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ABSTRACT

10 CFR Part 60 does not specify the manner in which
potential fault displacement hazards and seasmic hazards
at a candidate site for a geologic repository are to be
identified. The purpose of this Staff Technical Position
(STP), therefore, 1s 1o provide guidance to the U.S. De-
partment of Energy (DOL) on acceptable geologic re-
pository investigations that can be used to identify fault
displacement hazards and setsmic hazards. The staff con-
siders that the approach this STP takes to investigations
of fault displacement and seismic phenomena is appropri-
ate for the collection of sufficient data for input 10 analy-
ses of fault displacement hazards and seismic hazards,
both for the preclosure and postclosure performance pe-

riods. However, detailed analyses of fault displacement
and seismic data, such as those required for comprehen-
sive assessments of repository performance, may identily
the need for additional investigations.

Section 2.0 of this STP describes the 10 CFR Part 60
requirements that form the basis for investigations tc
describe fault displacement hazards and seismic hazards
at a geologic reposttory. Technical position statements
and corresponding discussions are presented in Sections
3.0 and 4.0, respectively. Techmcal position topics in this
STP are categorized thusly: (1) investigation considera-
tions, (2) igations for fault-displacement hazaids,
and (3) investigations for seismic hazards.

NUREG-1451
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1 INTRODUCTION

The Nuclear Regulatory Commission’s regulations that
pertain to the hivengng of 4 mined geologic repository for
the disposal of spent nuclear fuel (SNI) and high-level
radioactive waste (HLW)are contimmed in 10 CFR Part 60
(Code of Federal Regdations. Title 10, “Energy”). Accord-
ing to 10 CFR Part 60, the applicant fof & license 10
dispose of SNF and HLW shall investigate potentially
adverse conditions that may alfect the design, operation,
and perdormance of the geologic repository.* 10 CFR
Part 60 does not, however, specify the manner in which
these potentially adverse conditions are 1o be identified
and analyzed.

e purpose of this Stall Techmeal Position (STP), there-
fore, 1 10 provide guidance, 1o DOE, on appropriate
investigations that can be used to identify Lault displace-
ment hazards and seismi¢ hazards at a geologic repository.
The intent of providing such guidance, to DOL, 18 to help
ensure that DOE's solutions to actual or potential geo-
logic and seismic effecisat a candidate site would be based
on mvestigations of sufficient detadl such that the geologic
and seismic characteristics are understood well enough to
permit an evaluation of the proposed candidate site, and
to provide sufficient information 10 support any determi-
nations based on these investgations,

(The terms “fault displacoment hazards” and “seismic
hazards,” as used in this STP, are limited 1o the hazards
resulting from fault displacement (1.¢., stratigraphic off-
set) and vibratory ground motion that can affect the de-
sigh and performance of the geologic repository.)

Guidance on methods of analysis of tault displacement
hazards and seismic hazards at a geologic repository i
being developed separately.

1.1 Background

‘The objective of nvestigations described in this STP 1s to
provide information needed for both the identification
and analysis of fault displacement hazards and seismic
hazards. Knowledge of the fault and seismic characteris-
tics of the site and the region in which the site is located is
fundamental to the development of design bases and to
the evaluation of the performance of the repository. Con-
sideration of the geologic histary of faults that are thought

*10CHR Part 60isstruotured around the multiple-barrier concept and
the Commssion's prines defense-in-depth, primarily
focuses on reposiio wmance The applicant (the U.S. .
ment of Energy (DOE)) must demonstrate complinnee with the per-
kmnef obj clivesof r:“l;'t ‘m (,‘}’l Part w‘& um w hm;’a
tential geon ¢ reposiiary I . To ensure that such compl-
':;or can be demonsirated, ’l’D CER Part 60 sets out a number of spe-
cific siting and design critenia. Pecformance lssues are, therefore,
ciosely tinked with siting and design isues, and the staff position
setout herem must be uaderstood m that context,

to have the ability to generate displacements and earth-
quakes, in accordance with criteria described 1o this STP,
should help pinpoint the most severe displacements and
carthquakes that can be associated with faults. Likewise,
the mnvestigations that provide data for input into the
determination of the design basis for the maximum vibra-
tory ground motion should be conducted through evalu-
ation of the geology, seismology, and the geologic and
scismic history of the site and the surrounding region.
These investigations would include consideration of his-
tortcally reported or instrumentally recorded earth-
guakes associated with tectonic structures or with seismic
sOurce 2ones, 10 assist in identifying the most severe
carthguakes associated with these features. An analysis of
the information acquired through these investigations
should lead to an estimation of the rates of fault slip and
ol seismic activity.

In general terms, this STP draws on experience gamned in
applying the concepts in Appendix A of 10 CFR Part 100
(Code of Federal Regulations, Title 10, “Energy™), 1o estab-
lish appropriate investigations for providing input for the
determination of design basis fault displacement hazards
and vibratory ground-motion hazards for a geologic re-
pository. It is emphasized here that this STP does not
adopt Appendix A of 10 CFR Part 100 for guidance in
investigating fault displacement hazards and seismic haz-
ards at a peologic repository. Morcover, Appendix A to 10
CFR Part 100 does not apply to the geologic repository
program. A more thorough discussion of the relationship
between this STP and Appendix A of 10 CFR Part 100 is
provided i Appendix A of this document.

1.2 Scope

The guidance presented in this STP is considered most
appiicable for candidate sites west of the Rocky Mountain
Front, spproximately 104° west longitude. Seismic activ-
ity can, in peseral, be better carrelated with tectonic
structures and seismic source zones in arcas west of the
Rocky Mountain Front, than can similar activity in areas
cast of the Rocky Mountain Front, where the surface
expression of tectonic structures is more obscure.

1.2 STPs as Technical Guidance

STPs are issued 1o describe, and make available to the
public, methods acceptable to the Nuclear Regulatory
Commission sta', for implementing specific parts of the
Commission's regulations, and to provide regulatory
guidance to DOE. STPs are not substitutes for regula-
tions, and compliance with them s not required. They
suggest approaches that are acceptable to the staff for
meeting regulatory requirements. Methods and solutions

NUREG-1451
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1 Introduction

differiny, from those set out in the STPswill be acceptable  Commission. Published $TPs will be revised, as appropri-
il they provide a basis for the findings requisite to the ate, 10 accoremodate comruents and to reflect new infor-
ssuance or continuance of a permit or license by the mation and expetience.
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2 REGULATORY FRAMEWORK

There are a number of regulatory requirements in 10
CFR Part 60 that form the basis for investigations to
describe the fault displacement hazards and seismic haz-
ards at a geologic repository. For example, the criteria se

forth in 10 CFR 60.21(¢) 1 )it) require a description anu
assessinent of the site at which the proposed geul:fic
repository operations arca (GROA) is to be located, with
appropriate attention 10 those features of the site that
might affect GROA design and performance. The de-
scription  and  assessment called for in 10 CFR
60.21(C) 1 )1-i1) must be in suffioient depth to support the
assessment of the effectiveness of engineered and natural
barriers called for in 10 CFR 60.21(¢X 1)(1)D), as well as
the analysis of design and performance requirements for
structures, systems, and components important to safety
called for in 10 CFR 60.21(cx3).

Elsewhere in 10 CFR Part 60, NRC requirements related
to siting, design criteria, and performance establish addi-
tional bases for mvestigations related to fault displace-
ment hazards and sewwmic hazards. These investigations
apply to both the preclosure and postclosure periods of
performance. For example, during the preclosure period,
according to 10 CFR 60.111, the GROA is 10 be designed
o provide protection against radiation exposures and re-
leases of adioactive matenial, in accordance with stan-
dards set forth in 10 CFR Part 20 (see Code of Federal
Regulations, Title 10, “Energy™). Also, during the

preclosure period, 10 CFR 60111 requires that the
GROA be designed 5o that the option 10 retrieve the
emplaced radioactive waste 8 preserved.  Section
60.131(b)(1) states that structures, systems, and compo-
nents important 1o safety must be designed so that natural
phenomena and environmental conditions ed at
the GROA will ~ot interfere with necessary safety func-
tions.

It is expected that much of the information needed to
support the fault displacement hazards and seismic haz-
ards evaluation required by 10 CPR 60.111 and
60.131(b)(1), for the osure period, can also be used
to support fault disp nt hazards and seisnic haz-
ards evaluation for the period after permanent closure,
with due zonsideration given to the uncertamties associ-
ated with vrojections over the much longer period of
postclosure performance. Accordingly, the investigations
performed to address the requirements of 10 CFR
60.131(b)(1) should be conducted concurrently with in-
vestigations 1o address postclosure performance. These
include evaluations of performance under 10 CFR 60.112
and 60.113, as well as evaluations of potentially adverse
conditions under 10 CFR 60.122~ ially the condi-
tions addressed under 10 CFR 60.122(c)(3), 60.122(c)4),
60.022(¢x11),  60.122(c¥12),  60.122(c)(13), «nd
60.122(c)(14),

NUREG-145]




3 STAFF TECHNICAL POSITIONS

It i the NRC staff’s position that the approach to the
wentfication of fault displacement hazards and séismic
hazards, defined in detadl in succeeding parts of this sec-
tion, would be acceptable 10 geologic repository investiga-
tions. Further, it is the position of the staff that the ap-
proach to investigations for fault displacement and
scismic phenomena described in this section is expected
1o result in the collection of sufficient data for input to
analyses of the fault displacement hazards and seismic
hazards, both for the preclosure period and the
postclosure period of performance. However, perform-
ance assessments such as those used to demonstrate com-
pliance with the overali system performance require-
ments (Le., 10 CFR 60.112) may result in the need for
addi,onal investigations beyond those described in this
STP.

In acquiring the data on faulting and se.smic phenomena,
it 18 possible that the applicant may collect more data than
are needed 1o perform the necessary a« essments called
for in 10 CFR 60.21(c)1Xi) and 60.122(c)2). However,
the staff believes that it is better to err on the side of
identifying some matters that, on further analysis, are
found to be unimportant, than 1o leave open the possibil-
ity that some matters that arguably are significant have
been overlooked, The stalf considers that any investiga-
tve program contingent on probabilistic criteria is subject
to this criticsm and may, therefore, prove to be inade-
quate.

An acceptable approach to the wdentification and investi-
gation of Tault displacement hazards is described in Sub-
sections 3.1 and 3.2 and is dllustrated in Figure 1. Section
3.3 describes an acceptable approach 1o the investigation
of seismic hazards.

The approach described in Subsection 3.1 leads 1o the
identification of three types of faults:

“Type 1" faults: Faults or fauli zones either (1) not
subject to displacement or (2) sub-
ject to displacement, but of such
length, or located in such a manner,
that they will not affect repository
design and/or performance. Conse-
quently, they do not need to be in-
vestigated in detail;

“Type " fauhs  Faults or fault zones that are candi-
Sates for detailed investigation; and

“Type I" faults:  Faults or fault zones that are subjact
to cisplacement and of sufficient
length and located such that they
may affect repository design and/or

performance. As such, they should
be ’mvestgnwd in detail, Only faults
that are determined 1o be “Type I”
are of regulatory concern, because it
is those faults, both inside and out-
side the controlled area, that may
require consideration in repository
design, could have an effect on re-
pository petformance, or could pro-
vide significant mput into models
used 10 assess repository perform-
ance.

3.1 Investigation Considerations

The guidance in this section provides the basis for more
detailed investigations described in Sections 3.2 and 3.3,

3.1.1 ldentification of the Region to be
Investigated

The region encompassing features relating to fault dis-
placement hazards and scismic hazards used as the basis
for geologic repository investigations should be identi-
fied. Anacceptable approach would employ the following
considerations:

(1) The boundaries of the region (o be investigated for
fault displacement hazards and seismic hazards
should be determined by the geologic setting within
which the proposed repository site is located. The
geologic setting can be viexed as a hierarchy, with
the “geologic setling” element as the uppermost
element in the hierarchy (see Figure 2). The geo-
logic setting, as defined in 10 CFR 60.2, encom-
passes the geologic, hydrologic, ¢1d geochemical
systers present in the region in which a potential
repository site is to be located. These systems can
have constituent components (e.g., the “faulting”
component of the “geologic™ system within the geo-
logic settng). The hinal definition of the geologic
setting would result from the investigation of all of
the comporents of zach of the systems that may
affect reposuory design and/or performance.

(2) Faulting and scismicity are interrelated, but sep-
arate, components of the “geologic” system, acting
within the geologic setting (see Figure 2 and Appen-
dix B). Therefore, the boundary of the region to be
nvestigated for fault de ment hazard {i.e., the
boundary of the “faulting” component of the
“geologic” system) will in all likelihood not coincide
with the boundary of the region to be investigated
for seismic hazard (i.e.. the boundary of the “ses-
mic" component of the “peologic™ system). The

NUREG-1451
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314
IDENTIFY
REGIONTOBE | = o = e oo e e - -
INVESTIGATED
BOUNDARY OF
FAULTING/SESMC
COMPONENTS OF THE
OLOGK SETING
312
FAULTS OUTSKN CONTROLLED
INITIAL IENTIFICATION | e 1hiar MY NOT AFFECT ADPS
OF FAULTS TOBE | 7 “Type ir'
CONSIDERED FOR -
DETAILED
INVESTIGATION
FAULTS INSIOF { FAULTS CUTSIOE
CONTROLLED AREA FONTROLLED AREA THAT
FAULT Ty I MEY AFFECT ADP
FAIL “Tpe I
313 v
g -t FAULTS THAT
DO NOT REQUIRE
THAT REQUIRE DEALED
OETALED byl INVESTIGATION
NVESTIGATION | sacement et
FAATS SURKCT T0 T el e
THAT MAY AFFECT ROP o ot d
FAULT “Tye I
12433
INVESTIGATION OF
FAULY DISPLACEMENT
HAZARDS & SEISMIC
HAZARDS
CHARRCTERRZED
HAZAALS
INPUT 10 %mmm
PROBABILISTIC ANALYSES

RESULTS OF SME

ACIMITES

- — S ——————— -

CHARACTERIZATION
ACTMITIES AND ALTERNATIVE
TECTONIC MODELS

FIGURE 1 — Example of an Acceptable Approach to the Identification of Fault Displacement Hazards
and Seismic Hazards. Numbers next to the process blocks correspond to the
technical position statements described in the text See Figure 3 for an expansion
of process block 3.1.3.
* “"RDP" means reposit -, y design and/or performance.
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3 Staff Technical Positions

GEOLOGIC
SETTING
e
GEOLOGIC SYSTEM MYDROLOGIC SYSTEM g g
FAULTING SEISMICITY VOLCANISM
COMPONENT COMPONENT COMPONENT
STRATIGRAPHY GEOMORPHOLOGY NATURAL RESOURCES
COMPONENT COMPONENT COMPGNENT
EXPLANATION

The geologic setting consists of the geologic, hydrologic,
and geochemical systems of the region in which a geologic
repository operations area is located. For the purposes
of this STP, the geologic system is divided into.

- @ faulting compaonent;

~ 2 natural resources component
Only the faulting and seismicity components are addressed in this STP

Fig ;1@ 2 — Hierarchy of Elements in the Geologic Setting.
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3 Ntalt Technieal Positions

boundaries of the components should be based on
assesstients of the potential 1o affect repository de-
sign and/or perfarmance

(3 Indentifying the region 1o be investipated, the se-
lectin of component boundaries for the Taulting
and seismicity components should be based on a
review of the pertinent literature, relevant field in-
vostigutions, and the consideration of alternative
tectonic models,

(4) ‘The results of site charactenization should be fac-
tored back into the mitial ientification of the region
to be investigated, to ensure that the size of the
remont s sufficient to peemit adequate characteriza-
tion of the hazards.

312 Initial Hdentification of Faults to be
Considered for Detailed Investigation

Alter idenufying the region to be investigated, those
faulis or fault zones in the geologic setting that may re-
quire detailed mvestigation should be inttially identified.
An acceptable approach would include the following:

(1) I faulting during the Quaternary Period is charac-
teristic of the controlled area, any fanlt or fault zone,
any part of which is msde the controlled area,
should be considered as a candidate for detatled
investigation (Le., a “Type 11" fault), based on the
approach described in Subsection 3.1.3,

(2} Where fault displacement outside the controlled
area may affect isolation within the controlled area,
‘aults or fault zones outside the controlled area, but
within the geologic setting, should also be consid-
ered as candidates for detailed investigation {i.c.,
“Type U™ faults), based on the approach described in
Subsection 3.1.3,

An acceptable approach to determining which
faults, outside the controlled area, are relevant and
material 10 geologic  repository  investigations,
should be based primarily on assessments of fault
iength and location. Additional fault charactenstics,
such as faull (zone) width, may also be considered.
Fault length and locaiion can be used as coarse
screens 1o judge when displacement along a fault
may require consideration in repository design and
in evaluations of performance of structures, systems,
and components important to salety, containment,
or waste isolation, or may provide significant input
mto models used in assessing design and perform-
ance. The staff considers that initial assessments of
which fauns outside of the controlled arca are rele-
vant and matenal should be deterministic, but rec-
ognizes the utility of probabilistic analyses in sup-
porting these deterministic assessments.

NURBG- 1451

(3) Those faults ow area not consid-

ered as cand WESHIgations, ac-
cording 10 e (e, “Type 1"
faults) will requ ~eSliganon except as
outlined i Suby i
3.1.3 Identification of Faults That Require
Detailed lmuiurnuon (i.e., The
Identification of “Type I" Faulis)

After the imtial wentification of candidate faults to be
considered for detatled investigation (Le., “Type 11"
faults), those faults cr fault zones that require detailed
investigation should be identified.

(1) "The stafl considers that faults that require detailed
investigation (e, “Type 1" faults) are those faults
that:

(a) are subject to displacement (see Step No. |
below); and

(h) may affect the design and/or performance of
structures, systems, and components important
to safety, containment, or waste isolation; and/
of {¢) may provide significant input into models
used in the design or in the assessment of the
performance of structures, systems, and com-
ponents important 1o safety, containment, or
waste solation,

(2)  The wentification of “Type 1" faults or fault zones
can be deseribed as a two-step process. This process
18 described below and illustrated in Figure 3.

Only those faults that meet the criteria described in
both Step Nos. 1and 2, below, need 1o be considered
a8 “Type 17 faults and therefore characterized in
detail.

Process to Kdentify “Type 1" Faults
Step No. 11 Identification of Faults Subject to
Displacement

The primary criterion for the identification of faults sub-
ject to displacemient is evidence of displacement during
the Quaternary Period. Any candidate fault, identified in
the screening process described in Subsection 3.1.2, that
has evidence of disp'acement in the Quaternary Perid, is
considered 1o be subject to displacement and should con-
tinue 1o be a candidate for detailed investigation.

In cases where the Quaternary record is incomplete or
unclear, the following additional criteria should be ap-
plied to the candidate faults, 1o determine Jf such faults
could be subject to displacement. Specifically, in those
cases where the Quaternary record is incomplete or un-
clewr, faults are considered subject to displacement if they
exhibit one or mare of the foilowing critenia:
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Figure 3 — Staff Technical Position 3.1.3: Detail to the “Approach to the Identification of Faults that Require
Detailed Investigation (i.e., “Type I Faults)”. Refer to the text for the discussion of this two-step
process. Also see Figure 1.

r * “RDP" means repository design and/or performance.
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Displacement Hazards
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(2)

controlled arca and within the boundaries of
the component(s)

(¢) nature, magnitude, and geologic history (¢.g..
slip rates) of displacements along the fault or
tault zone, including particularly tae estimated
Quaternary-age displacement. For each event,
the length of rupture, amount of displacement,
and area of rupture surface should be de-

(d) correlation of hypocenters, or locations of
highest intensity, of historically reported and
instrumentally recorded earthquakes with
faults or fault 2ones, any parts of which are
withi1 the component boundaries; and

(e) consideration of alternative tectonic models at
the scale of the controlled area or larger area,
as they may affert ulternative interpretations of
}hc character and significance of “Type 1"

aults

These investigations apply to both “Type 1" faults
expressed at the surface and those with no surface
expression (1.¢., those faults identified or inferred in
the subsurface),

3.3 Investigations for Seismic Hazards

The nvestigations described in this section should be
conducted to obtain information needed 1o provide input
for the analysis of vibratory ground motion in the vicinity
of the proposed geologic repository. In addition to the
mvest,gations described in Subsection 3.1.5, an accept-
able vibratory ground-motion hazard invesiigation should
include the following:

(n

2)

An assessment of the physical evidence concerning
the behavior during prior earthquakes of surficial
materials and the geologic substrata underlyin® the
site. The lithologic, stratigraphic, and structura) geo-
logic studies are described in Section 3.2,

A determination of the static and dynamic engineer-
ing properties of the materials underlying the site, as
well as an assessment of the properties needed to
determune the behavior of the underlying materials
as a result of earthquakes, and the characteristics
(such as seismic wave velocities, density, water con-
tent, porosity, and strength) of the underlying mate-
rials in transmitting earthquake-induced motions o
those structures, systems, and components impor-
tant to safety, contmnment, or waste isolation.

e e e B e e R—
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(3) Tabuletion of all historically reporied and instru-

@

(3)

(6)

mentally recorded eanthguakes that have alfecied or
that could reasonably be expected to have affected
the site, including the date of occurrence and the
following measured or estimated data: magnitude or
highest intensity, and a plot of the epicenter or loca-
tion of kiehest intensity, Where historically reported
or instrumentally recorded earthquakes could have
caused a ground acceleration of at least one-tenth
the acceleration of gravity (C ig) at the site, the
acceleration or intensity, and duration of ground-
shaking at the site, should also be estimated. (For
carthquakes that produce ground acoelerations of
less than 0.1, data should be tabulated to the extent
necessary 10 support the values used to ensure that
the design ncorporates such features as may be
needed to achieve the performance objectives.)
Where availuble, the time history for those ecarth-
?mkcs that may be significant in an analysis of lique-
action end other design factors should be provided.
{Since earthquakes have been reported in terms of
various parameters such as magnitude, intensity at a
given location, and elfect 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, when available, are
preferable to estimated data.) A description and
comparison of the charartenstics of the material
underlying the epicentral location or region of high-
est intensity, 1o the material underlying the site. in
transmitting earthquake vibratory ground motion,
should also be considered.

An estimation of the regional attenuation of vibra-
tory ground motion.

A correlation of epicenters or locations of highest
intensity of historically reported and instrumentally
recorded carthquakes, where possible, with tectonic
structures. Epiccaters or locations of highest inten-
sity that cannot be reasonably correlated with tec-
tonic structures should be associated with seismic
SOUTCe z0nes.

(0)  Anestimation of which “Type I" faults may be
important in the consideration of vibratory ground
motion for design. The “Type 1" faults that should be
considered are those with displacements sulficient
10 generate an carthquake with the equivalent of
0.1g or greater ground acceleration at the location of
the controlled arca. “Type 17 faults that can produce
earthquakes with vibratory ground tnotion of less
than (1.1g at a site will require no additional invest:
gation, under the guidance in this 5 [P, for the wden-
tfication of vibratory pround motion hawsd, except
as described in Subsection 3.1.4; and

(b) A determination of the fault parameives, de-
scribed in Section 3.2, of these “Type 1" faults that
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4 DISCUSSION

The Nuclear Waste Policy Act of 1982, as amended, and
10 CFR Part 60 require that DOE conduct a program of
site characienzation to obtain the data necessary 1o sup-
port a potential license application to construct and oper-
ate a geologic repository. Although 10 CFR Part 60 does
not specily the manner in which the site characterization
process (.4, the collection of data) must be conducted, it
does contemplate that the geologic setting must be ade-
quately investigated (10 CFR 60.21(c)1)), including the
extent to which a potentially adverse condition may be
present and still be undetected (10 CFR 60.122(a¥2)(1)
and evaluated, using assumptions that are not likely to
underestimate its effect (10 CFR 60.122(a )} 2)(10)). In ad-
dition, 10 CFR 60.122(a)2) requires site characterization
1o include identification and evaluation of the significance
of any “potentially adverse condition™ that might coripro-
mise the ability of & repository to isolate wastes.

The staffl considers that an acceptable approach o the
characterization of those potentially adverse conditions
that relate to the identification of favit displacement haz-
ards and seismic bhazards (i.e, 10 CFR 60.122(c)3)
60.122(c)d), 60.022(c)11), 60.122(cK12), 60.122(c)13),
and 60.122(¢)(14)) should rely on deterministic criteria to
determine which faults require detailed investigation.
Determinstic critenia provided in this STP include “dis-
placement in the Quaternary Period,” and “seismicity
associated with the faull,” as well as other critena that
relate 1o fault length and location, The staff considers
that the criteria provided i this STP are sufficiently com-
prehensive in that their implementation is expected to
result in the collection of data sufficient to demonstrate
that the potentially adve rse conditions have been charac-
terized adequately.

In the characterization of potentially adverse conditions
such as fault displacement hazards and seismic hazards,
the staff considers unacceptable thuse #pproaches that
would rely on the use of a combination of existing geo-
logic data and expert judgment to set a probabilistic
threshold below which a fault would not be considered for
detailed investigation. The staff considers such ap-
proaches unacveptable becavse known faults that may be
contributors to an adverse condition, but do not meet an
estimated probability threshold, may not be investigated
during the site characterization phase. In addition, this
approach sy discourage attempts to find currently unde-
tected fau..s because of irferences that they would not
meet the probability threshold. As a result, the staff con-
siders that the regulatory requirements for the investiga-
tion of potentially adverse conditions (e, 10 CIFR
6C.21e)1x1) and 10 CFR 60, 122(a)2)1); would not be
met.

13

A significant part of the staff’s concern about the use al
probabilistic thresholds relates to the potential for misuse
of expent judgment. As Bonano e @l (19%), p. 46) have
noted:

“Lxpert judgments should not be consid-
ered equivalent 1o technical calculations
based on universally accepted scieniific
laws or 1o the availability of extensive data
on precisely the quantities of interest ...
Expert judgments are sometimes inappro-
priately used 1o avoid gathering additional
menagrment or scientific information,”

In this regard, the stafl recognizes that expert judgment
will be widuly used in a repository performance assess-
ment, out would not consider it acceptable 1o substitute
expett judgment for field or experimental data, or other
more technically rigorous information that is reasonably
available or obtainable (NRC, 1991b, p. E-11).

A comparison of the probabilistic-threshold-approach vs.
the approach described in this STP can be illustrated with
the example whete a known fault, 1000 feet in leagth and
for which evidence of Quaternary-age displacement 18
inc. ~clusive, exists in the vicinity of the geologic reposi-
tory. Existir) geologic data and expert judgment might
suggeest that, due to the absence of evidence of Quater-
nary-age displacement, this fault has an extremely low
likelthood of exceeding a certain amount of displacement
during the period of concern. Using the approach that
incorporates a probabilistic threshold for determining
which faults require detailed characterization, this fault
may not require further consideration during the site
characterization phase. Using the guidance provided in
this STP, however, the significance of the fault in question
would be weighed against the other geologic eriterta pro-
vided. If the geologic factors that are the bases for the
critetia suggest that the fault 1s subject to displacement,
the fault would undergo further investigation. The stalf
considers that the regulatory requirements 1o investigate
potentially adverse conditions, 1o the extent that they
“... may be present and still be undetected” and “... us-
ng.., assumptions which are not likely 1o underestimate
its effect....” can be achieved in this way.

The above discussion 18 not intended to imply that the
stalf considers that probabilistic analyses of fault
displacement and seismicity have no place in licensing.
On the contrary, the stall considers that, w the analyses of
the risk to public health and safety from fault displace-
ment hazards and seismic hazards, deterministic and
probabilistic techniques are complementary, and both
techniques should be employed.

NUREG- 1451
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reeonsidered i the results of subseguent site characieri-
antion activities indicate that assumptions used in the
sereening process hive changed. Therelore, the approach
defined 1 Technical Position 3.1.4 nieceds to be imple-
mented in those mstances where the results of subse-
quient site characterization activities indicate that the as-
sumptions wsed in carlier screenmg  processes  have
chanp~d.

4.2 Investigations for Fault
Displacement Hazards

The results of investigations described in Section 3.2,
together with the evaluations described in Section 3.1,
should be sufficient to provide input to the determination
of tault displacement hazards that needs 1o be taken into
account for the design of structures, systems, and compo-
nents of a geologic repository, that are mmportant 10
safety, containment, or waste isolation.

It 15 unhikely that fault displacement could occur at the
surlace above an underground facility without also oceur-
ring within the undergroand facility. If, however, faults
are encountered i the underground facility, it may be
impractical to study such taults in the manner described in
Section 3.2, Instead, special attentior should be paid to
the nature of the fault trace, its extent as observed in
other openings, and its orientation relative to the trends
of Taults identificd as “Type 1" faults in the vicinity of the
underground facility.

4.2 Investigations for Seismic Hazards

A key clement driving the investigations [, vibratory
ground motion is the acceleration value of 0.1g. Using
0.1g as a discriminator to determine the scope of investi-

NUREG-1451
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gations to be undenaken, or the type of information to be
gathered, facdnates the use of various relationships be-
tween maximum ground acceleration and parameters of
interest. It should not be construed that maximum ground
acceleration alone provides the necessary input for the
consideration of vibratory ground motion in design. A
minimum value of 0.1g is reasonable whea considering
the uncertainties encountered in the earthquake data
base, as well as in the various relationships that have been
derived for earthquakes and faulting. This value has been
cited in a number of regulatory and other guidance docu-
ments as a discriminator for the minimum value of consid-
eration for the determination of design basis earthquakes.

Earthquakes that have generated or can reasonably be
assumed to generate an acceleration of 0,1 or greater at
the site, should be correlated with structures or associated
with seismic source zones. In a similar fashion, the faults
that should be characterized are those faults that lie
within imaginary cucles, centered on the location of the
controlled area, wherein radii are a function of earth-
quake magnitude and the v.. “tory ground motion at-
tenuation determined for the region. Fach radius repre-
sents the distance at which vibratory ground motion of a
particular magnitude carthquake would be attenuated to
the equivalent of 0.1g.

1t is penerally observed that vibratory ground motion at
depth is less than that observed on the surface above the
underground observation point for sources at some dis-
tance from the observation points (Marine, 1982). Obvi-
ously, if the underground facility itself contains “Type 1"
faults, and these faults undergo movement resulting in
varthquakes, then a region will exist surrounding the
faults where vibratery ground motion might exceed that
experienced at the surface. It might be necessary to iden-
tify the extent of such zones of potentially higher vibra-
tory grotad motion.
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APPENDIX A
LATIONSHIP BETWEEN THIS STAFF TECHNICAL POSITION AND
APPENDIX ATO 10 CFR PART 100

Future Action
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Appera A

Any relevant information forthcoming after the publica-
L tion of this STP, such as a revision of Appendix A, will he
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crgy-n
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APPENDIX (
APPLICABLE 10 CFR PART 60 REGULATIONS







{¢) Additional requirements may be found to be
necessary to satisfy the overall system performance objec-
tive as it relates 1o unanticipated processes and events.

§60.122(a)2) Siting Criteria.
[Selected requirements considered directly or
indirectly related to seismic hazard]

(2) If any of the potentially adverse conditions speci-
fied in paragraph ()| 60.122(c)] of this section is present,
it may compromise the ability of the geologic repository to
meel the performance objectives relating to the isolation
of waste. In order to show that a potentially adverse con-
dition does not so compromise the performance of the
geologic repository, the followtng must be demonstrated:

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

(1) The effect of the potentially adverse human ac-
tivity or natural condition on the site has been adequately
evaluated using analyses which are sensitive to the poten-
tially adverse human activity or natural condition and
assumptions which are not likely to underestimate its
cffect: and

(i} A) The potentially adverse human activity or
watural condition is shown by analysis pursuant to para-
graph (a)2)(i) of this section not to affect significantly
the ability of the geologic repository to meet the perform-
ance objectives relating to the isolation of waste, or

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

(C) The potentially adverse human activity or natu-

ral condition can be remeui.J

C-3
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Appendix C

§60.122(¢c) Potentially adverse conditions,
[Selected conditions considered directly or indi-
rectly related (o seismic hazard]|

(¢) Potentially adverse conditions. The following
conditions are potenvally adverse conditions if they are
characteristic of the controlled area or may aftect isola-
tion within the controlled area ...

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

(4) Structural deformation, such as uplift, subsi-
dence, folding, or faulting that may adversely affect the
regional groundwater flow system....

(11) Structural deformation such as uplift, subsi-
dence, folding, and faulting during the Quaternary Pe-
riod.

(12) Barthquakes which heve occurred historically
that if they were to be reprated could affect the site
significantly.

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

{(14) More frequent occurrence of earthquakes or
earthquakes of higher magnitude than is typical of the
area in which the geologic setting is located.

§60.131(b)(1) Protection against natural-

phenomena and environmental conditions.

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

(b) Structures, systems, and componznts important
1o safety—(1) Protection against natural phenomena and
environmental conditions. The structures, systems, and
cumponents important to safety shall be des‘gned so that
r.atural phenomena and environmental conditions antici-
pated at the geologic repository operations wrea will not
interfere with necessary safety functions.
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Appendix D

addressed elsewhere, most hikely in a subsequent STP
vnder development at this time.

o

Addittional, more general, attributes of an accept-
able seismic hazads evaluation might include der-
tification of:

Conservatisms and non-conservatisms in
analyses;

Parameter uncenainties;

Sensitivity of hazard estimates (0 parameters;
and

Anticipated usage of hazard cstimates in design.

Response

I'his suggestion is noted. As previously discassed in the
staff response to DOE Comment No. 1, development of
an approach to address the wentification of fault dis-
placement hazards and seismic hazards is considered to
be a necessary precursor that forms the basis for the
analysis and interpretation of data derived from site char-
acterization activities. Guidance in the analysis of data
related to fault displacement hazards and seismic hazards
such as those listed in this comment will be addressed in a
subsequent STP under consideration at this time.

NUREG- 1451
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APPENDIX E
DISPOSITION OF PUBLIC COMMENTS ON MAY 13, 1991, DRAFT STAFF
TECHNICAL POSITION

Note:  Although Nuclear Regulatory Commission staff

Technical Positions (STPs) are generic in nature, some of

the public comments and the attendant stafl responses
contained in this appendix a: = in the context of the candi-
date site at Yucea Mountain, Nevada, Also, the draft STP
1eferenced here is dated May 13, 1991 (56 FR 22020).

ASSOCIATION OF ENGINEERING GEOLOGISTS
COMMENTS

The Association of Engineering Geologists (AEG) has
reviewed the above referenced staff technical position
and is providing comments in accordance with the ex-
tended deadline granted by NRC. Review of the STP was
performed by two AEG technical committiees. The com-
ments from each committee are attached for your veview
and publication.

A common theme in our comments is the concern with
the use of probabilistic technigues. The Engineering Ge-
ology Standards Committee comments address the uncer-
tainty of the use of these technigues without regard to
region and the avatlability of historical data. The Seismic
Safety Committee comments provide guidance concera-
ing limitations in developing probabutistically-based con-
clusions.

AEG ENGINEERING GEOLOGY STANDARDS
COMMITTEE GENERAL COMMENTS:

1. The iterative process of investigation described in
the STP has been used for many years in those cases
where new information became available during the
course of an investigation. It has been applied in a
haphazard way and has contributed to substantial
overruns in design and construction costs. Formaliz-
ing it in the STP is appropriate and usefl.

Response

The staff agrees with this comment, No modification of
the STP is requested, and thus no changes are necessary.

2.  We are somewhat uncomlortable with the name
“susceptible fault,” but recognize the desire to avoid
using “capable” fault because of its prior usage in
Appendix A to 10 CFR Part 100. A “capable” fault is
onc tnat is considered “capable” of generating sur-
face rupture or grovnd motion of significance to a
site. Applying this logic to “susceptible faults” would
suggest that they are “susceptible” to future surface
rupture ar generating. ground motion, Throughout
the STP, “susceptible faults™ are described as “faults

that are subject 1o displacement.” We are con-
cerned that unigue terminology may be developed
for different applications (i.e., nuciear power versus
radioactive waste disposal) for the same featares.
The term “significant” or “important” faults may be
morte appropriate to suggest they are “significant” in
the hazard investigution process and may bie “signifi-
cant” in assessment of the suitability ol site G.e.,
some “significant faults” hecome “capaoie faults”
upon detailed investigation). We recommend that
additional thought be given to this issue,

Response

The staff notes the concerns made in this comment and
has given additional thought to the use of the term “Sus-
cepuible fault” in response to this and other comments.
The term “susceptible fault™ has been abandoned in the
final version of the STP and what might be regarded asa
less prejudical categorization scheme has been substi-
tuted. However, the logic behind the concept remains the
same¢. Thus, the following discussion addresses the con-
cerns raised by this comment over the “susceptible fault™
concept.

As this comment correctly states, the Cuacips of “euscep-
tible faults” considered those faults to be susceptible to
future displacement much bke “capable” faults described
in Appendix A to 10 CFR Part 100 (see Section 'V,
“Required Investigations,” in 10 CFR Part 100, Appendix
A (Code of Federal Regulatiors, Title 10, “Energy”)) could
be assumed to be capable of future displaczment. How-
ever, the concept of “susceptible faulis” i1s unique in defi-
nition and application to a geologic repository. Specific
differences between “capable”™ and “susceptible faults”
include: (a) the period used to define “susceptible faults”
(the Quaternary Period vs. 35,000 to 500.000 years for
“capable faults™): (b) the interest in fault lengths less
than these identified for “capable” faults; and (c) the
application of a stress field criterion to define “suscepti-
ble faults,” a criterion that was not used in defining “capa-
ble faults.”

In previous drafts of the STE, the term “tectonically sig-
nificant” fault was used to describe what in this deaft was
referred to as a “susceptible fault.” Reviewers criticized
the term “tectonicaly significant fault” because of the
concern that the response of the public to the siting of a
nuclear facility on, or in the vicinity of, a “significant fault”
would unnecessarily prejudice and complicate the licens-
ing process.

For the purposes of a geologic repository, the process
used to identify “susceptible faults™ clearly and explicitly
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defines those laults that are subject 1o displacement un-
der the peclogic conditions at the candidate site and that,
assuming displacement does oceur, may (doe to their lo-
cution ar size) anpact repository design and/or perform-
ance. Faults are not considered susceptible unless a de-
tertnination 1s made that they are of suflicient size or are
focated m such a manner as 1o affect reposttory design
andor performance. No consideration is given to the
likelithood of that displacement in the wdentification of
“susceptible faults.”

1 Waebchieve that using “th  Duaternary Petiod as the
hasic time increment for the determinaticon of fault
sigmbficance™ (STP, top of page 17) is appropnate, as
stated, o ensure that faults with long recurrence
intervals { > 100,000 years) will be included in the
investigation. The STP does not, however, provide
adequate puidance on the definition of “Quater-
nary,” for use in the context of ientifying sigaificant
faults. In some mstances, aatable Quaternary
stratigraphy may not be present, or uncertainty may
exist about whether an unfaulted layer is 1.8 or 2.0
miltlion years old. This is likely to become a critical
1ssue and should be addressed in the STP.

Hesponse

In the stafl analysis of the public comments on the pro-
posed rule (e.g. 10 CFR Part 60), the stall noted the
problems i precisely dating (radiometrically) faults of
coneern to the geologic - epository (see NRC, 1983b, p.
373). Rather than attempting to defme o quantify the age
of the Quaternary Periad, the staff noted that what was
umportant was that the U.S. Department of Energy
(DOE) dentify and evaluate the processes operating dur-
ing the Quaternury Period, so as to enable recent geologic
history to be interpreted and to permit near-term geo-
logic changes to be projected wath relatively high confi-
dence (48 FR 28210). Accordingly, the staff has taken the
position that, “for regulatory purposes,” the definition of
the Quaternary Peniod is 2 million years (NRC, 1983b, p.
373). In those cases where no datable Quaternary-age
stratigraphy 1s present, (he other, subjective critena (e.g.,
Step No. 1 in Subsection 3.1.3) are to be used 1o deter-
mine if a fault 15 subject 1o displacement.

4. Wedisagree with the concept that probabilistic tech-
niques should be avoided because they are not suffi-
clently conservative to be used as determining fac.
tors i dentilying  faults  requiring  detailed
myastigation. In fact, the STP s contradictory in this
regard by suggesting that a deterministic approach
he used to address issues that inherently have statis-
tical varability (¢.g., the age of a faulted or unfautted
stratum) or phenomenological uncertainty (¢.g., at-
tenvation of ground motion with distance). In some
siteations, probabilistic assessments may result i
overly conserva e conclusions. We believe that the
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most responsible puidance would he to exercise care
in lormulating and applying probabilistic tech-
niques, where appropriate, 10 investigations (o iden-
uly significant hazards. Similatly, care 1s also needed
10 appiving deterministic techniques. We believe
that deterministic and probabilistic approaches are
complementary, and cach should be used where ap
propriate,

Response

The stalf recognizes that determimistic and probabilistic
approaches are complementary in investigations to iden-
tify and evaluate potential geologic hazards 1o the reposi-
tory. In a subsequent STP now under development, the
stalf intends to discuss an acceptable approach to the
application of determinist.c and probabilistic techniques
in the analysis of fault displacement hazards and seismic
hazards,

However, the stafl does not agree that the STP is contea-
dictory on this matter. The stafl considers that in the
initial attempts to identify potential hazards and to collect
data to provide input into hazard analysis, ese of deter-
MINISUc criteria is the most transparent (Lo, readily un-
derstandable) and most effective approach (o ensure that
relevant data are collected. The stall does recognize.
howcver, the utility of using probabilistic techniques to
support deterministic analyses for determining which
faults 0 “side the controlled a. e of regulatory con-
cern and the STP »as been modified to indivate as mu<h.

10 CFR Part 60 requires that potentially adverse condi-
tions refating 10 stroctural deformation (cluding fault-
g and seismicity) must be adequately investigated to the
extent to which the potentially adverse condition may be
present and sull be undetected (10 CFR 60.122(c )2 )(1)).
and evaluated, using assumptions that are not likely to
underestimate its effect (10 CP™ 60.122(c)2)n)). "o
meet these requirements, the stant believes that . en-
tially adverse conditions must be investigated, using con-
servative approaches, so as to permit recent and near-
term geologic processes to be well-understood.

The stalf believes thai knowledge of the existing and
futare state of geologic conditions at a cancidate site fora
geologic repository requires thorough investigations of
those features that con be measured directly in situ or that
can be inferred from direct measurements.* Measure-
ments should be required unless there are asve
reasons to believe that they would not contribute in a

*When direct measurements of repository systems are no? possible. 10
CFR 602 He) LK F) suggesis consideration of the geokogie record of
the candulate site and analogs with similar geologic stractores else-
where may provide informatios about the characteristies of the geo-
logie system, such ns rates of tectonic processes of disruphive events.
Liowever, the apphicability of suck sources of information will depend
on the completeness of the geologic record or on the closeness of the
nalogy.
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meaningful way to the assessments and findings that are
necessary for licensing.

By contrast, there are “probabilistic™ approaches to the
investigation of repository conditions. Unlike the ap-
proaches described above, probabilistic approaches rely
on numerical estimates 10 describe the likelihood of a
tepository condition or event. However, under such an
approach, only those conditions or events estimated to
have a given probability of occurrence would then be
investigated. Such an approach might be reasonable un-
der some circumstances, particularly when there are prac-
tical limits on the types or amounts of information that
can be collected. However, if a probabilistic approach
results in the failure to carry out physical investigations,
any assumptions made in characterizing the system may
introduce further uncertainties into the assessment. The
stafl believes that probabilistically-based investigations
are subject to this criticism, and that some important
matters may be overlooked, especially where the assign-
ments of probabilities involve the extensive use of expert
judgment,

In light of these concerns, the staff has questioned the
conservatism of probabilistic approaches (NRC, 1989b,
pp. 4-53-—4-54), as proposed by DOE in its Site Charac-
terization Plan (SCP) (DOE, 1988), inasmuch as they
might lead 10 overly optimistic predictions aboul the ef-
fects of faulting on repository design and/or performance.
The staff considers that the use of probabilistic assess-
ments of fault displacement are not a substitute for the
collection of data relevant to characterization of the site,
especially where such Jata can be obtained by reasonable
means. In particular, in determining which faults require
detailed wvestigation, the staff considers unacceptable
the elimination of certain faults or classes of faults from
investigations, hased solely on an arbitcary cutufl of the
liteithood of displacement, as currently proposed by
DOE (see DOE, 1988, p. 8.3.1.17-7).

SPECIFIC COMMENTS:

1. Atthe bottom of paragraph (2) on page 2, reference
is made to a companion document for guidance on
methods of analyses of fault displacement and seis-
mic hazards. Issues contained in such a document
may be more controversial than those expressed in
this STP.

Response

The staff agrees with this commert. No modification of
the S§TP is requested, and thus no changes are necessary.

2. Atthe beginning of the bottom paragraph on page 7,
the STP indicates that it is most applicable for sitcs
west of the Rocky Mountain Front, where tectonic

Appendix E

features and seismic activity generally can be corre-
lated better than areas to the east. What guidance is
given for sites where such correlation is difficult?
Furthermore, recent “blind fault” earthquakes in
California (e.g., the Coalinga and Whittier Narrows
earthquakes) demonstrate that even west of the
Rocky Mountains significant faults may not be
geomorphically expressed nor can they be exposed
by conventional investigative methods, such as
trenching.

Response

At the present time, the only candidate site undergoing
investigation is west of the Rocky Mountain Front, with
no other candidate sites currently being considered. If, in
the future, other sites east of the Rocky Mountain Front
become candidates for investigation, this STP will be up-
dated to address the concern about the difficulty about
the correlation of seismic activity with tectonic features.

The concern about “blind fault” rarthquakes lacking geo-
morphic expression, mentionec in the comment, is ad-
dressed by Sections 3.1 and 3.2 of the §TP; namely, the
identification and investigation of “Type I" faults require
consideration of alternative tectonic models for the site.
If faults such as blind thrusts or detachments are a part of
a'tzrnative models for the site, then they must be consid-
ered in the identitication of “Type I faults. Specific refer-
ence to investigations of this type of fault is giver n
Section 3.2, where it is stated that “these investigations
apply to both “Type [' faults expressed at the surface and
those with no surface expression (..., identified or in-
ferred in the subsurface)” The identification in the
subsurface can be achieved by means of shafts, tunnels,
and boreholes, or indirectly, by the use of geophysical
techniques and alternative tectonic models.

3.  The middic paragraph on page 3 is unciear. It may
refer to avoiding significant design and/or perform-
ance problems, but it could be interpreted to refer to
avoiding fault displacement and seismic hazards.
Hazards can be ameliorated; they cannot be avowded.

Response

This comment is noted. NR(C’s strategic planning as-
sumptions call for the early identification and closure of
issues, to the extent practicable, before the receipt of a
license appucation to construct a geologic repository. The
prnincipal means for achieving this goal is through infor-
mal, pre-licensing consultation with DOE, the State of
Nevada, Indian Tribes, and affected units of local govern-
ment. This approach is designed to attempt to reduce the
number of, and to better define, the issues that will be
litigated during a potenitial icensing hearing, by obtauming
input to, and striving for consensus, on such ssues, from
the technical community, or other interested partiss.
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Thus, the use of the word “avoided™ 1s not meant to
suggest that faulting, seismic hazargs, and their attendant
effects can be avoided per se at any candidate site, Rather,
the word “avoided” should be considered in the broader
context of this paragraph, whose intention is to communi-
cate the stafl's sxpectation that DOE's solutions to actual
or potential geologic and seismic effects at a candidete
site should be based on investigations of sufficient detail
such that the geologic and seismic characterisucs are un-
derstood weil enough to permit an evaluation of the pro-
posed candidate site, and to provide sufficient informa-
ticn to support any determinations based on these
investigations, The staff believes that this objective 1s
consistent with its broader pre-licensing goals defined
previously.

However, the staff appreciates the concerns raised in this
comment. Accordingly, the sentence (and paragraph) in
question in Section 1.0 (“Introduction”) have been re-
vised, and the paragraph now reads as follows:

“The intent of providing such guidance, is to
help ensure that DOE's solutions to actual or
potential geologic and seismic effects at & can-
chdate site would be based on investigations of
sufficient detail such thut the geologic and seis-
mic charactenstics are understood well enough
1o permit an evaluation of the proposed candi-
date site, and 1o provide sufficient information
to support any determinations pased on these
investigations.”

4. Paragraph (1)c) on page 7 refers to faults requiring
detatled investigation to be those that “will provide
significant input into the models used in design.”
The word “significant™ 1s subjective; what is signifi-
cant 1o one person may be trivial to another. Guid-

ance 18 necded on this issue.

Response

The stalf is aware of the confusion that covld anse
through the use of such subjective terms as “significant.”
However, the intent of this STP is to reduce the confu-
sion, in this area, by describing a screening procedure that
helps evaluate faults that might affect the design and/o
performance of a potential repository, and that, there-
fore, merit further detailed investigation, This STP pro-
vides DOF with puidance to help it determine wnat infor-
mation s relevant in these assessments,

§.  Paragraph (1) on page 11 indicates that ground-mo-
tion hazard investigations should include an assess-
ment of the physical evidence concerning the behav-
1or of geologic materials during prior earthquakes.
We believe that this cannot be done with a strictly
deterministic investigation, Our expenence with
materials indicates a range of behaviors; the behav-
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1or can be assumed to be the mean of the observed
behaviors or the mean plus or minus one or (wo
standard deviations. We believe that a responsibile
method of assessment can be accomplished with a
probabilistic technique.

Response

This comment has correctly pointed out that there are
many repository parameters for which there is an inher-
ent statistical vanability. However, regardless of the vari-
ability of these features, they can be measured directly in
situ or inferred from direct measurements with relatively
high e~nfidence,

6. The second paragraph (2) on page 11 indicates that
the static and dynamic engineering properties of the
site materials should be determined. Again, such
“determinations” may be made responsibly with
probabilistic techniques because the uncertainty in
the range in values due to the innerent variability of
geologic materials can be expressed this way,

Response

This comment © noted. See staff response to AEG Engi-
neering Geology Standards Committee Specific Com-
ment No. §.

7. Paragraph (3) on pages 1i and 12 indicates that all
historically reported earthquakes shouid be tabu-
lated that have alfected or could reasonably be ex-
pected to have affected the site. Parameters such as
magnitude, intensity, epicenter location, estimated
ground acceleration, and estimated duration of
shaking should also be tabulated. Again, such pa-
rameters are not strictly deterrainistic in nature,
Furthermore, six lines from the bottom of paragraph
(3), on page 12, [a sentence | acknowledges that some
seismic data may have to be estimated by use of
appropriaie empirical relaiionships. Empirical rela-
tionships are statistical regressions of a dependent
variabie on one or more independent variables and
form the foundation for the probabilistic approach.

Response

With regard to the first portion of this comment, it shouid
be noted that Item (3) of Technical Position 3.3 does
request that seismic parameters such as magnitude, in-
tensity, epicenter locatior,, estimated ground accelera-
tion, and estimated duration of shaking be tabulated as
part of the analysis of vibratory ground motion.

In consideration of the second portion of this comment,
this comment has correctly pointed out that there are
many repository parameters “or which there is an inher-
ent statistical variability. Regarcless of their vanability,
they can be measured directly i site: or inferred from
direct measurements with relativeiy high confider s 2.
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8. Paragraph (4) un page 12 refers to an estumation of

the regional attenuation of ground motion. The
basis for such an estimatior, 18 not stated. Guidance
on this issue is needed.

Response

In addition to the investigations described in Subsection
3.1.3, the staff considers the investigations described in
Section 3.3 are necessary, to obtain the information
needed to provide input to the analysis of vibratory
ground motion hazards. For each candidate site, a re-
gional attenuation modei needs 1o be developed. There-
fore, the staff believes that there is a need (o arrr. ¢ at an
estimate of acceleration at the sue.

9. At the bouom of page 12, reference is made to
accepted attenuaticn functions. Attenuation func-
tions are empirical relationships among accelera-
tion, as the dependent variable, and distance, magni-
tude and site conditions, as fhe indupendent
variables. These are statistical relationships which
have means and standard deviations that can be used
in probabilistic analyses of ground motion attenu-
ation.

Response

The staff agrees with this comment. No modification of
the STP is requested, and thus no changes are necessary.

Moreaver, discussion of the analysis of seismic phenom-
ena is beyond the scope of the STP; however, these issues
are the subjact of consideration for additional guidance ‘a
a companion STP that deals with the analysis of seismic
phenomena.

10. At the bottom of the first paragraph on page 13, the
instruction is made to use observed differences in
ground motion at the surface and ground motion at
depth 1o estimate ground motion attenuation with
depth. This is [an] instruction to conduct a statistical
analysis of ground motion attenuation which would
be necded in a probabilistic assessment.

Response

The stafl aprees with this comment. N6 modification of
the STP is requested, and thus no changes are necessary.

Moreover, discussion of the analysis of seismic phenom-
ena is beyond the scope of the STP; however, these issues
are the subject of consideration for additional guidance in
a companion STP that deals with the analysis of seismic
phenomena.

11. At the bottom of page 17 reference i1s made 1o cou-
sideration of the existing stress regime. Definition of
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stress regimes is inherently uncertain. Differentiat-
inl% existing and paleo-stress regimes is particularly
difficult; guidance is needed on this issue.

Response

The stalf agrees with this comment. The text in Section
3.1.3 has been changed to be less restrictive in the appli-
cation of criterion relsted to the definition and differen-
tiation of existing and paleo-stress regimes. The STP now
indicates that the Criteria a-¢ in Step No. 1 of Subsection
3.1.3 are secondary criteria 1o be applied only in those
cases where the data on a particular fault are inconclusive
with respect 1o the occurrence of Quaternary-age dis-
placement.

AEG SEISMIC SAFETY COMMITTEE SPECIFIC
COMMENTS:

1. Subseciion 3.1.3, ltem (2), Step No. 2

Some consideration may be appropriate to allow for
faults that cannot be found, as was the case at
Coalinga. Seismic zones are appropriate in areas of
faults as well as in arcas, such as castern United
States, where the faults are not known though earth-
guakes have occurred.

Response

Sce staff response to AEG Standards Committee Specific
Comment No. 2.

2. Subsection 3.1.4

The statement that fauits “should periodically be re-
considered” 1s vague.

Response

The staff notes this comment and is aware that the state-
ment referred to could be considered as “vigue.” How-
ever, the staff has attempted to constrain what is meant by
the phrase “should periodically be reconsidered” by indi-
cating that reconsideration of faults in relation to reposi-
tory design and/or perfc mance should be based on the
results of site characterization activities that suggest thai
the prior assutaptions may have changed.

3. Scction 43

“Radius” implies a point source for vibratory ground
motion. Some other expression is necded for a fanlt
Source.

Response

‘The staff notes this comment. Fault sources can be a pomt
sourge, a line source, or an area source. The radius
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nuclear power plants, We hereby propose that the
NRC stalf hold in abeyance the subject STP and
planned STPs on tectonic and seismic issues until
these documents have been issued and then re-
evaluate the need for the STP.

Response

The staff disagrees with the first portion of the comment,
namely, that the STP lacks a technical basis and s not
needed for regulatory purposes. Because of site- and de-
sign-specific considerations, the language in 10 CFR Part
60 is intentionally non-prescriptive in the area of site
characterizacon: that is, it leaves to DOE in the first
instance the opportunity and responsibility to determine,
among other things, how to conduct a program of site
characterization. It is also DOE's responsibility (o de-
scribe, on an ierative basis (10 CFR 60.18(g)), how this
process is proceeding. Similacly, NRC (and other inter-
ested parties) will have an opportunity to review how
DOE 1s meeting this responsibility, and NRC can then
apply its own judgment and provide more specific guid-
ance to DOF, on a case-by-case basis.

In 1ts review of the SCP, the staff had concerns about
DOE's plans for the characterization of faulting and seis-
mic phenomena, specifically questioning the conserva-
tism of the approaches to be used by DOE to charactenze
fauit activity. In its Site Characterization Analysis (SCA),
the NRC staff cited the potential 1o underestimate the
seismic hazard (see NRC, 1989b, pp. 4-53--4-61), inas-
much as it might lead to overly optimistic predictions
abeut the effects of fa Ming on repository design and
performance . The staff considers that the use of probabil-
istic assessments of fault displacement is not a substitute
for the collection of data relevant to characterization of
the site, especially where such data can be obtained by
reasonable means. In particular, in determining which
faults require detailed investigation, the staff considers
unacceptable the elimination of certain faults or classes
of faults based solely on an arbitrary cutoff of the likeh-
hood of displacement, as propased by DOE {see DOE,
1988, p. 8.3.1.17-7). Such an approach is considered un-
acceptable because .. is likely to result in an incomplete
assessment of faulting phenomena at the repository and,
as a result, could lead to a significant underestimation of
fault displacement hazards and ceismic hazards at the
Yucca Mountain site.

In light of these concerns and the lack of signilicant pro-
gress in resolving the concerns as raised by the staff in its
evaluation of DOE’s response to NRC's SCA (see Ber-
nero, 1991, pp. 77-87, the stafl attempted to describe (in
the STP), the level of conservatism it thought sulficient,
in the context of the regulation, for characterizing lault
activity and thereby resolving the problem ol possibly
underestimating fault displacement hazards and/or seis
mic hazards at the Yucca Mountain site. To the extent
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that it would respond to the stafi’s SCA comments, the
staff is prepared to discuss with DOE s proposed posi-
tion paper on earthquake hazard investigations.

As regards DOE's second comment, the stafl does not
consider that the approach identified in the STP will
unnecessarily limit DOE's flexibility to focus its re-
sources, nor will it limit DOE’s ability to optimize the
allocation of resources among site characterization and
design efforts, with respect to reducing total uncertamty
in assessing repository systems performance, as the sec-
ond comment states. Due to the nature of the Yucca
Mountain site geology, faulting and seismicity are poten-
tially adverse conditions that must be understood in order
to dete "mine site suitability, to provide input to perform-
ance assessments, and, later, to support a potential li-
cense application. In acquiring the data needed to evalu-
ate faulting and seismic phenomena, it is possible that the
applicant may collect more data than are necded to per-
form the necessary assessments called for in 10 CFR Pant
60, The staff believes that it is better to err on the side of
identifying some matters which, upon further analysis, are
found to be unimportant, than to leave open the possibil-
ity thal some matters that arguably are significant have
heen overlooked. The staff believes that using probabilis-
tic criteria as the sole bases for invesiigations has the
potential to overlook some important matters, especially
where the assignments of probabilities involve the devel-
opment ¢f probabilistic cutofis for faults that will be in-
vestigated.

With regard to DOE's reference to the efforts of the
ASCE (¢ develop scismic design guidelines for a geologic
repository, the staff is always willing to consider new or
alternative solutions or approaches on ways to demon-
strate compliance with NRC's regulations, These eiforts
are welcome and the results of these studies, if they are
available, will be considered in the development of the
STP on the analysis of fault displacement hazards and
seismic hazards. However, design considerations are out-
side the scope this STP and, as such, are not expected to
have a direct influence on the investigations required to
identily favit displacement hazards and seismic hazards at
a geologic repository.

DOE should also be advised that the staff is iracking the
efforts by the Office of Nuclear Regulatory Research on
the vevision of the seismic and geological siting criteria for
nuclear power stations (i.e., Appendix A to 10 CFR Part
100).* However, Appendix A to 10 CFR Part 100 1s not
applicable to a geologic repository, primarily because of
the difference in the penod of performance between nu-
clear power stations and a fucl cycle facily such as a

* As part of the reasessmvent of Appendix A o 10 CFR Part 100, it bas
been recommended that NRC's geological and sesmological investign:
tions pad design Ceiteria. such as those contained i Appendix A, be
modified o hetter reflect the state-of - the~art in this aren; this carrent
state-of-the-art would inelade, among other things, the incorporaiion
of probabilmtic techniuguies,
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peologic repostiory, and the difference in nisk to the pub-
He presented by the two facilities. Therefore, although
clforts releted to sitin g criteria for nuclear power stations
are being tracked, they do not have a direct influence on
the imvestigations 1o eaufy fault displacement and seis-
mic huzanc ™ at a geologic repository.

Accordingly, given the lack of progress related 10 the
resolution of the concerns raised by the staff in its review
of DOE's SCP, the planned scope of the ASCE seismic
design guidelines for a peologic repository, and the scope
ol contemplated revisions to Appendix A (o 10 CFR Part
1060, the stall can see no compeliing reason not to proceed
with the ssuance of this gmdance at this tine.

2. DOE beheves that the technical basis for the STP
has not yet been demorstrated. The methodology
proposed i the STP appears (0 be based, in part, on
4 Judgment by the NRC staff that the risk 1o public
radiological health and safety would be unaceepi-
able f a fault with certain characteristics was not
investigated in detail. Such a fault would be one that:
(1) 15 oriented so that it could theoretically move in
the existing stress field azl might impact repository
performance, even if that fault does not displace
Quaternary-age materials; (2) has no apparent cor-
relation with histoncal seismicity; and  (3) has no
structural relationship to another fault thought to be
subject o displacement. The DOE believes that this
apparent @ pron judgment 1s higily debatable, and
that no technical basis for the approach has been
provided,

Response

I'he statlagrees with the supposition of this comment that
the technical basis for this STP rests m the need to pro-
vide a conservative approach to the identification of fault
displacement hazards and seismic hazards. The staff be-
lieves that the approach described i this STP is consis-
tent with the approach that has been applied (o the licens-
ing of other nuclear facilities. The comment suggests that
the staff considers that ... the risk to public radiological
health and safety would be unacceptable if a fault with
certain characteristics was [sic) [were] not mvestigated in
detail. ™ This is not the case. Rather, the staff considers
that those faults with the potential to affect repository
design or performance must be adequately characterized
sot” at the level of risk to public health and safety can be
accurately established. In this regard, the staff also con-
siders that the STP provides weli-defined criteria for
establishing which faults have the potential to affect ve-
pository design or performance and, as a result, should be
characterized in detail.

3. Another concern of DOE is the explicit rejection by
the STP, again without any technical basis, of the use
of probabilistic technigues i determining which
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faults require detailed investigation, DOI has pro-
posed and continues to believe that a combined
probabilistic- deterministic approach 1o carthquake
hazard wavestigations and design- basis de ‘elopment
1 the most appropriate and is representauive of the
current state of the art. We note that the revised
version of 10 CFR Part 100, Appendix A is likely to
endorse a combination of probabilistic and deter-
ministic approaches, as is the ASCE guideline noted
above. Therefore, for consistency, publication by
NRC of a documented technical basis for rejecting
the probabilistic approach should be provided be-
fore issuing the STP.

Response

The staff disagrees with this comment. 1t should be noted
that wiien the issue of probabi’istic techniques was re-
cently raised with respect to the application of Appendix
A1 10 CFR Part 100 to independent spent toel storage
mstallations (e.g., 10 CFR Part 72), the Commission
noted that ... the use of probabilistic techniques was
appropriate as a site selection criterion; it [is] not in-
tended to be used in determining the design ... [of] struc-
turet” due to inadequate development of probabilistic
techniques at a site-specitic scale (Emphasis added) (45
FK 74697). In reaching this conclusion, the Commission
also noted that *,.it was not possible to reach consensus
among experts on what degree of conservatism in design
measures was necessary to offset the uncertainties asso-
ciated with probabilistic assessments at a specific site”
(opt. cit ). (Also see staff respunse to DOE Comment No.
1.)

4. Akey component of DOE's strategy for mnvestigat-
ing seismic and other hazards is an iterative ap-
proach to site characterization and performance as-
sessment, in which the performance of a potential
reposiory system is analyzed in ight of available site
information, and the need for more information i
assessed in light of remaining uncertainties. This
strategy demands a flexible approach (o the investi-
gation of earthquake hazards. The deterministic,
“susceptible fault™ methodology that is proposed in
the STP is too prescriptive and would, if imple-
mented, unnecessarily limit DOE's ability to focus
its resources on that set of site characterization,
performance assessment, and design activities that
will most effectively and efficiently reduce uncer-
tainties in the performance of potential repository
systems,

Response

“The staff does not considar that the approach identified in
the STP will “unnecessarily limit DOE's flexibility to
focus its resources,” as the comment states, nor is in
conflict with the iterative approach to performance as-
sessment. Because of the natnre of the Yucea Mountain
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site geology, faulting and seismicity are potentially ad-
verse conditions that must be understood to determine
site suitability, to provide input to performance assess-
ments and, later, to support a potential license applica-
tion. In its review of the SCP, the staff has noted its
concerns with regard to DOE's plans for the characteriza-
tion of faulting and scismic phenomena, specifically Gues-
tioning the conservatism of the approaches to be used to
characterize fault activity, and in doing so, cited the po-
tential to underestimate the seismic hazard (see NRC,
1989b, pp. 4-53-—-4-54). In light of these concerns, the
staff attempted 1o describe (in the STP) the level of con-
servatism it thought sufficient, in the context of the regu-
lation, for characterizing fault activity and thus avoiding
the potential to underestimate the seismic hazard at the
Yucua Mountain site,

In acguiring the data needed to evaluate faulting and
seismic phenomena, it is possible that the applicant may
collect more data than are needed to perform the neces-
sary assessments called for in 10 CFR 60.122(c)2). As
previously nced, the staff believes that it is better to err
on the sid» of identifying some matters which, upon fur-
ther analvsis, are found 10 be unimportant, than to leave
open the possibility that some matters, that arguably are
significant, have been overlookad.

5. As stated in our letter to you of February 27, 1990
{see DOE comments in Appendix D}, we believe
that additional regulatory guidance on investigations
of fauit displacement and seismic hazards is unnec-
essary because DOE's published plans for acquiring
and analyzing fault and earthquake-related data and
for demonstrating compliance with the performance
criteria of 10 CFR Part 60 are adequate and will
ensure a safe seismic design. DOE's position paper
referred to earlier will address the concerns ex-
pressed by the NRC staff in its comments on the Sit~
Characierization Plan (SCP) and in discussions at
the various techaical exchanges on cectonics. Previ-
ously, the NRC staff has informally cspressed the
opinion that additional clarification of DOE’s pro-
grare beyond the descriptions in the SCP and re-
sponses to NRC comments on the SCP/Consulta-
tion Draft and Site Characterization Aaalysis. might
lead to the resolution of several comments and obvi-
ate the need to complete several draft STPs on tec

tonics and seismicity, We would be pleased todiscus:
with you the focus for the proposed position paper.
We would then provide a draft of the position paper
to the NRC staff for its consideration and formal
comment. DOE agrees with several aspects of tue
STP, most notably that it does not defer to Appendix
A of 10 CFR Part 100 for guidance in addressing
fault displacement and seismic hazards at a geoogic
repository. The pronosed guidance on correlating
historical earthquakes with geologic structures or
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seismic source zones now includes a reasonable test
for potential significance, the previous 200-mile ra-
dius test having been dropped. Review of the cur-
rent draflt of the STP shows that the NRC staff
considered and incorporated many of the comments
provided by DOE and other parties in previous re-
views, mcluding the technical exchange held on
February 20, 1991,

Response

As noted in the response to DOE Comment No. 1, the
staff does not agree with DOE's assertion that additional
regulatory guidance on data needs for seismic hazards is
unnecessary because of the Department's published
plans for acquiring and analyzing earthquake-related
data. The NRC staff is prepared to discuss, witn DOE,
DOL's proposed position paper on earthquake hazard
investigations. However, the staff considers that, to Jessen
the potential for signu, cant delays to any site characteri-
zation program, the issuance of this STP is necessary and
appropriate.

6. DOE’s primary concern remains the potential sig-
nificance 1o siting and design of the proposed con-
cept of “susceptible faults.” As indicated by DOE as
well as representatives of the State of Nevada and
the Edison Electric Institute 2t the February 20,
1991, Tech ical Exchange, it is ituperative that (ne
role of “susceptible faults” .n any future guidance on
tectonic models and design be specified before the
concept is finalized. One indication of the need to
review this related guidance is the statement on page
69 of Appendix C: “The staff is currently cousider-
ing ac'ditional guidance on an ac-eptable approach
to setback of facilities ... from ‘susceptible faults’ ...
Such potential impacts on design ana performance
assessments must be considered in determining the
appropriateness of the “susceptible fauit” concept.

The concept of “sus.eptible faults™ has not been
reviewed by, ana is not recognized by, the geologic
community, It is a unique NRC concept. As noted by
the State of Nevada represendative at the February
20, 1991, Technical Exchange, this concept should
be submitted for review by a broad range of earth
science professionals. This review is essential to le-
gitimize a concept with such potentially significant
tmpacts. Further, the term “susceptible faults” has
no regulatory basis or precedent. It would pe inap-
propriate to mtroduce to the vepository prograr 1
concept that would undoubtedly be the subject f
protracted condroversy during licensing procesd-
ings, due largely to its uniqueness.

Also, the term “snsceptible”™ connotes a high prob-
ability for future displacement. In actuality, a fault
could meet the criteria for being “susceptible™ and
have a very low probability of displacement, or even
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of faulting and seismic phenomena. (Also, in the staff
response 1o AFG Lngineering Geology Standards Com-
mittee General Comment No. 4, the stafl has discussed
the concerus it hasona, Sy g probabilistic criteria to the
investigation of faulting ..~ seismic phenomena.)

As regards DOL's second comment, there are several
major concerns that must be addressed, most notably the
“suscetible fault” concept; the stalf believes that it has
addressed this issue in its response to DOE Comment
No. 6.

EDIS "N ELECTRIC INSTITUTE/UTILITY
NUCLEAR WASTE AND TRANSPORTATION
PROGRAM (EE/UWASTE) COMMENTS

By letter dated October 23, 1989, EEVUWASTE re-
sponded to the NRC’s draft “Technical Position on Meth-
ods of Evaluating the Seismic Hazard at a Geologic Re-
pository” (5& FR 35266). [EEI/UWASTE's earlier
comments are contained in Appendix C of the May 13,
1991, draft STP (56 FR 22020).] Thereafter, the NRC
issued a revised public comment draft, “Stalf Technical
Position on [nvestigations to Identify Fault Displacement
and Seismic Hazards at « Geologic Repository,” dated
January 1991, On February 20, 1991, EEV/UWASTE par-
ucipated in a Technical Exchange addressing this latter
document. In a letter dated March 1, 1991, EEV
UWASTE emphasized a number of critical points raised
during the course of that Exchange, and offered sugges-
tions for improvements.*

Most recently, the NRC Staff issued a Revied Public
Comment Draft of the “Staff Technical Position on Inives-
tigations to Identify Fault Displacement and Seismic Haz-
ards at a Geologic Repository,” dated April 1991 (see 56
FR 22020). While improving on earlier versions, this lat-
est draft, unfortunately, fails to remedy a number of defi-
ciencies. These comments address three points which
EEI/UWASTE believes to be particularly significant, and
conclude that development of the Staff Technical Posi-
tion should be suspended.

First, attempts in the current dralt to clarify the relation-
ship between (1) Appendix A to 10 CFR Part 100 and, (2)
fault displacement and seismic hazards considerations fot
a repository, are inadequate. The staff addresses earlier
EEVUWASTE comments—as well as those of Nevada —
in Appendix € on page 67 with the statement that “10)

*The March 1, 1991, letter stated] EEUWASTE's concerns with the
stafl's revised 1989 draft TP, afier the February 20, 1991, Technieal
Exchange. In light of these and the other compients and suggestions
recetved at the Technical Hxchange, the staff decided to make signifi-
cant revisions 10 the TP and made it available for public comment
agin, renaming it “Statf Technical Position on fnveshigations to kden-
tity Fault Displacement and Sewmie Hazards at o Geologic Reposi-
tory. " Copies of EEVUWASTE's Mareh 1, 1991, letter are avaiiable
for public mspection andior copywg at the NRC Pablic Document
Room.
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Appendix E

CEFR Part 100, Appendix A, should be considered a point
of departure in the development of these guidelines and
should not be considered to be required geologic and
seismic siting criteria for a geologic repository ™ (Em-
phasis added.) The “point of departure,” however, 1S
vague, and the statement that “Appendix A ... should not
be considered to be required” is not actually contained in
the body of the current dral” Technical Position, itself.

The NRC staff should both: (1) state explicitly and clearly
that Appendix A to 10 CFR Part 100 is not applicabie to
repositories; and (2) set forth fully the reasons why, i.e.,
the great difference between nuclear reactors and repost-
tories in terms of the nature of their construction and
operation, and their vulnerabilities to, and the conse-
quences of, faults and earthquakes.

Second, the draft Staff Technical Position continues o
us¢ the term “susceptible fault,” and it is unclear as to
whether ar not a repository site containing a “susceptibie
fault” would be acceptable for licensing. For example,
page 3 states “The objective of ... [this STP is] to identify
... the potential for significant design and or performance
problems ... so that they can be avoided.” Page 4, how-
ever, indicates that “[S)tructures, systems, and compo-
nents important to safely must be designed so that natural
phenomena and environmental conditions ... will not in-
terfere with necessary safety functions™ (emphasis added
in both que  ‘ons}. The implication, on the one hand,
that ¥ _.,—particularly “susceptible [faults™—be
avoided, but, on the other hand, that the problems they
pose may be accommodated by design, is confusing.

The use of the term “susceptible fault” is vague, prejud-
cial and misleading within the context of the draft Staff
Technical Position. More accurate, deseriptive phraseol-
ogy, such as “candidate fault for detailed characteriza-
ton,” should be employved. More fundamentally, the
NRC staff should clearly and unequivocally .tate that
faults may be accommodated by positoning and/or de-
signing repository elements such that displacement along
them will not result in a failure of the repository system or
its components to perform their containment and/or 180-
lation functions.

Third, the draft Staft Technical Position applies only to
site investigations, and not to analysis or repository de-
sign. This division, however, isartificial and inappropriate
in that the required scope and nature of investigations will
depend—at least in part—on the analysis and application
of resulting data. In this regard, a Working Group of the
ASCE Dynamics Committee is currently preparing a
guideline addressing. among other things, repository
loads and facility design. This document should provide
useful input concerning the propricty of various inves-
tigatory techniqques and strategies.

Based on the foregoing, FEVUWASTE strongly urges
that development of the subject Staff Technical Position
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subject of this letter is the May 13, 1991, revised draft and
the additional concepts embodied in the revision.

1. Definition of Geologic Setting

The definition of “geologic setting” i1sa new concept,
not discussed in previous drafts of the STP. The
geologic setting is defined as “The geologic, hydro-
logic, and geochemical systems of the region in
which a geologic repository operadons area is or may
be located.” The focus of this STP is limited te the
faulting and seismicity components of the geologie
setting. While we do not quarrel with the cefinition
of geologic setting, we question whether this STP
serves as an appropriate guide for an applicant 1o
establish a cost effective and appropriate plan for
characterizing fault displacements and seismic haz-
ards for a geologic repositery, The STP fails to de-
fine coiteria or a reasonable process to determine
whalt constitutes the “geologic setting” (or province
or region or system) and the “components of the
gerlogic system” acting within the “geologic set-
ting.* If the STP would provide such guidance crite-
ria, then such issues as radius of investigation for
fault studies, earthquake history, volcanic processes,
and hydrologic effects, become much more tracta-
bie.

[Subjsection 3.1.1 of the STP aitempts (o provide
guidance on how the DOE is to identify the region to
be investigated based upon the “nature of the geo-
logic setting.” The guidance 1s very generic. It is
unclear to this Agency what the “nature of the geo-
logic setting” is. BEqually as important as d=fining
criteria or a process for determining the geologic
setting, 1s an identifiable process or procedure that
the applicant and other interested partics can use to
determine whether the [Subjsection 3.1.1 guidance
has been appropriately applied before proceeding to
the next step in the STP ({Subjsection 3.1.2—Initial
Identification of Faults to be Considered for De-
tailed Investigation). We recommend [Sublsection
3.1.1 be amplified to include specific guidance on
determining what constitutes the geologic setting
and the componen’;, of the geologic system acting
within the geologic setting.

We note that the definition of “geologic setting™ is
that which was established in the DOE's Siting
Guidelines (10 CFR Part 960) (Code of Federal Re -

lations, Title 10, “Energy”), with NRC's cor..ur-
rence. Also contzined in DOE’s Guidelines is a defi-
nittion of “Geohydrologic system™ which sets out an
exphicit means of determining the boundaries of that
“system” for purposes of characterization. The STP
could follow this example and estabtish a delinition
for determining the boundaries of the geologic sys-

Appendix F

tem in which fault displacement and seismicity are to
be considered.

Response

The staft disagrees with the supgoestion made in this eom-
ment that the STP fails « descrip : criteria that define he
“peologic setting” or “components of the geologic sys-
tem.” Implicitly, the geologic setting is an area that en-
compasses all components of the “geologic, hydrologic,
and geochemical svstems.” “Components of the geologic
system,” in turn, are the “faulting” and “seismicity” ele-
ments that could affect the design or performance of
geologic repository structures, systems, and components
important to safety, containment, or waste isolation, and/
or will provide significant input into models used in as-
sessments of design or performance of geologic reposi-
tory structures, systems, and components important to
safety, containment, or waste isolation.

The approach to the definition of “geologic setting” in the
STP recognizes that the true limits of specific component
boundaries probably will nt be known until site charac-
terization is nearly finished, and that flexibility is required
to allow for site-specific variation in geology (see NRC,
1983b, p. 187). In addition, the staff considers that the
guidance given in Subcections 3.1.2, 3.1.3, and Section 3.3
permits the initial identification of the component set-
tings to be modified.

However, the staff agrees that additional clarification of
this guidance is needed to aid in the identification of the
components of the “geologic setting.” Rather than modi-
fying Subsection 3.1.1, as suggested by thic comment, a
definition for the “geologic system™ is now provided in
Appendix B, as are definitions for the faulting and seis-
micity component settings. They are:

Geologic System: The stratigraphic, geomorphic,
faulting, seismic, voicanic and natural resource
{ramework (i.e., components) of the area in which a
geologic repository is located.

Faulting Component: That portion of the earth’s
crust that needs to be investigated o encompass
those faults that might have an effect on repository
design and/or performance or provide signilicant in-
put into models used to assess repository perform-
ance due to fauiu displacemen.

Seismicity Component: That portion of the earth’s
crust that needs to be investigated to encompass
those earthquakes that might have an effect on re-
pository design and/or performance or provide sig-
nificant input into models used 1o assess repository
performance due to vibratory ground motion.

2. Useof 1 CFR Part 100, Appendix A Methodologies

In the original 1989 draft STP {54 FR 35266), the
NRC staff’s position was that the methodologics
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characteristic  carthquakes. He concludes that,
based on the log-normal distribution of recurrence
approach, the same method would have assigned
only a 5% chance of rupture, before mid-1993, to the
southern Santa Cruz Mountains segment, the seg-
ment that failed in the October 1989 Loma Prieta
Larthquake. Therefore, the probabilistic approach
may well underestimate the maximum hazard (e.g.,
ground failure or sirong ground motion) that could
occur &t a -ite during a given period of time. The
deterministic approach advocated by the NRC's STP
is more conservative in the sense that the approach
will likely resuit in a hazard assessment which ac-
counts for the largest carthquakes and strong
ground motions possible on the faults under consid-
eration.

Response

The staff agrees with this comment and, as previously
noted, has concerns about the use of probabilistic criteria
in identifying fault displacement hazards and seismic haz-
ards. No modification of the STP is called for.

S, Fault Size as a Discriminator

We are congerned ihat the use of fault rize (leagth)
as a singular criterion for assessing the significance
ol “susceptible faulis”™ may not be sufficient for the
recognition and estimation of seismic hazard at and
near the site, It is stated that assessments need only
consider fault size in the determination of whether
identified susceptible faults may affect repository
design or performance. Fault length is one. but not
the only, determining criterion in estimating seismic
hazard. Maxsmum surface and subsurface displace-
ments are egually, il not more, important criteria.
Maximum fault displacement and length are both
used to calculate seismic movement (M), an input
value for precisely estimating earthquake magni-
tudes. This s a particularly important parameter at
Yueea Mountain, because of the growing body of
evidence indicating that the principal faults are in-
terconnected. and that rupturing events may be dis-
tributive in nature. In such events, fault length esti-
mates would not be as important as net tectonic slip
estiniates made from summing the displacements on
all fauls.

Response

The staff agrees that fault size (Iength) should not be used
as & singular criterion for gssessing the significance of
susceptible faults. Maximum surface and subsurface dis-
placements are alse impertant criteria 1o consider. How-
ever, fauit size (length) does represent a viable “coarse
screen” for restricting the number of faults that require

Appendix E

detailed investigation (o those faults that might have an
effect on v epository design and/or performance. The staft
considers th t any attempt to exclude faults from investi-
gation, based n size or length criteria, would have 1o gain
acceptance fron, " the technical community and the
NRC stalf.

One of the advantages of the systematic apr (oa °h to the
investigation of faulting described in this 7P &5 that a
process is required {0 track what the disposition f faults
investigated during site characterization was, to iaxclude
those faults that are excluded from further nvestiration
{see Subsection 3.1.4). This process will ensure that
should the assumptions change, the required infc rmation
is not irretrievably lost during DOE's design process, and
that it is periodically reevaluated, based on the results of
site characterization and alternative tectonic models con-
sideration.

6. Emphasis on Flexibility

On page 15, the STP states in a discussion of the re-
gion (0 be invesugated: “Accordingly,. DOE is af-
forded the flexibility to establish the areal extent of
the investigations needed to fully characterize the
hazards posed by fault displacement and seismic
phenomena,” This statement is a continuation of a
previous discussion on page 14, regarding the stalf’s
position on the acceptable methodology for the
identification and characterization of ault displace-
ment and seismic hazards, where the STP states that,
“the process select~d and the manner in which the
effectivencess of that process is demonstrated are
DOE. management prerogatives.” Further, on page
17, the STP states: “DOE is afforded the fioxibility
to determine the peed foran examination of the pre-
Quaternary record of fauli movements.”

The above quotations indicate a pattern of over-em-
phasis on encouragement of flexibility in how the ap-
plicant approaches the investigations of fault dis-
placement and seismic hazards. Such statements
reduce the effectiveness of the guidance provided by
the STP. As with any technical position produced by
the NRC, the applicant is free to present an aiterna-
tive approach wath appropriate justification to the
stafl. The statement on page 3, “Methods and solu-
tions diffening from those set out in the STPs will be
acceptable if they provide a basis for the findings
requisite to the issuance or continuance of a permit
or license by the Commission,” appears to provide
sufficient flexibility to the applicant and is consistent
with NRC policy on technical position guidance. We
recommend wat  specific acknowledgments  to
“DOE flexibility,” such as statements on pages 14,
15, and i7, be removed from the STP.
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Response

The staff has no objection to the recommendation made
in this comment and has modified the text in Section 4.0
("Discussion™) to more clearly state the staff’s intent.

7.

Relation to Other STPs

On page 2, the STP states: “Ultimately, data from
these investigations provide input 1o the dgtermina-
tion of the fault displacement and vibrarory ground
maotion that need to be taken into account for the de-
sign of structures, systems, and components of a geo-
logic repository, that are important to safety, con-
tainment, or waste isolation. Guidance on methods
of analyses of fault displacement and seismic haz-
ards will be provided in a companion document.”
The guidance document on methods of analyses of
fault displacement and scismic hazards has not been
provided to the State for review. Without the com-
panion document, 1t s difficult 1 understand the
context and significans  f the investigative method-
ology provided in thi. S1¥. Because of the uncer-
tainty in how the methodology will be applied in the
analysis document, the State may choose to com-
ment further on this STP after a review of the com-
panion document.

Response

This comment 1s noted, and no modification of the STP is
called for. However, the staff believes that questions
about the context and significance of this guidance, raised
by this comment, have been addressed in Section 2.0
(“Regulatory Framework™) of the STP, which describes
the pertinent regulatory requirements that these investi-
gations apply to.

L8

Use of Terms “Material” and “Relevant”

The phrase “material and relevant” appears in the
draft STP at six separate places (page 7, paragraphs
I and 2; page 9, paragraph 2; page 10, paragraph 1;
page 15, paragraph 5; and page 16, paragraph 1) and
the word “relevant™ alone appears once (page 6,
paragraph 4). At four places (pages 6, 7, 9, and 10)
the phrase “material and relevant” is used in the
context of describing the process by which faults and
seismic phenomena will be identified. These state-
ments are;

page 7—(identfication of) “faults outside the
controlled arca but within the component sct-
ting ... to the extent that they are material and
relevant ..."

NUREG-1451 E

page 7 (An acceptable approach to) “deter-
mining which ‘aults outside the controlled arca
are material and relevant ..."

page 9-—"determining which faults inside the
controlled arca continue 1o be material and
relevamt ...

Al the three other places the phrase “material and/
or relevant™ is used in the context of the information
that will be obtained. These statements are:

page 15— “information on the subsurface con-
dittons outside the controlled area need(s) to
be collected to the extent that it is material and
relevant.”

page 16—"Provides DOLE with the flexibitity to
assess what information on faults outside the
controlled area is matenal and relevant.”

page 6 “identification of the component set-
ting for fault displacement and seismic hazards
should be based on ... relevant field investiga-
tions ..."

It seems obvious, based on the foregoing citations,
that the stalf had a definite purpose in mind by using
the phrase “material and relevant” to provide guid-
ance to the DOE through this STP. We assume that
the stalf was fully cognizant of the definition of the
word “material” as used historically by the Commis-
sion when speaking to its responsibility, under the
Atomic Energy Act, for protecting the public health
and safety. However, the various contexts within
which the term “material” is vsed in this STP make
us uncertain whether the ramifications have been
completely recognized.

The different usages seem to present conflicting
and, in one case, erroneous guidance. The erroneous
statement occurs on page 16, where it is stated that
DOE (is provided) with the flexibility to assess what
information outside the controlled area is material
and relevant. As will be subsequently shown, the de-
cis10n as to whether or not information is material,
and the weight to be accorded that information in
the decision process for any site suitability determi-
nation, is, in the end, the job of the Commission, not
the applicant. If the DOE & afforded the luxury of
unilaterally deciding the materiality of information
regarding which faults, fault systems, and seismic
phenomena it will investigate at this stage of site
characterization, the r 2sults could likely be what the
Commission notes as “... imprudent expenditures
and subsequent delays, and ultimately could result
in denial of the application for the proposed site™
(see April 1991 draft STP [56 FR 22020}, page 3.
paragraph (3)).
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