF VIBRATORY
GROUND MOTION

7. INVESTIGATE RELATION BETWEEN SURFACE AND
SUBSURFACE GROUND MCTIONS

* VARIATION IN HCRIZONTAL AND VERTICAL
ACCELERATION

* VARIATION IN FREQUENCY CONTENT

MRC/DOR QR/R0/0Y




TECH EXCH - STP ON INVESTICATION OF FAULT DISPLACEMENT & SRISMIC HAZARDS

RESPONSE TO COMMENTS ON DRAFT TECHNICAL POSITION
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RESPONEE TO CONMNENTS

NRC/DOR SRR/

COMMENTERS

* US. DEPARTMENT OF ENERGY

* EDISON ELECTRIC INSTITYUTE/UTILITY
NUCLEAR WASTE & TRANSPORTATION PROGRAM

» STATE OF NEVADA




MERPONER 7O COMMENTS

CATEGORIES OF COMMENTS RECEIVED

1. THOSE CONCERNING THE USE OF
10 CFR PART 100, APPENDIX A

2. THOSE DEALING WITH INVESTIGATIONS,
ANALYSES, AND DESIGN

NRC/DOR AR08




BEAPONES TO COMMENTS

NRC RESPONSE TO APPENDIX A COMMENTS

* STAFF DOES NOT ADVOCATE THE APPLICATION OR IMPLEMENTATION
OF 10 CFR PART 100, APPENDIX A FOR REPOSITORY

* CURRENT STP NO LONGER DEFERS TO 10 CFR PART 10¢C,
AFPPENDIX A

* ANALYSES AND DESIGN CONSIDERATIONS REMOVED FROM CURRENT
STP AND DEFERRED TO SUBSEQUENT GUIDANCE DOCUMENTS

« STAFF WILL PROVIDE AND WILL TAKE INTO CONSIDERATION
APPLICABLE DETERMINISTIC AND PROBABILISTIC APPROACHES
FOR THE SEISMIC DESIGN OF THE REPOSITORY

MRC/DOS 2780701




RESPONSS TO COMMANTS

NRC RESPONSE TO THE INVESTIGATIONS,
ANALYSES, AND DESIGN COMMENTS

* RELEVANT COMMENTS DEALING WITH THE INVESTIGATIONS OF
FAULT DISPLACEMENT AND SEISMIC HAZARDS ARE CONSIDERED

AND ADDRESSED IN THIS STP

* A COMMENT RESOLUTION PACKAGE WILL BE PUBLISHED WITH
THE FINAL STP

e« COMMENTS DEALING WITH ANALYSES AND SEISMIC DESIGN
WILL BE DEFERRED TO SUBSEQUENT GUIDANCE DOCUMENTS
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Notwithstanding the foregoing paragraphs (1),(2), and (3), structural
association of a fault with geologic structural features which are geologically
old (at least pre-Quaternary) such as many of those found in the Fastern region
of the United States shall, in the absence of conflicting evidence, demonstrate
that the fault is not a capable fault within this definition, (10 CFR 100, App.
A)

"Commission” means the Nuclear Regulatory Commission or its duly

authorized representatives. (10 CFR 60)

"Containment” means the confinement of radicactive waste within a

designated boundary. (10 CFR 60)

“Controlled area" means a surface location, to be marked by suitable
monuments, extending horizontally no more than 10 kilometers in any direction
from the outer boundary of the underground facility, and the underlying
subsurface, which area has been committed to use as a geologic repository and
from which incompatible activities would be restricted following permanent
closure. (10 CFR 60)

The “design basis earthquake" is that earthquake which is based on an
evaluation of the maximum earthquake potential, considering the regional and
local geology and seismology and specific characteristics of local subsurface

material. It is that earthquake which produces the maximum vibratory ground
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motion for which certain structures, systems, and components are designed to
remain functional. These structures, systems, and components are those
necessary to assure the capability to prevent or mitigate the consequence of
accidents which could result in potential offsite exposures comparable to the
guideline exposures of this part. (Based on 10 CFR 100, App. A, Safe Shutdown

Earthouake definition; reactor-specific sferences have been eliminated.)

"Disposal” means the isolation of radicactive wastes from the accessible

environment. (10 CFR 60)

“Oisturbed zone" means that portion of the controlled area the physical or
chemical properties of which have changed as a result of underground facility
construction or as a resuit of heat generated by the empiaced ragicactive
wastes such that the resultant change of properties may have a significant

effect on the performance of :he geologic rcpository. (10 CFR 60)

"Engineered barrier system" means the waste packages and the underground
facility. (10 CFR 60)

A "fault" is a tectoric structure along which differential siippage of the
Tracent earth materia’c *as occurred parallel to the fracture plane. It is
Lorit frow ther teze. of ground disruptions such as landslides, fissures,

an craters. A fault may have gouge or breccia between its two walls and
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includes any associated monoclinal flexure or other similar geologic structural

feature. (10 CFR 100, App. A)

"Geologic repository” means a system which is intended to be used for, or
may be used for, the disposal of radicactive wastes in excavated geologic
medfa. A geologic repository includes: (1) the geologic repository operations
area, and (2) the portion of the ceologic setting that provides isclation of

the radicactive waste. (10 CFR 60)

‘Geologic repository operations area" means a high-level radicactive waste
facility that is part of a geologic repository, including boch surface and

subsurface areas, where waste-handling activities are conaucted. (10 CFR 60)

"Geologic setting" means the geclogic, hydrologic, and geochemical systems
of the region in which a2 geologic repository operations area is or may be

located. (10 CFR 60)

"Ground water" means all water which occurs below the land surface. (10

CFR 60)

“High-level radioactive waste" or "HLW" means (1) irradiated reactor fuel,
(2) Viquid wastes resulting from the operation of the first cycle solvent
extraction system, or equivalent, and the concentrated wastes from subsequent

extraction cycles, or equivalent, in a facility for reprocessing irradiated
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reactor fuel, and (3) solids into which such Tiquid wastes have been converted.

(10 CFR 60)

“Important to safety" with reference to structures, systems, and
components means those engineered structures, systems, and components essential
to the prevention or mitigation of an accident that could result in a radiation
dose to the whole body, or any organ, of 0.5 rem or greater at or beyond the
nearest boundary of the unrestricted area at any time unti) permanent closure.

(10 CFR 60)

"Isolation" means inhibiting the transport of radicactive material so that
“mounts anc concentrations of this materiel entering tre accessibie environment

will be kept within prescribed limits. (10 CFR 60)

The "magnitude” of an earthquake is a measure of the size of an earthauake
and fs related to the energy released in the form of seismic waves.

"Magnitude" means the numerical value on a Richter scale. (10 CFR 100, App. A)

The "Operating Basis Earthquake" is that earthquake which, considering the
regional and local geology and seismology and specific characteristics of local
subsurface material, could reasonably be expected to affect the plant site

Curing the operating life of the plant; it is that earthouake which produces
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the vibratory growth [sic] motion for which those features of the nuclear power
plant necessary for continued operation without undue risk to the health and

safety of the public are designed to remain functional. (10 CFR 100, App. A)

"Permanent closure” means final backfilling of the underground facility

and the sealing of shafts and boreholes. ('0 CFR 60)

“Quaternary (Period)" means the period of time ranging from the present to

approximately two million years before the present.

"Padicactive waste" or “waste" means HLW and other radicactive materials
other than HLW that are received for emplacement in a geologic repository. (10
CFR 60)

A “response spectrum” is a plot of the meximum responses (acceleration,
velocity, or displacement) of & family of idealized single-degree~of-freedom
demped oscillators against natural freguencies (or periods) of the oscillators

to a specified vibratory motion input at their supports.
"Retrieval” means the act of intentiomally removing radiocactive waste from
the yncerground location at which the waste haZ been previously emplaced for

disposal.

"Safe Shutdown Earthauake" (See "des:i:- s ¢ earthouake")
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“Seismic hazard" is a set of conditions, based on the potential for the
occyrrence of earthquakes, that might operate against the health and safety of
the public., Seismic hazard may be characterized in either deterministic or

probabilistic terms.
“Site" means the location of the controlled area. (10 CFR 60)

“Site characterization” means the program of exploration and research,
both in the laboratory and in the field, undertaken to establish the geologic
conditions and the--anges of those parameters of a particular site relevant to
the procedures under this part. Site characterization includes boring, surface
excavations, excavation of exploratory shafts, limited subsurface latera)
excavations and borings, &nd in situ testing at depth needed to determine the
suitability of the site for 2 geolog?s repository, but does not include
preliminary borings and geophysical testing needed to decide whether site

characterization should be undertaken. (10 CFR 60)

"Surface faulting” is differential ground displacement at or near the
surface caused directly by fault movement and is distinct from nontectonic
types of ground disruptiors such as landslides, fissures, and craters, (10 CFR
100, App. A)

A "tectonic structure” is a large scale disloca.’ .n or distortion within

the earth's crust. s measured in miles. (10 CFR 100, App. &)
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"Unanticipated processes and events" means those processes and events
sffecting the geologic setting that are judged not to be reasonably likely to
occur during the period the intended performance objective must be achieved,
but which are nevertheless sufficiently credible to wurrant consideration.
Unanticipated processes and events may be either natural processes and events
or processes and events initiated by human activities other than those
activities iicensed under this part. Processes and events initiated by human
activities may only be found to be sufficiently credible to warrant
consideration if it is assumed that: (1) The monuments provided for by this
part are sufficiently permanent to serve their intended pu=pose; (2) the value
to future generations of potential resources within the site can be assessed
adequately under the &pplicable provisions of this part; (3) an understanding
of the nature of radioactivity, and an appreciation of its hazards, have been
retained in some functioning institutions; (4) institutions are able to assess
risk and to take remedial action at a level of social organization and
technological competence equivalent to, or superior to, that which was applied
in initiating the processes or events concerned; and (5) relevant records are
preserved, ¢nd remain accessible, for several hundred years after permznent

closure. (10 CFR 60)

“Underground facility" means the underground structure, including openings
and backfill materials, but exciuding shafts, boreholes, and their seals. (10

CFR 60)
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“Unrestricted area" means any area, access to which 1s not controlled by
the licensee for the purposes of protection of individuals from exposure to
radiation and radicactive materials, and any area used for residentia)

quarters. (10 CFR 60)



108.14/MB/89/06/12

APPENDIX B

RELEVANT TEXT FROM TITLE 10, CHAPTER I, CF THE CODE OF FEDERAL REGULATIONS

10 CFR Part 40, Appendix A, Criterion 4(e)

The impoundment may not be located near a capable fault that could cause a
maximum credible earthouake Targer than that which the impoundment could
reasonably be expected to withstand. As used in this criterion, the term
“capable fault" has the same meaning as cefinad in section II1l1{g) of Appendix A
of 10 CFR Part 100, The term "maximun credible earthquake" means that
earthquake which would cause the maximum vibratory ground motion based upon an
evaluation of earthquake potential considering the regional and local geology

and seismology and specific characteristics of local subsurface material.

10 CFR Part 50, Appendix A, Criterion 2,

Design bases for protection against natural phenomena

Structures, systems, and components important to safety shall be designed to
withstand the effects of natural phenmomena such as earthouakes, tornadoes,
hurricanes, floods, tsumami, and seiches without loss of capability to perform
their safety functions. The design bases for there structures, systems, and
components shall reflect: (1) Appropriate consideration of the most severe of

the natural phenomena that have been historically reported for the site and
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surrcynding area, with sufficient margin for tne Timited accuracy, auantity,
and period of time in which the historical data have been accumulated, (2)
appropriate combinations of the effects of normal anc accident condi*ions with
the effects of the natural phenomena and (3) the importance of the safety

functions to be performed.

i0 CFR Part 60
Seztion 60,21(c)(1)(44)(B)

[The assessment of the site at whici the proposed geclogic repository
operations area it tn be located, that is to be included in the Safety Analysis
Keport of the license application, sha'l contain:) Analvses to determine the
degree to which each of the favorable and potentially adverse conditiuns, if
present, has been cha)-cterized, and the xtent to which it contributes to or
detracts from isolation. For the purpose of determining the presenze of the
potentially adverse conditions, investigations shall extend from the surface to
& depth sufficient to determine critica) pathways fer radionuclide migration
from ti.  .nderground facility to the accessible environment. Potentially
acdverse conditions shall he investigated outside of the controlled area if they

affect isolation within the controlled arca.
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’ Section 60 21(c)(1)(44)(C)

[The assessment of the site at which the proposed geologic repository
cperations area is to be located, that is to be included in the Safety Analysis
Peport of the 1icense application, shall contain:] An evaluztion of the
performence of the proposed geologic repository fir the period after permanent
closure, assuming anticipated processes and eve.ts, giving the rates and
quantities of releases of radionuclides to the accessible environment as a
function of time; and a similar eviluation which assumes the occurrence of

unant cipated processes and events,

Section 60.21/¢)(3)

[The Safety Analysis Report of the license appiication, shall {aclude:] A
description and eralysis of the design and performance reauirements for
structLres, systems, and components of the geologic repocitory which are
important to safety. This analysis shall consider -- (1) The margins of safety
under normal conditions and under conditions that may result from anticipated
operatfonal occurrences, including those of ~stural origin; and (11) the
adequacy of structures, systems, and components provided for the prevention of
dccidents and milfgation of the consequence: = accidents, including those

caused by natyral phenomena,
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Section 60,111, Performance of the Jeologic repository operations area

thraugh permanent closure.

(a) Protection against radiation exposures and releases of radioactive
material. The geclogic repository operations area shall be designed so that
unti]l permanent closure has been completed, radiation exposures and radiation
Tevels, and releases of radicactive materiais to unrestricteg areas, will at
all limes be maintained within the limits specified in Part 20 of this chapter
and such generally applicable environmental standards for radicactivity as may
have been established by the Environmental Protection Agency.

(b) Retrievability of waste. (1) The geologic repository operations area
shall be designed to preserve the option of waste retrieval throughout the
period during which wastes are being emplaced and, thereafter, until the
comp’etion of a performance confirmation program and Commission review of the
information obtained from such a program. To sat1sfy this objective, the
geologic repository operations area shall be designed so that any or all of the
emplaced waste could be retrieved on a reasonable schedule starting at any time
up to 50 years after waste emplacemert operations are initiated, unless 2
different time period is approved or specified by the Commission. This
different time period may be established on a case-by-case basis consistent
with th. ~mplacemer* s "e..' 3nd the planned performance confirmation program.

(2) This requireme.t srs . not preclude decisions by the Commission to

allow backfilling part or all of, or permanent closure of, the geologic
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repository operations area before the end of the period of design fo
retrievability.
(3) For purposes of this paragraph, a reasonable schedule for retrieval i
one that wou'ld permit retrieval in about the same time as that devoted to
construction of the geologic repository cperations area and the emplacement of

wastes.

Section 60.112, Overall system performance objective for the geologic

repositorv after permanent closure

The geologic setting shall be selectad and the engineered barrier system
and the shafts, boreholes and their seals shall be designed to assure that
reieases of radioaccive materials to the accessibie environment 7ullowing
permanent closure conform to such generally applicable environmenta) standards
for radicactivity as may have been established by the Environmenta) Protection
Agency with respect to both anticipated processes and events and unanticipated

processes arnd events,

Section 60,113, Performance of particular barriers after permanent c.osure

(a) General provisions -- (1) Engineered barrier system. (1) The
engineered barrier system shall be designed so that assuming anticipated
processes and events: (A) Containment of WLW will be substantially comnlete

during the period when radiation and thermal conditions in the engineered
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barrier system are dominated by fission product decay; and (B) any release of
radionuclides from the engineered barrier system shall be a gradual process
which results in small fractional releases to the geologic setting over long
times, For disposal in the saturated zcne, both the partial and complete
filling with ground water of available void spaces in the underground facility
shall be appropriately considered and analyzed among the anticipated processes
and events in cdesigning the engineered barrier system,

(1) In satisfying the preceding requirement, the engineered barrier system
shall be designed, assuming anticipated processes and events, so that:

(A) Contyinment of HLW within the waste packages will be substantially
complete for a period to be determined by the Commizsion taking into account
the factors specified in Subsection 60.113(b) provided, that such period shall
be aot less than 300 years nor more than 1,000 years after permanent closure of
the geclogic repository; and

‘8) The release rate of any radionuclide from the engineered barrier system
following the containment period shall not exceed one part in 100,000 per year
of the inventory of that radionuclide calculated to be present at 1,000 years
following permanent closure, or such other fraction of the inventory as may be
epproved or specified by the Commission; provided, that this requirement does
=zt 2pply to any radionuclide which is released at a rate less than 0.1% of the
celzolatec total releass cate limit., The calculited total release rate limit

« 0 Om “gier 25 De e ,art in 100,000 per year of the inventory of
“acioective wiste, originzily emplaced in the ynderground facility, that

‘ radicactive decay.
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(2) Geologic setting. The geologic repository shall be located so that
pre-waste-emplacement ground water travel time along the fastest path of likely
radionuclide travel from the disturbed zone to the accessible environment shall
be a2t least 1,000 years or such other travel time as may be approved or
specified by the Commission. .

(b) On a case-by-case basis, the Commission may approve or specify some
other radionuclide release rate, designed containment period or pre-waste-
emplacement ground water travel time, provided that the overall system
performance objective, as it relates to anticipated processes and events, is
satisfied. Among the factors that the Commission may take into account are:

(1) Any generallv applicable environmental standarn for radifoactivity
established by the Environmental Protection Agency;

(2) The age and nature of the waste, and the design of the underground
facility, particularly as these factors bear upon the time during which the
thermal pulse is dominated by the decay heat from the fission products;

(3) The geochemical characteristics of the host rock, surrounding strata
and ground water; and

(4) Particular sources of uncertainty in predicting the performance of the
geologic repository.

(c) Additional requirements may be found to be necessary to satisfy the

overall system performance objective as it relates to unanticipated processes

and events,
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Section 60,122(¢c), Potentially Adverse Conditions

[Selected conditions considered directly or indirectly

related to seismic hazard)]

The following conditions are potentially adverse conditions if they are
characteristic of the controlled area or may affect isolation within the
controlled area.

(3) Potential for natural phenomena such as landslides, subsidence, or
volcanic activity of such a magnitude that large-scale surface water
impoundments could be created that could change the regional ground water flow
system and thereby adversely affect the performance of the geologic repository.

(4) Structural deformation, such as uplift, subsidence, folding, or
faulting that may adversely afiect the regional ground water flow system,

(11) Structura) deformation such as uplift, subsidence, folding, and
faulting during the Quaternary Period.

(12) Earthquakes which have occurred historically that if they were to be
repeated could affect the site significantly,

(13) Indications, based on correlations of earthquakes with tectonic
processes and features, that either the frequency of occurrence or magnitude of
earthquakes mey increase.

(14) More frequent occurrence of earthquakes or esrthquakes of higher

magnitude than is typical of the area in which the geclogic setting is located.



108.14/MB/89/06/12

Section 60.131(b)(1), Protection against natural phenomena

and environmental conditions

[(With respect to the general design criteria for the geologic repository
operations area,] The structures, systems, and components important to safety
shall be designed so that natural phenomena and environmental conditions
anticipated at the geologic repository operations area will not interfere with

necessary safety functions.

10 CFR Part 72

Section 72.66, Geologica) and seismoloaical characteristics

(a) Massive water basin and air-cooled canyon types of !SFSI structures.
(1) East of the Rocky Mountain Front (east of approximately 104 west
Tongitude), except in areas of known seismic activity including but not 1imited
to the regions around New Madrid, Mo., Charleston, S.C., and Attica, N.Y.,
sites will be acceptadble 1f the results from onsite foundation and geological
investigation, literature review, and regional geological reconnaissance show
no unstable geological characteristics, soil stability problems, or potential
for vibratory ground motion at the site in excess of an appropriate response
spectrum anchored at 0.2 g.

(2) west of the Rocky Mountain Front (west of approximately 104 west
Tongitude), and in other areas of known potential seismic activity, seismicity

« 7 be evaluated by the technicues of Ape=: - I of Part 100 of this chapter.
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Sites that 1ie within the range of strong near-field ground motion from
historical earthquakes on larce capable faults should be asoided.

(3) Sites other than bedrock sites shall be evaluated for their
liguefaction potential or other soi’ instability due to vibratory
ground motion.

(4) Site-specific investigations and laboratory analyses must show that
soil conditions are adequate for the propased foundation loading.

(5) In an evaluation of alternative sites, those which require a minimum of
engineered provisions to correct site deficiencies are preferred. Sites with
unstable geologic characteristics should be avoided.

(6) The [Independent Spent Fuel Storage Installaticn] ISFS! design
earthquake (ISFSI-DE) for use in the design of structures shall be determined
as follows:

(1) For sites that have been evaluated under the criteria of Appendix A of
10 CFR Part 100, the ISFSI-DE shall be equivalent to the safe shutdown
earthquake (SSE) for a nuclear power plant,

(i1) For those sites that have not been evaluated uncer the criteria of
Appendix A of 10 CFR Part 100, that are east of the Rocky Mountain Front, and
that are not in areas of known seismic activity, a standardized ISFSI-DE
described by an appropriate response spectrum anchored at 0.25 g may be used.
Alternatively, 8 s *c--nDe "* - ISFSI-DE may be determined by using the criteria

and level of inves.:ze:icr. -squired by Appendix A of Part 100 of this chapter.
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(111) Regardless of the results of the investigations anywhere in the
continental U.S., the ISFSI-DE shall have a value for the horizonta! ground
motion of no less than 0.10 g with the appropriate response spectrum.

(b) Other types of ISFSI designs. For ISFSI designs that do not use
massive water basins or air-cooled canyons, such as canisters, casks, or silos,

2 site-specific investigation is required to establish site suitadbility

commensurate with the specific requirements of the proposed ISFSI,
[45 FR 74699, Nov. 12, 1980; 4S5 FR 80271, Dec. &, 1980)
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APPENDIX C

QUTLINE OF 10 CFR PART 100, APPENDIX A

10 CFR Part 100, Appendix A, Seismic and Geolooic Siting Criteria

for Nuclear Power Plante

I. PURPOSE

1T, SCOPE

ITI. DEFINITIONS

(a) "magnitude"

(b) “intensity"

(c) “Safe Shutdown Earthquake"

(¢) "Operating Basis Earthauake"

(e) “fault”

(f) “Surface faulting"

(g) "capatle fault"

[rl *epztonic prov-e-o”
"SRLIBRIC $TMu.."g”

(3) "2cre reouir g getailed faulting investigation"
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k) "control width"

“response spectrum’

QUIRED INVESTIGATIONS

a) Required Investigations for Vibratory Ground Motion

i

1) Determination of geologic conditions of the site and vicinity
(2) Identification and evaluation of tectonic structures
Evaluation of the behavier of geologic materials during prior
earthauakes
Jetermination of engineering properties of the materials
Listing of all historically reported earthquakes affecting the
site
Correlation of epicenters with tectonic structures or provinces
Determination of capable faults
For capable faults, determination of:

(1) Length of the fault

(11) Relationship of the fault to regional tectonic structures

(111) Nature of displacements along the fault

(b) Required Investigations for Surface Faulting

Determination of geologic condition of the site and vicinity

Evalyation of tectonic structures

Uetermination of geologic evidence of fault offset
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(4) For faults greater than 1000 feet long, determination of whether
these faults are capable faults
(§) Listing of a1l historically reported earthquakes associated with
capable faults greater than 1000 feet long
(6) Correlation of epicenters of historically reported earthquakes
with capable faults greater than 1000 feet long
(7) For c-cable faults, determination of:
(1) ' ng*h of the fault
(197 elationship of the fault to regional tectonic structures
(111) Nature of displacements along the faults
iv) Extent of the fault zone in the site vicinity
(c) Requirec . nvestigation for Seismically Induced Floods and Water Waves
(1) For coastal sites, determination of:
(1) Information regarding distantly and locally generated waves
or tsunami affecting the site
(11) Local features which might tend to modify tsunami effects
(111) Appropriate evidence to provide information for designing
for the affects of a local offshore earthquake
(2) For sites located near lakes and rivers, determination of

effects of seismically-induced floods and water waves



108. 14/M8/89/06/12 g

V. SEISMIC AND GEOLOGIC DESIGN BASES

(a) Design Basis for Vibratory Ground Motion
(1) Determination of Safe Shutdown Earthquake
(2) Determination of Operating Basis Earthquake
(b) Need to Design for Surface Faulting
(1) Determination of zone requiring detailed faulting investigation
(¢) Design Bases for Seismically Induced Floods e«nd Water Waves
(d) Other Design Conditions
(1) Soil stability
(2) Slope stability
(3) Cooling water supply

(4) Distant structures

VI. APPLICATICN TO ENGINEERING DESIGN

(a) Vibratory Ground Motion
(1) Safe Shutdown Earthquake
(2) Operating Basis Earthouake
(3) Required sefsmic instrumentation
(b) Surface Faulting
(¢) Seismically induced floods and water wave and other design

considerations



; Department of Energy
x \ ’9 Washington, DC 20585

NOV 3 1989

John Linehan, Director
Repository Licensing and Quality
Assurance Project Directorate
Division of High-level
Waste Management
Office of Nuclear Material
Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Linehan:

Enclosed are the Department of Energy (Department) comments on
the Nuclear Regulatory Commission's (NRC) draft Technical
Position on Methods of Evaluating the Seismic Hazard at a
Geoclogic Repository, published for comment on August 24, 1989,
(54 FR 35286). As previously expressed in our earlier comment
letter transmitted to you on September 20, 1989, the Department
believes that there are numerous disadvantages with the potential
use of 10 CFR Part 100, Appendix A for development and evaluation
©of a geologic repository. This belief is based on: (1) in
applying Appendix A, the draft technical position does not
consider the different levels of risk associated with a passive
geclogic repository as contrasted to a dynamic nuclear power
reactor: and (2) the terminology and concepts addressed in the
regulation appear to be outdated, limiting the use of
state-of-the-art concepts such as probabilistic seismic hazard
evaluation; and (3) Appendix A provides insufficient guidance on
concepts such as underground vibratory ground motion and
postclosure tectonic scenarics. These concerns are expanded in
the enclosed set of comments.

The Department suggests that a DOE-NRC Technical Exchange be
scheduled in the near future to discuss our comments on this
important subject. We believe thot such an interaction will
facilitate your understanding of our concerns. Additionally, wve
believe that it would be appropriate %o re-issue this technical
position as a draft document for comment, once the critical
issues have been fully discussed and mutual understanding has
been reached on the most appropriate methods for evaluating
seispic hazards at a geologic respository.
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Flease feel free to contact Mr. Stevern H. Rossi of my staff on
S86-9423 with any gquestions regarding this correspondence.

Sincerely,

s

Gordon Appel, 4

Licensing Branch

Office of Civilian Radicactive
Waste Management

Enclosure: Comments On NRC Draft Technical Position on
Methods of Evaluating the Seismic Hazard at a
Geclogic Repository

ci. ™. Loux, State of Nevada
M. Saughman, Lincoln County, NV
D. br~htel, Clark County, NV
S. Braa.urst, Nye County, NV



COMMENTS ON THE NRC DRAFT TECHNICAL POSITION ON METHODS OF
EVALUATING THE SEISMIC HAZARD AT A GEOLOGIC REPOSITORY

MAJOR COMMENTS

1. As the draft technical position points out, 10 CPR Part 60 does net
rely on 10 CFR Part 100, Appendix A for guidance regarding provisions
for dealing with seismic hazard. There &re two reasons that this
omission was deliberate. (1) The provisions of Part 100 were written
with operating nuclear power plants in mind, not waste disposal
systems. Disposal systems lack the active cooling systems and
energetic physical mechanisms for dispersing contaminates, which
nuclear power plants possess. (2) Appendix A to Part 100, written over
25 years ago, no longer reflects state-of-the-art professional practice
in characterizing seismic hazards and developing seismic design bases.
Its application has been found to be too prescriptive in some areas,
too vague in others, and generally difficult to apply without creating
considerable controversy. 1In addition, some of the methodologies in
Appendix A may be particularly inappropriate for application in the
Basin and Range Province, where recurrence intervals for earthguakes on
particular faults are typically tens of thousands of years.

For ths reasons given above, the DOE strongly disagrees with the
proposition that 10 CFR Part 100, Appendix A should be considered as
general guidance for the characterization of seismic hazards and the
development of seismic design bases for a geclogic repository. If the
NRC believes there are specific methodologies from Appendix A that are
directly applicable to a geclogic repository and are more appreopriate
than the studies described in the Site Characterization Plan (SCP),
then those methodologies should be specifically identified in a "stanrd
alone" guidance document without reference to Appendix A. This would
eliminate many of the problems that are inherent in applying a rule
designed for nuclear reactor regulation to a geclogic repository.

2. Page 4, Section 2.4

The technical position states that: "Appendix A sets an important
pPrecedent that needs to be considered when new types ¢f nuclear
facilities that require seismic hazard review are considered for
licensing."

We agree with this statement, however, there is no evidence that the
other regulations which refer to Appendix A, (i.e. 10 CFR Part 72 and
10 CFR Part 40) or this draft technical position, have made that
important consideration.

10 CFR Part 100, Appendix A, appears to have been used in licensing
other nuclear facilities in the United States principally because it is
the only regulation for nuclear facilities that provides detailed
instructions for seismic-hazard investigations.
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The Department notes *hat 2 recent revision of DOE Order 6430.1A (U.s.
Department of Energy General Design Criteria), which is applicable to
non-reactor DOE facilities, incorporates state-of-the-art criteria for
seismic design, including specific criteria for vibratory ground motion
input and seisnic engineering analytical methods. The approach
described in DOE Order 6430.1A may be of sufficisnt scope and
conservatism to meet the appropriate 10 CFR 60 regquirenents.

Eage 10, Section 4.3

The TP states that "a primary reason for taking the position that Part
100, Appendix A is an appropriate methodology for investigating the
seismic hazard at a geclogic repository is that much of the technology
presented in Part 100, Appendix A is generic in nature."

We disagree; Appendix A is not generic. If it were, vhy would it apply
to only some cases? For example, according to 10 CFR Part 72 Appendix
A applies West of the Rocky Mountain Front, but does not apply East of
the Front. Likewise, Appendix A applies to massive water basin and
air-cooled canyon types of independent spent fuel storage installations
(ISFSI), but may not apply to other types of ISFSI designs, such as
canisters, casks, or silos. It appears that Appendix A applies only
where potential risk warrants. In our opinion, Appendix A should not
apply to a repository at Yucca Mountain, in part, because the potential
risks are lower than most other nuclear facilities.

Any design methodology must reflect the risks associated with the
engineered facility, as well as the hazards posed by the Earth.
Although design-basis methodology prescribed by Appendix A is
appropriate for nuclear power plants, it is not necessarily appropriate
for lower-risk facilities, such as a high~level waste repository, or
generic to all tectonic environments.

Even this TP admits that nuclear power plants (for which Appendix A was
written) pose a greater risk than a repository. The TP states that,
"in contrast to a nuclear power plant, a geologic repository is not
likely to have components possessing high energy driving forces capable
of broadly dispersing the contained radicactivity. Even with a gross
failure of those compeonents of a repository involved in containment, a
loss of containment integrity would not be as likely to have as
significant a consequence for public health and safety as a nuclear
power plant, because the systems would be passive."

The NRC staff uses the above statement to explain why the TP does not
consider the Appendix A requirements for an operating basis earthguake.
We agree this statement, and suggest that it also justifies rejecting
the concept of the applicability of 10 CFR 100, Appendix A.

In addition to its biased (rather than generic) nature, Appendix A has
been criticized by the NRC and industry. Appendix A was codified in
November 1973, and was largely based on professional practice and
state~of-the-art in the 1960's and early 1970's. Since that time, there
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have been numerous technical advancements in evaluating fault and
earthquake hazards, particularly in probabilistic evaluations. 1t
would be counterproductive to ignore these advancements simply for the
sake of complying with an less than current regulation.

In the late 1970's, the NRC considered revising Appendix A because,
even at that time, the regulation was considered outdated, complicated
and the cause of licensing delays. The NRC staff summarized these
problems as follows:

Having geoscience assessments detailed and cast in Appendix A, a
regulation, has created difficulty for applicants and the staff in
terrs of inhibiting the use of needed judgment and latitude. Also,
it has inhibited flexibility in applying basic principles to new
situations and the use of evolving methods of analyses in the
licensing process. Additionally, various sections of Appendix A
lack clarity and are subject to different interpretations and
dispute. Also, some sections in the Appendix do not provide
sufficient information for implementation. As a result of being
both overly detailed in some areas and not detailed enocugh in
others, the Appendix has been the source of licensing delays and
debate, has inhibited the use of some types of analyses, and has

inhibited the development of regulatory guidance (SECY-79-300, April
27, 1979).

More recently, at an October 1986 symposium on seismic and geclogic
siting criteria for nuclear powver plants, the technical community
reneved the drive to revise Appendix A. The symposium found a number
of problems with Appendix A, but the most important was the need to
incorporate probabilistic concepts into the regulaticn with an
appropriate mix of deterministic criteria. At that time, the NRC staf?
stated that their management may not enderse a rule-making until 1987
(Lawrence Livermore National Laboratory, Summary Report of the
Symposium on Seismic and Geologic Siting Criteria for Nuclear Powver
Plants, NUREG/CP=-0087, June 1587).

Design motions, derived from Appendix A, can misstate the scismic
hazards in some tectonic environments, because Appendix A specifies
that design motions be estimated without specific consideration of the
style of deformation particular to a tectonic environment. The
Appendix A specification of the Safe Shutdown Earthquake requires a
review of the historic distribution of earthquake magnitudes and
intensities, the distribution of tectonic structures, and "capable
faults™. For an Appendix A site motion evaluation, the largest
earthquake(s) would be placed at locations closest to the site on
geclogic structures or at seismctectonic boundaries. Where the largest
historic earthquakes cannot be associated with a geologic structure,
that earthquake will be located at the closest point within the
tectonic province. For an spplication of Appendix A to a critical
facility in the vicinity of a major fault, a "maximum" earthquake
magnitude is determined from historical correlations between earthguake
magnitude and corresponding surface fault rupture. A common way to

3



estinmate maximum earthquake magnitude is *t~- take a point estimate from
a statistical distrisution of emririzal correlations between earthquake
magnitude and the length of uapped surface fault traces.

Application of this methodology to active fault seguents in the
Southern Great Basin could lead to unconservative or uncertain design
earthquakes because of the relatively complicated nature of faulting in
an extensional environment, and the corresponding difficulty of
estimating, a priori, maximum fault rupture lengths.

Yucca Mountain has been characterized as having a number of closely
spaced (2-4 km) anastomosing normal faults (Scott and Bonk, 1984).
Thus, estimating maximum fault length and correspondingly "maximum"
earthquake magnitude for any surface rupture scenario is extremely
difficult, and could easily be under or cverestimated. This Qifficulty
is compounded as a result of the paucity of instrumental seismicity to
define continuity in a fault trace.

Given these problems with application of Appendix A, we disagree with
its imposition for the repository. The SCP offers an approach and
methodology, based on a Cumulative Slip Earthquake (CSE), that would
better postulate a design basis earthgquake.

A CSE is defined in the SCP to be a postulated earthquake that
occurring every 10,000 years, would produce the observed or estimated
average Quaternary slip rate on a fault. The CSE approach results in a
design basis with a corresponding exceedance probability between 10-3
and 10-4 per year.

Preliminary information indicates that the CSE methodology will produce
a sufficient seismic design basis for surface facilities important to
safety during the preclosure period of repository operation.
Specifically, preliminary analysis indicates the resulting seismic
design basis would correspond to a postulated earthgquake on the
Paintbrush Canyon fault (an apparently normal fault located about 1
kilometer east of prospective surface waste-handling facilities) with a
magnitude of about 6 to 6 1/2 and a peak ground acceleration at the
site of about 0.5 to 0.6g. A recent analysis of alternative seisnic
design levels (SAND 88~1600, "Preliminary Seismic Design Cost-Benefit
Assessment of the Tuff Repository Facilities") suggests that the
accident risks associated with a seismic design level of 0.29 or
greater for surface waste-handling facilities would be extrenmely small,
Important factors which contribute to this finding are that the surface
facility cells would be inherently "hard* against seismic loading,
because of shielding reguirements and the resulting thick shear-wall
construction, the low probability of severe ground motion during the
cperating life of the facility and the lack of an energetic mechanisnm
for dispersing contaminants during an accident. In addition, the
target range of exceedance probabilities 10-3 to 10-4 per year) for the
design basis has been found to correspond to the accepted design bases
for a number of U.S. nuclear power plants (Reiter and Jackson 183,
NUREG-0967), lending further confidence that the CSE mpethodology will
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provide more than sufficient conservatism.

Before the NRC issues this TP, we would like an opportunity to build on
the concept of a CSE and offer an alternative to Appendix A.

Basically, ve propose & more risk-based approach to assessing hazards
where risk is the integrated product of event probability and
consequences. Hazard would then be defined as the prebability of
exceeding a specified event magnitude.

Although it postdates Appendix A, there is nothing new about a risk
based approach. The Environmental Protection Agency (EPA) Standards
for geclogic repository (50 FR 38066 Septenber 19, 1985) translates an
acceptable risk (1,000 health effects to a world population) into
limits for cumulative releases and recommends a complementary
cunulative distribution function to express the hazard (1 chance in 10
and 1 chance in 1,000) of exceeding multiples of thoce limits. More
recently, the EPA proposed "National Emissions Standards for Hazardcus
Air Pollutants; Regulation of Radionuclides: Proposed Rule and Notice
©f Public Hearing" (40 CFR Part 61, 54 FR 9612 March 7, 1989). Here,
the EFA propcses three levels of risk, each corresponding to a
radiation dose. The final rule will codify one of these doses to limit
the radicactive emissions from nuclear and non-nuclear industries.

This risk based approach has clear advantages over Appendix A.
Collegial recommendations, such as those made by the International
Committee on Radiation Protection, have established values for an
acceptable risk. However, various licensing boards, as well as
utilities, have never agreed to what constitutes the maximum earthguake
that Appendix A expounds. Risk takes into account the nature of the
facility and its site. Appendix A examines only the site and was
written for nuclear power plant sites, not repositories. Finally, risk
assessments can more equitably allocate the design precautions needed
tO protect the public health and safety. Appendix A would force an

unnecessary (and expensive) design basis on a repository without a
commensurate benefit to the public.

Unlike Appendix A, a risk-based approach would account for the reduced
seismic hazards in areas, such as Yucca Mountain, where the deformation
rate is low. The historic rate of seismicity in the Southern Great
Basin (SGB) can be characterized by the average annual number of
earthquakes of magnitude 4.0 and greater (denoted N4) per 1,000 sg knm.
For the SGB, N4 is approximately 0.0} events/1,000 sg kn (Greensfelder
et al., 1980). This rate of seismicity is extremely low compared to
interplate seismotectonic environments, (i.e. southern California),
wvhere seismic hazards are common design considerations. Using a
conservative value for N4 of 0.015% earthquakes per 1,000 sg kan for the
rate of seismicity in the Yucca Mountain area, this value of seismicity
is about a factor of ten less than the Los Angeles Basin area of
southern California. An example of the critical nature of relative
deformation rates are comparisons of the preliminary probabilistic
hazards between southern California and the Yucca Mountain vicinity.
Preliminary estimates of the probability of exceeding peak ground
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motion indicates return periods un order of magnitude greater than that
estinmated for similar levels of motion for the Los Angeles Basin, a
region that supports a variety of critical facilities. Preliminary
geologic trenching data in the vicinity of the site also supports low
deformation rates: apparent vertical slip rates on Quaternary faults
are between 0.001 to 0.0001 cm/yr (SCP section 1.5.2.2). The pre- and
postclosure design methodology should account for the tectonic
deformation rate, otherwise an inconsistent design basis will occur.
For example, a maximum earthquake magnitude cannot define the
difference in seismic hazard between a fault that can produce a
zmagnitude 7 earthguake in 100 years, and one that produces a magnitude
7 every 100,000 years. A consistent and defensible design basis must
account for the level of hazard.

Page 13, Section 4.3.2

The TP states that "Secticn V(a) (1) (of Part 100, Appendix A)
prescribes a set of specific steps to take in evaluating the data
gathered through the required investigations, to arrive at the
earthquake that produces maximum vibratory acceleration at the site
above a threshold of 0.l1g. This earthquake is termed the Safe Shutiown
Earthquake (SSE). These basic procedures form the framework for
establishing the determination of the maximum vibratory motion at any
site at relevant times and are therefore considered to be appropriate
to a geoclogic repository.

The underscored phrases have little meaning when applied to a
repository that has been closed and decommissioned.

The TP states that the maximum vibratory ground motion would be
predicted "at the site." Appendix A, in contrast, states that the
motion would occur at each of the various foundation locations of the
nuclear power plant structures at a given site" (10 CFR 100, Appendix
A, Section V, (a)(l)(1V).

The repository site would be at least aa large as the controlled area,
which according to 40 CFR 191.12(g), encompasses 100 square kilometers
and would extend underground. The foundation locations are smaller,
more discrete and lie on the surface. Conceivably, Appendix A could be
applied to repository surface facilities, but Appendix A could not be
applied to a large mass of earth. Moreover, a closed repository has no
surface facilities.

We disagree that Appendix A applies during time periods that are
relevant to a gecologic repository. Appendix A was written for nuclear
power plants which have an ocperational life of about 40 years. Because
of the relative short lifetime of the facility and the safety concern
being addressed (ability to safely shut down the reactor), the Appendix
A methodology relies on the concept of designing for a single, large
event ("maximum credible event occurring on a specific fault. Wwhile
this concept may ensure pover-plant safety for 40 years, it is not
suitable for evaluating repository performance.



Instead of Appendix A, ve propose a more probabilistic methodology that
would take into account rot only the effects of single, but also the
Cumulative effects of Dultiple events that are Feasonably likely to
occur during the postclosure ine period. we Suggest that, if the TP
i8 lssued, the last sentence should be revised to read: “"These basic
Procedures form the framework for establishing the seismic basis for
determination of the maximum vibraztory motion

11iti uri h (Revisions are underscored. )

Page 7, Section 3

The TP states that ", . it is the position of the staff that the results
of Part 100 Appendix A investigations can generally provide input for
probabilistic and other methods of assessing seismic and faulting
hazards for the postclosure period."

Appendix A recommends an investigative methodology that is not
appropriate for assessing seisnmic and faulting hazards for the
pPostclosure period. The Prescribed investigations gather information
that hypothesizes the vibratory ground motion produced by the Safe-
Shutdown Earthguake (SSE), which:

"Produces the maximum vibratcry ground motion for which certain
structures, systems, and components are designed to remain
functiocnal. These Structures, systems, and components are those
necessary to assure: (1) The integrity of the reactor coolant
Pressure boundary, (2) The capability to shut down the reactor and
maintain it is a safe shutdown condition, or (3) The capability to
pPrevent or mitigate the consequences of accidents which could result
<N potential off site €xposures comparable to the guideline
éxposures of this Part" (10 CFR Part 100, Appendix A, III.
Definitions).
The terms and concepts included in the definition of the SSE do not
exist at a repository that has been Pernanently closed. A repository
has no “coolant Pressure boundary"; a closed repository cannot be "shut
down"; and there can be ne "accidents"™ at a closed repository, because
the operations have stopped.




COMMENTS

L

Eagce 1. Section 1

The introduction states that the technical position "...considers
differences that may exist, during the preclosure, among the surface
facilities and the underground facility." However, this consideration
is not apparent in the remaining text of the technical position.

Page 1, Section 1

Section 1 states that the purpose of the technical poesition is to
provide: "...regulatory guidance to the U.S. Department of Energy (DOE)
on appropriate methodologies that address seismic hazard at a geclogic
repository."

Later, in the same Section, it is stated that: "this position does not
address probabilistic seismic hazard analysis...[which is] ...addressed
in other technical positions...."

Additionally, Section 3 (page 7) states that: "...the results of Part
100, Appendix A investigations can generally provide input for
probabilistic and other methods of assessing seismic and faulting
hazards for the postciosure pericd."

Based on such conflicting statements, we find it difficult to
understand this draft technical pesition without understanding the NRC
position on probablilistic seismic hazard evaluations, especially since
the evaluations specified in 10 CFR Part 100, Appendix A are
deterninistic.

Page 5, Section 2.5

The technical position states that: "10 CFR Part 60 does not
specifically rely on Part 100, Appendix A for guidance regarding
provisions for dealing with the seismic hazard nor deoes it specifically
require the development of a design basis earthquake. Instead, the
performance objectives and siting and design criteria described in 10
CFR Part 60 establish the bases for considering seismic hazard for both
the preclosure and the postclosure periods."

We agree, with the above statement and consider that the omission of
references to 10 CFR Part 100, Appendix A was deliberate.

10 CFR Part 100, Appendix A was codified in the regulations and
available for consideration at the time 10 CFR Part 60 was promulgated.
However, as stated in the supplenmentary information to the proposed 10
CFR Part €0 rule on disposal of high-level radicactive waste in
geologic repositories dated July 8, 1981 (46 FR 35280), the Commission
considered their past experience and practice with other facilities and
acknowledged that there wvere important differences between & repository
and those facilities. We must conclude that if the Commission believed



Appendix A to be applicable to a geclogic repository, it would have
codified the Appendix in the regulation at that time.

Since 10 CFR Part 60 was promulgated more than eight years ago, the NRC
has concurred on the DOE siting guidelines, commented op the DOE
envircnmental assessments, and reviewed and commented on the SCP. on
any of these occasions, the relevance of Appendix A to the repository
pProgram could have been raised, but was not. Moreover, the NRC staff
agreed with the DOE that: "the need to consider specific pre-closure
and post-closure events, Processes, and phencmena should be based upon
& consideration of their effects on compliance with the performance
reguirements of 10 CFR 60" (summary of the NRC/DOE meeting on
seisnic/tectonic investigations, December 3=4, 19885).

Bage 10, Section ¢.3.1

Since Appendix A details the required gecscience assessments, the use
of evolving methods, such as probabilistic seismic hazard analysis
(PSHA) , which is a generally accepted procedure to describs the seisnic
hazard (National Research Council, 1988), is limited. State-of-the-art
seismic zoning maps rely to some degree on probabilistic considerations
to assess relative hazards at different sites. As described in the
SCF, the DOE plans to use PSHA to assess the sensitivity of input
parameters and examine uncertainties in ground motion estimates.

Fage 11, Section 4.3.1(6) and Page 12, Section 4.3.2

Appendix A requires the correlation of past earthquakes with capable
faults, tectonic structures and tectonic provinces. However, Appendix A
does not specify a method for quantifying future rates of activity,
including determining a maximun credible earthquake. We believe that

more definitive criteria than that provided in Appendix A are needed to
aveid conflicting interpretations.

Eage 14, Section 4.3.2

The TP states that "...any guidelines (Section V(b) of Part 100,
Appendix A] for surface faulting should be considered applicable to the
underground facility of a geologic repository as well, since it is very
unlikely that a fault that ruptures the surface above the underground

facility would not also create a rupture within the underground
facility.*

We agree that surface faulting would be expressed underground, but
disagree that guidelines for one should &pply to the other.

The guidelines in Appendix A clearly apply to the foundations of
nuclear power plants. There are no "foundations" underground.
Moreover, Appendix A was never written for mines, and the NRC has
recognized this. Otherwise it would have referenced Appandix A in
10 CFR Part 60, instead of the Federal Mine Safety and Health Act of
1977 and the mining regulations of Title 30, the Code of Federal



Regulations.

Fage 14, Section ¢.2.2

The technical position states that "...any faults discovered within the
Perimeter of the underground facility, through drifting or other means
during site characterization, that cannot be associated with surface
faults, reguire special investigation [given in Appendix A) similar to
surface faults." It is not practical to investigate surface and
subsurface faults in the sanme way. According to Section V(b) of 10 CFR
Part 100, Appendix A fault traces "...are mapped along the trend of the
fault for 10 miles in both directions from the point of its nearest

approach to the nuclear power plant...." 1If a subsurface fault is not
expressed on the surface, it cannot be mapped for more than a few feet.

Eage 7, Section 3

The TP states that: ", .the NRC staff will reviev those secticns of the
SAR (Safety Analysis Report) addressing Subsections $

and ¢ and Subsection 60.21(c)(3) of 10 CFR Part €0, in light of
Appendix A of 10 CFR Part 100. 1In addition, the methodology cutlined
in this TP can be used in developing seismic and geclogic bases for
earthquake design criteria pertinent to Subsection 60.131(b) (1) of 10
CFR Part 60 and in assisting in demonstrating compliance with Secticrs
60.111, 60.112, and 60.113."

The underscored provisions regquire an assessment of repository
postclosure performance. We fail to understand how these provisions
could be reviewed "in light of Appendix A of 10 CFR Part 100" or how
Appendix A could assist "in demonstrating compliance” with then.

Subsection 60.21(c) (1) (ii)(®) requires analyses of favorable and
potentially adverse conditions as specified in 60.122. The right
combination of these conditione will "provide reascnable assurance that
the performance objectives relating to the isclation of the waste will
be met" (10 CFR €60.122(a)(1)).

Note that the favorable and potentially adverse conditions are not
related to repository construction and operation, but only to the
“isolation of the waste". In contrast, the scope of Appendix A is to
"provide reasonable assurance that a nuclear power plant can be
constructed and operated at a proposed site without undue risk to the
hiealth and safety of the public™ (10 CFR 100 Appendix A, II Scope.)

We submit that the scone of 10 CFR 60.21(c) (1) (44)(B) differs from the
scope of 10 CFR 100 Appendix A, and therefore, compliance with the
former cannot be demonstrated in light of the requirements of the
latter.

Subsecticn 60.21(c) (1) (44) (€) requires "an evaluation of performance of
pProposed geclogic repository for the period after permanent closure,
assuning anticipated processes and events, giving the rates and

i0



quantities of releases of radionuclides o the &ccessible environment
as a function of time; 2nd a similar evaluation which assumes the
occurrence of unanticipated processes and events." As stated
previcusly, the criteris in Appendix A were written for an operating

nuclear facility; not cne that has been permanently closed and
decomnissioned.

Also, €0.21(c)(1)(4i)(C) requires an assessment of anticipated
processes and events, while Appendix A requires an assessment of a
seismic event (the Safe Shutdown Earthquake) that or.ginates along a
"capable fault." Anticipated processes and events are based on "those
Processes operating in the geclogic setting during the Quaternary
Period" (last 1.8 million years) (Pages A-1l and A-2). Capable faults,
defined in Appendix A, exhibit one or more of the following
characteristics:

i. At least one movement in the past 35,000 years, or multiple
movements in the past 500,000 years:

2. Instrumental seismicity that can be correlated to a fault:; and

3. A structural relationship to a fault described by 1 or 2 such that

the mcvement on one could reasconably result in movement on the
other.

There may be faults on which "anticipated" events have occurred in the
Quaternary, but which occur at such low frequency (less than 2 events
in the last 500,000 years) that the faults a&re not considered capable.
This discrepancy between anticipated events and events originating
along capable faults is particularly significant in the Basin and Range
Frovince where intervals between faulting events may be 200,000 years
Or more on some faults. Thus, the postclosure performance evaluations
in 10 CFR 60.21(c) (1) (i4)(C) are not congruent with the evaluations of
capable faults prescribed in Appendix A.

Subsection 60.112 requires that releases of radicactive mate.ial
following permanent closure "conform to such generally applicable
environmental standards for radicactivity as may have been established
by the Environmenta)l Protection Agency [EPA) with respect to both

anticipated processes and events and unanticipated processes and
events. "

The deterministic criteria in Appendix A are of limited utility, if
any, for demonstrating compliance with the EPA's probabilistic
standards. To determine compliance with 40 CFR 181.13, the EFA
recommends a complementary cumulative distribution function "that
indicates the probability of exceeding various levels of cumulative
release” (40 CFR 191, Appendix B).

These release probebilities will be derived from the probabilities of
processes and events that cause the releases. The EPA states that the
DOE may discount certain processes and events of low probability or if
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omission does not significantly affect the remaining probability
distribution of cumulative releases.

In contras*, Appendix A would compel the DOE o assess the conseguences
of a "maximum earthquake," the "maximum vibratory ground motion," and
the epicenters of earthquakes of "greatest magnitude™ or the locations
©f "highest intensity." The superlatives: "maximum," “greatest," and
"highest" loose meaning when signifying the types of events that may
occur in the next 10,000 years. This would lead to extended debate of
limited practical utility regarding what such an event might be. Also,
the superlatives connote a deterministic methodology that is
antithetical to the probabilistic analyses prescribed by the EPr. 1n
other words, Appendix A advances worst case scenarios regardless of
probabilities or conseguences, while the IFA effectively dismisses
scCenarios when probabilities are low or the resulting conseguences are
insignificant.

Finally, we fail to see how the criteria in Appendix A could assist the
DOE in demonstrating compliance with 60.113, which idnetifies
cbjectives for the performance of the waste package, the engineered
barrier systems, and groundwater travel time.

The purpose of the investigations required by Appendix A is to obtain
the information needed to describe the vibratory ground motion produced
by the Safe Shutdown Earthquake. A safe shutdown earthquake is defined
by terms and concepts that do not relate to & wvaste package or an
engineered barrier system. The waste package and engineered barrier
syster have no “coclant pressure boundary®; cannot be "shut down": and
they cannot cause “accidents," because, according to 60.112, these
function after the repository operations have stopped.

Even more sco, the Safe Shutdown Earthquake has no bearing on
calculating ground-water travel time. The Safe Shutdown Earthgquake
provides a design basis, and ground-water travel time cannot be
designed. Moreover, Part 60 constrains ground-water travel time
calculations to present-day conditions. The occurrence of a Safe
Shutdown Earthquake would not be typical of current-day conditions.

For the above-mentioned reasons, NRC should delete references to 10 CFR
60.21(c)(1)(44)(B) and (C), 60.112 and 60.113.

Eage 8, Section 4.1

Although data used in assessing the preclosure seismic hazard may very
well be used to assess the postclosure seism.ic hazard, there are
distinct differences. For example 10 CFR Part 100, Appendix A offers
no guidance for asseseing the seismic hazard for s subsurface facility,
wvhere vibratory ground motion éppears to be of little or no concern and
only faulting through the repository or the effect of tectonic
processes on site or regional hydrology may affect repository
performance. Such considerations need to be sddressed in the technical
position.
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i0. Eage 13, Section 4.3.2

Regarding the determination of the Safe Shutdown Earthquake, the last
sentence staces that Appendix A provides for "...determination of thne
maximum vibretory motion at any site at relevant tines...." We do not
understand what is meant by the term "at relevant times." This implies
tha: the Safe Shutdown Earthguake for nuclear powes plants is
spplicable to the precliosure and postclosure periods of a geclogic
repository, even though it has different facilities, cpersting periods,
and levels of risk. These differences in risk need to be addressed by
the techniral pcsition.

i1) Rag.. wSection 2.2

The general design criteria of 10 CFR Part 50, Appendix A are
aprlicable only to nuclear pawer reactors. Therefore, wve suggest
surstituting “"power" for "material™ and "reactors" for "materials" in
tie first sentence.

i2) Bage 6, Section 2.5

The regulation referenced for input to the SAR [60.21(1) (44)(B) and
(C)] is incorrect. T.e correct citation is €0.21(c) 71) (i1)(B) and (C).

13) Page 16, Section 6 _

We do not believe it is appropriate for a technical position to contain
a bikbliography. The usefulress of these documents in providing
guida.ce to the DCE is guestionable. Only those documents directly
referenced in the technical position should be listed.

i4) hppendix A

Appendix A contains severai minor e:rors that should be corrected to be
consistent with 10 CFR Part 60. These include:

= Page A-1, Accessible Environment, insert *portion of the" between
"the" and "Lithosphere."

~ Page A-6, Important to Safety, insert "the completion of" between
"until® and "permanent."

=~ Page A-7, Re cieval, irsert "10 CFR Part 60" a8 the reference for
this tern.

i5) hppendix B, Pare B-9, 10 CFR Part 72
It i® not clear as to vwhether sites east of the Rocky Mountain Front
have a minimum spectral anchor of .29 (Paragraph (a)) or 0.2%g
(Paragraph (a) (6)(ii)).
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16) References

There are various useful documents thit address seismic hazard
evaluation and 10 CFR Part 100, Apperdix A that appear to have not been
considered in preparina the draft technical position. We suggest that
the NRC consider the following documents when evaluating these comper+s
on the draft technical position. These include:

1.

Bernreuter, D.L., Savy, J.B., Chen, J.C. ard B. Davis, Seisnmic
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DAVID L SWANSON Senior vice Preggent

' N ST ' T u 'r E The association of eiecinc companies

11119 Street N W
wasnhington O C 20036-3681
Te! (202) 778:6400

October 23, 1989

Chief, Regulatory Publications Branch

Division of Freedom of Information
and Publications Services

Office of Administration

U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

Re: Review comments on NRC Draft Technical Position on
Methods of Evaluating the Seismic Hazard at a Geologic
: 5

Repository. (54 Fed. Reg. 35266)

Dear Sir:

These comments on the above-referenced document are submitted by the Edison
Electric Institute/Utility Nuclear Waste and Transportation Program (EEVUWASTE).
EEI is the association of the nation's investor-owned electric utilities. UWASTE is a
group of electric utilities providing active oversight of the implementation of federal

statutes and regulations related to radioactive waste management and nuclear transpor-
tation.

First, EEVUWASTE endorses the content of the September 20, 1989 lette: from
Mr. Gordon Appe! (DOE) to Mr. John L Linehan (NRC). Second, our repiaining
comments fall into two areas: a) differences among facilities, and b) designing for seismic
hazards - both of which, in EEVUWASTE's opinion, lead to the conclusion that 10 CFR.
Part 100 Appendix A does not apply to geologic repositories. These comments are
amplified below.

Differences Among Facilities

The Technical Position "considers differences that may exist. . .among the surface
facilities and the underground facility" of a repository, but it is silent on what those
differences are. Moreover, the Technical Position does not acknowledge the very signi-
ficant difference betwezn repositories on the one hand, and nuclear power plants, spent-



Chief, RPB
October 23, 1989
Page Two

fuel storage facilities, and tailings ponds/dams for uranium mills on the other. In the
latter context, the Technica! Position offers some very weak justification for applying 10

CFR Part 100 Appendix A (Seismic and Geologic Siting Criieria for Nuclear Power Plants)
t0 repaositories.

If a seismic event exceeds the aesign basis for a nuclear power plant, there are high
energy forces present within the plant that may result in release of radionuclides to the
accessible environment. On the other hand, if a seismic event exceeds the design basis for
a repository, the resulting interaction of the geologic and engineered-barrier systems is 5o
complex that release of radionuclides to the accessible environment is not immediate, if
ever, and not necessarily catastrophic as determined by performance assessment and
probability analyses. Yet this Technical Position specifically excludes addressing
probabilistic seismic-hazard analysis. The Technical Position shouid directly acknowledge
these differences and permit the use of probabilistic asaryses.

Investigation vs. Desigp for Seismic Hazards

It may be appropriate for this Technical Position to describe the nature and scope
of investigations into potential seismic hazards for repositories. However, Appendix A is
sorely out-of-date with seismic-hazards knowledge and investigatory techniques. The
Technical Position should require state-of-the-art investigations and not be limited to those

that evoived in the 1960s and early 1970s when 10 CFR Part 100 Appendix A was
promulgated.

The Technical Position states, "The term seismic hazard. . .is meant to encompass
the hazard due 10 either vibratory ground motion or coseismic fauiting, or both, that can
affect the design and performance of the geologic repository.” The Technical Positios. 2'so
states that design criteria require "structures, systerus, and components important to safety
be designed so tiat their safety functions are preserved under the impact of the most
severe, adverse natural phenomenia.” "In addition," it says, "the methodology outlined in
this Technical Position can be used in developing seismic and geologic bases for
carthquake design criteria. . " And finally, it introduces 10 CFR Part 100 Appendix A,
and says that for a repository as for a nuclear power plant, "the determination of & need
to design for faulting” is applicable. And yet, Appendix A implies that a facility can be
designed for both vibratory ground motion and faulting.

When the above statements are considered in the context of 10 CFR Part 100
Appendix A, they translate into a requirement that faulting-potential be investigated and
cither: 1) avoided by a setback distance, or 2) that the repository may be designed 10
accommodate faulting. However, the history of AEC/NRC licensing of nuclear power

plants has established the precedent of gbsolutely rejecting desigis tc accommodate fault-
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0§ (e.g. Bodega Bay, California, of Pacific Gas and Electric; and Malibu, California, of
Los Angeles Deparument ¢f Water and Power).

Without specifically acknowledging the ability and the accepability of
sccommodating fault displacement in design, the Technical Position is perpetuating a
mis - Jing impression given by 10 CFR Part 100 Appendix A. Furthermore, the Technical
Position should indicate the criteria Ly which setback-distance from faults, and designs 10
sccommodate faulting will be judged by the NRC staff.

Recommended NRC Actiops 1

This technical position should be carefully reconsidered, especially with respect 10
its implementation of 10 CFR Part 100 Appendix A as discussed above, and in DOE's
letter of September 20, 1989.

In addition, since the establishment of seismic design and acceptance criteria is
critical to the ultimate licensing and construction of the nation's first geologic repository
for the disoosal of civilian high-leve! waste and spent nuclear fuel, EEVUWASTE stror iy
recommends that NRC develop a regulation for a generic repository and suppler.© ..al
Regulatory Guides on this topic. Regulatory Guides will provide the technical rigor that
is appropriate for development of regulatory requirements and guidance in this area. In
addition, requirements and guidance provided by regulations are durable and legally
binding on all parties in any licensing proceeding.

We appreciate the opportunity to comment on the subject Draft Technical Position.
If you have any questions, or desire additional information regarding our comments, please

contact Mr. Christopher J. Henkel, EE/UWASTE Program Manager for high-level waste
at (202) 778-6653.

yours,
David L. Swanson
Senior Vice President
DLS/chm
cc: Messrs: ). Linehan, NRC
K. Stablein, NRC
G. Appel, DOE

M. Blanchard, DOE



BOB MILLER STATE OF NEVADA
Acting Governor

AGENCY FOR NUCLEAR PROJECTS
NUCLEAR WASTE PROJECT OFFICE
Capitol Compiex
Carson City, Nevade 89710
(702) 885-3744

October 23, 1989

Chief, Regulatory Publications Branch

Division of Freedom of Information 2
and Publications Services

ffice of Administration

U.S. Nuclear Regulatory Commission

Washington, D.cC. 20855

b
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Dear Sirs:

RE: DRAF™ TECHNICAL FOSITION ON METHODS CF EVALUATING THE SEISMIC
EAZARD AT A GFOLOGIC REPOSITORY. (FR., Vol. 54, No. 163, August
24, 1989, p. 35266).

The fellowing are the Nevada Agency for Nuclear Projects |,
Nuclear waste Project Office comments on the subject draft
Technical Position. The comments are organized in a format of
General Comments and Specific Comments.

SENERAL COMMENTS:

The draft Technical Position, for the most part, accomplishes
its stated purpose of pProviding regulatory guidance on appropriate
methodologies that address seismic hazard(s) at a geclogic
f€pository, huwever, the document contains little to Justify its
being titled a Technical Position. In effect, it constitutes El
policy statement Dy the NRC stafs that the methodologies ang
principles espoused in 10 CFR Part 100, Appendix A are appropriate
for addressing the earthquake hazards at a geclogic repository, and
that the staff will rely on 10 CFR Part 100, Appendix A in its
review of a geologic repository license application. What the
Technical Position does not say (nor should it say) is that enly
10 CFR Part 100, Appendix A methodologies are accCeptable, or that

the Appendix A methodologies will be
treated the same way 1in application to the engineering design
guestions.

The Technical Position can be
pParticularly in regard to the critical iss

‘,%3*0’35"—'.‘033
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improved in content,
ue of capable and active




faults., Given that all Capable faults are active faults, yet not
all active faults are considered capahle faults, a basic guestion
arises regarding the extent to which the existence of capable
and/or active faults at a repository site will be acCeptable to the
NRC staff under any principles, including those espoused in 10 CFR
100, Appendix A. If a site which exhibits both capable and active
faults is acceptable to the staff, the extensive Studlies associated
with application of 10 CFR Part 100, Appendix A methodologies will
Provide little more to license review than some of the information
eventually used in a pProbabalistic seismic hazards analysis. This
would serve only to eéxXpcse (as a matter of interest) the degree to
which such faulting was acceptable to the staff, on a prcbabilistic
basis, since acceptability of a site with both capable and active
faults had already been established.

While we know of no NRC regulation that prohibits siting a
nuclear facility astride a capable fault, it is difficult to
telieve that the NRC would license a nuclear reactor if it were
exposed to such a condition, nor would a prudent utility be likely
to seek a reactor licence in close proximity to a Capable fault.
Furthermore, it is even difficult to conceive of & utility seeking
2 reactor license for a facility astride an active (Quaternary)
fault, in the western U.S., unless Possibly there were uneguivocal
eévidence that the fault could be demonstrated as not Capable.

Because of the licersing delays that almost certainly will
develop if this issue f active and Capable faults is not
clarified, the NRC should consider providiqg more specific, early

meeting the reguirements of 10 CFR Part 60. If the existence of
capable and/or active faults underlying, bounding and/or
transecting a repository is unacceptable to the NRC, as the reactor
Siting situation might Suggest 1t should be, then potential
repository sites where such conditions exist can be removed quickly
from further consideration.

SPECIFIC COMMENTS:

Fage 2, line 1 - Use of the term "coseismic" is too limiting
in the sense that the term could be interpreted tc exclude
appropriate consideration of synthetic faulting.

Page 2, par. 1, final sentence - A number of terms important
to understanding 10 CFR Part 100, Appendix A, 10 CFR Part 60, and
their intcrrolationshipl. &s discussed in this Technical Position,
should be included in the glossary, eg. active fault,
seismotectonic pProvince, site region, and operations area.

Page 5, par. 1, final sentence - Documentation is provided on
how 10 CFR Part 100, Appendix A and 10 CFR Part 40 are linked.



There should be an explanation of why this approach is not taken
with 10 CFR Part 60.

Page 5, par. 2, first sentence - It is stated that 10 CFR Part
€0 dces not specifically rely on 10 CFR Part 100, Appendix A for
guldance regarding provisions for dealing with seismic hazards.
Tnis is in apparent conflict with the Technical Position, on page
7, which states that the NRC staff will rely on the principles of
10 CFR Part 100, Appendix A in its review of whether the
reguirements of 10 CFR Part 60 are met. This appearance of conflict
should be clarified and resolved.

Page 5, par. 2, first sentence - It is stated that 10 CFR Part
€0 does not specifically reguire the development cof a design basis
earthquake. However, the Technical Position (page 7) and the
following text strongly imply that a design basis earthguake
‘maximum vibratory ground moticn) will be reguired. This arbiguity
should be resclved, and there should be a specific statement of the
kKind of design basis earthguake (eg. SSE equivalent) that will be
reguired.

Page 7, final sentence - This statement incorporates the 10
CFR 60 requirement to design the operations area in a manner so as
to preserve the preclosure option of waste retrieva). Allowing for
the existence of capable and active faults within the repository
seems to be in direct conflict with this reguirement. Designing to
accommodate a fault rupture that isclates a part of the subsurface
cperations area from surface access will present extreme
difficulties and likely result in a compromise of safety.

Page 6, par.2, first sentence ~- This sentence should bCke
rewritten to reflect the 10 CFR Part 60 language regarding
selection of the geologic setting and design of the remaining
elements. The geclogic setting cannot be designed to limit releases
to the accessible environment.

Pages 12 and 13 - For purposes of evaluating a geclogic
repository -ite, application of the general limitation of
investigations of surface faulting to faults only within five miles
of the site is arbitrary and excessively restrictive, as it
neglects the fact that faults may be linked in space and time,
especially over the time period that must be considered. To
understand the seismic behavior of a single fault, or set of faults
commonly requires a thorough understanding of the entire system of

faults, regardless of their exact distance from the site under
consideration.

Page 14, par. 1 - It seems a bit cavalier to dismiss so easily
the need for determination of an Operating Basis Earthguake (OBE).
The text seems to imply that risk to onsite persconnel is
unimportant and that there is no risk to the public in this
context. Simply gqualitatively comparing the level of risk of a
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repository containment failure to that of a reactor under
earthquake conditions does not justify the assumption of no
significant consequence. This is especially true, given the allowed
pessibility of a capable fault within the repository creating a
gross and uncontrollable loss of containment.

Page 15, par. 1, first sentence - Underground facilities important
to safety should be included among elements that can be affected
by faulting in a geclogic repository.

Fage A-l - See earlier comment regarding the Glossary.

Fage A-3, par. 1 - At some point in the Technical Position, there
should be a clear statement that, in the ~ontext cof a geologic
repository, generalizations regardirg whether pre-Quaternary faults
are capable faults are an unacceptable basis for excluding the need
for rigorous investigation of existing "geclogically cld" faults.

Page C-1 - The purpose of including an outline of 10 CFR Part 100,
Appendix A, without supporting text is not clear. An annotated
outline which may include summaries of past experiences (case
histories) with 10 CFR Part 100, Appendix A, and references would
be much more useful than the bare outline.

We appreciate the opportunity to review and provide comment
on the subject draft Technical Position. If there are guestions
regarding these comments, please do not hesitate to contact this
cffice.

Sincerely,

t::;fi;‘._‘a,i! e

Robert Rf Loux
Executive Director

RRL/CAJ/cs
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DRAFT

ABSTRACT

The U.S. Nuclear Regulatory Commission staff considers that a deterministic
approach to investigations of fault displacement and seismic phenomena should
be applied to geologic repository investigations. Further, the staff considers
that the apprcach taken in this technical position to investigations for fault
displacement and seismic phenomena is appropriate for the collection of
sufficient data for input to analyses of the fault displacement and seismic
hgzards. both for the preclosure period and for the period after permanent
closure.

Section 2.0 of this staff technical position describes the 10 CFR Part 60
requirements that form the basis for investigations to describe the fault
displacement and seismic hazards at a geologic repository. Staff technical
position statements and corresponding discussions are presented in Sections 3.0
énd 4.0 respectively. Staff technical positions are organized according to the
following topics: (1) investigation considerations, (2) investigaticns for
;:ult displacement hazard, and (3) investigations for vibratory ground motion
zard.
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STAFF TECHNICAL POSITION ON INVESTIGATIONS TO
IDENTIFY FAULT DISPLACEMENT AND SEISMIC HAZARDS

AT A GEOLOGIC REPOSITORY

1.0 INTRODUCTION

According to 10 CFR Part 60 (see Ref, 1), the applicant for a license to
dispose of high-level radioactive waste (HLW) at a geologic repository shall
investigate potential fault displacement and seismic or vibratory ground motion
hazards that may affect the design, operation, and performance ~f the geologic
repository. However, 10 C*R Part 60 does not specify the manner in which these
fault displacement and seismic hazards are to be investigated. The purpose of
this Staff Technical Position (STP), therefore, is to provide regulatory
guidance to the U.S. Department of Energy (DOE) on appropriate investigations
that can be used to identify fault displacement and seismic hazards at a
geologic repository. The terms "fault displacement® and “"seismiz hazards," as
used in this STP, are limited to the hazards resulting from fault displacement
and vibratory ground motion that can affect the design and performance of the
geologic repnsitory,

The obj c(ive of the investigations s to provide information needed for both
deterministic and probabilistic analyses of the fault displacement and seismic
hazards. Ultimately, these investigations provide fnput to the determination
of tha design bases of fault displacement and vibratory ground motion that need
to be taken into account for the design of structures, systems, and components ,
of & geologic repository, that are important to safety, containment, or waste
fsolatfon. Consideration of the geologic history of faults, in the geologic
settings that are thought to be capable of generating earthquakes and
displacement, in accordance with criteria described in this STP, contributes to
the determination of the most severe earthquakes and displacement that are
Tikely to be associated with these faults., Likewise, the design basis for both



DRAFT
« 2.

the maximum vibratory ground motion and the expected vibratory ground motion
reflects the seismology, geology, and the seismic and geologic history of the
site and the surrounding region. Consideration of historical earthquakes that
can be assocfated with tectonic structures or with the geclogic setting, and
other factors, can help to identify the most severe earthquakes associated with
these features. An analysis of the information acquired through the
investigations should lead to an estimation of the rates of fz 1t displacement
and of seismic activity. Knowledge of such rates and of the fault and sefsmic
characterisics of the site and the geologic setting is fundamental to the
development of design bases.

In general terms, this STP draws on experience gained in applying the concepts
in Appendix A of 10 CFR Part 100 (see Ref. 2), to establish appropriate
investigations for providing input for the determination of design basis fault
displacement and vibratory ground motion hazards for a geologic repository.
Certain parts of Appendix A of 10 CFR Part 100, with modification, are
appropriate for addressing the investigations of the fault displacement and
seismic hazard at a geologic repository.

This TP does not address fault displacement analysis or seismic hazard
enalysis; guidance on these analyses will be treated separately. Furthermore,
it does not address the interpretation of the “anticipated processes and
events® and “unanticipated processes and events® concepts, as defined in 10 CFR
Part 60. Also, this STP does not address the effects of fault displacement on
ground water. Finally, the criteria contained in this STP do not address
investigations of volcanic or volcano-tectonic phenomena for candidate sites
Tocated in areas of such activity. Guidance on the {nvestigation of the
volcano-tectonic aspects of such sites also is being considered separately. It
is emphasized here that this position in no way suggests deferring to Appendix
A of 10 CFR Part 100 for guidance in addressing the fault displacement and
seismic hazards at a geologic repository. This is particularly true for those
sections of Appendix A of 10 CFR Part 100 that address the determination of the
need to design for fault displacement and the design bases for vibratory ground
motion.
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STPs are issued to describe and make available to the public criteria for
methods acceptable to the Nuclear Regulatory Commission (NRC) staff, for
implementing specific parts of the Commission's regulations, or to provide
guidance to the DOE. STPs are not substitutes for regulations, and compliance
with them is not required. They suggest one approach that is acceptable to the
staff for meeting regulatory requirements. Methods and solutions differing
from those set out in the STP will be acceptable if they provide a basis for
the findings requisite to the issuance or continuance of a2 permit or license by
the Commission. Published STPs will be revised, as appropriate, to accommodate
comments and to reflect new information and experience. In addition, the staff
will review in detai] the information provided by DOE in light of Standzrd
Format and Content Guide(s) currently being developed by the staff in
preparation for license applications and such other guidance and regulatory
documents (for example, those detailing quality assurance requirements) as may
have been provided to the public and the DOE.

2.0 REGULATORY BACKGROUND

The criteria set forth in 10 CFR 60.21(c)(1)(11) form the basis for
fnvestigations to describe the fault displacement and seismic hazards at a
geologic repository operations area. The following is an excerpt of the
approprizte text of 10 CFR 60.21(c)(1)(11):

"§60.21(c) The Safety Analysis Report shall include: (1) A
description and assessment of the site at which the proposed
geologic repository operations area is to be located with
appropriate attention to those features of the site that might
affect geologic repository cperations area design and
performance. The description of the site shall identify the
Tocation of the geologic repository operations area with
respect to the boundary of the accessible environment.

(1) The description of the site shall also include the
following information regarding subsurface conditions. This
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description shall, in all cases, include such information with
respect to the controlled area [see glossary]. In addition,
where subsurface conditions outside the controlled area may
affect isolation within the controlled area, the description
shall include such information with respect to subsurface
conditions outside the controlled area to the extent such
information is relevant and material....® (11) The assessment
shall contain: (A) An analysis of the geology [and] geophysics
. of the site[.]"

This description and analysis must be in sufficient depth to support the
assessment of the effectiveness of engineered and natural barriers (10 CFR
60.21(c){1)(11)(D)), as well as the analysis of design and performance
requirements for structures, systems, and components important to safety (10
CFR 60.21(c)(3)).

Performance objectives, siting, and design criteria described in 10 CFR Part 60
establish the bases for considering the fault displacement and seismic hazard
for the preclosure and postclosure periods. According to 10 CFR 60.111, during
the preclosure period, the geologic repository operations aresz is to be
designed to provide protection against radiation exposures and releases of
radioactive material in accordance with standards set forth {n 10 CFR Part 20
(see Ref. 3). Also, during the preclosure period, 10 CFR 60.111 requires that
the geologic repository operations area be designed so that the option to
retrieve the emplaced radioactive waste 1s preserved. 10 CFR 60.131(b)(1)
states that structures, systems, and components important to safety be designed
sc that natural phenomena and environmental conditions expected at the geologic
repository uperations ares will not interfere with necessary safety functions,

It is expected that much of the information gathered to support the fauylt
displacement and seismic hazard evaluation required by 10 CFR 60.131{b)(1), for
the preclosure perfod, can also be used to support fault displacement and
seismic hazard evaluation, after permanent closure, with due consideration
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given to the uncertainties associated with projections over a much longer
period of postclosure performance.

Unlike other nuclear facilities that handle, process, or use high-level
radicactive materials, a geologic repository is unique in that it is a facility
that not only processes the material, but also becomes the site of the final
disposal of this material. Other nuclear facilities, once they have served
their usefulness, are decommissioned, and radioactive material associated with
the facility is removed to appropriate disposal facilities, including a
geclogic repository. The investigations performed to address the requirements
of 10 CFR 60.131(b)(1) should be conducted concurrently with investigations for
postclosure evaluations, such as the potentially adverse conditions regarding
the fault displacement and seismic hazards found in 10 CFR 60.122(c)(12),
60.122(c)(13), and 60.122(c)(14), and the fault displacement conditions
addressed in 10 CFR 60.122(c)(3), 60.122(c)(4), and 60.122(c)(11). These
potentially adverse conditions are to be addressed according to the provisions
of 10 CFR 60.122(a)(2).

3.0 STAFF TECHNICAL POSITIONS

It fs the NRC staff's position that a deterministic approach to investigations
of fault displacement and seismic phenomena, defined in detail in succeeding
parts of this section, should be applied to geologic repository investigations.
Further, it is the position of the staff that the approach to investigations
for fault displacement and seismic phenomena described in this section is
appropriate for the collection of sufficient data for input to analyses of the
fault displacement and sefsmic hazards, both for the preclosure period and for
the period after permanent closure.

3.1 Investigation Considerations.
This section provides guidance on the *Identification of the Region to be
Investigated,” and the "Identification of Faults in the Geologic Setting
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Susceptible to Displacement,” that form the basis for more detailed
investigations described by the technical positions in Sections 3.2 and 3.3.

3.1.1 Identification of the Regfon to be Investigated.

The size of the region to be investigated should be a.termined by the nature of
the proposed site's geologic setting. For the purposes of the identification
of faults susceptible to displacement, the term "geologic setting® applies to
both preclosure and postclosure periods. With respect to the identification of
fault displacement hazard, the identification process should be based on a
review of the pertinent literature and relevant field investigations, and the
consideration of alternative tectonic models. Technical position 3.3 provides
specific guidance on the size of the area for which historical data are to be
compiled in the identification of seismic hazards.

3.1.2 ldentification of Faults in the Geologic Setting Susceptible to
Displacement.

The purpose of this technical position is to provide DOE with an acceptable
approach for identifying those faults ir the geologic setting that should be
considered for further investigation. These faults are termed faults
susceptible to displacement ("susceptible® fault). The staff defines a fault
within the geologic setting susceptible to displacement, as one that (a) has
had movement within the Quaternary Period; or (b) has seismicity,
instrumentally determined with records of sufficient precision, that suggests a
direct relationship with the fault; or (c) 1s orfented .uch that it is subject
to failure in the existing stress field; or (d) has 2 structural relationship
(1.e., movement on one fault could cause movement on another) to a fault that
meets one or more of the forementioned criteria.

An acceptable approsch to the the identification of *susceptible® faults should
include:
(1) Consideration of geclogic conditions of the geologic setting, such as
fts Tithology, stratigraphy, structural geology, stress field, and
geologic history;
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(2) Determination of ex stence of Quaternary-age displacement on faults
within the geologic setting;

(3) Consideration of alternative tector .c models; and

(4) Listing of all historically reported earthquakes that can reasonably
be associated with faults, any part of which is within the geologic
setting, including date of occurrence and the following measured or
estimated da* : magnitude or highest intensity, and a plot of the
epicenter or region of highest intensity.

3.2 Investigations for Fault Displacement Hazard.

The investigations described in this section together with the investigations
described in subsection 3.1.2 should be sufficient to provide input for the
determination of the design basis fault displacement related to structures,
systems, and components important to safety, containment, or waste isolation in
the surface and underground facilities; these investigations apply to both
faults expressed at the surface und those faults with no surface expression.

3.2.1 Investigation of Faults Susceptible to Displacement.

Following the identification of faults susceptible to displacement,
consideration should be given to which “susceptible” faults need to undergo
further investigation. “Susceptible” faults inside the controlled area should
be investigated in detail, based on the approach described in subsection 3.2.2.
For "susceptible” faults cutside of the -ontrolled area, iterative assessments
of their possible impact on structures, systems, and components important to
safety, containment, or waste isolation can be used as screening criteria for
determining the need for detailed investigation. Those “"susceptible® faults
outside the controlled area to be investigated in detail should also be
investigated based on the approach described in subsection 3.2.2.

3.2.2 Deteiled investigation of "Susceptibie” Faults.
An acceptable approach to the detailed investigation of "susceptible” faults
should include:




(1) Character of the fault or fault zone, including its length, width, and
three-dimensional geometry;

(2) Relationship of the fault to other tectonic structures in the
controlled area and the geologic setting;

(3) Nature, amount, and geologic history of displacements along the fault,
including particularly the estimated amount of Quaternary-age displacement;
and

(&) Correlation of hypocenters, or locations of highest . .‘ensity, of
historically reported earthquakes with faults, any part of which is within
the controlled area.

"Susceptible” faults encountered in the underground facility should be
correlated with their expressions at the surface. If *susceptible” faults
encountered in the underground facility cannot be correlated with surface
expressions, then investigations should be performed in acccrdance with this
subsection. Finally, for "susceptible® faults in the controlled ares and those
selected from beyond the controlled area for detailed investigation, the
‘nvestigations should also include consideration of alternative tectonic models
at the scale of the controlled ares or larger area, as appropriate.

3.3 Investigations for Vibratory Ground Motion Hazard.

The investigations described in this section should be conducted to obtain

information needed to provide input for the analysis of the vibratory ground

motion. In addition to the investigations described in item (1) of technical

position 3.1.2, an acceptable vibratcry ground motion hazard investigation

should 21so include the following:
(1)(2) Listing of a1l historically reported earthquakes that have affected
or that could reascnably be expected to have affected the site, including
the date of occurrence and the following measured or estimated data:
magnitude or highest intensity, and & plot of the epicenter or location of
highest intensity. Where historically reported earthquakes could have
caused a maximum ground acceleration of at least one-tenth the
scceleration of gravity (0.1g) to the site, the acceleration or intensity,




time history, and duration of ground-shaking at these facilities should
8lso be estimated. (Since earthquakes have been reported in terms of
various parameters such 2s magnitude, intensity at a given location, and
effect on ground, structures, and people at a specific location, some of
these data may have to be estimated by use of appropriate empirical
relationships. Measured data are preferable to estimated data, when
available.); and

(1)(b) A description of the comparative characteristics of the material
underlying the epicentral location or regicn of highest intensity, and of
the material underlying the site in transmitting earthqueke vibratory
motion. Investigations in this regard should include:
(i) A determination of the static and dynamic engineering properties
of the materials underlying the site, as well as an assessment of the
properties needed to determine the behavior of the underlying
materials during earthquakes, and the characteristics of the
underiying materials in transmitting earthquake-induced motions to
those structures, systems, and components important to safety,
contzinment, or waste isolation, such as seismic wave velocities,
density, water content, porosity, and strength; and
(11) An assessment of the physical evidence concerning the behavior,
during prior earthquakes, of the surficial geologic materials and the
substrata underlying the site from the 1ithologic, stratig aphic, and
structural geologic studies described by technical position 3.1.2;

(2) Determination of regional attenuation of vibratory ground motion;

(3) Corre’ation of epicenters or locations of highest intensity of
historically reported earthquakes, where possible, with tectonic
structures, any part of which is located within 200 miles of the site.
Epicenters or lTocations of highest intensity that camnot be reasonably
correlated with tectonic structures should be associated with sefsmic
source zones, any part of which is located within 200 miles of the site;
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(4) Determination of which “susceptible” faults mey be of importance in
determining the design basis vibratory ground motfon. The “"susceptible*
faults that should be studied are those faults that could generate the
equivalent of 0.1g or greater maximum ground acceleration at the location
of the controlled area; and

(§) Determination of the fault parameters described in Subsection 3.2 for
those “susceptible” faults that may be of importance in establishing the
design basis vibratory ground motion.

It should be noted that vibratory ground motion determinations for 2 point on
the surface using accepted attenuation functions, which are typically derived
from surface observations, will generally be conservative for the underground
facility beneath the surface point (except for cases of unusual channeling of
the motion). However, 1f “susceptible® faults are Tocated such that there is 2
potential for vibratory ground motion to impact the underground facility,
investigations should be undertaken to determine 1f areas exist, within the
underground facility, where vibratory ground motion #. depth would be higher
than at the surface. If feasible, vibratory ground isotion should be monitored
as early as possible during the site characterization phase of investigations,
both on the surface above the proposed underground facility and at the level of
the proposed underground facility itself, to observe possible differences in
the motion between these locations. Observed differences should be used to
estimate the vibratory ground motion attenuation with depth.

4.0 DISCUSSION

The reader of this STP will find that the elements of investigation presented
in Sections 3.2 and 3.3 are similar to the elements presented in Section IV of
Appendix A of 10 CPR Part 100. The NRC staff could have adopted A andix A of
10 CFR Part 100 for guidance concerning seismic and geologic criteria, as it
has done in 10 CFR Part 40 (see Ref. 4) with regard to tailings dams for
uranfum processing mills or in 10 CFR Part 72 (see Ref. 5) with regard to
independent spent fuel storsge installations or monitored retrievable storive



systems. However, Appendix A of 10 CFR Part 100 was not adopted because of

the inherent differences between nuclear power plants and 2 geologic repository,
For example, the very long performance period following permanent closure 2t a
geologic repository results in significant differences between preclosure and
postclosure performance assessment requirements; requirements not addressed by
the investigative approaches described in 10 CFR Part 100, Appendix A.

The following discussion parallels the 1ist of technical positions given in
Section 3.0.

&.1 Investigation Considerations.
This section provides supporting discussion for the identification of the

region to be investigated and the concept of “"susceptible® fault.

4.1.1 Identification of the Region to be Investigated.

The area] extent of the regfon to be investigated should be such that the
geologic and seismic characteristics are understood in sufficient detail so as
to permit an evaluation of the proposed site, to provide sufficient information
to support the determinations based on these investigations, and to provide
input for engineering solutions to actual or potentia) geologic and sefsmic
effects at the proposed site.

4.1.2 ldentification of Faults in the Geologic Setting Susceptible to
Displacement.

The concept of "susceptible® fault is based on 10 CFR Part 60 requirements, and
buiids on past regulatory experience (10 CFR Part 100, Appendix A). For the
purposes of this STP, the definition of & "susceptible” fault serves only as an
indicator (f.e., investigative tool) to identify faults to be considered for
investigation. The terw “"capable fault,* as defined in 10 CFR Part 100,
Appendix A, was not used in this STP beczuse "capable fault" was originated to
help define the hazard posed to nuclear power facilities and thus was developed
in a substantially different context than HLW repository performance. In
contrast to “"susceptible” fault, as defined in this STP, “capable fault® was
used 2s & site suicability tool, with established criteria under which nuclear

power station sites that include capable filits are not considered ruitable
(see Refs. 6 and 7).
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After an assessment of existing geologic data and alternative tectonic models
for the site, faults within the geologic setting that meet one, several, or all
of the criteria listed in the aforementioned technical position 3.1.2 would be
designated as "susceptible® faults. The identification of “susceptible” faults
is considered to be an fterative process in that faults recognized during the
characterization process must be evaluated using the criteria established in
technical position 3.1.2. Where it is impossible to clearly demonstrate that
faults are not “susceptible to displacement” under the criteria listed in
technical position 3.1.2, these faults should be assumed to be susceptible to
displacement. Faults or fault zones that ~re clearly demonstrazted to not meet
sny of the criteria for "susceptible” faults would generally require no further
investigation, under the guidance provided by thc technical positions in
Section 3.2.

This STP does not provide specific 1imits on the dimensions of "susceptible®
faults that require investigation. DOE is afforded the flexibility to
demonstrate that displacement along "susceptible” faults of a certain dimension
will not adversely affect the performance of structures, systems, and
components of a geologic repository important to safety, containment, or waste
isolation. “Susceptible® faults that fall in this category will require no
further investigation, under the guidance in this STP. Consequently, the
staff's concept of "susceptible® fauit is considered to be size-independent.

The definition of "susceptible” fault considers the Quaternary Period as the
basic time increment for the determination of fault significance. The staff
does not belfeve that the use of this time increment as a baseline for
characterization is unnecessarily conservative. The use of the entire
Quaternary record in characterization activities is based or requirements of 10
CFR Part 60 and supported by the staff analysis of public comments on the draft
of 10 CFR Part 60 (see page 373 in Ref. 8). Based on this analysis, it was
concluded that in regard to the investigation of potentially adverse
conditions, *...211 that is important {s that processes ‘operating during the
Quaternary Period' be identified and evaluated....* (48 FR 28211; dated June
21, 1983). The use of the entire Quaternary record also reflects technical
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points of view such as those expressed by Allen (see Ref. 9), who indicates
that "...the distribution of faults with Quaternary displacements seems to be a
valid general guide to modern seismicity® and *... understanding the Quaternary
Period is much more important than understanding earlier periods, and this is
where attention should first be concentrated." In addition, Hays (see Ref. 10)
indicates that "...stratigraphic offset of Quaternary deposits by faulting is
indicative of an active fault." Fimally, consideration of the record for the
entire Quaternary Period is necessary to ensure that faults having long
recurrence intervals (i.e., greater than 100,000 years) will be investigated.

The definition of “"susceptible® fault is not intended to preclude an
examination of the pre-Quaternary record. An assessment of the pre-Quaternary
movement history may be needed to establish whether tempora! or spatial
clustering of /ault activity is of importance to the repository. DOE is
afforded the flexibility to Jetermine the need or lack of need for an
examination of the pre-Quaternary record of fault movements.

The definition of "susceptible® fault also incorporates a criterion that a
fault is "susceptible® if 1t is susceptible to failure in the existing stress
regime. This criterion reflects two separate conditifons. First, this
criterion reflects situations where the existing stress regime is interpreted
to suggest that faults that trend in certain directions (i.e., favorably-
oriented faults) are in a state of incipient failure. An example of this
occurs at the proposed repository site at Yucca Mountain where Rogers and
others (see Ref. 11) have indicated that faults in the region with azimuths
ranging from about north to east-northeast should be considered favorably
oriented for activation in the current stress regime. The second condition
reflected by this criterfon {s the possible perturbations to the stress regime
by the emplaced radicactive waste. In the iterative process of the
fdentification of "susceptible® faults in the underground facility, the term
"existing stress regime* is intended to include the stress regime that will
exist in the repository after the emplacement of radiocactive waste. Therefore,
the effect(s) of emplaced radioactive waste should be considered in the
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fdentification of, and further study of “susceptible® faults in the underground
facility.

It is emphasized that of the criteri, for definition of "susceptible® faults,
documented evidence of movew.t witiin the Quaternary Period is the most
important criterion with respect to determining the significance of a fault to
the repository. In cases where locumentation of movement in the Quaternary
Perfiod 1s lacking or accompaniid by high levels of uncertainty, the other
criteria for the identification of “susceptible” faults should be considered.

4.2 Investigaticns for Fault Displacement Hazard.

A1l faults that are susceptible to displacement are not equally hazardous.
Thus, the level of investigation can vary from that sufficient for the purpose
of identification (such as stated in technical position in subsection 3.1.2) to
the: sufficient as input for the determination of design fault displacement
{such &s stated by the techrical positions in Section 3.2). “Susceptible®
faults in the controlled area for which it can be clearly demonstrated that
they will not adversely affect the performance f 2 geologic repository can be
investigated in lesser detail than those faults that may adversely affect the
porformance of structures, systems, and components of the repository. DOE also
s afforded the flexibility to demonstrate that displacement along *
susceptible™ faults outside the cortrolled area will not adversely affect the
performence of structures, systems, and components of a geologic repository
important to safety, containment, or wauts isolatior, and thus these faults
will require no further investigation under guidance in this STP.

It 1s unlikely that fault displacement could oczur &' the surface above an
underground facility without also occurr ing within the underground facility.
If, however, faults are encountered ‘n the underground facility, it may be
impractical to study such faults in the manner described in Sectfon 3.2.
Instead, spocial emphasis should be given to the nature of the fault trace, its
extent as observed in other openings, and its orientation relative to the
trends of “aults {dentified as “susceptible® fau'ts in the vicinity of the
underground facility.
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4.3 Investigations for Vibratory Ground Motion.

A key element driving the investigations for vibratory ground motion is the
peak horizontal accelera.ion value of 0.1g, below which the staff does not have
a regulatory concern. Using 0.1g as a discriminator to determine the scope cf
investigations to be undertaken or the type of information to be gathered,
facilitates the use of various relationships between maximum ground
acceleration and paramcters of interest. It should not be construed that
maximum ground acceleration alone provides the necessary input for the
determination of the design basis vibratory ground motion. A value of 0.1g is
reasonable when considering the uncertainties encountered in the earthquake
data base as well as in the various relationships that have been derived for
earthquakes and fauiting. This value has been cited in a number of regulatory
and guidance documents as a discriminator for the minimum value of
consideration for the determination of design basis earthquakes and is so used
here. (For example, see section IV, “Required Investigations® in 10 CFR Part
100, Appendix A.)

The 200-mile radius, within which earthquakes shouid be correlated with
structures or associated with seismic source zones, was chosen because this
distance approximates the distance at which the peak horizonta] acceleration
due to the largest ear' .. ~:s expected in the contiguous United States would
be attenuvated to 0.1g. In a similar fachion, the "susceptible® faults that
should be studied are those faults that lie within circles, centered on the
Tocation of the controlled area, whose radif are a function of earthquake
magnitude and the vibratory ground motion attenuation determined for the
region. Each radius represents the distance at which vidretory ground motion
of & particular magnitude earthquake would be attenuated to the equivaient of
0.1g, the acceleration of minimun concern at the location of <he controlled
aresa.

It is generally observed that vibratory ground motion ot depth is less than
that observea on the surface above the underground observation point for
sources at some distance from the observation points (see Ref. 12). Obviously,
if the underground facility is to encompass “susceptible” faults, and these
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faults experience movement resulting in earthquakes, then there will exist some
zone surrounding the faults where vibratory ground motion might exceed that
experienced at the surface. For such vibratory ground motion, it might be
necessary to identify the extent of zones of potentially higher vibratory
ground motion that may exist in the underground facility.
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GLOSSARY

As used in this guidance:

"Controlled Area® means a surface location, to be marked by suitable
monuments, extending horizontally no more than 10 kilometers in any direction
from the outer boundary of the underground facility, and the underlying
subsurface, which area has been committec to use as a geologic repository and

from which incompatible activities would be rec<tricted following permanent
closure (10 CFR Puit 60).

"Fault susceptible to displacement® is a fault in the geologic setting
that:
a) has had movement within the Quaternary; or

b) has seismicity, instrumentally determined, with records of sufficient
precision to demonstrate a direct relationship with the fault; or

c) is oriented such that it is subject to failure in the existing stress
field; or

d) has a structural relationship to a fault that meets one or more cof the
above criteria.

"Geologic Setting® means the geologic, hydrologic, and geochemical systems
of the region in which a geologic repository operations area s or may be
Tocated (10 CFR Part 60).

"Seismic hazard" is a set of conditions, baszd on the potential for the
occurrence of earthquakes, that might operate against the health and safety of

the public. Sefsmic hazard may be characterized in either deterministic or
probabilistic terms.

*Site" means the location of the controlled area (10 CFR Part 60).
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APPLICABLE 10 CFR PART 60 REGULATIONS
10 CFR 60.21(c)(1)

(c) The Safety Analysis Report shall include:

(1) A description and assessment of the site at which the proposed
geologic repository operations area is to be located with appropriate attention
to those features of the site that might affect geologic repository operations
area design and performance. The description of the site shall identify the
location of the geclogic repository operations area with respect to the
boundary of the accessible environment.

(1) The description of the site shall also include the following
information regarding subsurface conditions. This description shall, in all
cases, include such information with respect to the controlled area. In
addition, where subsurface conditions outside the controlled area may affect
isolation within the controlled area, the description shall include such
information with respect to subsurface conditions outside the controlled area
to the extent such information {s relevant and material.

(11) The assessment shall contain:

(R) An analysis of the geology [and] geophysics ... of the site[.]

§60.21(c)(1)(11)(C)

[The assessment of the site at which the proposed geologic repository
operations ares is to be located, that is to be included in the Safety Analysis
Report of the license application, shall contain:]

(C) An evaluation of the performance of the proposed geologic repository
for the period after permanent closure, assuming anticipated processes and
events, giving the rates and quantities of releases of radionuclides to the
accessible environment as a function of time; and 2 simiic» evaluation which
assumes the occurrence of unanticipated processes and events

§60.21(c)(3)

[The Safety Analysis Report of the license application shall include:] (3)
A description and analysis of the design and performance requirements for
structures, systems, and components of the geologic repository which are
fmportant to safety. This analysis shall consider -- (1) The margins of safety
under normal conditions and under conditions that may result from anticipated
operational occurrences, including those of natural origin; and (i1) the
adequacy of structures, systems, and components provided for the prevention of
accidents and mitigation of the consequences of accidents, including those
caused by natural phenomena.
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§60.111, Performance of the geclogic repository operations area
through permanent ciosure.

(2) Protection against radiation exposures and releases of radicactive
material. The geologic repository operations area shall be designed so that
until permanent closure has been completed, radiation exposures and radiation
levels, and releases of radioactive materials to unrestricted areas, will at
all times be maintained within the Timits specified in Part 20 of this chapter
and such generally applicable environmental standards for radioactivity as may
have been established by the Environmental Protection Agency.

(b) Retrievability of waste. (1) The geologic repository operations ares
shall be designed to preserve the option of waste retrieval throughout the
period during which wastes are being emplaced and, thereafter, until the
completion of a performance confirmation program and Commission review of the
information obtained from such a program. To satisfy this objective, the
geologic repository operations area shall be designed so that any or all of the
emplaced waste could be retrieved on a reasonable schedule starting at any time
up to 50 years after waste emplacement operations are initiated, unless a
different time period is approved or spec!'ied by the Commission. This
different time period may be established on a case-by-case basis consistent
with the emplacement schedule and the planned performance confirmation program.

(2) This requirement shall not preclude decisions by the Commission to
allow backfilling part or all of, or permanent closure of, the geologic
repository operations area before the end of the period of design for
retrievability.

(3) For purposes of this paragraph, a reasonable schedule for retrieval is
one that would permit retrieval in about the same time as that devoted to
construction of the geologic repository operations area and the emplacement of
wastes,

r permanent cCiosure.

The geologic setting shall be selected and the engineered barrier system
and the shafts, boreholes and their seals shall be designed to assure that
relesses of radioactive materials to the accessible environment following
permanent closure conform to such generally applicable envirommental standards
for radioactivity as may have been established by the Environmental Protection
Agency with respect to both anticipated processes and events and unanticipated
processes and events,

60.113, Performance of particular barriers after permanent closure.

(2) Genersl provisions -- (1) Engineered barrier system. (1) The
engineered barrier system shall be designed so that assuming anticipated
processes and events: (A) Containment of HLW will be substantially complete
during the period when radiation and thermal conditions in the engineered
barrier system are dominated by fission product decay; and (B) any release of
radionuclides from the engineered barrier system shall be a gradual process
which results in small fractional releases to the geologic setting over long
times. For dispotal in the saturated zone, both the partia) and complete
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filling with ground water of available void spaces in the underground facility
shall be appropriately considered and analyzed among the anticipated processes
and events in designing the engineered barrier system,

(11) In satisfying the preceding requirement, the engineered barrier
system shall be designed, assuming anticipated processes and events, so that:

(A) Containment of HLW within the waste packages will be substantially
complete for a period to be determined by the Conmission taking into account
the factors specified in 10 CFR 60.113(b) provided, that such period shall be
not less than 300 years nor more than 1,000 years after permanent closure of
the geologic repository; and

(B) The release rate of any radionuclide from the engineered barrier
system following the containment period shall not exceed one part in 100,000
per year of the inventory of that radionuclide calculated to be prsent at
1,000 years following permanent closure, or such other fraction of the
inventory as may be approved or specified by the Commission; provided, that
this requirement does not apply to any radionuclide which is released at a rate
less than 0.1 percent of the calculated total release rate limit. The
calculated total release rate 1imit shall be taken to be one part in 100,000
per year of the inventory of radicactive waste, originally emplaced in the
underground facility, that remains after 1,000 years of radiocactive decay.

F?Z) Geologic setting. The geologic repository shall be located so that
pre-waste-emplacement ground water travel time along the fastest path of 1ikely
radionuclide travel from the disturbed zone to the accessible environment shall
be at least 1,000 years or such other travel time as may be approved or
specified by the Commission,

(b) On a case-by-case basis, the Commission may approve or specify some
other radionuclide release rate, designed containment period or pre-waste-
emplacement ground-water travel time, provided that the overall rystem
performance objective, as it relates to anticipated processes and events, is
satisfied. Among the factors that the Commission may take into account are:

(1) Any generally applicable environmental standard for radicactivity
established by the Environmental Protection Agency;

(2) The age and nature of the waste, and the design of the underground
facility, particularly as these factors bear upon the time during which the
therma) pulse is dominated by the decay heat from the fission products;

(3) The geochemical characteristics of the host rock, surrounding strata
and ground water;and

(4) Particular sources of uncertainty in predicting the performance of the
geologic rtpositor{.

o?c) Additiona]l requirements may be found to be necessary to satisfy the
overall system performance objective as it relates to unanticipated processes
and events,

§60.122(a)(2), Siting Criteria.

[Selected requirements considered directly or indirectly
releted to seismic hazard]

(2) 1f any of the potentially adverse conditions specified in r..a raph
(¢) [560.122(c§] of this section is present, 1t may compromise the ability of



DRAFT APPENDIX B
.28 -

the geologic repository to meet the performance objectives relating to the
isolation of waste. In order to show that a potentially adverse condition does
not so compromise the performance of the geologic repository the following must
be demonstrated:

(1) The sotentially adverse human activity or natural condition has been
adequately investigated, including the extent to which the condition may be
present and stil] undetected taking into account the degree of resolution
achieved by the investigations; and

(11) The potentially adverse human activity or natural coendition on the
site has been adequately evaluated using analyses which are sensitive to the
potentially adverse human activity or natural condition and assumptions which
are not Tikely to underestimate its effect; and

(141)(A) The potentially adverse human activity or natural condition is
shown by anaiysis pursuant to paragraph (2)(2)(11) of this section not to
affect significantly the of the geologic repository to meet the performance
objectives relating to the isolation of waste, or

(B) The effect of the potentially adverse human activity or natural
condition is compensated for by the presence of a favorable combination of the
favorable characteristics so that the performance ojectives relating to the
isolation of waste are met, or

(C) The potentially adverse human activity o, natural condition can be
remedied.

§60.122(c), Potentially adverse conditions.

[Selected conditions considered directly or indirectly
related to sefsmic hazard

(c) Potentially adverse condi*ions. The following conditions are
potentially adverse conditions {f they are characteristic of the controlled
area or may affect isolation within the controlled area.....

(3) Potential for natural phenomena such as lands1ides, subsidence, or
volcanic activity of such a magnitude that large-scale surface water
impoundments could be created that could change the regional ground-water flow
system and thereby adversely affc.t the performance of the geologic repository.

(4) Structural deformation, such as uplift, subsidence, folding, or
faulting that may adversely affect the regional ground-water flow system.

(11) Structural deformation such as uplift, subsidence, folding, and
faulting during the Quaternary Period.

(12) Elrtgquakcs which have occurred historically that 1f they were to be

repeated could affect the site significantly.

(13) Indicaticns, based on correlations of earthquakes with tectonic
processes and features, that either the frequency of occurrence or magnitude of
earthquakes may increase.

?14) More frequent occurrence of earthquakes or earthquakes of higher
magnitude than s typical of the area in which the geologic setting is located.
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i§0.131§b]§1)! Protection a*ainst natyral phenomena
and environmental co ons .

[With respect to the general design criteria for the geologic
repository operations area.)

(b) Structures, systems, and components important to safety -- (1)
Protection against natural phenomena and environmental conditions. The
structures, systems, and components important to safety shall be designed so
that natural phenomena and environmental conditions anticipated at the geologic
repository operations area will not interfere with necessary safety functions.
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OUTLINE

1. GENERAL COMMENTS
2. WARM FUZZIES

3. MAJOR COMMENTS
4. OTHER COMMENTS

5. QUESTIONS



GENERAL COMMENTS

DOE UNDERSTANDS STP APPLIES TO SITE CHARACTERIZATION ONLY, NOT
DESIGN-BASIS DEVELOPMENT.

DOE AGREES THAT A SINGLE APPROACH TO INVESTIGATING PRE- AND POST-
CLOSURE SEISMIC HAZARDS IS APPROPRIATE. HOWEVER, DOE INTENDS TO

USE DIFFERENT APPROACHES FOR DEVELOPING PRE- AND POST-CLOSURE
DESIGN BASES.

+ DOE WILL CAREFULLY REVIEW THE FINAL STP BEFORE TAKING ANY DECISION

TO ENDORSE. HOWEVER, WITH A FEW EXCEPTIONS, THE DRAFT STP APPEARS

TO BE CONSISTENT WITH DOE'S PUBLISHED PLANS FOR SITE
CHARACTERIZATION.



e e g,

WARM FUZZIES

+ STP ACKNOWLEDGES BOTH DETERMINISTIC AND PROBABILISTIC ANALYSES
OF SEISMIC HAZARDS WILL BE NEEDED. (§1.0, Y2)

+ STP "IN NO WAY SUGGESTS DEFERRING TO APPENDIX A OF 10 CFR PART 100
FOR GUIDANCE ..." (§1.0, 14)

« PART 100 "NOT ADOPTED BECAUSE OF THE INHERENT DIFFERENCES BETWEEN
NUCLEAR POWER PLANTS AND A GEOLOGIC REPOSITORY." (§4.0, Y4)

» NO LIMITS SET ON THE DIMENSIONS OF "SUSCEPTIBLE" FAULTS THAT
REQUIRE INVESTIGATION. DOE CAN DEMONSTRATE THAT SAFETY
PERFORMANCE WOULD NOT BE ADVERSELY IMPACTED BY DISPLACEMENT ON

SMALL FAULTS. (§4.1.2, 12)

« "ALL FAULTS THAT ARE SUSCEPTIBLE TO DISPLACEMENT ARE NOT EQUALLY
HAZARDOUS. THUS, THE LEVEL OF INVESTIGATION CAN VARY ..." (§4.2, 11)



MAJOR COMMENTS

+ THE PROPOSED TERMINOLOGY IS UNACCEPTABLE. "SUSCEPTIBLE FAULT"
CONVEYS THE IDEA OF A SIGNIFICANT PROBABILITY OF MOVEMENT, BUT
MANY FAULTS WOULD MEET THE PROPOSED DEFINITION, AND YET HAVE AN
EXTREMELY SMALL LIKELIHOOD OF MOVEMENT.

- DOE SUGGESTS THAT A GENERIC DESCRIPTION SUCH AS, "CANDIDATE FAULTS
FOR CHARACTERIZATION,” BE SUBSTITUTED FOR "SUSCEPTIBLE,” AND THAT
A FAULT SIZE AND DISTANCE CRITERION BE ADDED.

- DOE NEEDS TO KNOW WHETHER THE NRC STAFF INTENDS TO USE
"SUSCEPTIBLE"” FAULTS IN GUIDANCE ON DESIGN-BASIS DEVELOPMENT AND,
IF SO, HOW. STATEMENT (§4.1.2, 12) THAT DOE SHOULD CONSIDER FAULTS
TO BE "SUSCEPTIBLE"” THAT CANNOT CLEARLY BE SHOWN TO NOT BE
"SUSCEPTIBLE,” DOES NOT APPEAR TO BE AIMED AT SITE
CHARACTERIZATION.



MAJOR COMMENTS

(CONTINUED)

- "SUSCEPTIBLE" FAULTS ARE DEFINED TO HAVE ONE, SEVERAL, OR ALL OF:
(A) QUATERNARY MOVEMENT, (B) SUGGESTIVE ASSOCIATION WITH
RECORDED EARTHQUAKES, (C) FAVORABLE STRESS-FIELD ORIENTATION, OR
(D) STRUCTURAL RELATIONSHIP TO A FAULT WITH A, B, OR C. IF A FAULT
DOES NOT DISPLACE QUATERNARY MATERIAL, IT SHOULD HAVE TO MEET ONE
OF THE REMAINING CRITERIA TO BE A CANDIDATE FOR FURTHER

CHARACTERIZATION.

« THE STP STATES THAT ALL "SUSCEPTIBLE" FAULTS IN THE GEOLOGIC
SETTING SHOULD BE IDENTIFIED (§3.1.1), BUT THAT THE DEGREE OF FURTHER
CHARACTERIZATION CAN CONSIDER POTENTIAL IMPACTS ON SAFETY (§4.2).
RELEVANCE TO SAFETY (E.G., MINIMUM FAULT LENGTH THAT COULD BE A
CONCERN) SHOULD BE FACTORED INTO THE INITIAL EFFORT TO IDENTIFY

FAULTS.



MAJOR COMMENTS

(CONTINUED)

+ THE PROPOSED 200-M! RADIUS FOR CORRELATING EARTHQUAKES WITH
STRUCTURES OR SOURCE ZONES IS INAPPROPRIATE:

-- 200 Mi WOULD ENCOMPASS THE PACIFIC/NORTH AMERICAN PLATE
MARGIN, CLEARLY NOT IN THE GEOLOGIC SETTING OF THE SITE.

-- IN THE WESTERN UNITED STATES, THE MAXIMUM DISTANCE FOR 0.1 g ON
COMPETENT GROUND IS ABOUT 100 KM, NOT 200 MI.



OTHER COMMENTS

- §1.0, Y2 REFERS TO "THE DESIGN BASIS FOR BOTH THE MAXIMUM VIBRATORY
GROUND MOTION AND THE EXPECTED VIBRATORY GROUND MOTION,”
INFERRING THAT THESE ENTITIES SHOULD BE A BASIS FOR SEISMIC DESIGN.
THESE TERMS ARE NOT DEFINET IN THE STP, AND DEVELOPMENT OF THE
DESIGN BASIS IS NOWHERE ELSE DISCUSSED. SUGGEST DELETING REFERENCE.

» §4.1 AND §4.2 CONTAIN A NUMBER OF CLARIFYING STATEMENTS THAT
WGCULD BEST BE MOVED UP TO §3.2:

-- "SUSCEPTIBLE"” FAULTS IN CONTROLLED AREA THAT WILL NOT AFFECT
PERFORMANCE CAN BE INVESTIGATED IN LESS DETAIL. (§4.2)

-- "SUSCEPTIBLE" FAULTS TOO SMALL TO AFFECT PERFORMANCE REQUIRE
NO FURTHER INVESTIGATION. (§4.1.2)

-- RECOGNITION OF PRACTICALITIES OF INVESTIGATING FAULTS IN THE
UNDERGROUND FACILITY (§4.2)



OTHER COMMENTS

(CONTINUED)

- §3.3(1)(a) STATES THAT TIME HISTORIES SHOULD BE ESTIMATED FOR
HISTORICALLY REPORTED EARTHQUAKES THAT COULD HAVE CAUSED AT
LEAST O.1 g AT THE SITE. TIME HISTORIES NEED ONLY BE ESTIMATED FOR
POTENTIAL EARTHQUAKES THAT MIGHT CONTROL THE DESIGN BASIS.

e g



QUESTIONS

- DOES "HISTORICALLY REPORTED EARTHQUAKES' MEAN FELT EARTHQUAKES?
[E.G., §3.1.2(4)] ' ,

= i

- WHAT DUES "FAULTS THAT COULD GENERATE THE EQUIVALENT OF 0.1 g OR
GREATER"” MEAN? [§3.3(4)]

» IN §3.3, WHAT IS INTENDED BY ""SUSCEPTIBLE' FAULTS ... LOCATED SUCH
THAT THERE IS A POTENTIAL FOR VIBRATORY GROUND MOTION TO IMPACT
THE UNDERGROUND FACILITY"? THE CASE DESCRIBED IN §4.3, WHERE THE
U/G FACILITY ENCOMPASSES "SUSCEPTIBLE"” FAULTS?
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Center for Nuclear Waste
Regulatory Analyses

PO DRAWER 28610 - 6220 CULEBRA ROAD « SAN ANTONIO. TEXAS U SA TB225-0810
§12) 8225160 - FAX (812 5225188

December 20, 1990
Contract No. NRC-02-88-005%
Project No. 20-3704-040

U. §. Nuclesr Regulatory Commission

ATTN: Ms. Sharon Mearse

Division of Contracts and Property Management
7920 Norfolk Ave. (P-902)

Bethesda, MD 20814

Subject: Modified Integrated Wast» Package Experiments (Major Milestone
20-3704-040-005) and Comments Response (Major Milestone
20-3704-040-010)

References: 1) Letter from P. J. Edgeworth to J. Latz, dated December 6, 1990;
2) Letter from J. Latz to P. J. Edgeworth, dated December 17, 1990

Dear Ms. Mearse:

Enclosed {s Revision 3 of the Integrated Waste Package Experiments Prcject Plan
(IWPE) (Major Milest<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>