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FOREWORD
.

On August 24,1989, the Nuclear llegulatory Commission investigations toldentify Fault Displacpaent and Seismic
published, in the federal Rcrister, the " Notice of Avail. liar.ards at a Geologic Repository" ana solicited public
ability" for the draft Techr.ical Position (IP) on * M ethods comments. As a result, more than 80 comments were
of Evaluating the Seismic Ilazard at a Geologic Reposi- received from five different parties. *llie NRC staff re.
tory" and sohcited public comments (see 54 FR 35266). viewed these comments and, as a result, changes and
Approximately 40 comments were received from three clarifications were incorporated into the current $17.
ddferent parties. On December 19-20, 1989, the staff Staff responses to these comments are documented sepa-
onducted the first of two Technical Exchanges with the rately as Appendix 11 to the current STP,
U.S. Department of Energy (DOE), the State of Nevada,
anJ DOE program participants to discuss the intent of the On December 18,1991, the NRC staff briefed the Advi-
draft TP and related topics. Following the December sory Committee on Nuclear Waste (ACNW) on the re.
1989 Technical Exchange, and a staff review of the public vised El? following the end of the public comment pe-
comments, significant changes and clanfications wetc in- riod. As a result, the staff received a number of comments
corporated into the draft TP, Staff responses to these from the ACNW. The staff's responses to these com-
comments wer e documented separately as an appendix to ments are documented separately, as Appendix F to the
the draft TP. current STP.

Also included in the SIP is the staff response to a set ofOn February 20,1991, the NRC staff conducted a second
comments submitted by DOE after the December 19-20,

,rechnical Exchange with DOE to discuss the revised 1989 1989, Technical Exchange,'lliese comments, dated Feb-
draft TP and the staff's response to public comments.The

ruary 27,1990, were considered, along with the publicatate of Nevada: Nye County, Nevada; and the Edison comments made on the May 1991 draft STP. Staff re-Electric Institute also participated m this Icchrucal Ex'
change. In light of the additional comments received at sponses to DOE's February 27,1990 commenis are docu-

the Techrucal Exchange, and because the revised IT con- mented separately, as Appendix D to the current STP,

tained significant revisions, the staff decided to make the Copies of the earlier draft 1989 TP, includmg the staff
revised TP anilable again for public comment. disposition of the comments received from t he public, and

the meeting summaries from the December 19-20,1989
On May 13,1991, NRC published the " Notice of Avail- and February 20,1991, Technical Exchanges cited above
ability" for the draft TP in the Federal Register (see 56 FR are available for public inspection and/or copying at the "

22020), now renamed " Staff Technical Postion (S'IP)on NRC Public Document Room.

,.

a

)
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AllSTRACT

10 CFit Part 60 does not specify the manner in which riods. Ilowever, detailed analyses of fault displacement
potentih! fault dtsplacement hazards and seismic hazards and scismic data, such as those required for comprehen-
at a candidate site for a geologie repository are to be sive assessments of rcpository performance, may identify
identified. The purpose of this Staff Technictd Position the need for additional investigations.

(Sil'), therefore, is to provide guidance to the U.S. De-
Section 2.0 of this S'il' describes the 10 CFR Part 60partment of I!nergy (DOI!) on acceptable geologic re-
requirements that form the basis for investigations to

pository mvestigations that can be used to identify fault
describe fault disi>lacement hazards and scismic hazardsdisplacement hazards and seismic hazards.The staff con- at a geologic repository. Technical position statements

siders that the approach this STI' takes to investigations and corresponding discussions are presented in Sections
of fault displacement and seismic phenomena is appropri. 3.0 and 4.0, respectively. Technical position topics in this i

ate for the collection of sufficient data for input to analy- STP are categorized thusly: (1) investigation considera-
ses of fault displacement hazards and seismic hazards, tions, (2) investigations for fault-displacement hazards,
both for the preclosure and postclosure perfortnance pe- and (3) investigations for seismic hazards.

v NUREG-1451
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I INTROI)UCTION

The Nuclear Regulatory Commission's regulations that to have the abihty to generate displacements and carth-
pertain to the licensingof a mined geologic repository for quakes, in accordance with criteria described in this KIP,
the disposal of spent nuclear fuel (SNF) and high-level should help pinpoint the most severe displacements and,

radioacta e waste (III.W)are contained in 10 CFR Part 60 carthquakes that can be associated with faults. Likewise,
(Codc of federal /n gdurions. Title 10, *linergy"). Accord- the investigations that provide data for input into the
ing to 10 Cl H Part 60, the applicant for a license to determination of the design basis for the maximum vibra-
dispose of SNF and Hl.W shall investigate potentially tory ground motion should be conducted through evalu-
adverse conditions that may affect the design, operation, ation of the geology, scismology, and the geologic and
and performance of the geologic repository,' 10 CFR seismic history of the site and the surrounding region.
Part 60 does not, however, specify the manner in which 'lhese investigations would include consideration of his-
these potentiauy adverse ronditions are to be identified torically reported or instrumentally recorded earth-
and analyzed. quakes associated with tectonic structures or with scismic

source rones, to assist in identifying the most severc
'the purpose of this Staff Technical Position (STP), there- earthquakes associated with these features. An analysis of
fore, is to provide guidance, to DOli, on appropriate the information acquired through these investigations
investigations that can be used to idrntify fault displace- should lead to an estimation of the rates of fault slip and
ment hazards and seistnic hazards at a geologic repository. of scismic activity,
ne intent of providing such guidance, to DOE,is to help.
ensure that Doll's solutions to actual or potential geo- In general terms, this SI'P draws on experience gained in
logic and seismic effects at a candidate site would be based applying the concepts in Appendix A of 10 CFR Part 100
on invesugations of sufficient detail such that the geologic (Code ofTcdcralRepdurions. Title 10,"linergy"), to estab-
and scismic characteristics are understood well enough to lish appropriate investigations for providing input for the
permit an evaluation of the proposed candidate site, and determination of design basis fault displaccinent hazards
to provide sufficient information to suppor t any determi- and vibratory ground-motion hazards for a geologic re-
nations based on these investigations. pository, it is emphasized here that this STP does not

adopt Appendix A of 10 CFR Part 100 for guidance in
(The terms " fault displacement hazards" and " seismic investigating fault displacement hazards and scismic hat-
hazards," as used in this STP, are hmited to the hazards ards a t a geologic repository. Moreover, Appendix A to 10
resulting from fault displacement (i.e., stratigraphic off- CFR Part 100 does not apply to the geologic repository
set) and vibratory pround motion that can affect the de- program. A more thorough discussion of the relationship
sign and performance of the geologic repository.) between this STP and Appendix A of 10 CFR Part 100 is

Guidance on methods of analpis of fault displacement
; hazards and scismic hazards at a geologic repository is
i being developed separately. 1.2 Scope

The guidance presented in this RFP is considered most
1.1 llackground applicable for candidate sites west of the Rocky Mountain

Front, approximately 104 * west longitude, Seismic activ-
The objective of investigations described in this STP is to ity can, in ger:eral, be bctter carre!r,ted with tectonic
provide information needed for both the identification structures and scismte source zoncs in areas west of the
and analysis of fault displacement hazards and scismic Rocky Mountain Front, than can similar activity in areas
hazards. Knowledge of the fault and scismic characteris' cast of the Rocky Mountain Front, where the surface
tics of the site and the region in which the site is located is expression of tectonic structures is more obscure.
fundamental to the development of design bases and to

l the evaluation of the performance of the repository. Con-
! sideration of the pcologic history of faults that are t hought 1.3 STPs as Technical Guidance

STPs are issued to describe, and make available to the
* l o ct R Par: 60 isstructured around the rnuinple-barricr concert and
the Commission's principles et defense indepth, and primarily publlC, mCthods arCcplablC to the Nuclear Regulatory
focuses on ressuogperkirmance. The applicant ( Commission sta", for implementing specific parts of the
NaYche# Ns ot ku$"NilSAYU$01 ISEtho the U S. Depart-"En *r'ier tI[Ee'; Commission's regulations, and to provide regulatory

' '
t o

puentud geo,% c reposaary beend To ensure that such comph- guidance to DOE. STPs are not substitutes for regula-i

ance can be demonstrated, w cPR Part 60 seis out a number of ye- tions, and compliance with them is not required. 'lheyof c sitm and drugn enteria, Pcdormance ivues are, therrfore,
ekwdy li Led with saing and design inues and the staff posinon suggest approaches that are acceptable to the staff for
setout herein mu<t be undenimiin ibat conicxt, meeting regulatory requirements. Methods and solutions

1 NURl!G-1451
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! 1 Introduction

:

! differing it om those set out in the KIPS will be acceptable Commission. l'ublished SITS will be revised, as appropri- ;
if they prtwide a basis for the findings requisite to the ate, to accornmodate comments and to reflect new infor- '

issuance or c(mtinuance of a permit or license by the rnation and experience.
'
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1
'

' REGULATORY FRAMEWORK
i
1

j There are a number of regulatory requirements m 10 preclosure period,10 Cl R 60.111 requires that the
CI'R Part 60 that form the basis for investigations to GROA be designed so that the option to retrieve the4

describe the fault displacement hazards and seismic ha/- emplaced radioactive waste is preserved. Section
ards at a geologic iepository For example, the criteria se 60.131(b)(1) states that structures, systems, and compo.*

; forth in 10 Cl R 60.21(c)(1Kii) require a description ano nents important to safety must be designed so that natural
assessment of the site at which the proposed geologic phenomena and environmental condaions expected at
repository operations area (GRO A)is to be located, with the GROA will 'ot interfere with necessary safety func-

4 appropriate attention to those features of the site that tions,
might affect GROA design and performance. 'the de-
scription and assessment called for in 10 CFRi

j 60.21(c)(1)(i-ii) must be in sufficient depth to support the 11 is expected that much of the information needed to
assessment of the effectiveness of engineered and natural support the fault displacement hazards and seismic haz-
barriers called for in 10 CFR 60.21(c)(1)(ii)(D), as well as ards evaluation required by 10 CFR 60.111 and
the analysis of design and performance tequirements for 60.131(b)(1), for the preclosure period, can also be used

; structures, systems, and components important to safety to support fault displacement hazards and seismic haz-
! called for in 10 CFR 60.21(c)(3). ards evaluation for the period after permanent closure,
t with due consideration given to the uncertainties associ-

litscw here in 10 CFR Part 60, NRC requirements related ated with projections over the much longer period of
,

: to siting, design criteria, and performance establish adJi- postclosure performance. Accordingly, the investigations
j tional bases for investigations related to fault displace- performed to address the requirements of 10 CFR

' ment hazards and scismic hazards. These investigations 60,131(b)(1) should be conducted concurrently with in-

] apply to both the preclosure and postclosure periods of vestigations to address postclosure performance. These
performance. For example, during the preclosure period, include evaluations of performance under 10 CFR 60.112,

according to 10 CFR 60.111, the GRO A is to be designed and 60.113, as well as evaluations of potentially adverse4

'

to provide protection against radiation exposur1es and re- conditions under 10 CFR 60,122-especially the condi-
: leases of radioactive material, in accordance with stan- tions addressed under 10 CFR 60.122(c)(3),60.122(c)(4),

dards set forth in 10 CFR Part 20 (see Code of Fedaal 60.122(c)(ll), 60,122(cX12), 60.122(c)(13), 3nd
j Regulations, Title 10. "linergy"). Also, during the 60.122(c)(14).
f

a

.

4

i

j

'i

1

5
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3 STAFF TECilNICAL POSITIONS
,

it is the NRC staff's position that the approach to the performance. As such, they should
identification of fault displacement hazards and seismic be investigated in detail. Only faults
harards, defined in detail in succeedmg parts of this sec- that are determined to be " Type 1"
tion, would be acceptable to geologie repository investiga. are of regulatory concern, because it
tions. l'urther,it is the position of the staff that the ap- is those faults, both inside and out-
proach to investigations for fault displacement and side the controlled area, that rna)
scismic phenomena described in this section is expected require consideration in repository
to remit in the collection of sufficient data for input to design, could have an effect on re-
analyses of the fault displacement hazards and scismic pository performance, or could pro-
hazards, both for the preclosure period and the vide significant input into models
postclosure period of performance, llowever, perform- used to assess repository perform-
ance assessments such as those used to demonstrate com. ance.
pliance with the overall system performance require-
ments (i.e.,10 CFR 60.112) may result in the need for 3.1 InVCSligali0H Considerations '

addional investigations beyond those described in thts
,

STP. 'Ihe guidance in this section provides the basis for more
detailed investigations described in Sections 3.2 and 3.3.

'
In acquiring the data on faulting and sebmic phenomena,
it is possible that the applicant may collect more data than 3.1.1 Identifiention of the Region to be
are needed to perform the necessary ar essments called Investigated

'

for in 10 CFR 60.21(c)(1)(i) and 60.122(c)(2).110 wever,
the staff believes that it is better to err on the side of 'lhe region encompassing features relating to fault dis-
identifying some matters that, on further analysis, are placement hazards and scismic hazards used as the basis
found to be unimportant than to leave open the possibil- for geologic repository investigations should be identi-
ity that some matters that arguably are significant have fied. An acceptable approach would employ the following
been overlooked. The staff considers that any investiga- considerations:
tive program contingent on probabilistic criteria is subject
to this criticism and may, therefore, prove to be inade. (1) The boundaries of the region to be investigated for
quate. fault displacement hazards and seismic hazards

should be determined by the geologic setting within

|
An acceptable approach to the identification and investi. - which the proposed repository site is located. The
gation of fault displacement hazards is described in Sub- geologic setting can be vie.ved as a hierarchy, with
sections 3.1 and 3.2 and is illustrated in Figure 1. Section the * geologic setting" element as the uppermost
3.3 describes an acceptable approach to the investigation element in the hierarchy (see Figure 2). The geo-
of seismic hazards. logic setting, as defined in 10 CFR 60.2, encom-

| passes the geologie, hydrologic, rnd geochemical
The approach described in Subsection 3.1 leads to the systems present in the region in which a potential
identification of three types of faults: repository site is to be located. These systems can

have constituent components (e.g., the " faulting"
"'lipe III" faults: Faults or fault zones either (1) not component of the " geologic" system within the geo-

subject to displacement or (2) sub, logic setting), The final definition of the geologie
ject to displacement, but of such setting would result from the investigation of all of

length, or located in such a manner, the components of each of the systems that may
that they _will not affect repository affect repository design and/or performance,

design and/or performance. Conse-
quently, they do not need to be in- (2) Faulting and scismicity are interrelated, but sep-

vestigated in detail; arate, comimnents of the "geologie_ system, acting ,

-

within the geologic setting (see Figure 2 and Appen.
" Type II" faulte Faults or fault zones that are candi. dix D).'Iherefore, the boundary of the region to be

s lates for detailed investigation: and investigated for fault displacement hazard (i.e.,'the'
boundary of the " faulting" cornponent of the

" Type 1" faults: Faults or fault zones that are subject " geologic" system) will in all likelihood not coincide
to displacement and of sufficient with the boundary of the region to be investigated
length and kicated such that they for seismic hazard (i.e.i the boundary of the "scis-
may affect repository design and/or mic" component of the *geologie" system). The

5 NURliG-1451
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3 Stalf Technical l'ositions
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I AND
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FIGURE 1 - Examplo of an Acceptable Approach to the Identification of fault DisplaComent Hazards
and Scismic 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 s y design and/or performance.
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3 Staff Technical l'ositions

i

i

GEOLOGIC4

] SETTING

:

1

,

~ i
'

!

sy3Y,f0
2 GEOLOGIC SYSTEM WDROLOGIC SYSTEM

A

:
|

FAULTING SElSMICITY VOLCANISM,

COMPONENT COMPONENT COMPONENT

,

STRATIGRAPW GEOMORPHOLOGY NATURAL RESOURCES

COMPONENT COMPONENT COMPGNENT
3

-

EXPLANATION

The geologic setting consists of the geologic, hydrologic,
and geochemical systems of the regon in which a geologic
repository operations area is located. for the purposes
of this STP, the geologic system is dMded into:

-a taulting component;
-a seismicity component;
-a volcanism component;4

-a geomorphology compont4nt;
-a stratigraphy component;
-a naturalresources componcnt

Ont the faulting and seismicity components are addressed in this STP./

Fig"ra 2- Hierarchy Of Elements in the Ge010giC Setting.
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1 2 Staf f Technical Positions
)
i
4

i
i
I imundaries of the com;vnents should be based on (3) 'lhose faults out area not consid.
i assessments of the potential to af fect rejuitory de. cred as cand ivestigations, ac.

sign and/or performance. cording tolies >n (i.e., " Type 111">.

faults)will regt ..estigation except as7

| (3) In identifying the region to be investigated, the sc- outlined in Subt , , .

i lection of component boundaries for the faulting
j and seismicity comlunents should be based on a 3.1.3 Identification of Faults Tlint Require

review of the pertinent literature, relevant field in- 1)ciailed investigat}on (i.e., Tlie
<

j vestigations, and the consideration of alternative Identification of" Type 1" Faults)
4 tectonic models.
; After the initial identification of candidate faults to bc
; (4) 'lhe results of site characterization should be fac- consh!cred for detailed investigation (l.c., " Type !!"
i tor ed luck into the initial identification of the region faults), those f aults cr fault 7ones that require detailed
I to be investigated, to ensure that the size of the investigation should be identified.'

egion is sufficient to permit adequate characteriza-
tion of the hazards. .(l) The staff considers that faults that require detailed

investigation (i.e., "lype 1" faults) are those faults
i that''3.1.2 Initial identification of Faults to be;

j Considered for Detailed Investigation (a) are subject to displacement (see Step No.1
""After identifying the region to be investigated, those

; faults or fault mnes in the geologic setting that may re- (b) may affect the design and/or performance of
| quire detailed investigation should be initially identified. struct ures, systems, and com ponents important
;- An acceptable approach would include the followmg: to safety, containment, or waste isolation; and/
j or (c) may provide significant input into models

(1) If f aulting during the Quaternary Period is charac- used in the design or in the assessment of the
! teristic of the controlled area, any fault or fault zone, performance of structures, systems, and com.

any part of which is inside the controlled area, ponents im1mrtant to safety, containment, or,

should be considered as a candidate for detailed waste isolation.
,

! in estigation (i e., a " Type 11" fault), based on the
*

approach described in Subsection 3.1.3. (2) 'lhe identification of " Type 1" faults or fault runes
I can be described as a two-step process.*Ihis process

(2) Where fault displacement outside the controlled is desenbed below and illustrated in Figure 3.
j area may affect isolation within the controlled area,

faults or fault zones outside the controlled area, but Only those faults that meet the criteria described in -
. within the geologic setting, should also be consid. both Step Nos. I and 2, below, need to be considered
! ered as candidates for detailed investigation (i.e., as "Ty)pe P' faults and therefore characterized in
j " Type ll" faults), based on the approach described in detail.
*

Subsection 3.1.3.

Process to Identify " Type 1" Faults
An acceptable approach to determining which'

faults, outside the controlled area, are r elevant and - Step No.1: - Identification of Faults Subject to'

IIISP dC'**"IImaterial to geologic repository investigations,
; should be based primarily on assessments of fault 'ihe primary criterion for the identification of faults sub-

length and h> cation. Additional fault characteristics,
ject to displacement is evidence of displacement during

'

i such as fault (mnc) width, may also be considered. the Quaternary period. Any candidate fault, identified in
Fault length and location can be used as coarse the screening process d'escribed in Subsection 3.1.2, that--
screens to judge when displacement along a fault has evidence of dispNeement in the Quaternary Period,is4

may require consideration in repository design and - considered to be subject to displacement and should con-j- in evaluationsof performance of structures, systems, tinue to be a candidate for detailed investigation.
and components important to safety, containment,,

I or waste isolation, or may provide significant input in cases where the Quaternary record is incornplete or -
} into models used in assessing design and perform- unclear, the following additional criteria should be ap.'

ance. The staff considers that initial assessments of plied to the candidate faults, to determine ;f such faults
which faults outside of the controlled area are rete. could be subject to displacement. Specifically, in those
vant and material should be deterministic, but ree- cases where the Quaternary record is incomplete,or un-
ognizes the utility of probabilistic analyses in supe clear, faults are considered subject to displacement if they

j porting these deterministic assessments. exhibit one or more of the following criterim
,
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Figure 3 - Staff Technical Position 3.1.3: Detail to the " Approach to the Identification el Faults that Requite
Detailed investigation (i.e., " Type 1" Faults)". Refer to the text for the discussion of this two-step
process. Also See Figure 1.
* "RDP" meanS repository design and/or performance.
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3 Staf f Techme,d Positions

(a) have seismicity, instrumentally determined, 11 zones outside the controlled area for further investi-
with recoids of sufficient precision, that sug- m (item (2)in Subsection 3.1.2), length also can be
rests a direct relationship with a candidate c acd in determming which faults or fault rones '

fault, or; insiac the c(mtrolled area continue to be relevant and
material to geologic repository investigations.The evalu-

(b) have a structural relationship (i.e., displace- ation should take into account the potential effects of
ment on one fault could cause displacement on faults on the design and performance of structures, sys-
another)to a fault that meets one or more of tems, and components important to safety, containment. -

the other criteria (i.e., Quaternary. age dis- or waste isolation, or on models used in assessing the
placement er items (a) and (c)); or design and performance of these structures, systems, and

components. dol! should develop technically defensible
(c) are oriented such that they ate subject to dis- criteria for identifying what length faults or fault zones,

placement in the existing stress field. assuming that displacement will occur, may affect reposi-

l'or those cases u here, after consideration, the technical
basis in rnaking a judgment about a particular criterion Faults that meet the criteria in Step No.1 but do not
described above (and shown in Figure 3) is unclear or meet the criteria of Step No. 2, are not considered " Type
inconclusn e, the next criterion should be considered. 1" faults, but are considered " Type 111" faults.

To ensure that faults of potential significance to reposi. "lype 111" faults may require further investigation for
tory design and/or performance are not overlooked, pru. reasons described in Subsection 3.1.4.
dence Jictates that, even in cases where no Quaternary-
age displacement can be documented along a particular 3.1.4 Consideralion of lite llesults of Sitefault, the aforementioned additional criteria in Step No.1
should be considered. Cituracterization Activities and

Alternative Tectonic Models
An acceptable approach to providing the information The process of determining which fault 6splacement and
necessary for evaluating the criteria indicated in Step No. seismic phenomena are relevant and material to geologic1 would include: repository investigations is iterative, 'Ihcrefore, faults

that were clirninated from further consideration during(a) investigation of geolog" conditions within the early evaluations deseribed in Subsections 3.1.2 and 3.1.3
boundaries of the component, such as hthol-

(i.e., "'lype 111" faults) should be subject to perkWieogy, stratigraphy, structural geology, stiess reevaluation, based on the results of subsequent site char-
field, and geologie history; acterization activities, development of alternative tec-

tonic models for the site or region under consideration,
(b) determination of the existence of Quaternary- and iterative assessments of performance.

age displaccinent on faults within the compo,
nent boundaries;

3.2 Investigations for Fault
(c) tabulation of each historically reported and in- ])isg)|acettient ][ azar (IS

strumentally recorded earthquake that can rea-
sonably be associated with a fault or fault zone, After identification of "'lype 1" faults, consideration
including the date of occurrence, magnitude or should be given to the detailed investigation of " Type 1"
highest intensity, and a plot of the epicenter or faults. The investigations described in this section should
region of highest intensity; and provide sufficient data for input to analyses of the fault

displacement for both the preclosure and the postclosure
(d) consideration of alternative tectonic models for periods of performance,

the geologic setting, where the alternative
models may indicate that one or more of the (1) an acceptable approach to the detailed investigation
criteria in Step No. I may apply, of "lype 1" faults or fault zones should include:

Step No. 2: Assessment of the potential Effects (a) a description of the character of the fault or
of Faults Subject to Displacement fault zone, meludmg its three-dimensional ge-

,

<

ometry (e.g., geometry determined using geo-Fault length should be used as a measure to assess the physical and/or borehole techniques);
possible effectsof fault displacement on repository design
and/or performance. As fault or fault rone length was (h) a description of the relationship of the fault or
applied as a discriminator used for screening fau!!s or fault rone to other tectonic structures in the

NURlh1451 10
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3 Staff Technical Positions

i
j

,

j controlled area and withm the boundaries of (3) Tabulation of all histori; ally reported and instru-
the comp (ment (s); mentally recorded carthquakes that have affected or

j that could reasonably be expected to have affected
(c) nature, rnagnitude, and geologic history (e.g., the site, including the date of occurrence and the'

,

i slip rates) of displacements along the fault or following measured or estimated data; magnitude or
} fault zone, including particularly tae estimated highest intensity, and a plot of the epicenter or loca-
i Quaternary-age displacement. For each event, tion of h8 hest intensity. Where historically regutted

the length of rupture, amount ordisplacement, or instrumentally recorded earthquakes could have4

I and area of rupture surface should be de. caused a ground acceleration of at least one. tenth
,

scribed; the acceleration of gravity (C ig) at the site, the,

acceleration or intensity, and duration of ground-,

i (d) correlation of hypocenters, or locations of shaking at the site. Should also be estimated. (For

highest intensity, of historically reported and carthquakes that produce ground accelerations of

instrumentally recorded carthquakes with less than 0.lg, data should be tabulated to the extent

. faults or fault zones, any parts of which are aceswy to support the values used to ensure that
$ withh the component boundaries; and the design mcorporates such features as may bc e

; needed to achieve the performance objectives.)
'

Where available, the time history for those earth-
; (c) consideration of alternative tcetonic models at quakes that may be significant in an analysis oflique-
1 the scale of the controlled area or larger area, faction r.nd other design factors should be provided.
i as they may affect alternative mterpretations of (Since carthquakes have been reported in terms of

the character and significance of " Type 1" various parameters such as magnitude, intensity at a,

i fadlS- given location, and ef fect on ground, structures, and
| people at a specific location, some of these data may
. (2) These investigations apply to both ' Type 1" faults have to be estimated by use of appropriate empirical
! expressed at the surface and those with no surface relationships. Measured data, when available, are
; expression (i.e., those faults identified or inferred in preferable to estimated data.) A description and
j the subsurface). comparison of the characteristics of the material -

underlying the epicentral beation or region of high-
,

est intensity, to the material underlying the site,in
3.3 liwestigations for Seismic Ilazards transmitting carthquake vibratory ground motion,

should also be considered.
,

.

(4) An estimation of the regional attenuation of vibra--

.The investigations described m. this section should be
tory ground motion.

conducted to obtam mformation needed to provide input4

for the analysis of vibratory ground motion in the vicinity (5) A correlation of epicenters or locations of highest
i

j of the proposed geologic repository. In addition to the intensity of historically reported and instrumentally
j investigations described in Subsection 3,1.;, an accept- recorded earthquakes, where possiblecwith tectonic

able vibratory ground-motion hatard invesiigation should structures. Iipiccaters or locations of highest inten-
; include the followmg: sity that cannot be reasonably correlated with tec-

tonic structures should be associated with scismie
1 (1) An assessment of the physical evidence concerning source tones.
4 the behavior during prior carthquakes of surficial

materials and the geologie substrata underlyms the (6) (a) An estimation of which "i}pe I" faults maY cb;
. .

k

site.Thelithologic, stratigraphic andstructuraigeo- imp rtant in the consideration of s.ibratory ground
,

logie studies are described in Section 32. motion for design.The "lipe I faults that thould be'

considered are those with displacements sufficient-

to generate an earthquake with the equivalent of,

(2) A deterrnination of the static and dynamic engineer- 0. lg or greater ground acceleration at the location of
Ing properties of the matcrials underlying the site, as the controlled area "I'ype 1" faults that can produce
well as an assessment of the properties needed to earthquakes with vibrutory ground 1 notion of less
determine the behavior of the underlying materials than 0.lg at a site will require no additional investi,
as a result of earthquakes, and the characteristics pation, under 1he guidance in this 3 TP, for the iden-
(such as seismic wave velocities, density, water con- tification of vibratory ground mation hand, except

,

; tent, porosity, and strength) of the underlying mate- as described in Subsection 3.1.4; and
rials in transmitting earthquake-induced motions to"

those structures, systems, and components impor- (b) A determination of the fault paramewrs, de-
tant to safety, containment, or waste isolation. scribed in Section 3.2, of those " Type 1" faults that

.
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3 Staff Technical Positions

3

,

may be im;xtrtant in establishing the design basis areas exist, within the underground facility, where vibra-
vibratory ground anot%n. tory ground motion at depth would be higher than at the

it should be noted that vibratory ground motion determi- surface. Vibratory ground motion should also be moni-

nations for a point on the surface, using accepted attenu- tot ed as early as possible during the site characterization

ation f unctions that are typically derived from surface phase, both on the surface above the proIxised under-
observations, will generally be conservatis e for the under- gamnd facility and at the level of the proposed under-
ground facility beneath the sur face point (except for cases gn>und facility itself, to observe possible differences in
of unusual channeling of the motion). Ilowever. if "I'ype the motion hetween these hwations. Observed differ-
I" faults are located such that there is a potential for ences may be used, in conjunction with analytical tech-
s ibt atory ground motion to itnpact the underground facil- niques, to estimate the vibratory ground motion attenu-
it), investigations should be undertaken to deterruine if ation with depth.

_
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l 4 DISCUSSION

i
'lhe Nuclear Waste Policy Act of 1982 as amended and A significant part of the staf f's concern about the use of; , ,

| 10 CFR Part 60 require that DOE conduct a program of probabilistic thresholds relates to the potential for misuse
: site characterization to obtain the data necessary to sup. of expert judgment. As lionano et d. (1990, p. 46) have

port a potential license application to construct and oper. noted:
| ate a geologic repository. Although 10 CFR Part 60 does
j not specify the manner in which the site characterization " Expert judgments should not be consid-
1 process (e.g., the collection of data) must be conducted, it cred equivalent to technical calculations
! does contemplate that the geologic setting must be ade- based on universally accepted scientific
! quately investigated (10 CFR 60.21(cX1)) including the laws or to the availability of extensive data
{ extent to which a potentially advs:tse condition rnay be on precisely the quantitics of interest ...

present and still be undetected (10 CFR 60.122(aX2Xi)) IIxpert judgments are sometimes inappro-.

] and evaluated, using assumptions that are not likely to priately used to avoid gathering additional
a- underestimate its effect (10 CPR 60,122(aX2)(ii)). In ad- manag,: ment or scientific information."-
! dition,10 CFR 60.122(aX2) requires site characterization
; to include identification and evaluation of the significance In this regard, the staff recognizes that expert judgment
; of any "potentially adverse condition" that might compro- will be wiAly used in a repository performance assess-
j mise the ability of a repository to isolate wastes. ment, but would not consider it acceptable to substitute
: cxpett judgment for field or experimental data, or other
! rma n at b reasonaWThe staff considers that an acceptabic approach to the mme kchnicaygm us

av ilable or obtamable (NRC,1991b, p. E-11).j characterization of those potentially adverse conditions
that relate to the identification of fault displacement haz.
ards and seismic hazards (i.e.,10 CFR 60,122(c)(3), - A comparison of the probabilistic-threshold approach vs.

60.122(c)(4), 60.122(cX11), 60.122(c)(12), 60,122(cX13), th appr ch d scribed in this SI'P can be illustrated with
.! and 60,122(cX14)) should rely on deterministic crit cria to the example whet e a known fault,1000 feet in length and
$ determine which faults require detailed investigation. for which evidence of Quaternary-age displacement is
| Deterministic criteria provided in this STP include " dis, me,0clusive, exists in the victmty of the geologic repost.

placement in the Quaternary Period," and "scismicity tory. Existica geologic data and expert judgment nught
i associated with the fault." as well as other criteria that suggest that, due to the absence of evidence of Quater-

i relate to fault length and hication. The staff considers nary age displacement, this fault has an extremely low
i that the criteria provided in this FrP are sufficiently com- likelihood of exceeding a certain amount of displacement
I prehensive in that their implementation is expected to during the period of concern. Usmg the approach tlyat ,

! result in the collection of data sufficient to demonstnte incorporates a probabilistic threshold for determmmg
that the potentially adverse conditions have been charac- which faults require detailed charactenzation, this fault

,

i terized adequately. may not require further consideration dunng the site
,

charactenzation phase. Using the guidance provided m
j this STP, however, the significance of the fault in question
j in the characterization of potentially adverse conditions would be weighed against the other geologic criteria pro-

such as fault displacement hazards and scismic hazards, vided, if the geologic factors that are the bases for the4

I the staff considers unacceptable those epproaches that criteria suggest that the fault is subject to displacement,
; would rely on the use of a combination of existing geo- the fault would undergo further investigation. The staff
! logic data and expert judgment to set a probabilistic considers that the regulatory tcquirements to investigate
- threshold below which a fault would not be considered for potentially adversu conditions, to the extent that they _

detailed' investigation. The staff considers such ap. . . may be present and still be undetected" and ". . us-"'

proaches unacceptab!c because known faults that may be ing... assumptions which are not likely to underestimate'

contributors to an adverse condition, but do not meet an its effect... " can be achieved in this way.
estimated probability threshold, may not be investigated

'

during the site characterization phase, in addition, this Tbc above discussion is not intended toimply that the
approach mey discourage at tempts to find currently unde- staff considers that probabilistic analyses of fault
tected fauas because of irierences that they would not displacement and seismicity have no place in licensing.

*

; - meet the probability threshold. As a result, the staff con- On the contrary, the staff considers that,in t he analyses of
siders that the regulatory requirements for the investiga- the risk to public health and safety from fault displace-.

' tion of potentially. adverse conditions (i.e.,10 CFR ment hazards and seismic. hazards, deterministic and
6121(c)(1Xi) and 10 CFR 60,122(aX2Xi)) woald not be probabilistic techniques are complementary, and both
met, techniques should be employed.

't

,
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4 Do.cunion

Given the aforementioned considerations, there are sev- 4.1.2 Inillal Identification of Faults to be
cral motivating factors behind the stalfs pi ,on on an Considered for Detailed Investigallon
xceptable approach to the identification of fault da-
placement hazards and seismic harards at a geologic re- 10 CFit 60.122(c)(ll) indicates that structural deform +
positoryJlhe suggested appmach illustrated in Figure 1 is tion such as uphit, subsidence, folding, and faulting Lor-
acceptable because it encompanes a systematic process ing the Quaternary Period is a potentia 0y adverse condi-
to: (1) document the identification and anessment of all tion if it is characteristic of the controlled area or inay
faults or fault mnes within the regon identified for inves- affect isolation within the controlled arcaJihe staff con-
tigation; (2) identify those faults or fault mnes that are of siders that if faulting during the Quaternary Period is
Ivtential importance to the design and performance of characteristic ef the contr olled ar ea, then in order to meet
the geologic repository and, as a result, require detailed the investigative requirements of 10 CFit 60.122(a)(2)(i)
investigation; and (3) provide for the disposition of those and 60.122(a)(2)(ii), all faults within the controlled area
faults or fault rones that are climinated from further need t o be consider ed as candidat es for de tailed investiga-
consideration, but that may require reexamination, based tion, as outlined in Subsections 3.1.2 and 3.1.3.
on the results bf site characterization. 'the various steps
illustrated in Figures 1 and 3 should not be inter preted as For faults outside 01 the controlled area that raay affect
an NI(C staff suggestion that dol! develop separate isolation within the controlled ar ca,10 Clelt 60.21(c)(1)(i)
evaluation documents corresponding to the pirticular provies that the Safety Analysis Iteport is to include
steps in the process 'the process selectedand the manner miorLation on sub<.urface conditions to the extent that it
in which the effectivenessof that process is demonstrated - is relevant and material.To satisfy this requirement, the
are DOli management prerogatives. information collected (and submitted with the license

application) must include whatever has a natural ten-
dency or capability to influence the decision of the Com-

.Iht following gliscuwion paralicis the list of technical minior Consistent with this principle, informationposmons gwen in Section 3,0.
Sould be considered to be material if the N!(C staff.
would or should consider it in reaching a r casoned conelu-
sion with respect to any position it might take as to the

Investi ation CunSiderall0HS a equacy o the Hent,3pHeadon onhe inuancy o[ h4.1 a
N bcense (see N1(C,1976). lhis STP provides DOh wit

guidance to assist in assessing, in this context, what infor-,

'this section provides supporting diseuuion for the identi- mation on faults outside of the controlled area is relevant
fication of the region to be investigated and for the identi- - and materi:d. 'the guidance involves a procedure de-
fication of faults requiring detailed investigation, signed to ensure that the impacts of such faults on design,

containment, and isolation within the controlled area are
evaluated sufficiently so as to determine which of such

4.1.1 Identilication of the Region to be faults outside of the controlled arca may influence a deci-

Ins'eMiNed sion and therefore require turther investigation.

'the areal extent of the region to be investigated (i.e., 4.1,3 Identification of Faults That Require
component boundary) needs to be of sufficient size such Detailed imestigation (l.c., The
that the geologic and seismic characteristics are unoer- Identification of " Type 1" Faults)
stomi ar.J described to as to perrnit evaluation of the
proposed sac, to provide input for solutions to actual or The concept of a "'lype 1" fault is based on 10 CFit Part 60
potential faulting and scismic effects at ti)e proposed site, requirements, and builds on past regulatory experience
and to test alt:rnative models of faulting and scismicity (i.e., the application of Appendix A of 10 CFl< Part 100).
applicable to the site. For purposes of this STP, a " Type 1" fault serves only to

identify those faults or fault mnes that may impact repost-
tory design tsad/or performance and, as a result, should

For the purposes of this SI'P these investigations apply to _ u idergo detailed investigationJihe term " capable fault,"
both the preclosure ar.d postclosure performance peri- . as defined in Appendix A to 10 CFil Part 100, has not
ods. Accordmgly, flexibility is needed to permit the re- been adopted in this STP, because the term capable
suits of ongoing site characteriration r,ctivities to be fac- fault"_was originated to help identify fault-related haz-
tored .into establishing the areal extent of - the ards faced by nuclear power .Aons. and thus was devel-
investigations. The determination of the region to be oped within a substantially different context. In contrast
investigated should be considered to be an iterative proc- to faults that are identified as "lype 1" faults in this STP,
ess, to be addressed throughout the site characterization " capable fault" has been used as a site suitability tool,
phase. with established criteria under which proposed sites for i
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Discussion

nuclear power stations could be evaluated for licensability The approach to the identification of " Type 1" faults
(see NRC,1975 and 1979). incorporates a criterion that faults subject to displace- !

ment in the existing stress regime need to be considered
'

After an assessment of existing geolog data and alterna- for detailed investigation. This criterion relates to two
tivt tectonic models for a candidate site, faults that meet separate conditions. The first condition is one in which

the exist ng stress regime is interpreted to suggest thatithe criteria listed in Section 3.1.3 would be designated as
" Type 1" faults. faults trending in certain directions (i.e., favorably-ori.

ented faults) are in a state of incipient failure. An exam-
The identification of"lype 1" laults is considered t o be an ple of this condition occurs at the proposed repository site
iterative process in that faults discovered during the char. at Yucca Mountain, where Rogers and others (1987)have
atterization process must be evaluated using the criteria indicated that faults in the region with azimuths ranging
established in Subsections 3.1.1 through 3.1.4. Further. frorn about north to cast-northeast should be considered
more, when evaluations leading to the demonstratica that favorably criented for activation in the current stress re-
faults do not aff ect repository design and/or performance gime. The second condition is one in which emplaced
are inconclusive under the criteria listed in Subsection waste contributes to possible perturbations in the local .
3.1.3, Step No. 2, these faults should be assumed to be stress regime. In the process ofidentifying faults, the term
" Type 1." " existing stress regime" is intended to include the stress

regime that will continue to exist in the repository after
the emplacement of waste. Therefo:c, the effect(s) of

Process to identify ' Type 1" Faults waste emplacement should be considered in the id ntifi-
""

Step No.1: Identification of Faults Subject to
Displacement Step F 2: Assessment of the Potential Effects of

The approa;h to identifying "'I)pe 1" faults considers the
Quaternary Period as the basic time increment for the in this step, a second assessment is made of potential
determination of fault significance. The staff considers impac; on repository design and/or performance. The
that the use of this time increment as a baseline for assessments made in this step need to consider fault
characterinuion is rea.,onable and conservative. Consid- length, in determining il faults idet@ed in Step No. I as
eration of the entire Quaternary Period in characteriza- being subject to displacement ms N"cct repository de-
tion activities is based on requit ements of 10 CFR Part 60 sign and/or performance or may provide significant input
and supported by the staff analysis of public comments on into models used to assess performance. A fault length
the draft rule (see NRC,1983, p. 373). Based on this and location assessment was previously used to climinate
analysis, it was concluded that, in regard to the investiga- from further consideration those faults outside the con-
tion of potentially adverse conditions, "...all that is impor- trolled area that are not of concern to repository design
tant is that processes 'opating during the Quaternary and/or performance (Subsection 3.1.2).
Period' be identified an( aaluated . " (48 FR 28211)
The use of the entire Quaternary record is also consistent . This STP provides only general guidance on the lengths of
with technical views such as those expressed by Allen faults or fault zones that require detailed investigation.
(1975), who indicated that * ..the distribution of faults Step No. 2 calls for a demonstration that displacement
with Quaternary displacements seems to be a valid gen- along faults of a certain Jimension, individually, or collec-
eral guide to modern scismicity" (p.1046) and "c. under- tively,if part of a system, will not be a factorin design, will
standing the Quaternary Period is min .nore important not adversely affect the performance of structures, sys-
than understanding earlier periods, and this is where at. tems, and components important to safety, containment,
tention should first be concentrated" (p.1056). In addi- or waste isolation, and will not provide significant input
tion, Hays (1980, p.10) indicated that "... stratigraphic into models used to assess performance. Faults that fall
offset of Quaternary deposits by faulting is indicative of into this category at c not considered to be in "Iype 1" and .
an active fault." Finally, consideration of the record for- will require no further investigation (i.e., " Type 111"
the entire Quaternary Period is recessary to ensure that faults), except as prescribed by Subsection 3.1.4.
faults having long recurrence intervals (i.e., greater than
100,000 years) will be included in the investigation. 4.L4 Consideration of the Results of Site

Characterization Activities and
He use of the Quaternary Period to identify "rype 1" Alternative Tectonic Models

g faults does not preclude an examination of the pre-Qua-
ternary geologic record. An assessment of pre. Quater- The initial screening discussed in Subsection 4.1.2, and all
nary movement history may be necessary to establish subsequent screenings of faults, are considered to be an
whether temporal or spatial clustering of fault activity is iterative processes, in that faults determined to require
important to geologie repository investigations. no further consideration under the guidance should be
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F

F

econsidered if the results of subsequent site characteri- gations to be undertaken, or the type of infor mation to be
ration activities indicate that assumptions used in the gathered, facilitates the use of various relationships be-
screening process have changed.Therefore, the approach tween maximum ground acceleration and parameters of
defined in Technical Position 3.1.4 needs to be imple- interest. It should not be construed that maximum ground
mented in those instances where the results of subsc. acceleration alone provides the necessary input for the
quent site characterization activities indicate that the as- consideratiott of vibratory ground motion in design. A
sumptions used in earlier screening processes have minimum value of 0.lg is reasonabic when considering
changad. 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
4.2 111VeSi, gal,oliS for Fatill cited in a nuinber of regulatory and other guidance docu-l l

Displacement llazards ments as a discriminator for the minimum valuc of consid-
eration for the determination of design basis carthquakes.

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 Earthquakes that have generated or can reasonably be
of fault displacement hazards that needs to be taken into assumed to generate an acceleration of 0.lg or greater at
account for the design of structures, systems, and compo- the site, should be correlated with structures or associated
nents of a geologic repository, that are important to with seismic source zones. In a similar fashion, the faults
safety, containment, or waste isolation. that should be characterized are those faults that lie

within imaginary circles, centered on the k) cation of the
it is unlikely that fault displacement could occur at the controlled area, wherein radii are a function of earth-
surfacc above an undergrotmd facility without also occur- quake magnitude and the v1.' tory ground motion at-
ring within the underground facility. If, however, faults tenuation determined for the region. Each radius repre-

- are encountered in the underground facility, it may be sents the distance at which vibratory ground motion of a
impractical to study such faults in the manner described in particular magnitude carthquake would be attenuated to
Section 3.2. Instead, special attentior. should be paid to the equivalent of 0.lg.
the nature of the fault trace, its extent as observed in
other openings, and its orientation relative to the trends it is generally observed that vibratory ground motion at.
of faults identified as ' Type 1" faults in the vicinity of the depth is less than that observed on the surface above the
underground facility. underground observation point for sources at some dis-

tance from the observation points (Marine,1982). Obvi-
cusly, if the underground facility itself contains " Type 1"

4,3 Invest, gat, ions for h., ,eistline llazards faults, and these faults undergo movement resulting in -
,

i

carthquakes, then a region will exist surrounding the
faults where vibratcry ground motion might exceed that

A key element driving the investigations fu vibratory experienced at the surface, it might be necessary to iden-
I ground motion is the acceleration value of 0.lg. Using tify the extent of such zones of potentially higher vibra-

0.lg as a discriminator to determine the scope of investi- tory grocad motion.

|

|
|
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Al'I'ENDIX A
RELATIONSIIIP IIETWEEN Tills STAFF TECIINICAL POSITION AND

APPENDIX A TO 10 CFR PART 100

13ackground ence. ^ppendix A to 10 CFR Part 100. When preparing
10 CFR Part 72, the staff recognized that the seismic

Current Nuclear Regulatory Commission siting and de- design requirements for ISFSis could be less restrictive
sign policy related to geological and seismological hazards than those for nuclear power stations. However, the staff
for nuclear power stations is contained in Appendix A to recognized that ISFSis would, in most cases, be collocated
10 CFR Part 100 (Code of Fedcral Regulations, Title 10, with nuclear power stations, with a candidate site already
" Energy"). In conjunction with the Standard Review Plan analyzed thoroughly.Therefore, the staff chose to refer-
for nuclear power stations and other applicable regula- ence Appendix A to 10 CFR Part 100 in 10 CFR Part 72,
tory guides, Appendix A ("Geelogic Siting and Design as both a conservative approach and a matter of conven-
Criteria for Nuclear Power Plants") sets forth a regula. ience, because the Appendix A siting and design criteria
tory framework that guides the NRC staffin its evaluation were the only such regulatory criteria available at the
of the adequacy of an applicant's investigations of geo- time.Thus, although NRC's regulatory requirements,in
logie phenomena and proposed design parameters for 10 CFR Part 60, regarding the siting and design for a
nuclear power stations. Also, independent spent fuel geologic repository, are different from those that pertain
storage installations (ISFSis), monitored retrievabic stor- to the regulatory requirements for other types of nuclear
age systems, and mine-tailings dams for uranium process- facilities, NRC's health and safety standards for all types
ing mills refer to Appendix A for guidance on faulting and of nuclear facilities are consistent with the Commission's
scismic sinng criteria, defense-in depth safety philosophy and, accordingly, are

considered to provide appropriate levels of protection
The staff has not adopted Appendix A for guidance on against radiological hazards.
geologic and seismologic criteria for application to geo-
logic repositories, instead, t he staff has opted to develop a'

Staff Technical Position (STP) that acknowledges differ- Flittire AClionSences in funaion and periods of performance between
geologic repositories and other nuclear facilities, and en-
dorses an iterative approach toward coupliance demon- Although NRC has licensed many nuclear powerstations

stration with 10 CFR 1 art 60 m contrast to the more under Appendix A to 10 CFR Part 100, the licensing and
pr ptive approaches required to meet Appendix A s adjudicatory difficulties that rcsulted irom the

'
application of Appendix A(see NRC,1979),and theneed
to more clearly reflect the current licensing practices, led
the NRC staff to consider revision of the requirements

DISCt1SSion and application of Appendix A to 10 CFR Part 100. Un-
der review as part of this reassessment are recommenda-

Because nf site- and design-specific considerations, the tions that NRC's geological and seismological investiga.
language in 10 CFR Part 60 is intentionally non-prescrip- tions and design criteria be modified to better reflect the
tive. It leaves to the U.S. Department of Energy responsi- current state of-the art in these areas.nc staff is closely
bility, in the first instance, to determine, among other f ollowing the efforts, by NRC's Office of Nuclear Regula-
things, how to site and design the repository. The staff tory Research, on the revision of the geologic and scismic
does consider that the Commission's intent, under 10 siting criteria in Appendix A.The staff expects that any
CFR Part 60, for DOE to select a site with favorable future revisions will focus primarily on the curt ent state-
geologic conditions, is consistent with the approach used of-the-art in areas of the analysis of and design for seismic
in siting other nuclear facilities. Moreover, the staff con. phenomena. This current state-of-the-art would include,,

siders that current NRC design policy, as derived from among other things, the recognition of probabilistic tech-
Appendix A to 10 CFR Part 100 (see NRC,1977), is not niques, to address the uncertainties associated with dif-
applicable to the geologic repository program, consider- ferent parameters used in the analysis of and design for
ing the character of a geologie repository. seismic phenomena, However, the staff expects that the

revisions currently coctemplated will.not substantially
It should be noted that the surface waste-handling facili- cPnnge the types of information or investigations required
ties designed under 10 CFR Part 60 need not be designed under Section IV of Appendix A. Moreover. the staff
to the same geologic and seismologic criteria as those understands that the revisions to Appendix A will be
covered under 10 CFR Part 72 (Code of Federal Regula- directed towards nuclear power stations and will not bee

tiens, Title 10, " Energy"), which incorporates, by refer- considered applicable to geologic repositories.
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Any relevant information forthcoming after the publica- considered and the STP u;xlated, as appropriate.
tion of this STP, such as a revision of Appendix A, will be
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APPENDIX B
GLOSSARY

As used in this guidance: "Scismic hazard" is a set of conditions, based on the po
tential for the occurrence of earthquakes, that might op-

" Controlled Area"* means a surface h> cation, to be crate against health and safety.
marked by suitable monuments, extending horizontally
no more than 10 kilometers in any direct. ion from the " Seismic source zone"is assumed to be a planar represen-
outer boundary of the underground facility, and the un- tation of a three limensional domain, with similar tec-
derlying subsurface, which area has been committed to tonic features, in which all potential carthquakes occur-
use as a geologic repository and from which incompatible ring will have the same characteristics such as constant
activitier would be restricted following permanent clo- spatial and temporal occurrences and identical maximum
sure. magnitude (modified from 13ernreuter, et al.,1989).

" Geologic Setting"' means the geologic, hydrologic, am' " Site"* means the location of the controlled area.
geochemical systems of the region in which a geolop
repository operations area is or may be located. "' Type l' faults" refers to those faults or fault zones that

are subject to displacement and of sufficient length and
" Geologic System" is the stratigraphic, geomorphic, located such that they may t_ffect repository design and/or
faulting, seismic, volcanic, and natural resource frame- performance. As such, they should be investigated in
work of the area in which a geologic repository is located. detail.
Each of the elements of the framework is considered to be
a component to the geologic system (e.g., stratigraphic "' Type II' faults" refers to those faults or fault zones that
component of the geologic system), are candidates for detailed invest gation.i

" Faulting Component" means that po eion of the carth's "' Type Ill' faults" refers to those faults or fault zones
crust that needs to be investigated tCencompass those either (1) not subject to displacement c: (2) subject to
faults that might have an effect on rel$itory design and/ displacement, but of such length, or located in such a
or performance or provide significant nput into models manner, that they will not affect repository design and/or
used to assess repository performance due to fault dis- performance. Consequently, they do not need to be inves-
placement, tigated in detail.

" Seismicity Component" means that portion of the For definitions of other relevant terms, see 10 CFR 60.2.
earth's crust that needs to be investigated to encompass
those carthquakes that might have an effect on repository References
design and/or performance or provide significant input
into models used to assess repository performance due to Bernreuter, D.L et al., " Seismic Hazard Characteriza-
vibratory ground motion. tion of 69 Plant Sites East of the Rocky Mountains,"

University of California, l_awrence Livermore National
1.aboratory Publication No. UCID-21517, Vol.1,1988.

Code of Federal Regulations, " Disposal of High-Level Ra-
dioactive Wastes in Geologic Repositories," Part 60,

cos, of rescu!R@asm, Title to,"Emgy," Chapter I, Title 10, " Energy."
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APPENDIX C
APPLICAllLE 10 CFR PART 60 REGULATIONS

S60.21(c)(1)(i-ii) (C) An evahiation of the performance of the pro-
posed geologic repository for the period after permanent
c!osure, assuming anticipated processes and events, giv-

. ing the rates and quantities of releases of radionuclides to
(c) .the Safety Analysis Report shallinclude: the accessible environment as a function of time; and a
(1) A description and assessment of the site at similar evaluation which assumes the occurrence of unan-

w hich Ihe proposed geologic repository operations area is ticipated processes and events.
to be located with appropriate attention to those features (D)The effectiveness of engineered and natural bar-
of the site that might affect geolegic repository operations riers, including barriers that may not be themst!ves a part
area design and performance. lhe description of the site of the geologic repository operations area, againct the
shall identify the location of the geologic repository op- release of radioactive material to the environment. The
crations area with respect to the boundary of the accessi- analysis shall also include a comparative evaluation ofble environment.

. alternatives to the major design features that at e impor-(i) The description of the site shall also m. elude the tant to waste isolation, with particular attention to thefollowing information regarding subsurface conditions. f ternatives that would provide longer radiortclide con-this description shall, in all cases, melude such informa- tainment and isolation,
tion with respect to the con; rolled area, in addition, (E) An analysis of the performance of the major
where subsurface conditions outside the controlled area
may affect isolation within the controlled area, the de- design structures, systems, and components, both surface,

and subsurface, to identify those that are important to
scription shall melude such information with respect i safety. For the purposes of th'is analysis, it shall be as-subsurface conditions outside the controlled area to the
extent such mformation is relevant and material. The sumed that operations at the geologic repository opera-

tions area will be carried out at the maximum capacity anddetailed information referred to m this paragraph shall rate of receipt of radioactive waste stated in the aphlica-include: "U"'( A) The or.cntation, distribution, aperture in-filling
) An n W.on measmes ud m suppmtand origin of fractures, discontinuities, and heterogenei-

ties. the models used to perform the assessments required m
'

pamgmp mu@ M Anaps and mWs ty(11) The presence and characteristics of other poten- will be used to predict future conditions and changes m
tial pathways such as solution features, breccia pipes, or
other potentially permeable features; the geologic setting shall be supported by usmg an appro-

(C) The geochemical properties and conditions, priate combination of such methods ar field tests, m situ

includine, pore pressure and ambient stress conditions; tests, laboratory tests which are representative of field

(D)' The hydrologic properties and conditions: c nditions, monitoring data, and natural analog studies.

(II) The geochemical pmpertics; and 60.21(c)(3)
R The anticipated response of the geomechanical,

hydrogeologic, and geochemical systems to the maximum [lhe Safety Analysis Report of the license application
design thermalloading, given the pattern of fractures and shallinclude:i(3) A description and analysis of the design
other discontinuities and the heat transfer properties of and performance requirements for structures, systems,
the host rock mass and groundwater, and components of the geologic repository which are im-

(ii) The assessment shall contain: portant to safety. This analysis shall consider-(i) The
(A) An analysis of the geology, geophysics, margins of safety under normal conditions and under

hydrogeology, geochemistry, climatology, and meteorol- conditions that may result from anticipated operational
ogy of the site, occurrences, including those of natural origin; and (ii) the

(B) Analyses to determine the degree to which each adequacy of structures, systems, and components pro-
of the favor ble and potentially adverse conditions, if vided for the prevention of accidents and mitigation of the
present, has been characterized, and the extent to which it consequences of accidents, including those caused by
contributes or detracts from isolation. For the purpose of natural phenomena.
determining the presence of the potentially adverse con-
ditions, investigations shall extend from the surface to a 60,111 Performance of the geologic reposi-
depth sufficient to determine critical pathways for tory operations area through.

radionuclide migration from the underground facility to permanent closure.
the accessible environment. Potentially adverse condi-
tions shall be investigated outside of the controlled area if (a) Protection against radiation exposures and re-

} they affect isolation within the controlled area. leases of radioactive material. The geologic repository j

C-1 NUREG-1451
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Appendix C

operations area shall be designed so that until permanent the engineered barrier system are dominated by fission
closure has been completed, radiation exposures and ra- product decay; and (B)any release of radionuclides from
diation levels, and releases of radioactive materials to the enginecred barrier system shall be a gradual process
unrestricted areas, will at all times be maintained within which results in small fractional Meases to the geologic
the limits specified in Part 20 of this chapter and such setting over long times.- For dispusal in the saturated
generally applicable environmental standards for radio- zone, both the partial and complete filling with
activity as may have been established by the linviron- groundwater of available void spaces in the underground
mental Protection Agency, facility shall be appropriately considered and analyzed

(b) Retrievability of waste. (1)The geologic reposi- among the anticipated processes and events in designing
tory operations area shall be designed to preserve the the enginected barrier system.
option of waste retrieval throughout the period during (ii)ln satisfying the preceding requirement, the en-
which wastes are being eniplaced and thereafter, until gineered barrier system shall be designed, assuming an-
the completion of a performance confirmation program ticipated processes and events, so that:
and Commission review of the information obtained from (A) Containment of HIM within the waste packages
such a program. To satisfy this objective, the geologic will be substantially complete for a period to be deter-
repository operations area shall be designed so that any or mined by the Commission taking into account the factors
all of the emplaced waste could be retrieved on a reason-

specificJ in 60.113(b) provided,'that such period shall be
able schedule starting at any time up to 50 years after
waste emplacement operations are initiated, unless a dif- not less than 300 years nor more than 1,000 years after

ferent time period is approved or specified by the Com- permanent closure of the geologic repository;and

mission. This different time period may be established on (11) The release rate of any radionuclide from the

a case.by case basis consistent with the emplacement engineered barrier system following the containment pc-.

schedule and the planned performance confirmation pro- riod shall not exceed one part in 100,000 per year of the
gram. nventory of that radionuclide calculated to be present at

(2)This requirement shall not preclude decisions by
1,000 years follo ving permanent closure, or such other

the Commission to allow backfilling part or all of, or fraction of the inventory as may be approved or specified '

permanent closure of, the geologic repository operations by the Commission; provided, that this requirement does

area before the end of the period of design for not apply to any radionuclide which is released at a rate
retrievability' less than 0.1 percent of the calculated total release rate

limit.The calculated total release rate limit shall be taken(3) 1 or purposes of th.is paragraph, a reasonable
schedule for retrieval is one that would permit retrieval m to be one part in 100,000 per year of the inventory of
about the same time as that devoted to construction of the radioactive waste, originally emplaced in the under-
gcologic repository operations area and the emplacement ground facility, that remains after 1,000 years of radioac-

f w stes' tive decay.

(2) Geologie setting. The geologie repository shall be
located so that pre-waste-emplacement groundwater@60,112 Overall system performance obj.ee-

tive for the geologie repository.after - travel time along the fastest path of likely radionuclide
travel from the disturbed zone to the accessible environ-permanent closure. ment shall be at least 1,000 years or such other travel time
as may be approved or specified by the Commission.

The geologic setting shall be selected and the engineered (b) On a case-by-case basis, the Commission maybarrier system and the shafts, boreholes and their seals ' approve or specify some other radionuclide release rate,
shall be designed to assure that releases of radioactive

designed containment period or pre waste-emphccment
materials to the accessible environ, ment following perma- groundwater travel time, provided that the overall system
nent closure conform to such generally' applicable envi- _ performance objective, as it relates to anticipated proc.
ronmental standards for radioactivity as may have been esses and events, is satisfied. Among the factors that the
established by the Environmental Protection Agency with Commission may take int _o account are;
respect to both anticipated processes and events and un- . (1) Any generally applicable environmental stan-anticipated processes and events.

dard for radioactivity established by the Environmental
Protection Agency;@60,113 Performance of particular barriers __

(2)he age and nature of the waste, and the dcsign
after permanent closure. of the underground facility, particularly as these factors _J

bear upon the time during which the thermal pulse is ](a) General provisions-(l) Engineered barrier sys- dominated by the decay heat from the fission products;
tem. (i)The engineered barrier system shall be designed (3)%c geochemical characteristics of the host rock,
so that assuming anticipated processes and events: (A) surrounding strata and groundwater:and .-- j
Containment of HLW willbe substantially complete dur. -(4) Particular sources of uncertainty in predicting |ing the period when radiation and thermal conditions in the performance of the geologic repository. J

_
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. 60.122(c) Potentially adverse conditions,(c) Additional requirements may be found to be
i necessary to satisfy the overall system performance objec- [ Selected conditions considered directly or indi-

tive as it relates to unanticipated processes and events. rectly related ta seismic hazard]

(c) Potentially adverse conditions. The following
'

60.122(a)(2) Siting Criteria. conditions are potemlally adverse conditions if they are
characteristic of the controlled area or may affect isola-

; ISelected requirements considered directly or tion within the controlled area . .
. .

indirectly related to seismic hazardj (3) Potential for natural phenomena such as land-
,

slides, subsidence, or volcanic activity of such a magnitude

(2)lf any of the potentially adverse conditions speci. that large-scale surface water impoundments could be*

created that could change the regional ,,roundwater flow
i fied in paragraph (c)[ 60.122(c)] of this section is present, system and thereby adversely affect the performance of _
| it may compromise the ability of the geologic repository to the ge to ic reposito

meet the performance objectives relating to the isolation
of waste. In order to show that a potentially adverse con' dence, folding, or faulting that may adversely affect the
dition does not so compromise the performance of the regional groundwater flow system.. .

4 geologie repository, the following must be demonstrated: (11) Structural deformation such as uplift, subsi-
(i)The potentially adverse human activity or nat ural dence, folding, and faulting during the Quaternary Pe-

condition has been adequately investigated, including the riod.'

j extent to which the condition may be present and still (12) Earthquakes which have occurred historically

; undetected, taking into account the degree of resolution that if they were to be repeated could affect the site
; achieved by the investigations; and significantly.

. (ii)The effect of the potentially adverse human ac, (13) Indications, based on correlations of earth-

| tivity or natural condition on the site has been adequately quakes with tectonic processes and features, that either
the frequency of occurrence or magnttude of earthquakes; evaluated using analyses which are sensitive to the poten-
* I'"cr c.

! tially adverse human activity or natural' condition and (34) i0re frequent occurrence of earthquakes or
assumptions which are not likely to underestimate its carthquakes of higher magnitude than is typical of the
effect; and area in which the geologic setting is located.,

(iii)(A)'lhe potentially adverse human activity or
natural condition is shown by analysis pursuant to para. 60,131(b)(1) Protection against natural-
graph (a)(2)(ii) ot' this section not to affect significantly phenomena and environmental conditions,

,

i the ability of the geologic repository to meet the perform- ' [With respect to the general design criteria for
ance objectives relating to the isolation of _ waste, or the geologic repository operations area.]-

4

(D) The effect of the potentially adverse human (b) Structures, systems, and compon:nts important
'

activity or natural condition is compensated for by the to safety-(l) Protection against natural phenomena and.

presence of a favorable combination of the favorable environmental conditions. The structures, systems, and''

j characteristics so that the performance objectives relating . components important to safety shall be designed so that
; to the isolation of the waste are met, or r.atural phenomena and environmental conditions antici.

(C)'Ihe potentially adverse human activity or natu- - pated at the geologic repository operations area will not-

ral condition can be remediJ . interfere with necessary safety functions.'

:

*

,

j
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APPENDIX D
DISPOSITION OF DEPARTMENT OF ENERGY (DOE) COMMENTS DATED

FEBRUARY 27,1990*

Note: "rechnical position" (TP) rtfers to the public com- Characteristic earthquakes;
ment draft TP, dated August 24,1989 (54 FR 35266), and Maximum-magnitude carthquakes;
"STP" refers to the current Staff Technical Position, Ground-motion attenuation relationships;
dated hiay 13,1991 (56 FR 22020). Ground-motion site effects; and

Exceedance probabilities for ground-motion

DOE COh151ENTS parameters.

1, We continue to believe that additional regulatory it may not be necessary, or possible, to quantify
guidancc on data nceds for seismic hazards is unnec- every item, but each could be discussed, at a mini-
essary because the Department's published plans mum.
for acquiring and analyzing carthquake-related data
and for demonstrating compliance with the perform- Response
ance criteria of 10 CFR Part 60 are adequate and will
ensure a safe seismic design, However, our objec. First, the staff does not agree with DOE's position that

tions to the draft Technical Position (which have additional regulatory guidance on data needs for seismic

been detailed in letters dated 9/20/89"and 11/3/89 hazards is unnecessary because the Department's pub-

[ DOE's November 1989 comments are contained in lished plans for acquiring and analyzing carthquake-re-
Appendix C of the May 13,1991, draft STP], and are lated data and for demonstrating compliance with the
not repeated here) are mostly specific to that docu. performance criteria of 10 CFR Part 60 are adequate and
ment, if, after our recent Technical Exchange on the will ensure a safe seismic design. In its review of DOE's
subject, the staff remains convinced that cdditional Site Characterization Plan (DOE,1988, p. 8.3.1.17-7),
guidance is needed, we would like to suggest that the the staff noted its concerns with regard to the conserva-

,"
staff consider recasting the draft Technical Position tism of DOE's plans to characterize seismic and faulting
as an " acceptance criteria" for seismic hazards analy. phenomena (see NRC,1989b, pp. 3-6-3-7). In light of
sis as part of documentation needed to support a these concerns and the lack of progress on the concerns
license application. Items to be explicitly addressed raised by the staff in its evaluation of DOE's review of
might include, for example: NRC's Site Characterization Analysis (SCA)(see Ber-

nero,1991, pp.77-87), the staff attempted to describe (in
Alternative tectonic models; the STP) the level of conservatism it thought sufficient,in
Identification of significant Quaternary faults; the context of the regulation, for adequately characteriz-
Criteria for deter.nining which faults or ing fault activity and thus avoiding the potential to under-

features to characterize; estimate the fault displacement hazards and seismic haz-
Subsurface fault geometries; ards at the Yucca Mountain site,*

Fault segmentation;
Fault lengths and widths; The second portion of this comment suggests that "accep-

Fault slip rates; tance criteria" be prepared for a number of topics related

Qisplacements associated with discrete to the investigation of fault displacement hazards and
faulting events; seismic hazards,if the staff continues to believe that guid.

Subsidiary faulting; ance is necessary. The guidance presented in this STP
Magnitude-frequency relationships; focuses on investigations of fault displacement hazards
Non-Poissonian recurrent models; and scismic hazards and specifies what is considered to be

an acceptable approach (or, in essence, the " acceptance
criterin" suggested by this comment) for two topics cited
in the comment, namely, the " identification of significant

* DOE's additional com ments were submitted af ter its earher Septem-
ber 20.1989, ctuments on the August 24.1989. public comment Quaternary-age faults," and the " criteria for determining
draf t TP. which faults or features to characterize." Development of

..'Ite september 20,1989 Ictier stated DOE's concerns with the an approach to address these two topics is considered to
staff s August 24.1989.Technaal Position (54 FR 35266) that the be a necessary precursor step that forms the basis for the
methodologies contained in Appendix A to 10 CFR Part 100 were analysis and interpretation of data derived from site char-
considered appropnate for 10 CFR Part 60 investigations. 'lhe staff acterization activities.
has subsequer.tly amended 'his poution 17 stating that this STP no
longer adopts Appendix A to 10 CFR Part 100. See Appendix A of ,

this document for the stafrs current position on the relationship of ,The suggestion that " acceptance criteria,, be prepared on d

this STP to Appendix A to 10 CI R Part 100 the other topics mentioned in the comment will be

D-1 NUREG-1451
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| l

addressed elsewhere, rnost likely in a subsequent STP It:ferences
ender development at this time.

Hernero, R.M., Office of Nuclear Material Safety and
.

4

1

Safeguards. I.etter to J.W. Ilartlett, U.S. Department of '

! 2. Additional, more general, attributes of an accept. linergy/ Office of Civilian Radioactive Waste Manage-
. able seismic hanu ds evaluation might include iden, ment [ Subject: " Status of Site Characterization Analysis
'

tification of: Open Items"J. U.S. Nuclear Regulatory Commission,
July 31,1991.

Conservatisms and non-conservatisms in U.S. Department of linergy," Chapter 8, Section 8.3.1.17.
analyses; Preclosure Tectonics," in " Site Charac' -intion Plan,

Parameter uncertainties; Yucca Mountain Site, Nevada Researca Develop-
Sensitivity of hazard estimates to parameters; ment Center, Nevada," Vol. V, Part II, De ciRW-0199,

and December 1988.
Anticipated usage of hazard estimates in design.

U.S. Nuclear Regulatory Commission, "Availabili? of
Draft Technical Position on MetLads of Evaluating the-

Seismic 1lazard at a Geologie Repository," FederalRegis-g, ,,,
ter. Vol. 54, No.163, August 24,1989a,p.35266.

This suggestion is noted. As previously discussed in the . U.S. Nuclear Regulatory Commission,"NRC Staff Site
staff response to DOR Comment No.1, developrnent of Chr.racterization Analysis of the Department of Energy's
an approach to address the identification of fault dis- Site Characterization Plan, Yucca Mountain Site, Ne-
placement hazards and seismic hazards is considered to vada," NUREG-1347, August 1989b.
he a necessary precursor that forms the basis for the
amdysis and interpretation of data derived from site char- U.S. Nuclear Regulatory C mmission. " Availability of
acterization activities. Guidance in the analysis cf data Draft Staff Technical Position; Inycstigations to identify

.

related to fault displacement hazards and seismic hazards Fau:t Displacement and Seismic Ilazards at a Geologic
such as those listed in this comment will be addressed in a Repository," Federal Register, Vol. 56, No. 92, May 13,*

subsequent STP under consideration at this time. 1991,p.22020.

.
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1 API'ENDIX E-
DISPOSITION OF PUBLIC COMMENTS ON MAY 13,1991, DRAFI' STAFF

,

j TECHNICAL POSITION
.

. .

'

I Note: Although Nuclear Regulatory Commission staff that are subject to displacement." We are con.
! Technical Positions (ETPs) are generic in nature, some of cerned that unique terminology may be developed
i the public comments and the attendant staff responses for different applications (i.e., nuclear power versus
; contained in this appendix au in the context of the candi- radioactive waste disposal) for the same features.
i date site at Yucca Mountain, Nevada. Also, the draft SIY The term "significant" or "important" faults may be
! icferenced here is dated May 13,1991 (56 FR 22020), _ more appropriate to suggest they are "significant"in_
: the hazard investigation process and may be "signifi-
! ASSOCIATION OF ENGINEERING GEOLOGISTS cant" in assessment of the suitability ~of site (i.e.,
i COMMENTS some "significant faults" become "capaole faults"
! upon detailed investigation). We recommend that
{ The Association of Engineering Geologists (AEG) has additional thought be given to this issue.
: reviewed the above referenced staff technical position

and is providing comments in accordance with the ex- Resp <mse-

| tended deadline granted by NRC. Review of the SFP was
The staff notes the concerns made in this comment and

; performed by two AEG techmcal committees. The com-
has given additional thought to the use of the term ", sus-men from ch committee are attached foryour review-

. g fg,, in response to this and other comments.|
i

'

He term " susceptible fault" has been abandoned in the
'

I A common theme in our comments is the concern with final version of the STP and what might be regarded as a

! the use of probabilistie techniques.The Engineering Ge- less prejudical categonzation scheme has been substi-

i ology Standards Committee comments address the uncer- tuted. Ilowever, the logic behind the concept remains the

i tainty of the use of these techniques without regard to same. I'hus, the fol:owing discussion addresses the cony .

) region and the availability of hictorical data. The Seismic - cerns raised by this comment over the " susceptible fault

j Safety Committee comments provi& guidance concera- concept

; ing limitations in developing probabilistically-based con" As this comment correctly states, the w.u.qn of "Suscep-
E clusmns. tible faults" considered those faults to be susceptible to
| future displacement much bke " capable" faults described
! AEG ENGINEERING GEOLOGY STANDARDS -in Appendix A to 10 CFR Part 100 (see Section~ 'V,
j COMMITl'EE GENERAL COMMENTS: " Required Investigations,"in 10 CFR Part 100, Appendix -

A(Code of federa/ Regulations Title 10, " Energy")) could
1. _ The iterative process of investigation described in be assumed to be capable of future displac: ment. How-

*

I the STP has been used for many years in those cases ever, the concept of susceptible faults is umque m defe
,

| where new information became available during the
mtion and application to a geologic repository, Specific .course of an investigation, it has been applied in a . differences between " capable" and ' susceptible faults

2

!- haphazard way and has contributed to substantial -

include: (a) the penod used to defin a " susceptible faults,i, overruns in design and construction costs. Formaliz-
! ing it in the STP is appropriate and usef 21.- pe tunary Rnod vs. 35,000 to 500.000 years for:

capable faults,,): (b) the m, terest m fault lengths less:
,

4

{ = -than those identified for " capable" faults; and (c) the -
j Response- application of a stress field criterion to define "suscepti-

. ble faults," a criterion that was not used in defining"capa-[ -He staff agrees with this comment. No modification of
ble faults.

the STP is requested, and thus no changes are necessary.

~ In previous drafts of the STP, the term "tectonically sig-
2. We are somewhat uncomfortable with the 'name nificant" fault was used to describe what in this draft was

" susceptible fault " but recognize the desire to avoid referred to as a " susceptible fault." Reviewers enticized,

j using " capable" fault because of its prior usage in the tenn "tectonica'ly significant fault".because of the
[ Appendix A to 10 CFR Part 100.- A " capable" fault is concern that the response of the public to the siting of a
; - one tnat is considered " capable" of generatmg sur- nuclear facility on, or in the vicinity of, a "significant fault"
; face rupture or grot'nd motion of significance to a- would unnecessarily prejudice and complicate the licens-
p site. Applying thislogic to" susceptible faults"would ing process.

~

i suggest that they are " susceptible" to future surface'
i rupture or generating ground motion. Throughout For the purposes of a geologic repository, the process
;- the SFP, " susceptible faults" are described as " faults used to identify " susceptible faults" clearly and explicitly
)-
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L defines those faults that are subject to dmplacement un- most responsible guidance would be to exercise care

der the geclogic conditions at the candidate site and that, in formulating;and applying probabilistic tech- *

| assuming displacement does occur, may (due to their lo- niyties, where appropriate, to investigations to iden-
|~ cation or si/c) impact repository design and/or perform. - tify significant hatards. Similarly, care is also needed
y ance. Faults are not considered susceptibic unless a de- to applying deterministic techniques.' We believe

termination is made that they are of sufficient size or are that deterministic and probabilisticapproaches are
i

hicated in such a manner as to affect repository design - complementary, and each should be used where apr;'

and/or performance. No consideration is given to the propriate.
likelihood of that displacement in the identification of.

s

{ " susceptible faults " itesponse

3. We I clieve that using "tb luaternary Period as the The staff recognl/es that deterministic'and probabilistic'-
basic time increment for the determinatien of fault approaches are complementary in investigations to iden;4

i sign ficance" (Si P, top of page 17)is appropriate, as tify and evaluate potential geologie hazards to the reposi-
, stated, to ensure that faults with long recurrence tory, in a subsequent STP now under development, the
| intervals ( > 100,000 years) will be included in the staff intends to discuss'an acceptable approach to the -
j investigation. The 51 P does not, however| provide application of deterministic and probabilistic techniques

'

i adequate guidance on the definition of " Quater. in the analysis of fault displacement hazards and scismic-
! nary," for use in the context of identifying significant hazards.

| faults. In some instances, oatable Quaternary
stratigraphy may not oc present, or uncertainty may llowever, the staff does not agree that the Sl'P is contra.3

i exist about whether an unfaulted layer is 1.8 or 2.0- dictory on this matter. The staff considers that in the
| million years old. This is likely to become a critical - initial attempts to identify potential hazards and to collect '
I issue and should be addressed in the STP, data to provide input into hazard analysis, use of deter-
j ministic criteria is the most transparent (i.e., readily un;
; ggpon,,, derstandabic)and most effective approach to ensure that
i relevant data are collected. The staff does recognize.
! In the staff analysis of the public comments on the pro. howc.ver, the utility of using probabilistic techniques to
j posed rule (e.g.,10 CFR Part 60), the staff noted the _ support deterministic analyses for determining which:

problems in precisely dating (radiometrically) faults of faults o ' side the controlled au are of regulatory con-,
,j- concern to the geologic cepository (see NRC,1983b, p, cern and the SrP has been modified to indisate as mu-h. 1

! 373). Rather than attempting to define or quantify 8 he age l

! of the Quaternary Period, the staff noted that what was 10 CFR Part 60 requires that gxitentially adverse condi-
important was that the U.Si Department .of F.ncrgy tions relating to stri.ctural deformation (iricluding faulti

, (DOli) identify and evaluate the processes operating dur. ing and seismicity) must be adequately investigated to the
j ing the Quaterm,ry Pet iod so as to enable recent geologic extent to which the potentially adverse condition may bel
!~ history to be interpreted and to permit near-term.geo. present and still be und_etected (10 CFR 60,122(c)(2)(i)),

logic changes to be projected with relatively high confi. and evaluated, using assumptions that are not likely to
|- dence (48 FR 28210). Accordingly, the staff has taken the underestimate its effect (10 CP? 60.122(e)(2)(ii)). ''oD

position that,"for regulatory purposes," the definition of meet these requirements, the statt believes that , .aen-:

j- the Quaternary Period is 2 million years (NRC,1983b, p. tially adverse conditions must be. investigated, using con-
373). In those cases where no datable Quaternary-age servative approaches, so as to permit recent and near.

L stratigraphy is present, ;he other, subjective criteria (e.g., term geologic processes to be well-understmL
, Step No.1 in Subsection 3.1.3) are to be used to deter. -

mine if a fault is subject to displacement. The staff believes that knowledge of the existing and
-

- future state of geologic cimditions at a candidate site fora
4. ' We disagree with the concept that probabilistic tech. geologic repository requires thorough investigations of

niques should be avoided because they are not suffi. those features that en be measured directlyin situ or that
_ ciently conservative to be used as determining fac. can be inferred from direct measurements.% Measure-_'
tons in identifying faults requiring _ detailed . ments should be required unicss there.are persuasive
investigation. In fact, the STP is contradictory in this . reasons to believe that they would not contribute in n'

regard by suggesting that a deterministic approach
- *When direct miasurements of repository systems are nor possible.10 -

; be used to address issues that inhe rently have statis- cm 60.2 t(ex t XiiX f 9 suggesa coneteration or Ide scokyic record of -
!. - tical variability (e.g., the age of a faulted or unfaulted the candulate site and anahms with similar geohmic stractures else-

[ stratum) or phenomenological uncertainty (e.g., at. where may provide informahon about the characteristics of the geo-

i tenuation of ground motion with distance). In some i pc sydem, such as rates of tectonic pmcenes or daruptive events.
'" "PN'" I """' " " " " " " * " #P'"I- situations, Erobabilistic assessments maY tesult in on the co'mpleteness of the geohy?"''**d or on the closencu of thec recor

j overly conserva "e conclusions. We believe that the - amiogy,

;,
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3 meaningful way to the assessments and findings that are features and seismic activity generally can be corre-

! necessary for licensing. hted better than areas to the east. What guidance is
.

given for sites where such correlation is difficult?!

i: Ily contrast, there are "probabilistic" approaches to the Furthermore, recent "bl_ind fault" carthquakes' in ~ l

; investigation.of repository conditions. Unlike the ap- California (e.g., the Coatinga and Whittier Narrows |

i proaches described above, probabilistic approaches rely earthquakes) demonstrate that _even ' west of the
j on numerical estimates to describe the likelihood of a Rocky Mountains significant faults may not be _

repository condition or event. Ilowever, under such an geomorphically expressed nor can they be exposed
j approach, only those conditions or events estimated to by conventional investigative methods, such as
a have a given probability of occurrence would then be trenchmg.

investigated. Such an approach might be reasonable un-
der some circumstances, particularly when there are prac- Response

i tical limits on the types or amounts of information that At the present time, the only candidate site undergoing
can be collected. However, if a probabilistic approach investigation is west of the Rocky Mountain Front, with;

j results m the failure to carry out physical myestigations' no other candidate sites currently being considered. If, in
any assumptions made m charactertzmg the system may the future, other sites east of the Rocky Mountain Front
mtroduce further uncertainties mto the assessment. The become candidates for investigation, this STP will be up-
staff believes that probabilistically-based mvestigations dated to address the concern about the difficulty about

g are subject to this enticism, and that some important the correlation of seismic activity with tectonic features.
1 matters may be overlooked, especially where the assign-
1 ments of probabilities involve the extensive use of expert De concern about " blind fault" carthquakes lacking geo-

Judgment, morphic expression, mentioned in the comment, is ad-
dressed by Sections 3.1 and 3.2 of the STP; namely, the

; in light of these concerns, the staff has questioned the identification and investigation of "lype I" faults require
'

| conservatism of probabilistic approaches (NRC,1989b, consideration of alternative tectonic models for the site.
; pp. 4-53-4-54), as proposed by DOE in its Site Charac- If faults such as blind thrusts or detachments are a part of

terization Plan (SCP) (DOE,1988), inasmuch as they a! tern 6tive models for the site, then they must be consid-1

[ might lead to overly optimistic predictions about the ef- cred in the identification of" Type 1" faults. Specific refer-
i fccts of faulting on repository design and/or performance. ence to investigations of this type of fault is giver .n i
~

The staff considers that the use of probabilistic assess- Section 3.2, where it is stated that "these investigations
; ments of fault displacement are not a substitute for the apply to both "lype P faults expressed at the surface and
i collection of data relevant to characterization of the site, those with no surface expression (;.c., identified or in-
. especially where such data can be obtained by reasonable ferred in the subsurface)." The identification in the
| means. In particular, in determining which faults require subsurface cm be achieved by means of shafts, tunnels,
j detailed investigation the staff considers unacceptable and boreholes, or indirectly, by the use of geophysicals

| the climination of certain faults or classes of faults from - techniques and alternative tectonic models.
| investigations, based solely on an arbitrary cutoff of the
j liteiihood of displacement, ns currently proposed by 3. The iniddle paragraph on page 3 is unclear. It may
i DOE (see DOE,1988, p. 8.3.1.17-7), refer to avoiding significant design and/or perform-
| ancc problems, but it could be interpreted to refer to

avoiding fault displacement and seismic hazards,$ SPECIFIC COMMENTS: Hazardsc;m be ameliorated:1 hey cannot be avoided.p

[ 1. At the 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. Response

!- mic hazards. Issues contained in such a document : This comment is noted.'NRC's strategic planning as-
may be more controversial than those expressed in sumptions call for the early identification and closure of

';
' this STP.j. ssues, to the extent practicable, before the receipt of a

_ license application to construct a geologic repository.The
4

Response principal means for achieving this goal is through infor-
f mal, pre-licensing consultation with DOE, the State of

The staff agrees with this comment. No modification of - Nevada, Indian Tribes, and affected u nits of local govern-;

: the STP is requested, and thus no changes are necessary. ment.This approach is designed to attempt to reduce the

{ number of, and to better define, the issues that will be
2. - At the beginning of the bottom paragraph on page 2, _ litigated during a potential licensing hearing, by obtaining.

the STP indicates that it is most applicable for sitcs input to, and striving for consensus; on such issues, from
_ est of the Rocky Mountain Front, where tectonic the technical community, or other interested parths.w

,
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1 Thus, the use of the word " avoided" is not meant to ior can be assumed to be the mean of the observed
J suggest that faulting, scismic hamros, and their attendant behaviors or the mean plus or minus one or two
| cffccts am be avoidedper se at any candidate site. Rather, standard deviations. We believe that a responsible
j. the word " avoided" should be considered in the broader method of assessment can be accomplished with a
p context of this paragraph, whose intention is to communi- probabilistic technique.
: cate the staff's expectation that DOE's solutions to actual
; or potential geologic and scismic effects at a candidcte Response
j site should be based on investigations of sufficient detail
- such that the geologic and seismic characteristics are un' .lhis comment has correctly pointed out that there are

derstood well enough to permit an evaluation of the pro' many repository parameters for which there is an inher-

posed c:mdidate site, and to prou,de sufficent laforma. ent statistical variability. Ilowever, regardless of the vari-
,

ability of these features, they ctm be measured directlyin
tum to suppos;t any determmations based on these

| mvestigations. Ihc staff believes that tius objective is situ or inferred from direct measurements with relatively,

consistent with its broader pre-licensing goals defined high emfidence.
4

! previously. (i. 'lhe secono paragraph (2) on page 11 indicates that
1 the static and dynamic engineering properties of the

llowever, the staff appreciates the concerns raised in this site materials should be determined. Again, such i

,

i
; comrnent. Accordingly, the sentence (and paragraph)in " determinations" may be made responsibly with
; question in Section 1.0 ("Intax,luction") have been re- probabilistic techniques because the uncertainty in !
! vised, and the paragraph now reads as follows: the range in values due to the innerent variability of )'
: geologic materials can be expressed this way,"Ihe intent of providing such guidance, is to
,

help ensure that DOE's solutions to actual or Response
<

potential geologic and seismic effects at a etm.
didate site would be based on investigations of 'this comment is noted. See staff response to AEG Engi-

i sufficient detail such that the geologic and scis. neering Geology Standards Committee Specific Com-
i mic characteristics are understood well enough ment No. 5
; to permit an evaluation of the proposed c;mdi-

7, Paragraph (3) on pages 1 1 and 12 indicates that allI date site, and to provide sufficient information
! to support any determinations cased on these historically reported carthquakes should be tabu.
I investigations " lated that have affected or could reasonably be ex-
i pected to have affected the site. Parameters such as

4. Paragraph (1)(c) on page 7 refers to faults requiring magnitude, intensity, epicenter location, estimated
detailed investigation to be those that "will provide grand acceleration, and estimated duration of'

significant input into the models used in design." shakmg should also be tabulated. Agamp such pa.
The word "significant" is subjective; what is signif . rameters are not strictly deterram, istic m nature.

: cant to one per::en may be trivial to another. Guid- Furthermore, stx lines from the bottom of paragraph -
ance is needed on this issue. (3), on page 12, [a sentence] acknowledges that some'

| scismic data may have to be estimated by use of

Responw appropriate t;mpirical sciationships. Empirical rela-.

tionships are statistical regressions of a dependent :
; 'lhe staff is aware of the confusion that could arise variabic on one or more independent variables and
I through the use of such subjective terms as "significant " form the foundation for the probabilistic approach.

However, the intent of this STP is to reduce the confu-
sion, in this area, by describing a screening procedure that Response

; helps evaluate faults that might affect the design and/ot With regard to the first portion of this comment, it should
performance of a potential repository, and that, there- be noted that item (3) of_ Technical Position 3.3 does-,

, fore, merit further detailed investigation.This STP pro- request that seismic parameters such as magnitude, in-
vides DOF with uidance to help it determine what infor- tensity, epicenter locatior., estimated ground accelera-E,

mation is relevant in these assessments. tion, and estimated duration of shaking be tabulated as
"

5. Paragraph (1) on page 11 indicates that ground-mo-
'

tion huard investigations should include an assees-- In consideration of the second portion of this comment,
j ment of the physical evidence cancerning the behav- - this comment has correctly pointed out that there are
1 ior of geologic materials during prior carthquakes. . many repository parameters for which there is an inher-

We believe that this c:mnot be done with a strictly - ent statistical variability. Regardless of their variability, ;,

i deterministic investigation. Our crperience with they can be measured directly in situ or inferred from 1

materials indicates a range of behaviors; the behav- direct measurements with relatively high confidere:..

.

.
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8. Paragraph (4) on page 12 refers to an estimation of stress regimes is inherently uncertain. Differentiat- |
;

j the regional attenuation of ground motion. 'lhe ing existing and paleo-stress regimes is particularly
basis for auch an estimatior, is not stated. Guidance difficultt guidance is needed on this issue.

on this issue is needed.*

Response

Response The staff aprecs with this comment.The text in Sectioni

; in addition to the investigations described in Subsection 3.13 has been changed to be less restrictive in the appli-

3.13, the staff considers the investigations described in cation of criterion related to the definition and differen.

; Section 3.3 are necessary, to obtain the information tiation of existing and paleo-stress regimes.The FI P now
indicates that the Criteria a-c in Step No.1 of Subsectionneeded to provide input to the analysis of vibratory

ground motion hazards. For each candidate site, a re. 3.13 are secondary criteria to be applied only in those

i gional attenuation modei needs to be developed.There-
cases where the data on a particular fault are inconclusive

j fore, the staff believes that there is a need to arri.c at an with respect to the occurrence of Quaternary-age dis-
estimate of acceleration at the site, placement.

,i

| 9. At the bottom of page 12, reference is made to AEG SEISMIC SAFETY COMMI'ITEE SPECIFIC
accepted attenuation functions. Attenuation func- COMMENTS:

4

i tions are empirical relationships among accelera- 1, Subsection 3,13., Item (2), Step No. 2
: tion, as t he dependent variable, and distance, magni- '

tude and site conditions, as the independent Some consideration may be appropriate to allow for'

variables. These are statistical relationships which faults that cannot be found, as was the case at4

i have means hnd standard deviations that ran be used Coatinga. Seismie zones are appropriate in areas of
i in probabilistic analyses of ground motion attenu- faults as well as m, areas, such as castern United
f ation. States, where the faults are not known though earth-
| quakes have occurred.
;

j Response

| Tbc staff agrees with this comment. No modification of Resp (mse4

the STP is requested, and thus no changes are necessary. See staff response to AEG Standards Committee Specific
Comment No. 2.

| Moreover, discussion of the analysis of seismic phenom-
ena is beyond the scope of the STP; however, these issues 2. Subsection 3.1.4.

are the subject of constderation for additio .at guidance m
a companion STP that deals with the analysis of seismic The statement that faults *should periodically be re-

1 phenomena, considered" is vague.

| 10. At the bottom of the first paragraph on page 13, the Response-
instruction is made to use observed differences in4

j ground motion at the surface and ground motion at The staff notes this comment and is aware that the state-
j. depth to estimate ground motion attenuation with ment referred to could be considered as Ngue." How-

depth.This is [an} instruction to conduct a statistical ever, the staff has attempted to constrain what is meant byi

; analysis of ground motion attenuation which would the phrase "should periodically be reconsidered" by india

j be needed in a probabilistic assessmen'- cating that reconsideration of faults in relation to reposiJ
tory design and/or perfc mance should be based on the'

results of site characterization activities that suggest thatResponse

5 'lhe staff agrees with this comment. No modification of
the SFP is requested, and thus no changes are necessary. 3. Seetion 4.3

1

Moreover, discussion of the analysis of seismic phenom * " Radius" implies a paint source for vibratory ground
4

; ena is beyond the scope of the STP; howcur, these issues motion. Some other expression is needed for a fault

i are the subject of consideration for additional guidance in source.

1_ a companion STP that deals with the analysis of scismic
'

j; phenomena. Response

11. At the bottom of page 17 reference is made to cou . The staff notes this comment. Fault soorces can be a point -
,
; sideration of the existing stress regime. Definition of source, a line source, or an area source. The radius
4
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described here refers to the closest point to the site from . they might happen, and not earthquakes that
any of these fault sources, are smeated together; -

(c) What is being learned of palcoscismic events is -4. Appendis C that they do not project through space and
through time with a linear uniformity, thus they

.The most disturbing part of the SFP is in Appendix are not suitable for repairing the insufficiencies
C, specifically in the DOE comments The DOE in. of data affecting b-lines; and
sists on probabilistic procedures, not once but

(d) Finally, there is the statistic:d absurdity of tak-oghteen timrs:
ing an uneven reismie record of about 150 years

,

and giving it a probabilistic projection to 10,000pve 40: 2nd paragraph years as is contemplated for hazardous nuclear
page 41: 1st paragraph,'2nd sentence waste sites.

page 42: 3rd paragraph,3rd sentence Unfortunately, views that highlight the uncertain-
page 43: 2nd paragraph tiesin probability theory do not appear to be getting

a hearing.The AEG asks the NRC to be as objective
page 44: 1st pamgraph,4th sentence; as possible in examining these extremely important

2nd paragraph questions.
page 46: 5th and 6th paragraphs
page 47: 3rd paragraph "**D""*'
page 49: 2nd and 3rd paragraph 'lhe staff notes the concerns raised by this comment, in
page 50: 1st paragraph response to the concern raised by this and other commen-

tors, the staff has modified the discussions in Sections 3.0
page 51; 4th paragraph and 4.0 of this SFP to further clarify the staff views re-
page 52: 2nd paragraph garding deterministic and probabilistic criteria in the in-
page 56: 3rd,4th, and 5th paragraphs vestigation of faulting and seismic phenomena, The staff

(5th paragraph continued on page 57) response to AUG Ungineering Ocology Standards Com-

page 6h Section 16-References rnittec General Comment No. 4 also attempts to address
the staff's concerns about the conservatism of probabilis-
tie approaches to the investigation of faulting and seismic

Doll is pushing probability theory awfully hard.The phenomena.
AEG regards their stand as unfortunate because the
latest knowledge suggests that probability theory is a DOE COhdNTS -
great dealless satLiactory than what they claim it to
be. Some of the difficulties in probability theory are 1. DOh. proposes that the staff hold m. abeyance this.

as follows: Fl? and other planned SFPs on tectome and seismic -
issues, for the reasons discussed below.

(a)~ There are serious problems with b-lines, Fault
mechamsms for generating earthqual , m- Although the draft S1? has been considerably en-

volve: (1) stick-slip; . (2) phase lock; as (3) hanced with respect to earlier versions, DOE be-

thermodynamic slip. Stick-slip relates well to I cyes that a demonstrated technical basis for the

b-lines; phase lock does not, especially where 517 is lacking, and that the STP is not needed for

- there are characteristic carthquakes; and ther. regulatory purposes, in addition, the STP could limit

rnodynamic slip deviates powerfully from b' DOE's ability to optimize the alk)cadon of resources

lines. Thermodynamic slip affects the large among site characterization and design efforts with

carthquakes (M > 6) that are of the greatest respect to reducing total uncertainty in assessing ref

concern m engmeermg. The applicability or . pos tory systems performance. dol! appreciates the,

nonapplicabihty of the b-line is crucial since its NRC staff's legitimate concern that the site charac-_

use for predicting time-dependent recurrences terization program provide data that are sufficient to '

of large carthqttakes makes it the heart of scis- validate models used to predict the performance of .

- mie probability theory; - potential repository systems, and we are preparing a

(b) .~1he way muitiple earthquakes are combined to
~ position paper on earthquake-hazard investigations -
tnat will address this issue, in addition, the Amerii

get peak motions in the probability method . can Society of Civil Engineers (ASCE)is preparing a
makes the results too crude for use today, in Guideline for High-Level Waste RepositorySeismic-
sophisticated dynamic analyses requiring rep Design, and the U.S. Nuclear Regulatory C6mmis-
resentative accelerograms, because those ac- sion's Office of[Nuc! car Regulatory] Research is rc.

- celerograms need to represent carthquakes as vising the seismic and geological siting criteria for

. N UREG-1451 11- 6
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nuclear power plants. We hereby propose that the that it would respond to the staff's SCA comments, the - .

.

NRC stal'f hald in abeyance the subject STp and staff is prepared to discuss with DOE its proposed posi- I

j; planned STPs on tectonic and seismic issues until tion paper on earthquake hazard investigations. I
>

these documents have been issued and then re- As regards DOE's second comment, the staff does not
L cvaluate the need for the STP. _

consider that the approach identified in the STP will lF
unnecessarily limit DOE's flexibility to focus its re-

Response sources, nor will it limit DOE's ability to optimize the
!

! The staff disagrees with the first portion of the comment, allocation of resources among site characterization and

! namely, that the STP lacks a technical basis and is not design efforts, with respect to reducing total uncertainty -

| needed for regulatory purposes. Ilecause of site- and de- in assessing repository systems performance, a's the sec.
and coinment states. Due to the nature of the Yucca - |sign-specific considerations, the language in 10 CFR Part1

60 is intentionally non prescriptive in the area of site Mountain site geology, faulting and scismicity are poten-

|
characterizadon; that is, it leaves to DOE in the first tially adverse conditions that must be understood in order,

; instance the opportunity and responsibility to determine, to detemine site suitability, to provide input to perform-

j among other things, how to conduct a program of site ance assessments, and, later, to support a potential li-

f characterization. It is also DOE's responsibility to de. cense application. In acquiring the data needed to evalu.

scribe, on an iterative basis (10 CFR 60.18(g)), how this ate faulting and seismic phenomena,it is possible that the'

process is proceeding. Similarly, NRC (and other inter. applicant may collect more data than are needed to'per- .

ested parties) will have an opportunity to review how form the necessary assessments called for in 10 CFR Part
~

60. The staff believen that it is better to err on the side ofDOE is meeting this responsibility, and NRC can then
apply its own judgment and provide more specific guid- identifying some matters which, upon further analysis, areg

1

ance to DOE, on a case by-case basis, found to be unimportant, than to leave open the possibil-
ity that some matters that arguably are significant have

;

j
i in its review of the SCP, the staff had concerns about been overlooked.The staff bclieves that using probabilis-

; DOE's plans for the characterization of faulting and seis- tic criteria as the sole bases for investigations has the

! mic phenomena, specifically questioning the conserva- potential to overlook some important matters, especially

; tism of the approaches to be used by DOE to characterize where the assignments of probabilities involve the devel-

: fault activity. In its Site Characterization Analysis (SCA), opment of probabilistic cutoffs for faults that will be in-

! the NRC staff cited the potential to underestimate the- vestigated.;
! seismic hazard (see NRC,1989b, pp. 4-53-4-61), inas- With regard to DOE's reference to the efforts of the
! much as it might lead to overly optimistic predictions ASCE to develop seismic design guidelines for a geologie -
I abcut the effects of fa I ing on repository design and-t

alternat|ty,' the staff is always willing to consider new orrepositoI performance. The staff considers that the use of probabil- ive solutions or approaches on ways to demon-
! istic assessments of fault displacement is not a substitute strate cornpliance with NRC's regulations 'lhese efforts-
I for the collection of data relevant to characterization of are welcome and the results of these studies, if they are
! the site, especially where such data can be obtained by available, will be considered in the development of the-
! reasonable means. In particular, in determining which STP on the analysis of fault displacement hazards and
[ faults require detailed investigation, the staff considers
: unacceptable the climination of certain faults or classes spismic hazards. However, design considerations are out-

side the scope this STP and, as such, are not expected to
t of faults based solely on an arbitrary cutoff of the likeli- have a direct influence on the investigations required to

hood of displacement, as proposed by DOE (see DOE, . identify fault displacement hazards and setsmic hazardsat :

| - 1988, p. 8.3.Ll7-7). Such an approach is considered un- a geologic repositoiy.
acceptable because ,, is likely to result in an incomplete
assessment of faulting phenomena at the repository and, DOE should also be advised that the staff is tracking the "'

|
as a result, could lead to a sigmficant underestimation of efforts by the Office of Nuclear Regulatory Research on

,

;. fault displacement hazards and reismic hazards at the the revision of the scismic and geological siting criteria for
Yucca Mountain site. nuclear power stations (i.e., Appendix A to 10 CFR Part

,

100)r However, Appendix A to 10 CFR Part 100 is not'

in light of these concerns and the lack of significant pro- applicable to a geologic repository, primarily because of,

gress m resolving the concerns as raised by the staff in its the difference in the period of performance between nu-,

evaluation of Doll's response to NRC's SCA (see Ber" ' clear power stations and a fuel cycle facihty such as a -;
nero,1991, pp. 77-87, the staff attempted to desenbe (in,

}he STP), the level of conscryatism it thought sufficient, * As part of the reassessment of Ap end x A io to crn Part too.it has
m the context of the regulation, for charactenzmg fault been recommended ihat NRC's gcological and scism@gicat investiga- 1

,

;

j' activity n'id thereby resolving the problem' of possibly tions and design uiteria, such as those contained in Appendix A le

|
underestimating fault displacement hazards and/or seis $ d M *,' O nect enai#N'oNNgN[$chE"'', , ,n,

mie hazards at the Yucca Mountam site. To the extent of probabihuie techniques.i-

;
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geologic repository, and the difference in risk to the pub- faults require detailed investigation. DOli has pro-
he presented by the two facilitics. lherefore, although posed and continues to believe that a combined

- etforts related to sitir.g criteria for nuclear power stations probabilistic deterministic approach to carthquake
are being tracked, they do not have a direct influence on hazard hivestigationr and design- basis deeclopment#

the investigations to identify fault displacement and scis- is the most appropriate and is representative of the
mic hazatP at a geologic repository. current state of the art. We note that the revised

version of 10 CFR Part 100, Appendix A is likely to4

: Accordingly, given the lack of progress related to the endorse a combination of prol.ahilistic and deter-
resolution of the concerns raised by the staffinits review ministicapproaches, as is the ASCE guideline noted

; of DOH's SCP, the planned scope of the ASCII scismic above. Therefore, for consistency, publication by
design guidelines for a reologic repository, and the scope . NitC of a documented technical basis for rejecting4- of contemplated revisions to Appendix A to 10 CFR Part the probabilistic approach should be provided be-
100, the staff can see no compelling reason not to proceed fore issuing the STP.,

j with the issuance of this guidance at this time.
*

Response
4 2. dol! believes that the technical basis for the STP
{ has not yet been demor'strated. 'the methodology 1he staff disagrees with this comment, it should be noted *

.
proposed in the STP appears to be based, in part, on . that when the issue of probabi'istic techniques was re-

| a judgment by the NRC staff that the risk to public cently raised with respect to the application of Appendir
radiological health and safety would be unaccept. A to 10 CFR Part 100 to independent spent iuci storage,

able if a fault with certain characteristics was not installations (e.g.,10 CFR Part 72), the Commission-

investigated in detail. Such a fault would be one that: noted that ".; the use of probabilistic techniques was -,

{ (1) is oriented so that it could theoretically move in appropriate as a site selection criterion; it lis] not in.
Ihe existing stress field and might impact repository tended to be used in determining the design .[of) strue.
performance, even if that fault does not displace turet," due to inadequate development of probabilistic>

i,
Quaternary-age materials; (2) has no apparent cor- techniques at a site-specilic scale (Emphasis added)(45
relation with historictd seismicity; and (3) has no FR 74697). In reaching this conclusion, the Commission

j structural tclationship to another fault thought to be also noted that ",Jt was not possible to reach consensus
subject to displacement.The DOE believes that this among experts on what degree of conservatism in design

j apparent a priori judgment is highly debatabic, and measures was necessary to offset the uncertainties asso.
! that no technical basis for the approach has been ciated wiHi probabilistic assessments at a specific site"
| provided. (opt. cit.) (Also see staff response to DOE Comment No.
i 1.)

{ nesponse
4. A key component of DOE's strategy for investigat-

| The staff agrees with the supposition of this comment that ing seismic and other hazards is an iterative ap-
the technical basis for this Sl? rests in the need to pro' proach to site characterization and performance as-t

; vide a conservative approach to the identification of fault sessment, in which the performance of a potential
j displacement hazards and seismic hazards The staff be- reposhory system is analyzed in light of available site -
; lieves that the approach described in this STP is consts- nformation, and the need for more information is

tent with the approach that has been applied to the beens' assessed 'in light of remaining uncertaintics. This-i

! ing of other nuclear facilitics.'lhe comment suggests that strategy demands a flexiblo approach to the investi-
! the staff considers that ".., the risk to public radiological gation of carthquake hazards. The deterministic,
! health and safety would be unacceptable if a fault with' ,, susceptible fault" methodology that is proposed in -
; - certain characteristics was [ sic] [were] not investigated in the sly is too prescriptive and would, if imple-
' -

detail." 'this is not the case. Rather, the staff considers mented, unneedssarily limit DOE's ability to focus
I - that those faults with the potential to affect repository its resources on that set of site characterization,-
: design or performance must be adequately characterized performance assessment, and design activitics that
; - so t' at the level of risk to public health and safety can be w11 most effectively and efficiently reduce uncer-
- accurately establi3hed. In this regard, the stsff also con- tainties in the performance of potential repository
!' siders that the STP provides well-defined criteria for. systems;
!

establishing which faults have the potential to affect Ye'
pository design or performance and, as a result, should bc nesponse
charactcrized in detail;

The staff does not consider that the approach identified m,
the Sl? will " unnecessarily limit DOE s flexibility to!' 3. Another concern of DCilis the explicit rejection by focus its resources " as the comment states, nor is m! the SIV, again without any technical basis, of the use conflict with the iterative approach to performance as-

| of probabilistic techniques in determining which sessment. llecause of the nature of the Yucca Mountain
1
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i site geology, faulting and seismicity are potentially ad- seismic source zones now includes a reasonabic test
.

! verse conditions that must be understood to determine for potential significance, the previous 200-mile ra-
| site suitability, to provide input to performance assess- dius test having been droppedi Review of the cur-
; ments and, later, to support a potential license applica- rent draft of the STP shows that the NRC staff -

tion. In its review of the SCP, the staff has noted its- considered and incorporated many of the comments'-

i concerns with regard to DOE's plans for the characteriza- provided by DOE and other parties in previous re- >

tion of faulting and seismic phenomena, specifically ques-- views, including the technical exchange held ons

|- tioning the conservatism of the approaches to be used to . February 20,1991.
j characterize fault activity, and in doing so, cited the po-
| tential to underestimate the scismic hazard (see NRC, Response

1989b, pp. 4-53-4-54). In light of these concems, the.

staff attempted to describe (in the STP) the level of con. As noted in.the response to DOE Comment No.1, the -

!- servatism it thought sufficient, in the context of the regu- staff does not agree with DOE's assertion that additional

I lation, for characterizing fault activity and thus avoiding regulatory guidance on data needs for seismic hazards is

the potential to underestimate the scismic hazard at the unnecessary because of the -Department's published'

Yucca Mountain site. plans for acquiring and analyzmg carthquake-related>

I data. The NRC staff is prepared to discuss, witn DOE,
i DOC's proposed position paper on earthqiake _ hazard -
j in acquiring the data needed to evaluate faulting and nyestigations. llowever, t he staff considers that, to lessep -

seismic phenomena, it is possible that the applicant may the potential for signincant delays to any site characteri-
'

collect more data than are needed to perform the neces' .ration program, the issuance of this STP is necessary and-
,

! sary assessments called for m 10 CFR 60.122(c)(2). As appropriate.
previously ncded, the staff believes that it is better to err,

| on the sida of identifying some matters which, upon fur- -6. DOE's primary concern remains the potential sig-:
ther analysis, are found to be ummportant, than to leave nificance to siting and design of the proposed con-3

; open the possibility that some matters, that arguably are cept of " susceptible faults." As indicated by DOE as
j significant, have been overlooked. well as representatives of the State of Nevada and
i the Edison Electric Institute at the February 20,.

| S. ' As stated in our ictter to you of February 27,1990 1991. Tech'ical sixchange, it is iroperative that the
j |see DOE comments in Appendix D], we believe role of " susceptible faults"In any future guidance on

j . that additional regulatory guidancc on investigations tectonic models and design be specified before the
of fault displacement and seismic hazards is unnec. concept is finalized. One indication of the need to -*

! essary because DOE's published plans for acquiring review this related guidance is the statement on page '

i and analyzing fault and carthquake-related data and . 69 of Appendix Ct "I he staff is currently consider-
j for demonstrating compliance with the performance ing additional guidance.on an ac eptable approach
! criteria of 10 CFR Part 60 are adequate and will to setback of facilities ... from ' susceptible faults' . . '

| ensure a safe seismic design. DOE's position paper Such potential impacts on design and performance
j referred to earlier will address the concerns ex. assessments must be considered in determining the .

; pressed by the NRC staff in its comments on the Sim appropriateness of the " susceptible fault" concept,
i Characterization Plan (SCP) and in discussions at
j the various technical exchanges on tectonics. Previ. The concept of "suneptible faults" has not been .

ously, the NRC staff has informally expressed the : reviewed by, ano is not recognized by, the geologic'

- opinion that additional clarification of DOE's pro. community.It is a unique NRCconcept. As noted by . -

|. grare beyond the descriptions in the SCP and re, the State of Nevada representative at the February

i sp(mses to NRC comments on the SCP/Consulta. 20,1991. Technical Exchange, this concept should

j- tion Draft and Site Characterization Analysis. might be submitted for review by a broad range of earth |
^

lead to the resolution of several comments and obvi. science professionals. This review is essential to le-

4
ate the need to complete several draft STPs on tec gitimize a concept with such potentially significant

; tonics and seismicity. We would be pleased to discuss impacts. Further, the term " susceptible faults" has .

with you the focus for the proposed position paper. - no regulatory basis or precedent.- It would be inap- -'

; -- We would then provide a draft of the position paper : Propriate to mtroduce to theiepository prograr' o
. to the NRC staff for its consideration and formal concept that would undoubtedly be the subject <f;
comment. DOE agrees with several aspects of tue . protracted controversy during licensing proceed-

-

ings, due largely to its uniqueness.
~J- STP, most notably that it does not defer to Appendix _

'Also, the term "stisceptible" connotes a high probi[ A of 10 CFR Part 100 for guidance in addressing -

y fault displacement and seismic hazards at a geoiogic ability for future displacement. In actuality, a fault ; ~
1= repository.The pronosed guidance on correlating could meet the criteria for being " susceptible" and
1' historical earthquakes with geologic structures or have a very low probability of displacement, or even
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of being active. Additionally, the term " susceptible ods and constitute different risks to public health and
faults" could be incorrectly perceived by teth the safety, Ilowever, both terms are defined by deterministic
scientific community and the public to be equivalent criteria for their identification and investigation.The rtaff
to " capable" faults, as defined in the reactor siting believes that the term " faults that require detailed inves.
criteria of Appendix A to 10 CFR Part 100, in es. tigation," as suggested by this comment, is not suitable for
sence, a capable fault by another name, Although providing a basis on which to develop future guidance on
the Sil'specifically addresses the differences be- fault displacement and seismic hazard analysis, because it
tween these concepts, comparisons are probably un- is so generic that it applies equally well to those faults that
avoidable. DOE recommends that the NRC staff- may represent conduits or barriers to groundwater flow,
simply refer to " faults that require detailed investi- or be hosts to economic mineral deposits. The staff con-
gation;" a new nomenclature is not needed. siders that understanding the nature of fault displace-

ment is a more immediate i direct concern during the
Itesponse site characteritation phase und needs to be specifically !

identified as such.
In response to this and other comments, the term " sus-

-

.
.

ceptible fault" has been abandoned and replaced by a Finally, the staff does not consider that complete devel-
new, three-step . categorization scheme. - Under this opment of future guidance related to the implementation
scheme, those faults that fall into the category designated of "fype 1" faults is a prerequisite to the issuance of the

7
as "rype !" faults (see Section 3.0) are those faults that Sf1' on the identification of fault displacement and
were formerly ccmsidered to be " susceptible faults." scisimic hazards. It is the staff's position that the ap-
llowever, the logic underpinning the identification of proach identified in this $l1' provides a basis for DOE's
faults of regulatoiy concern has remained unchanged solutions to actual or potential geologic and seismologic
and, as such, the following discussion is provided to ad- . conditions at a candidate site.
dress the concerns raised in the comment over the phi 4
losophy in question. M0fCO'.;ct, it should be noted that the " susceptible fault"

concept (now "lype 1" fault concept), as proposed, has
The "susceprible fault" concept was introduced by ihe been myiewed by the U.S. Geological Survey, DOE, the
staff as a means of identifying those faults that are of State of Nevada, NRC's Advisory Committee for Nuclear
regulatcry concern in the licensing of a geologic repos . Waste, the Edison Electric Institute, and the AEG. *lhe
tory. Generally, faults that are considered to be of possi, staff considers that tlus array of organizations represents
ole regulatory concern to the geologic repositrry are the rclatively broad cross-section of ealth science profes-
those faults that are ubject to displacement arid that may stoimis that is requested ie the comment. However, It 1

cither affect the design and/or performance of structurer, should be noted that publishc7 SFPs will be revised, as
systems, and components important to safety, contain, appropriate, to accommodate additional comments and-
ment, or waste isolation, and/or may provide significant to reflect new information and experience.
input into models used in assessments of design or per-

- 7. In conclusion,it is our position that the subject Sil'formance of structures, systems;and componenta impor.
tant to safety, containment, or waste tsolation. Faults that s unnecesscy given the scope of planned investiga-

meet these criteria were considered previously to be" sus- tions presented in the SCP, a document accepted by- i

ceptible faults and now are designated as"Pype I faults - the NRC. For this reason, comments beyond those
under the guidsace given m this STP, and are, m essence' in_ this letter should not be anticipated. However, if

t 11 adverse conditions, as defmed by 10 CFR the NRC staff is going to revise and finalize the STP, -
there are several major concerns that must be ad.

'

dressed. Most octably,in " susceptible fault," both-

The criteria used to identify "lype 1" faults (e.g., Subsce- the term and the concept,is unscientific and has no --
tions 3.1.2 and 3.1.3) are regarded as solid technical indi- technica: wis as currently drafted; ,

cators for defining those faults subject to displacement
under certain tectonic conditions. The basic approach "W""

_ a
used in setting up the criteria has been tested in past . D_OE's position with regard to the need for this S'il'is;
regulatoryactions for other criticai nuclear facilities, and, _ noted. As regards D_OE's first comment that the NRC
as suchc provides a ' consistent approach to identifying staff has accepted the SCP, the staff believes thatL the -
those faults of regulatory concern.'fhe concept of a. SCP is a usable document for proceeding with site charac-
" Type !" fault exists in parallel with the concept of capa- teri7ation, subhct to the conerns raised by the staffin its -
ble fault,-in that both terms define faults of regulatory-- SCA. In the staff responre to DOE Comment No.1, the
concern with respect to specific types of nucleariacilities. staff identified its concerns with regard to the scope of.
The definition and rnethod of application of the terms are planned investigations presented in the SCP.This discus-
different, because they apply to different types of nuclear skm is based on the staff's SCA comments (see NRC,
facilities that have inherently different_ performance peri- IC.69b, pp. 4 W 44-54) as they relate to the investigation
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1 of faulting and seismic phenomena. (Also, in the staff CFR Part 100, Appendix A, should be considered a point :
. response to AEG Engineering Geology Standards Com- of departure in the development of these guidelines and -'

. mittee General Comment No. 4, the staff has discussed should not be considered to be required geologic and- ,

| the concerns it has on a, Olytag probabilistic criteria to the seismic siting criteria for a geologie repository." (Em- _ |
; investigation of faulting ac'. seismic phenomena.) phasis added.) He " point of departure," however, is j

vague, and the statement that " Appendix A . . should not
As regards DOh's second comment, there are several be considered to be required"is not actually contained in

f- major concerns that must be addressed, most notably the the body of the current draf' Technical Position, itself.
"susce tible fault" concept; the staff believes that it has - . .

addressed this issue in its response to DOE Comment The NRC staff should both: (1) state explicitly and clearly
.

i No. 6, that Appendix A to 10 CFR Part 100 is not applicable to
repositories; and (2) set forth fully the reasons why, i.e.,i

the great difference between nuclear reactors and,reposi.
i EDIS 'N ELECrillC INSTITUTE / UTILITY tones m terms of the nature of their construction and -

,

I NUCLEAR WASTE AND TI(ANSPORTATION
! PROGl(AM (eel /UWASTE) COMMENTS operation, and their vulnerabilities to, and the conse-
: quences of, faults and earthquakes.

Ily letter dated October 23, 1989, eel /UWASTE re-
i sponded to the NRC's draft " Technical Position on Meth. Second, the draft Staff Technical Position continues to -

| ods of Evaluating the Seismic Hazard at a Geologic Re- use the term " susceptible fault," and it is unclear as to '

i positor)" (54 FR 35266).~ [ eel /UWASTE's earlier whether or not a repository site containing a "susceptibic

! comments are contained in Appendix C of the May 13, fault" would be acceptable for licensing. For example,
; 1991, draft STP (56 FR 22020).] Thereafter, the NRC page 3 states "The objective of . . [this STP is} to identify
j issued a revised public comment draft, " Staff Technical .. the potential for significant design and or performance -

i Position on Investigations to identify Fault Displacement problems . . so that they can be avoided." Page 4, how-
| and Seismic Hazards at a Geologic Repository," dated ever, indicates that "[S]tructures, systems, and compo-

! January 1991. On February 20,1991, eel /UW ASTE par- _ nents important to safety must be designed so that natural
! ticipated in a Technical Exchange addressing this latter phenomena and environmental conditions ..._will not in-

'

i document. In a letter dated March 1,1991, EEI/ terfere with necessary safety functions" (emphasis added

j UWASTE emphasized a number of critical points raised in both quo :ons) The implication on the one hand. , ,

i during the tourse of that Exchange, and offered sugges. that- 6 J...rparticularly " susceptible - faults"-be-
; tions for improvements.' avoided, but, on the other hand, that the problems they

! pose may be accommodated by design, is conf asing.
i Most recently, the NRC Staff issued a Rew,ed Public
! Comment Draft of the " Staff Tech nical Position on Inves. The use of the term " susceptible fault"is vague, prejudi-

tigations toldentify Fault Displacement and Seismic Haz- cial and misicading within the context cf the draft Staff

ards at a Geologic Repository," dated April 1991 (see 56 Technical _ Position. More accurate, descriptive phraseol-

FR 22020). While improving on earlier versions, this lat. ogy, such as " candidate fault for detailed characteriza-
;

est draft, unfortunately, fails to remedy a number of defi. tion," should be employedc More fundamentally, the -
'-

! ciencies. These comments address three points which NRC' staff:should clearly and unequivocally state that

[ eel /UWNITE believes to be particularly significtmt, and faults may be accommodated by positioning and/or de-
conclude that development of the Staff Technical Posi- Signing repository elements such that displacement along :

4

| tion should be suspended. them will not result in a failure of the repository system or -
!

|
its components to perform their containment and/or iso- -

First, attempts in the current draft to clarify the relation- lation functions.
,

ship between (1) Appendix A to 10 CFR Part 100 and,(2)
fault displacement and scismic hazards considerations for Third, the draft Staff Technical Position applies only to

; a repository, are inadequate. The staff addresses earlier s te investigations, and not to analysis or repository de-,

sI n.This division, however, is artificial and inappropriate -8
.i eel /UWASTE comments-as well as those of Nevada-

i in. Appendix C on page 67 with the statement that "10 in that the required scope and naturc of investigations will
- depend-at least m part-on the analysts and application

:
' '

'The March L 1991, letter stated EEUUWASTE s concerns with the ASCE Dynamics Committee is currently preparmg astaffs revised 1989 draft TP, a tter the February 20. D91. Technical
! Exchange. In light of these and the other comments and suggestions guideline addressing, among other:thmgs, repository

received at the Technical Exchange, the staff decided to make signifi- loads and facility design. This document should provide
cant revisions to the TP and made it available for public comment useful input concerning the propriety of various invesi

!.
agam. renammg it "Sta ffTechnical Postiion on investigations to lden- tigatory techm. ques and strategies.tify fault Displacement and Seismic li.uards at a Geologic Reposie4

| tory." Copies of EEUUWASTE's March 1,1991. lener are available
; for public inspection and/or copying at the NRC Public Document - Based on the foregoing, EEI/UWASTE strongly urges

Rmm. that development of the subject Staff Technical Position

i
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should be indefinitely suspended, lil!!/UWASTl! formance objectives in 10 CFR Part 60 could be met.
perceives no urgent need for the document-if, indeed, Ilowever, the staff also considers that, to provide reason-
any exists at all-and delaying finalization will allow for able assurance that these requirements can be met, the
appropriate consideration of new input, such as the location of structures, systems, and compments impor-
ASCl! guideline. 'lhis guideline is now expected in draft tant to safety, containment, and waste isolation may have
form this October, and will be the subject of a conference to avoid " Type 1" faults,
currently being planned for August of next year.

Accordingly, the s;aff has modified the text and aban-
doned the term " susceptible fault" to avoid using any""**
term that could be construed as " vague,"" prejudicial," or

With regard to lil!I/UWASTli's first comment, the staff "misterling." as suggested by the eel /UWASTl!'s sec-
has noted in this STP that it considers Appendix A to 10 ond comment.
CFR Part 100 not apphcable to the geologic repository
program, and the STP has been modified to more clearly lastly, as regards !!El/UWA51T!'s third comment, the
reflect this position. This position is based on two factors, staff considers that before the data derived from the in-
First, an accurate assessment of the performance of the vestigation of faulting and seismicity can be analyzed and
geologic repository for a period of 10,000 years in a developed as inpu t into a design basis, a process must exist
geologic setting characteri/cd by historical faulting re- to identify and categorize those faults that may represent
quires a much greater understanding of the nature of significant factors in the design and performance of a
faulting and scismic behavior in order to attempt to quan. geologic repository,'fhe strategy for developing guidance
tify the uncertainty associated with those assessments. in the area.of fault displacement hazards and seismic
Second, policy statements regarding the application of . hazards is necessary to provide a critically evaluated basis
Appendix A to 10 CFR Part 100, to the siting of nuclear (or foundation) on which future elements in the strategy
power stations, contained what are, in effect, ragionally (i.e., analysis of data, and input into design) can be built.
extensive avoidance uiteria, because of the consequences . 'lhe strategy takes this approach because of the highly
of failure of nuclear power stations. because of geologic contentious nature of fault displacernent hazards and
activity (NRC,1979). In contrast to a nuclear power na- scismic hazards. In the development of the strategy, the
tion, the consequences of failure at a fuct g+ N ,y, staff considered and rejected an approach that would
such as a geologic repository, are considered lus severe, have encompassed, in this document, all aspc:ts of fault
and regionally extensive avoidance criteria, therefore, are displacement and seismic hazard relevant to licensing.
not believed to required, from a public health and safety Ilowever, it was considered to be advantageous to de-
standpoint. velop some level of consensus on the fundamental ques-

tion-identifying faulting and seismic phenomena-bc.
It should be noted though, that this STP does share one fore initiating succeeding elements of the strategy.
similarity with Appendix A to 10 CFR Part 100,in that it
takes a parallel approach to the identification of faults of STATE OF NEVADA COMN1ENTS
regulatory concern, Generally, for the purposes of this GENERAL COMMENTS:
guidance, faults that are considered to be of possible
regulatory concern to the geologic repository are those This STP is a revised version of the draft Staff Technical .
faults that are subject to displacement, and that may Position, " Methods of Evaluating the Scismic l-lazard
either affect the design or performance of geologic re- esent at a Geologic Repository," which was reviewed by
pository structures, systems, and components importa; the Nevada Agency for Nuclear Projects / Nuclear Waste -
to safety, containment, or. waste isolation, and/or may Project Office and comments provided to the NRC on
provi<!c significant input into models used in assessments October 23,1989 [Ihc State of Nevada's October 1989 -
of design or performance of geologic repository struc- corrments are contained in Appendix C of the May 13,
tures, systems, and components important to safety, con- 1991 draft STP.h In that review, we concurred with the
tainment,'or waste isolation. The staff considers the par- . basic princip1cs proposed by the NRC. On February 4,
aUel approach to the identification of faults of concern to 1991, the NRC issued a revised dmft retitled," Staff Tech-
be of benefit to the geologic repository progmm, because nical Position on Investigations to Identify Fault Dis.
the approach used in the siting of other nuclear facilities placement and Seismic Hazards at a Geologic Reposi-
has been tested in past regulatory processes. With respect - tory." The NRC did not solicit formal comment on the

- to eel /UWASTE's second comment, the staff considers . February 4 draft, but accepted informal comments at a
that sites containing what were previously cons dered February 20, 1991, NRC/ DOE Technical Exchangei

" susceptible faults" and are now considered " Type 1" meeting in Rockville, MD. In the meeting, we noted that
faults would be " acceptable for licensing," as the com- the revised version contained significantly different
ment states, so long as it can be demonstrated, with rea- _ language than the original draft, but that most of the
sonable assurance that the siting, design critcria, and per-- principal concepts remained essentially unchanged. The :
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; subject of this letter is the May 13,1991, revised draft and tem in which fault displacement and seismicity are to

i: the additional concepts embodied in the revision. be considered.
!

Response
| 1. Definition of Geologic Setting
. The staff disagreer,wth the suggestion made in thisccm-
! The definition of " geologic setting" is a new concept, ment that the STP faik e desenb icriteria that definuhe -

! not discussed in previous drafts of the STP. The " geologic setting" or " components of the geologie sys-

geologic setting is defined as "The geologic, hydro- tem." Implicitly, the geologic setting is an area that en-
logic, and geochemical systems of the region in compasses all components of the " geologic, hydrologic,,

4

which a geologic repository operaiions area is or may and geochemical estems."" Components of the geologic
4

be located." The focus of this STP is limited te the system," in turn, are the " faulting" and "scismicity" ele-

; . faulting and seismicity components of the geologic ments that could affect the design or performance of
; setting. While we do not quarrel with the definition geologic repository structures, systems, and components

i of geologic setting, we question whether this STP important to safety, containment, o_r waste isolation, and/

i serves as an appropriate guide for an applicant to or will provide significant input into models used in as-
-

establish a cost effective and appropriate plan for sessments of design or performance of geologie reposi-*

characterizing fault displacements and scismic haz. tory structures, systems, and components important to'

ards for a geologic repositery. The SEP fails to de- safety, containment, or waste isolation.

| fine criteria or a reasonable proecss to determine The approach to the definition of " geologic setting"in the-
~

- what constitutes the " geologic setting (or provmce STP recognizes that the true limits of specific component -
,

or region or system) and the " components of the boundaries probably will n?t be known until site charac-4

gedogic system acting withm, the geologic set- terization is neady finished, and that flexibility is required;
tin . , If the STP would provide such guidance ente- to allow for site-specific variation in geology (see NRC,: "s
na, then such issues as radius of mvestigation for 1983b, p.187). In addition, the staff considers that the,

|
fault studies, earthquake history, volcanic processes' guidance given in St,beections 3.1.2,3.1.3, and Section 3.3

4 hydrologic effects, become much more tracta- permits the initial identification of the component set-
~

|
' tings to be modified.

! [Sub]section 3.1.1 of the STP aittmpts to provide However, the staff agrees that additional clarification of
j guidance on how the DOE is to identify the region to this guidance is needed to aid in the identification of the

be investigated based upon the " nature of the geo- components of the " geologic setting " Rather than modi-i

|_ logic setting " The guidance is very generic. It is fying Subsection 3.1.1, as suggested by thi:: comment, a - .

i unclear to this Agency what the " nature of the geo- definition for the " geologic system" is now provided in

[ logic setting" is. Equally as important as defining Appendix B, as are definitions for the faulting and seis-

|L criteria or a process for determining the geologic micity component settings. They are:
setting, is an identifiable process or procedure that Geolog.ic System: The stratigraphic, geomorph.ic,-

.

I the applicant and other interested parties can use to
I determine whether the [Subpection 3.1.1 guidance f ultmg, seismic, voicanic and natural resource
: has been appropriately applied before proceeding to -

framework (i.e., components) of the area in which a

I the next step in the STP ([Sub]section 3.1.2-Initial geologic repository is located.

Identification of Faults to be Considered for De- Faulting Componentt That portion of the earth's
tailed Investigation). We recommend [Sub]section crust that needs to be-investigated to encompass*

j 3.1.1 be amplified to include specific guidance on those faults that might have an effect on repository -
i: determmmg what constitutes the geologic setting ' design and/or performance or provide significant in-

|
and the componen% of the geologic system acting - -put into models used to assess repository performi
within the geologic setting. ance due to fauh displaccinent.

! We note that the definition of" geologic setting"is Seismicity ComponentFThat portion of the earth's' =

that which was established in the DOE's Siting crust that needs to' be investigated to encompass
4

I' Guidelines (10 CFR Part 960)(Code offederalRen
those earthquakes that might have an effect on re-

| lations, Title 10. " Energy"). with NRC's cor..ur- Pository design and/or performance or provide sig-

! rence. Also contened in DOE's Guidelines is a defi- nificant input into models used to assess repositoiy

j nition of "Geohydrologic system" which sets out an performance due to vibratory ground motion.-

; explicit means of determining the boundaries of that 2. Use of 10 CFR Part 100, Appendix A Methodologies
" system" for purposes of characterrzation. The SFP
could follow this example and estabtish a definition In the original 1989 draft STP [54 FR 35266), the'

for determining the boundaries of the geologic sys- NRC staff's position was that the methodologies
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contained within Appendix A of 10 CFR Part 100 plication review on the definition of the term and its
were acceptable for investiga ting seismic and rela ted _use.
faulting phenomena. In the revised STP [56 FR
22d20), this position remains more or less un- Hesponse
changed, but Appendix A-type language and se-

h naff is sensitive to the ccmcern raised in this com-lected spectfications have been deleted or modified,
I he use of the term " capable fault, for example, ment that review of the term " susceptible fault" by the

has been dropped, but a new term, " susceptible scientific community should be initiated However, as

fault, is defmed w hich has simdar specifications but noted in the response to DOH Comment No. 6, the staff

which is more appropriate for pre- and post-closure believes that the issuance of this STP for public comment

tectonic assessments. Susceptible faults are defmed has achieved that level of debate requested in this com-

m terms of seismic nnd structural-tectonic connec- ment. As a result of that deba.e, the term " susceptible

tions without dependence u1xm recency of move- fault" has been abandoned in favor of the less prejudical

ment.This approach obviates the need to rely upon m " Type !" fault,
-

arbitrary age criteria to determine fault activity or 4. Deterministic Approach
inactivity (such as the 40,000 year datum for capable
faults). which is particularly important at Yucca - Although a deterministic analysis may in some cases
Mo'ntam buause of the relatively long interscismic be overly conservative, such criticism is outweighed
intcwals associated with most faults. Similarly, the by the need to maintain transparency (recognition of
five mile site area defined for fault study by Appen- significant factors influencing the hazard), which the
dix A is now replaced by a more generali>cd region singular use of a probabilistic analysis does not pro-
designated for fault and seismic hazard study on the vide.The identification in the STP of deterministic
basis of structural. tectonic relations within the geo- criteria that can be used as input for supplementary
logic setting. If faults outside of the repository con- probabilistic arialyses .is well. conceived. The NRC
trolled area have a tectonic connection to faults in- position that deterministic criteria are appropriate
side the controlled area or have a bearing on scismic for the collection of data is scientifically soimd, given
hazard within the controlled area, they will also be the complex seismotectonic setting of Mca Moun-
individually investigated. We believe this is an ap- tain. Thc STP notes that probabilistie techniques for
propriately conservative approach which ensures defining an approach to the investigation of fault dis-
that all sigaificant faults which define the seismolec- placement and seismic hazard have not been shown
tonic setting of Yucca Mountain will be identified, to be adequately developed for site licensing pur--
and is, in fact, a more scientifically reasonable ap- poses. The more prudent _ deterministic approach is
proach than utilizing the more restrictive language warranted by the presence of several active faults at
of Appendix A. and near the repositmy site,

g * *"" The STP makes a clear statement that "A deter-
ministic approach to investigations of fault displace-

Although the term " susceptible fault" has been aban. _ ment and seismic phenomena should be applied to
doned, the staff agrees with this comment. No modifica. D_OE's site characterization program," rather than -
tion of the STP is requested, and thus no changes are the probabilistic approach (i.e., the Cumulative Slip
necessary. Earthquake Model) outlined in the DOE Site Char-

acterization Plan for Yucca Mountain. With respect
3. Use of Term " Susceptible Fauh" to the relatively low rate of slip associated with active

faults in the Yucca Mountain region and the scien-
While this Agency supports the use of the term" sus- tific community's general ignorance concerning the
ceptible fault" for determining the presence of a long-term mechanical behavior of earthquake faults
fault or seismic hazard for a geologic repository, the in regions of low strain accumulation, uncertainties
consensus of the scientific com.munity for the termL associated with any probabilistic approach are likely
and its use should be solicited The terms " capable - to be so large as to yield [ sic][rencer) the probabilis-

. fault" and " active fault," when used in the contexts tic estimates of hazard or ground failure meaning.
.of fault dispiacement hazard analysis, have been ex- less.This is confirmed in a recent article by J.C. Sav-
tensively debated in both the legal and scientificare. age, U.S. Geological Survey (" Criticism of Some
nas, and thus have produced some level of resolution Forecasts of the National Earthquake Prediction
in the definitions and their use. Review of the term- Evaluation Council," Bulletin of the Seisnm/ogical So-
" susceptible fault" by the scientific community ciety ofAmerica, in press), which questions the valid-
should be initiated, so that some resoliition could be ity of the probability of rupture assignments, for

1 achieved prior to license application. To do other. varioussegmentsof theSan Andreas fault, based on
wise could result in protracted debate during the ap- the log. normal distribution of recurrence times of -
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! characteristic carthquakes. .He concludes that, detailed inve' tigation to those faults that might have ans

! based on the log. normal distribution of recurrence effect on apository design and/or performance. The staff
appnuch, the same method would have assigned considers th3t any attempt to exclude faults from investi-'

only a 5% chance of rupture, before mid 1993, to the - gation, based an size or length criteria, would have to gain-

southern Samta Cruz Mountains segment, the seg- acceptance fron. W the technical community and the'

i ment that failed in the October 1989 Loma Prieta - N R C staff.
'

! Earthquake. Therefore, the probabilistic approach
! may well underestimate the maximum hazard (e.g., One of the advantages of the systematic aprma:h to the -

ground failure or arong ground motion) that could investigation of faulting described in this d 'P h that a -
~

,

{- occur at a 7ite durmg a given period of time. The process is required to track what the dispositiori of faults .
determtmstic approach advocated by the NRC s STP nvestigated during site characterization was, to include.

; is more conservative in the sense that the approach - those faults that are excluded from further investi;iation
j will likely result m a hazard assessment which ac- (see Subsection 3.1.4). This prccess will. enssre that ~
j counts for the largest carthquakes and strong should the assumptions change, the required infermation
j ground motions possible on the faults under constd- - is not irretrievably lost during DOE's design process, and

cration.j that it is periodically reevaluated, based on the results of
| site characterization and alternative tectonic models con-

[ Response sideration.
;

i The staff agrees with this comment and, as previously
6. Emphasis on I'lexibility -

; noted, has concerns almut the use of probabilistic critcria
; in identifying fault displacement hazards and seismic haz.
1; ards. No modification of the STP is called for. On page 15. the STP states in a discussion of the re-
: gion to be investigated: "Accordingly, DOE is af-

5. Fault Size as a Discriminator . forded the flexibility to establish the areal extent of

i the investigations needed to fully characterize the

| We are concerned that the use of fault Fize (length) hazards posed by fault displacement and scismic

!- as a singular criterion for assessing the significance phenomena " This statement is a continuation of a
: of " susceptible faulis" may not be sufficient for the previous discussion on page 14, regarding the staff's

i recognition and estimation of seismic hazard at and position on the acceptable methodology for the
j near the site. It is stated that assessments need only identification and characterization of lault displace-
4 consider fault size in the determination of whether ment and seismic hazards, where the STP states that,

[ identified susceptible faults may affect repository "the process selectad and the manner in which the

[ design or performance. Fault length is one. but not ' effectiveness of that process is demonstrated are
I the only. determining criterion in estimating seismic DOE management prerogatives." Further, on page

| hazard. hiaximum surface and subsurface displace. .17, the STP states: " DOE is afforded the flexibility

i ments are equally, if not more, important criteria. . todetermine the need foran examination of the pre-
hiaximum fault displacement and length are both Quaternary record of fault movements."

;.

used to calculate seismic movement (M). an input -
! value for precisely estimating earthquake magni- The above quotations indicate a pattern of over-em-
; tudes This is a particularly important parameter at phasis on encouragement of flexibility in how the ap-
|-

Yucca Mountain, because of the growmg body of ~ plicant approaches the investigations of fault: dis-
evidence mdicating that the principal faults are m' . placement and seismic hazards. Such statements'*

j terconnected and that rupturmg events may be dis- reduce the effectiveness of the guidance provided by.

t tributive m nature. In such events, fault lengtly esti- the STP. As with any technical position produced by -

mates would not be as important as net tectome slip the NRC, the app'icant is free to present an alterna-
estimates made from summmg the displacements on tive approach with appropriate justification to the n
all faults. staff. The statement on page 3, " Methods and solu-4

| tions differing from those set out in the STPs will be .
! - Response acceptable if they provide a basis for the findings
! . . .

requisite to the issuance or continuance of a permit
i The staff agrees that fault size (length)should not be used or license by the Commission," atppears to provide
!- .as a singular criterion for assessing the significance of- sufficient flexibility to the applicant and is consistent -

; susceptible faults. Maximum surface and subsurface dis- with NRC policy on technical position guidance. We
: placements are also important criteria to consider. How- recommend toat specific : acknowledgments to -
| cver, fault size (length) does represent a viable " coarse " DOE flexibility," such as statements on pages 14,

screen" for restricting the number of faults that require 15, and 17, be removed from the STP.-

i- . .
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Response page 7-(An acceptable approach to)" deter-
mining which faults outside the controlled areaI 'lhe staff has no objection to the recommendation made - are material and relevant . ."

in this comment and has modified the text in Section 4.0
(" Discussion") to more clearly state the staff's intent. page 9 " determining which_ faults inside theo

controlled area continue to be material and
I relevant ?7. Relation to Other STPs

At the three other places the phrase " material and!
On page 2, the STP states: " Ultimately, data from or releva~nt"is used in the context of the information -
these investigations provide input to the determina. that will be obtained. These statements are:
tion of the fault displacement and vibratory ground

- motion that need to be taken into account for the de- page Mnformation on the subsurface con-
! sign of struct utes, systems, and com ponents of a geo, ditions outside the controll_ed area need(s) to

logic repository, that are .important to safety, con- be coueded to the extent that it is material and4

i tainment, or waste isolation. Guidance on methods relevant. ,

of analyses of fault displacement and seismic haz-
; ards will be provided in a companion document. W*Provides DOE with the flexibility to
. the guidance document on methods of analyses of assess what information on faults outside the
! fault displacement and seismic hazards has not been - controlled area is material and relevant."

provided to the State for review. Without the com-,

panion document, it is difficult to understand the page 6 " identification of the component set-
context and significanc ,f the investigative method-

t ng for fault displacement and seismic hazards
1 ology provided in thi:, SIP. llecause of the uncer- should be based on . . relevant field investiga-

tions .. "'

tainty in how the methodology will be applied in the
analysis document, the State may choose to com- -It seems obvious, based on the foregoing citations,
ment further on this STP after a review of the com-
panion document. that the staff 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 :

--N'5P""5' the staff was fully cognizant of the definition of the
-word " material" as used historically by the Commis- (

.Ihts comment is noted, and no modification of the STP ts sion when speaking to its responsibility, under the. .
. .

called for.110 wever, the staff believes that questions - Atomic Energy Act, for protecting the public health

about the context and significance of this guidance, raised and safety. Ilowever, the various contexts within
by this comment, have been addressed m Section 2,0 which the term " material"is used in this Sl? make
(" Regulatory Framework") of the STP, whkh describes us uncertain whether the ramifications have been
the pertinent regulatory requirements that these mveste completely recognized,,

gatlons apply to.
| The different_ usages seem to present conflicting-

and,in one case, erroneous guidance.The erroneous -
8. Use of Terms " Material" and " Relevant" 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 materiali.The phrase " material and relevant" appears m. the-

draft STP at six separate places (page 7, paragraphs and relevanti As will be subsequently shown, the de- J

~ l and 2; page 9, paragraph 2; page 10, paragraph 1; cision as to whether or not information is material, '

page 15, paragraph 5; and page 16, paragraph 1)and and the weight to be accorded that information in

the word " relevant". alone appears once (page 6, tha decision process for any site suitability determi-

paragraph 4). At four places (pages 6,7,9, and 10) nation,is,in the end, the job of the Commission, not '

- the phrase "matenal and relevant" ts used m the = the applicant. If the DOE ia afforded the luxury o' f ;

context of desenbmg the process by which faults and tmilaterally deciding the materiality of information
seismic phenomena will bc identified. These state- I regarding which faults,- fault systems, and seismic.

ments are: phenomena it will investigate at this stage of site-
characterization, the results could likely be what the -
Commission notes as "... imprudent expenditures

pagd 7-(identification of)" faults outside the and subsequent delays, and ultimately could result i

controlled area but within the comp < ment set- . in denial of the application for the proposed site"
ting . . to the extent that they are material and (see April 1991 draft SIP [56 FR 22020h page 3,
relevant ... " paragraph (3)).
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1he following summary discussion is provided pri- ute to provide the staff with a report prepared by a
marily to support the above conclusion.1he sum- consultant to their geotechnical contractor which
mary is also meant to benefit those who may not be had concluded that the suspected faulting might be
familiar with the NRC's use and meaning of the reactivated. This alleged omission also dcalt with the
word " material," or perhaps have not fully consid. non-delegable duty to report material information.
ered the possible ramifications insofar as developing Vi!PCO decided not to forward the consultant's re-
the extent of information that will be used to deter- port to the staff after being told by thtir geotechnical
mine site suitability. contractor that they disagreed with the conclusions

and therefore the report lacked credibihty.
Section IS6 of the Atomic linergy Act of 1954 as
amended (42 USC 2236) specifically provides, in 1he licensing board found VLIPCO culpable on 12
part: "(a) Anylicense may be revoked for any mate- of the 19 allegations inchding the thtec alleged
rial false statement of fact required under Section omissions.1he lxurd summarized their findmgs as
182 . . " Section 182 essentially sets forth the pre. follows: Vi!PCO " violated Section 186 of the act .
scobed contem and form of a licerse application. in that it knew, or should have known, of the pres.
The first casc in which an applicant was chargH with ence of a geologic fault; known, or should have
violatmg Section 186 of the Act by making c.aterial knom that a seismic or geological fault question
false statements concerned Virginia lilectric and arising as to the suitability of the site was of major
Power Company's (VEPCO's) four-unit North irrportance; knew, or should have known, that the
Anna Power Station.1his case is important to the Act, the rules and regulations of the Commission
discussions here since the violations all concerned and the cases decided thereunder by the Commis-
the materiality of geologic information. 'lhe lengthy sion required full and complete reporting of any ma-
history of the licensing proceedings on these issues is terial information bearing on an appiication for con-
set forth in detail in the opinions of the Atomic struction permits: knew,orshould haveinown ofi:s
Safety and Licensh.g lloard, LilP-75-54 (1975): non-delegable duty to report material information:
Atomic Safety and 1.icensing Appeal lhunt and knew of its duty to conduct itself and its affairs
ALAll-324 (1976); and the Nuclear llegula .ry with a high degree of care required of one conduct.
Commission final determination, CI .1-76-22 (19h ,. ing a business impacting a the public health and

safety and yet knowing nll of this, it failed to properly
Accordmg to the I icensing lloard there were two and fully report [ sic] [to) the staff in a timely manner
principal issues: the first addressed the resymsibil. material information related to the presence of a
ity of the applictml to disclose and supply material geological f@ (which at the time, may or may not
information to the Commission in a timely manner, have been httv ' or ' capable') . ."
andthe second involved what cordtitutes a material
Lse statement. The Commission in their fmding The Atomic Safety and Licensing Appeals lloard
stated the issue more succinctly in that *the case (ASLAll) disagreed with the Licensing floard only
doe:: not concern the safety of the North Anna site on the issue of omissions. The ASLAtt concluded
but rather w hethe Vi!PCO fulfdied its obligation to that an omission was simply not a " statement" and
pr vide (accura % and full) information about the accordingly could not be punished as such, no matter
sim." how wrongful the omission might be. The Commis-

3 sion later reversed the Appeals lloard on this issue
liriefly, VEPCO was originally chtged by the int. and essentially affirmed the original 1.icensing
ervenors with nineteen counts of making material lhiard findings.
fa'.se statements to the Commission cancerning the

f geology at North Anna. Sixteen of the nineteen A summary of those fmdings that are most permane

specified allegations consisted of affirmative repre- to the subject STP is as follows:

sentations about the geology of the site.1he follow-
mg are examples of statements attributed to Section 186 of the Atomic linergy Act covers*

not only material false statements in a licenseVI!PCO,s pee tehnical consultants: the " nearest
known fau!! is several miles froni the site or " fault-

application, but any " violation or a failure to,

ing of rock at the ute is neither known nor is sus- observe any of the terms and provtsions of the

pected. Three of the nineteen specifications were Act or any regulation of the Commission."

of a different nature. They consisted of omissions, A statement is " material" within the meaningo

that is, complete failure to provide information.Two of Section 186 of the Atomic linctgy Act, if it
of the alleged omissions v failures to present evi- has a natural tendency or capability to influ-
dence in the consultan' session about sus- ence-not whether it docs so in fact-tne deci. I
pected faulting, during the , ac that site suitability sion of the person or body to whom the state- |was decidedflhe third alleged omission v as the fail- ment is submitted. The principal criterion in j

1
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determmmg materiahty is whether a teason- 'lhese decisions made now by the Doli could deter-
able staff inember would, or should, consider mine the course of the program for many years to
the information m tcaching a conclusion or de- come. If the programis tosucceed,a casonable con,
let mining a course of action: it is not important sensus between all of the prmeipal scientific partici-
w hether or not the statement ultimately played pants (NRC. DOli, the State of Nevada, etc.) must
a role it' the de b, ion, he reached early as to what constitutes the bounia-

ries of the geologic setting surrounding Yucca
A statement may be " false" within the mcaning Mountain. Once the geologie setting is agreed upon,e

of Section 186 of the Atomic linergy Act,even the geologic system cam be determined,
if it is made without knowledge of its falsity.
the f alsity and raateriality of a statement sub-
mitted to the staff for its leview hinges on the Itesponse

ssage which would likely be conycyed to an

teamnable staff rnember by what was said or llecause of site and design 4pecific considerations, the
left unsaid. language in 10 Cl It Part 60 is mientionally non-prescrip-

tive in toe area of site characterization; that is,it leaves to
e 'the term Statement" as used in Section 186 of DOilin the first instance the opportunity and responsibil-the Atomic linetry Act is not limited to af- ity to determine, among other things, how to conduct af:rmative representations; the omission of a program of site characterization. it is also DOIPs respm.

matenal inct can be ir cated by itself, as a state" sibility in the first instance to describe, on an iterative
ment. Failure to melude matenal information basis (10 CIH 60.18(g)), how this process is proceeding.
in a subrnission to, or a filing before, the Com- 3;.nitarly, NitC (and other interested parties) will have an,

imssion, can compnse a false and snisleadmg opportunity to review how DOli is meeting this iessmsi,
statement. Anything less than full and accurate bihty, and NRC can then apply its own judgment and
disclosure of mformation on which to base its provide more specific guidance to DOlion a case-by-case
review is unacceptal
candor is sufficient.jic and "nothing less thanMs s. In addition to the review of site charactetization

activides specified under 10 CFit 60.18, the Commission

With respect to the matter of " timeliness," the also noted in its final rule that it c4mtem;) lated an ongoing*

Commiss.on concluded that a " material false review of other information on site investigation and site

statement" results if, in the light of all the cir, chamdcritation, such as those involving long lead. time

cumstances, an applicant fails to make a timely procurement actionr, so as to allow for the catly identifo,

disclosure for the purposes of the review ofits otion and resolution of potential licensing issues.
submissions. An " incongruous" situation re-
sults if an applicant responsible for disclosing in its review of Doll's SCP (DOF., N88), the NitC staff -
material information fails to 4 m in a timely noted its concerns with DOIPS site characteritation pro-
manner, and for one reasoa ci another does grams, specifically questioning the conservatism of the
not disclose the information until it becomes approaches to be used to characterize fault activi'.y and in
state or relatively meaningless. doing so, cited the potential .lo underestimate the seismic

hazard (see NitC 1989b, pp 3-6-b7). In light of thesc
In regaids to the responsibility for determininE concerns, the staff attempted to describe (in the STP)the

*

the matenality ofinformation, the Commission level of conservatism it thought sufficient,in the context
,

stated repeatedly and without equivocation of the regulation, for characteriting fault activny and thus
that the accurate and full disclosuie by the ap- avoiding the potential to underestimate the seismic had
plic:mt of all relevant information isvital if the ard at the Yucca Mountain site.
Commission is to fulfillits primary duty to pro-
tect the health and safety of the public. Argu-

flhe unusual aspect of this STP is that the regulation toably relative data must be promptly furnished if ~
the Commission is to perform its functionJihe which it refesa (i.e.,10 CIR 60.21(c)(1)(i)) specifically
weight accorded to relevant information is, in limits the information that is required to that which is
the end, the job of the Commission, not the ap- " relevant and material." The STP must thcicfore provide
plicemt. guidance on the meaning of these terms (e.g., "how

much ""what type," and "to what extent")in the context
Although the toregoing discussion may sectn pro- of the regulation.Thus, the staif believes that the guid-
tracted, we feel that it was necessary to develop su p- ance to Doll on this concept etm be improved by incorpw
port for the point that the decision regarding the rating the language that explains the concept of material.
definition of the geologic setting and consequent de- - ity, as proposed by the commenter. Accordingly, the staff .
termination of which faults and seismic phenomena has revised the scennd paragrsph in Subsection 4.1.2 to :

- to investigmte is not a trivial e,:rcise. read as follows:

>
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*l'or faults outti% of the cuatrolled uca cense apphcatian to construct a geolope repository. The
that may af fect isolation *vithin the con- ginapal means for achicymy this goal is through infor-
trolled a'ca,10 C1 it 60.21(c)(1)(i) provider mal, pre. licensing tonsultation with IX)lL the State of
that the Safety Analysis Report is toindude Nevada. Indian Tobes, and af fected units of local gover n-
informanon on subsurface conditians to the ment.This approach is designed to attempt to reduce the
extent that it is rele, ant and tr( terial. To number of, ano to better define, the issues that will be
satis!) tins requirement, the ioformation litigated duting a potentiallicensing hearing, by obtaining

collected (and submitted wah the license mput and striving for consensus from the technical com-
apphcatior.) must incluJe whatever has a monity, interested parties, or other targeted groups on
natural tendency or capaoihty to influence such issues.
th" decision of the Commisdon. Consistent
with this principle, informaton should be in this regard, the staff has undertaken the development

considered to be material if the NRC staff of this STP as a mtans of reaching closure on what degree
or conservatism is sufficient for den onstrating compli-would or should cons:dcr it !n reaching a

reasoneri conclusion with icspect to any po. ance with NRt"s rule m this area of identifying fault

sition it might take as to the adequacy of the displacement hantrds and scismic hazardt Moreover, the

license applicatim "r the issuance of a h. stalf believes that agreement on an acceptable approach

cente (see NRC,1976). This STP provides to the investigation of these phenomena is an important

DOli with ruidwee to assist in assewinn, in preu rsor step before faulting and seismic data can be
this context, wha t information on laults hut, analyzed and interpreted, and the neessary design bases

side of the controlled area is relevant and formulated,

material. He guidanc" involves a proce-
SIT.Cli IC COMMI'.NTS:dure designed to anure that the impact of

such faelts on design containment. and iso- lhe following comments on he NRC Staff Technical'

lation within the controlled area is evalu- Position (STP) me provided by the DN of Nevada to
ated sufficiently so as to dete mine which of assist the staff in improving cla'rity and minn..i/ing arnbb
such faults outside of the controlled area, guity in the text of the STP.
but within the geologic settmg, may influ-

'

ence a decision anl increfore require fur- 1. Page 1, Second Paragraph
ther ini csugation."

The third sentence speaks to the " determination of
Moreover, in order to be consistet uth the language in the most severe displacement and earthquakes that
10 CFR 6C.21(c)(1)(i), the letm " relevant and material" can be associated with faults." We assume that this
now replaces the term " material and relevant"in the STP. equates to estabbshing the maximum credible carth-

quake or the so-caued design basis earthquake
(Dill!) for the geologie setting as defined and re.

9. In summary, our concern is that the STP does not quired by DO!! General Design Criteria (dol! Or-
provide sufficient guidance to the DOli such that der 6430.l A, dated April 6.1989). According to
the site characterization ptogram for Yucca Moun- dol' Order 6430.1 A, the Dilli shall, by definition,
tain would provide appropriate and acceptable in- be equivalent to the Safe Shutdown liarthquake
formation to effectively resolve two of the more (SS!!) We assume that, because determination ( f an
criticat peologicalinsuca, the cifeet of fault displace- SSl!is defined by the NRC only in 10 CFR Part 100.
ment in the repository and the design-basis carth. Appendix A-the procedures to be used in estab-
quake (s) for both pre-closure facilities design and listung the " maximum cred:ble carthquake"(Diti!)
post-closure performance assessment. This STp source.1.111 A143 (pages 4 and 5) defines the maxi-
does tle tohelp mect the intent of the Site Charac- mum credible catthquake as the largest magnitude
terization Plan to " provide a vehicle for early NRC, carthquake that appears possible within the known
State. Indian tribal, and public input on Doll's data. tectonic framework. In 10 Cl R Part 100, Appendix
gathering and development wark so as to avoid post- A(V)(a), the carthquake whico could cause the
poning issues to the point where modifications maximum vibratory ground motion at the site is des-
would involve major delays or disruptions in the ignated the SSI!.1.111 A143 further states that in de-

progmrn" (NRC,1987, p. vi). termining the maximum credible earthquake, little
regard is given to the probability of occurrence, ex-
cept that the probability is gicat enough to be of cwResponse
cern. DOli Order 6430.l A states t hat the Dilli shall

As noted earlier, NRC's strategic plannmg assumptions be assumed capable of occurrmg at any time and
call for the ear:y identification and closure of issues, to the shall have a ground acceleratien of 0 lg or greater.
extent practicable, before the receipt of a potential li- Since there appears to be no sigraficant differences
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betw een the Dilli and the SSli or the recommended 3. Page 2
methodology by w hich the source for either ts deter-
mined. it is suggested that a statement be added to Paragraph four makes a genetie statement regarding
the Sl'P that acknowledges DOli Order 6430.1 A candidate utes west of the Rocky Mountain Front.
and iJil A143 by reference and accepts the Dillil 'lhe STP could be substantially improved if a more
SCl! equivalence. definitive statement could be made that focuses on

w hat the NRC considers to be the geologic seiting of
the Yucca Mountain site as defined by the present

Response SCP-;

'the staff considers that " design basis carthquatr* and Mc5P0Hsc
%fe shutdown earthquale" are concepts that were de- See staff response to State of Nevada General Comment
veloped as soecific design goals for nuclear facilities other N o.1.
than a geologic repository. Although the concepts that
these terms imply and their application may eventually be 4. Page 3,11rst Paragraph,11rst Sentence, Third Line Eused in the context of the design of a geologic repository,
these design issues are considered to be beyond the scope it is suggested that the "or" be changed to an "and"
of this STP. Accordmgly, the staff does not intend to in order to reflect the broader purpose served by the
amend the S!P,:;pectf cally acknowledging DOfi Order STP. In addition, it is suggested that reference be
6430.1 A (Doli,1989) and LilL-9143 (llagling,1983) by made to the scientific cornmunity at large outside the
reference, or to accept the Dilli/SSl! equivalence, as DOli(c.g., National Academy of Sciences commit-
suppested by this comm:nt. tecs, the Nuclear Waste Technic d Review lloard,

State of Nevada, etc.) who are also implicitly in-
2. I age 2, Third Paragraph volved in the regulatory process and therefore could

b acfit from the guidance.

The second sentence appears to be out of place in Response
the context of this paragraph. It is suggested that the
sentence be either removed or moved to the second The staff has no objection to making the proposed modifi-
paragraph on page 13. Also in the third paragraph, cation requested in the first comment.
the same type of guidance is found here as contained

Ibw cr. the staff does not agree with the recommendedin DOI! Order 6430.l A and its referenced docu.
ments retarding determination of the Dill!/SSl! rnision proposed by the second comment.The staff be-

source. It' appears this is further support for accept- lieses that the existing language of the STi|in the first
,

ing the equivalence of Dlili and SSE, sqntence of pamgraph one of Section 1.3 is consistent
with its regulatory authority. The staff believes that the
proposed revision would exceed that authority.

N'5P 5. Page 3, Second Paragraph

The staff is aware of the concern raised in the first portion The last part of the first sentence refers to avoidance
of this comment and has revised Sections 1.1 ("Ilack- of design and/or performance prob! cms in the fu-
ground") a. d 4.0 (" Discussion") and added a new appen- ture. Avoidance of the problemsat Yucca Mountain
dix to this STP (" Appendix A") to address this and other may only be possible by abandonir.g the site. The
comments on the applicaaility of Appendir A (to 10 CFR faults will always be there and there will always be a
Part 100) to the technical positions discussed in this STP. relatively high potential for earthquakes. It might be

better to substitute the word " accommodated" for
As regards the concern raised in the second portion of this the word " avoided."

comment, the staff noted in the respanse to the State of
Nevada Specific Comment No. 2 that D1113 and SSli are R'5 Pons'
concepts that were developed as specific design goals for 'lhe staff n 's the State of Nevada comment. See staffnuclear facilities other than a geologic repository. Al- response to ine AliG 11ngineering Geology Standards'
though the concepts that these terms imply and their Committee Specific Comment No 3.
application may eventually be used in the context of the
design of a geologic repository, these design issues are (,. Page 3, Third Paragraph.
considered to be beyond the scope of this STP. Accord-
ingly, the staff does not intend to amend the SI'P at this 'lhe first sentence describes the informal process
time to accept the Dilli/SSIi equivalence. that is presently in place. This process has not
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proved satafactory to all participants to date and its native solutions or approaches. DOli must expect longer
acceptance is unhkely to improve in the futute.The review tum, moic extensne questioning, and the possi-
last sentence appears to be a veiled threat that is un- bility of ns.a- acceptance by the NltC staff.
likely to have any influence on the course of the re-
pository program. We suggest that the sentence be 7. Page 5, Second Paragraph
removed and included in a separate memo from the
NRC to the DOli or some other more appropriate The first sentence gives the NitC staf f's position that
placcJlhe entire third paragraph might be more ap- a deterrnmistic approach should be applied to geo-
propriately placed somcw her e in Section 4.0 en page logic repository investigations. A strong determmis-
13- tie approach is in fact required befoi e any probabilis-

tic results would have meaning. lhe NltC may want
to consider allowing for a pnmary deterministic ap-

Itesponse proach supplemented by a probabilistic approach to
the extent that DDl! feels necessary.This is la]com-

Although the staff does not agree with the conclusion mon practice of the NltC in reactor licensing. Ilow-
reached in this comment that the paragraph or specific ever, the issue may be moot, since DOli Order
language in the paragraph constitutes a " . veiled inreat" 6430.l A (pages 1-99) requires that the Dilli(SSil)
to the apphcant it will delete the paragraph in question be established deterministically and the effects han-
f rom Section LO of the STP. Ilowever,it should be noted died probabilistically.
that the subject paragraph is based in large part upon the
statements of consideration tahind the Commission's gp ,
prcposed licensing preedures for a geologie repository
for high level waste (1ILW)(44 TR 70408). In its final rule 'Ihis comment is noted.The staff agrees that 6ete minis-
(see 46 fR 18971), the CornmSsion set forth those re- tie and probabihstic analyses are complementary and has
quirements applicable to DOR when submitting an apph- revised Sections 3.0 and 4.0 of the STP to describe the
cation to receive and dispose of Hl.W, and specified the staffs views regarding the us.e of deterministic criteria in
procedures the Commission wdl follow in considering the consideration of laalting and seismic hazards.
such an a;1phcation. 'lhese procedural requirements call
for extensive e.formalinvolvement of the staff during the 8. Pc 4 Subdon 3.1.1, item 2
site chara om anon phase.

'Ihe boundary of the region to be investigated for
As noted in the statement of considerations, the provision fault displaecment should be referenced to Subsec-

for the early review of the Department's site characteriza. tion 3.1.3 and the boundary of the region to be inves-

tion plans was the " desirability of evaluatmg whether the tigated for scismic hazards expanded and referenced
to Section 3.3.Department's [ site characteniation) program will gener.

ate data suitable to support a Commission licensing deci.
sion"(44 FR 70409). Consister't with this philosophy, the ltesponse
staff has prepared STPs as a means to provide guidance to
DOli on what information the staff will require for the The stalf disagrees with the proposal made in this com-
review of a license application, what standards will be ment. The boundary of the tettion to be insestigated for
employed in the staf f review of the license application. both fault displacement ha$rds and seismic hazards
and those methods that the staff finds acceptable for should be initially established using the approaches de-
implementing the general criteria found in NitC regula- scribed in Subsections 3.1.1 and 3.1.2.
tions. It is beheved that the existence of such guidance
therefore makes the beensing process more efficient. 9 Page 6, Subsntion 3.1.2, first Sentence

The existence of formal NilC guidance d,es not preclude 11 is suggested that the addition of the phiase,"or

the license applicant from using a method different from fault zones" after the phrase, "those f aults" in the

that contamed in the guidance docurnent, to demonstrate first line would clarify the intent. Also, such an adJi-
don would make the sentence consistent with tbccompliance with NitC's tegulations.The staff is willing to

consider new or alternative solutions or approaches. terminology used on page 10. Item (1)(a).

llowever, DOli should recogni/c that substantial time
and effort have gone into the development of SI Ps, and Itesponse
that a correspondmg amount of time and effort will prob-
ably be required to review (and accept) new or alternative lhe staff has no objection to makingthe proposed mothfi-
solutions or approaches. Thus, in proposing new or alter- cation requested in this cornment.
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10 l' age 6. Subm tion 3.1.2., item i 14.i Page 8, Section Titled "Ps ocess to Idt ntify 'Suu a pli-
ble' l 'a ult s"

It is suggestcJ diat by adJmg the phrase, "or fault
splems any part of which is" alter the phrase, 'all % sugpc4 chanymg the title of this Section to read
fauks"in the hrtt br:e would claufy the intent, " Process to identify buscepttble 1 aults I hat Re-

quae Detaded Investiration " Also, we sugest
changing the title for Step No. I to read "identifica-

ltesgnmse tion of 1 auht t hat Requac Detailed Investigation."

'the itall hm no chjecnon to makmg the proposnl nuxhft. g 9canon requested m this comment.

ily dclinition, faults that are determined to be "suscepti-
II, Page 6, Subsn tion 3.1.2., hem 2 ble" requ re deladed imestigation. Chanymg the title as

suprested m the comrnent would make it redundant. m
11 r suggested that adding the phraw, "or fault Changing the titic for Step No.1, as suppested by this W
/ones" alter the word, "f aults" m the second hne conuwnh wouhl thange the intent of the paragraph in
wou1J tia dy the intent. that enhfpng faults that acquire detailed investigation

is a two-step process, t he fir st st ep heing determination of
which faults are subject to displatement.

Response

lloweser, a* noted in the staff response to DOli Com-
~lhe staff hs no objection to making the proposcJ moJih- ment No. 6, the term " susceptible fauh" has been aban-

doned and replaced by a new, threc4tep categorization gcation requeued m this comment
i
I

scheme. Under this scheme, those faults that fall into the
12. Page 7, l'irst I.ine category designated as " Type 1" faults (see Section 3.0)

ar e those faults that were formerly considered to be " sus-
it is surnested that adding the word, "rcohpe" apth faultt" It should be noted, though, that the logic
ahead el the phrase, " component setting" wouhl underpinning the identdication of faults of regulatory
ciaofy the meanmg. connro has semained undanged

14b, Page 8, Sn tion Titled " Process in Identify'Suu epti-ltesponse hie' l'a ult s"

'lhe sta!I has no objecuan to revtsmg the S'l P, as recom-
"the c:iteria on page H for identifying " susceptible

mended and has moJOed the STP to rnote accurattly faults" ar c oi sound seientific h tsis. Significantly, t heconvcv the staf f's intent.
criteria do not preclude the detailed study of a fault
for w hich codence of Quaternaspage movement is

13. Page 7. Subsection 3.13 absent Such an approach is reasonable, given that
Quatet nary age deposits may be absent along given

Subsection 31.3 states that faults that reymred de. fauhk
tailed investipatums are faults subject to daplace,
ment, affect ucsign and perforrnance, and provide Response
significant input to models. We suggest adJing a
phrase in item (1);a the effect that"all faults within .the stall, agrees with this comment. No modification of

.

the controlled area hould be considered as candi- the M k mquM, and h no chanp m e nnem
dates for detailed invest;gations'' r,o as to be consis-
tent wuh Subsection 3.1, or provide a relcrence i TM '*Pr em Idmtih 'Sm W., ,,

back to Subsection 3.1.2.

In the description of this process, we suggest that the
Response phrase " subject to displacement" be replaced with

the phrase "that require detailed investigation"
The staff does not agree woh the proposed revision made throughout.
in this comment. Subsections 3.1.1 and 3.1.2 pr de in.
put to the identification of faults that require detaded g,.spons,
mvestigation. Referring back to Subsection 3.1.2 from
Subsection 31.3, as suggested by this comment, would be See staff response to State of Neuda Spectiie Comment
edundant, in the opinion of the staff. No.14a.
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14d. Page 8, Section 'litled "Pr meu to idt ntily 'Suscepti. In lton (a). mvestigation of reoloric conditions
ble' l'a ult s" within the component settings is mvered under See-

tion 3.2,*lhe process referred to in item (a)is for all
in the second paragraph of Step No.1 (fust sen intents and pur;ws a sacening. We assume thata

tence), we sugrest that the word,"are," Ntcr "such this step is intended to be essentially a first cut using
faults," be teplaced by the phrase,"could be7 Also. emting information.
at the end of the second sentence we suggest adJmg
the phrase " exhibit any one or more of the follow- Response
ing.

lhis comment is a conect interpretation of the process
described in Subsection 3.1.3. Item (a), under the accept-gespons,
able approach to providing the information necessary for

'l ne staff has no objection to makmg the proposed modifi- esatuatingthe criteria in Step No.1.is part of the method-
cations requested in this comment. o'opy for identifymg "I'ype 1" faults or fault systems 'lhe

criteria in Section 3.2 are information needs to be devel-
14e. Page 8 Section Titled * Process tu identih 'Susceptl. oped on those fauhs that are identified as "'lype 1."

# hie l'aults"
15e, Page 9, Iirst Paragraph, item h)

In the third paragraph (Item (aik we surrest addmg
the word, "or" af ter the word * fault." Under l'em (c), it is suprested that the phrase "or

fault zoac" be added after the word " fault" in the
second line.Response.

The stafI has no objection to makmg the proposed modifo itesponse
cation requested in this wmment.

The staff aprecs with this comment and has changed the
14f. Page 8, Sc(tion Titled * Pr ocess to ldentif> 'Sustepti. text to reflect the recommended revision.

ble' Faulh"
16. Page 9. Step No. 2- Assessment of the Potential

In the third paragraph (Item (b)), we assume that the 1:llects of l'aults Subject to I)ispimment
reference to displacement on one fault that could
cause displacement on another includes the blind Step No. 2 encompasses " assessment of the poten-
thrusts and detachmems that could be present be- tlal effects of faults subject to displacement." 'lhe
neath the Yucca Mountain site area. A future clanfi. evaluation is to be deterministic and take into ac-
cation of a " structural rclationship" may be re. count the potential effects of fault site on the design
quired. and performance of facilities important to safety 7 !t

is stated that fault length is the critical parameter for
evaluation and that the "DOli should develop a de-gespons,
lensible approach to determine w hat site fault needs

This comment is a correct interpretation of the process to be characteiiicd in detail? !!ecause carthquakes
described in Subsection 3.1.3. I aults that have a strue, in the Great liasin have been awociated with distrib-
tural relationship .vith a fault that meets one of the other uted faulting, the dependence of analysis on the as-
critern do melude bhnd thrusts and detachments. sessment of potential fault lenpih will be associated

with sigmftcantly greater uncertainty 1han. for exam-
15a. Page 9, First Paragraph, item (a), First I.ine plc,along the strike slipfaults of the California [tec-

tonie] plate boundary. 'the estimation of the rnaxi-
- We suggest replacing the word " evaluating" with the murn sized carthquake associated w ith the

phrase "provvhng the necess;uy information for distributed nature of mapped faults in the Yucca
evalualmg * In addition, we surgest replacing the Mountain region should also take into account the
word "would" with "could" m the second line. regional record of the largest historical earthquakes.

Dependence solely on the mapped length of individ-

g,.sponse ual faults or fault segments in the region may well
underestimate the maximum sue earthquake that

T ie text has been changed to reflect the first suggestion can be associated with the mapped faults. Also, an
ir thiscomment.llowever.the second surgestion madein issue that could be addressed appropriately here is
th s comment was not accepted by the staff. the collective effect on the hydrologic performance

of the site if all of the smallIaults within the system
15 i. Page 9, First Paragraph, item (a) are displaced due to an earthquake.
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Response " fault" in items (b), (c), and (d) for consistency with
the wording used in item (a). 'the last sentence re-

As regards the suppestion made in this comment that
gards " susceptible" faults with no surface cxpression

"lhe estimanon of tSe inaumum u/ed earthquake associ-
but iJentified in the subsurface.We assume that thisatcJ with the distobuted nature of mapped f aults in the is meant to include detachment faults and blindYucca Mountain repon should also take into account the
thrusts that are reasonably inferred from the geo-

rerional record of Ihe largest historical enthquakes." the logie data.
staff aprecs wnh this comment. Iloweser, this cencern,
which relates to the analysis of seismic phenomena, is Response
beyond the scope of this hTP.'lhe staff expects that af ter
the investigation of faultmg and seismic phenornena, The staff finds the revision suggested by the State of
IX)1 will use this informanon to estimate what typc o, Nevada in its first comment acceptable and has changed
carthquale is to be used to design the repository, the sentence accordingly.

The staff conuJers that the smgle most important indica- With regard to the second comment, consideration of
tot of fault sigmficance is fault length; however,it is also fauhs with no unface apsmn n meant to address
aware that f ault lencth does not stand alone as far as faults such as bhnd thrusts, including beddmg plane
determining fault sigmheance, and that other factors thrusts anJ ramps, and detachment faults,
woulJ have to be considered in the development of a R P 11, Sndon 3.2defensible approach to deternune w hat siec fault needs to
be considered Step No. 2 m hem (2)of Subsection 3.1.3
adJtesses the scenario w here small tectomc fiacturcs that

Item (2)nceds to rnore succinctlydefine w hat consti-
tutes the " underground facility" and this definition

have lengths on the order of a couple of feet, with mini- added to the glossary. Does this include just themal detectable offset, are encountered in an under-
.hifts or does it also include boreholes, shafts, and

ground facihty Although fractures such as those noted i'i parts which constitute the disturbed zone?
the above scenario should be mapped and considered in
the context of their setting, the staff considers that an gesponse
extensive effort to insestigate these tectonic fractures in
the detail suggested by this comment is unnecessary. Item (2)of Section 3.2 has been deleted because it epeats

-

mformation in the previous paragraph m this section.
1 mally, consideration of the effects, if any, that fault l'aults without surface expression, including those in
displacement may have on the hydrology Ef the site is boreholes and sh fis, should be investigated in the man-
considered beyond the scope of this STP. 'the staff in. ner described in item (!) of Section 3.2.
tends to address this issue during the development of a
companion STP on the analpis of hazards due to fault 20a. Page 11, Secdon 3.3

dnplacement and seismicity.
The seuion outlines a viable approach to collecting

17. page 10, Subsection 3.1.4 data needed to assess the expected vibratory.

ground-motion hazard but does not indicate
.the first paragraph supiests that faults eliminated whether application of the data to ground motion as-,

f rom further considerauon "should" penodically be sessment will follow a deterministic or probabilistic

reconsidered. We suggest that the STP provide approach.There is an implication in this section ihat

more specif c gu,debnes on the it ther exists an accepted carthquake size-source to
complishing this "reconsiJeration ;amework for ac"site distance-strong ground motion relationship

i

and the decision
process and enteria required for reconsideration. that may be used to determine which faults are etyw

ble of producing given levels of strong ground mo-
tion at the site of interest. The question will most

Response
certainly arise as to the validity of w hatever relation-

See staff response to AEG Seismic Safety Committee ship is used to estimate espected strong ground mo-.

tions at the site.Specific Comment No. 2.

"" #18. Page 10, Section 3.2

The staff does not agree with the suggestion made in this
The approach to investigating a fault-displacement comment that Section 3.3 imphes that there already exists
hazard appears reasonable; however. Items (a) an accepted carthquake sae, source to-the-site, or a spe-
througb (c)are really information requirements and cifis attenuation model to be used in design decisions.
do not represent a scienttfic approach We suggest These analyses will be developed when characteri/ation
adJing the phrase, "or fault zone" after the word of the site is completed.
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20h, Page 11, Swion 3.3 harards have not been shown to be adequately de-
veloped for licensing applications for a specific site.

In item (3), we suggest adding the phrase, "withm 'ihis is in direct conflict with aspects of the apptoach
the geologic setting and immediately contiguous of hazard assessment put forth by the DOE in the
provmces" af ter the word " earthquakes"in the first Site Characterization Plan for Yucca Mountain.
Ime and replac ng the word "affected" with the
phrace *beca felt at" in the second line. R n ponse

This comment is noted and as previously stated in the staff
N" I"* * * response to AEG Engineering Geology Standards Com-
11 is not clear how this proposed revision would improve mittee General Comment No. 4, the staf f has concerns

or clarify this t> :Snical position.The staf f considers that if about DOil's plans for the characterization of faulting
an tarthquake could reasonably be espected to affect the and seismic phenomena, specifically questioning the con-
site, then it impheitly is withm the geologic setting of the servatism of the approaches to be used to characterize
site and therefore subject to investigation, as called for by fault activity and in doing so, citing the potential to under-
this technic.d position.The fact that the earthquake could estimate fault displacement hazards and seismic harards
be in an immedetciy cantiguous tectonic province, as (see NRC,1989b, pp. 3-6-3-7). In light of these con-
noted in this comment,is vague and an unnecessary text cerns, the staff attempted to describe (in the SI'P) the
adJition. In adition, the staff is more concerned v.ath the level of conservatism it thought sufficient,in the context
effects of earthquakes on site performance rather than of the r egulation, for characteri/ing fault activity and thus
the carthquake having been felt at the site, as recom. avoiding the potential to underestimate the seismic hay-
mended in the comment, ard at the Yucca Mountain site.

21. Page 12, Section 3.3 Moreover, in response to the observation raised by this
and other commentms, the stafI has modified the discus-

In item (5) the second sentence requires guidance sion in Sections 3.0 and 4.0 to describe the st'tif views
on how and when "scismic source zones" should be regarding deterministic and probabihstic cnteria for in-
established. In addition, tne STl' needs to provide vestigations identifying faulting and scismic hazards,
cuidance on what constitutes the ddferences,if any,
between " seismic source wnes" and " fault mnes." 22h PdEe 14

In the t hird paragraph regarding documentation, the
Roponse STP neeJs to provide guidance on the form of the
The staff considers that no additional guidance is needed document and the timing for submittal relative to
on "how and when to establish *>eismic source zones "- the results of the screening process used,

inasmuch as the manner in wMch these features are de-
fined is already well-established. Response

'lhe staff considers that the form and timing of the sub-floweser, as regards to the request made in the second
portion of this comment to desenbe the dnferences, if ndu 1 of puments ag the premgative of the potential

a staU wm naluate &muah m am
any, between "setsmic source zones" and " fault zones," ,

w a n nna on in them is sufficient.
the staff wishes to note that a seismic source zone is an
area that includes that portion of the earth's crust that is 23. Page 15, Subsection 4.1.1
considered to have uniform seismic characteristics (same
expected maximum earthquake and frequency of occur- In the first sentence, we suggest adding the phrase
rence). When the site characterization program is com- "in the geologic setting and" after the word "investi-
pleted and information about the seismic and tectonic gated."
features are available, it will be possible to delineate
seismic source zones. Seismic source zones will be one of " "E""''the parameters needed by DOE for estimating the scis-
mic hazard at Yucca Mountain. Scistnic source zones This concern is noted and the staff has modified the first
include fault zones. sentence of Subsection 4.1.1 to address this comment.

Tins sentence now reads as follows:
22a, Page 14

"The areal extent of the region to be investigated
In the second paragraph, the STP clearly states that (i.e., component boundary) needs to be of sufficient
probabilistic techniques for defining an approach to siec such that the geologic and scismic characteris-
the investigation of fault divlacement and seismic tics are t,nderstood and desenbed so as to permit
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esaluation of the proposed site, to pmWe mput tot spatial or temporal dustenng of faullmg through exami-
solutions to actu.d or potential faultmg and seismie nation of the pre-Ouaternary record of fault mosements
effects at the propned site, anJ to test alternalise may be neccury for faults both inside and outside of the
rnodels of faultmp and senmicity applicable to the controlled area.
site?

27b. Page 17
24 Page 15, Subsection 4.1.

In the third paragraph, the hrst sentence irnplies
that t he existing stress regime can be defined for theThe let hne m the f rst pararraph shoulJ refer to

Subsections 3.1.2 and 3.13. geologie setting in which a repository is proposed.
}:or Yucca Mountain, it is presently an open ques-
tion whether the existing stren regime can be de-

Itesponse fined given the complexity of the geologie setting.
'the clarity of this parantaph would be improved if

't he stalf has no objection to making the proposed modifi- the S'lP providcJ guida'nce on defining the geologic
cation requested in this comment. setting (i.e.,its boundaries)within the context of ex-

25. Page 16, l'irst Paragraph,1,ast Sentence,imi I ine
1(esponse

'lhe text shoulJ read geologie " component" rather
t han ges.pc "xtthit." .ihe staff is aware of the di!h..eulty in estabbshing the

'

existmg stress field for a region of tbc carth s crust at
scales that would be important for individual tectonic

R e s P""" Iractures, a., noted in this comment. Ilowever, published

The staff has no objeedon to making the proposed moWfi- ryns for h Moumain @ ogen, d 4 M h
cation requested in this ccmment. anempted to ddn~ the existing stress field and have

implied that faults with specific orientations in the exist-
J, . I, age 16, Subseti.mn 4.13 ing stress field ate subject to displaecment (lor rit, p. 40).

TB information on the stress field at Yucca cannot be
in the first paragraph, the last sentence states that ignored and must be factored into the evaluation of fault

diglacement hazard. As noted in the text and identified"qpal le fault is used as " ute suitabihty tool. lhis
statement is net entirely correct. lhere are no suit. in the approach illustrated in l'igure 3, the key factor in

abihty testsin 10CFR Part 100 Append:x A,norare determining fault significance is displacement in the Qua-

there any regulations that prohibit the construction ternary Period; the stress field only becomes a factor
when 'sidence of displacement in the Quaternary 'eof a nuclear f acihty on or neara " capable fault.' ihe conclusive,

third sentence in the paragraph is a more accurate
desenption of " capable fault." It is suggested that 28. Page iti,'Ihird Paragraph
the third sentence be retained and the las' sentence
deleted. in the second sentence, we suggest adding the

phrase " individually or coUcetively if part of a mne
ggp or system" after the word "dirr.ension."

As this comment correctly notes, there are no regulations ResPunse
that prohibit the s: ting of a nuclear f acility on or near a

'ihe staff has no objection to making the proposed modifi." capable fault."liowever, in light of the concerns raised cation requested in this comment.
in this comment, the staff has mmhfied the text in Subsce-
tion 4.13 to more clearly state the staff's intent regardmg 29 Page 19, Second Paragraph
the identification of "I'ype 1" faults.

The last sentence needs to be rephrased. A technical
27a. Page 17, Second Paragraph position cannot be implemented. Technical posi-

tions are established by the NRC staff The proce-
At the end of the last sentence, we suggest addmg dures outlined by NRC can be " implemented" by
the phrase "outside of the controlled area. DOliif they so choose (e.g., see first paragraph, See-

tion 1.2, on page 13),

Response
Response

~lhe staff does not agree with the proposed revision rnade The staff has no objection to making he proposed modifi.
in this comment. The staff consiJeri that establishing cation requested in this comment.
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30. Page 19,1hird Paragraph 33. Page 21

In the fast sentence,it is suppested that the phrase 'the lleference hst should be esp;mded to include
"results of' be added before tN word "insestipa. Doli Order 6430.l A |DOF,1989); millc9143 |Ea-

f ng,1953}; UCitt.-53582 [ Coats and h1urray,litions "
1984]; U$0S 0111-84-854 [Carr,1984]; USGS
01 R 4S-560 [Gawthrop and Carr,19SS]: and the

N " P"" * * veision of the Site Characteruation Plan for Yucca

'the staff has no objection to making the proposed moshi . Mountain that isconsidered by the NRC staf f to rep-
resent the current DOli position.cation requested in this comment.

31. Page 20, l'irst Parup apti It"P""50
See staff response to the State of Nevada Specific Com-

liy citing Section IV of 10 Cl R Part 100, Appenda ment No.1.
A. NRC imphes that the requirements under Sec-
tion IV(6)" . correlation of epicenters or hications 34. Pat;e 23
of hignest intens of histoneally reported carth-
quakes, where possib!c, with tectonic struct'.ncs any 'lhe "llibliography" needs to include a reference (s)
part of w hich is located with 200 miles of the site" are that the NRC stall belieses su' table as guidance in
m be followed. We agree. llowes er, a more appro- characteruing seismic hatards west of the Rocky
prime reference in the contest of this STP statement hlountain front in adJition to or instead of
mipnt be Sections V(a)(1)(i) and V(iii) with the lan- liernreuther, D.1-, et uL UCID-20421; IIagling,
guage chacped to incorporate the phrases "peologie D.G., ed.,1983," Seismic Safety GuiJc,"I til A143,
component and seismic component of the geologic and Reiter,1,.,1990, "liarthquake liaiard Analy-
settm f sis," are possible candidates.

Response Responw

'lle staf f does not agree with the recommendation node 'the "lbbliography" (Section 6.0) has been modtfied as

in this comment that Sections V(a)(1) ) and V(iii) of suggested by this comment.

Appenda A to 10 CFR Part 100 are a more appropriate
3b E"E" 2b UCU"IU."" "I '"I"E'C S "" ."'E"

.

reference. 'lhese sections deal with the formulatmn of
seismic and peologic design bases, which are beyond the

. e & fu ongg en on Qure 2, page @ h uesupe of this STP. " region is withm the peologic setting | sic) and on<

page 6, item (2)where " components of the pe' agicL

3., , I, age 20, Second Paragraph system (are) acting within the gtologie .etu.g' ap-
near to be in conflict with each other and the defir.i-

Regardmg canhquakes that shou'.d be correlated tion for pcologic setting given here. 'ihe condiet
'

with structures or arsociated with se.istnic source might be resolved if the g'ossav was expanded to in-
zones, w e assumc that the Nit ( would consider the cluJe the definition (s) for th'e various " systems,"
Walker pmc Structural Zone, Nevada-Cahfornia " settings" and "companents " In addition,id though

-

Seismic Ame and the East West Seismic Zone as the "peologic setting" defmition is c:d in the con-
defmed by the DOE m the Site Characterization crete language of 10 Cl R Part 60, thb glossary of-
Plan for T ucca Mountain and its references as tae fers an ideal opporturnty to remedy shortcomings of
major seismic source zones that need to be consid- the 10 CI'R Part 60 language by expandmg on that
cred for esaluating the sei;mic hazard at the Yucca definition, particularly as it relates to the southern
Mountain site. liasin and Range region that meludes Yucca hioun.

tam.
Response

E""'the assumption made by the State of Nevada is correct.
't he staff does consider the Walter I ane Structural Zone, The staff considers that the term " region" can have sary
the Nevada California Seismic Zone, ar.d the list-West ing definitions, depending on the application. With re-
Seismic Zone, as defined by the DOli in its SCP and its spect to l'ipure 2, the term refers to the area which en-
references, as the major seismic source zones that need to compasses the boundaries of the " geologic,'
be considered for the evaluation of scismic ha/ards at the "hydrologie ":md "gcochemical" system settings; witF r c-
Yucca Mountain site. spect to the defmition of "geologie system setting ' the

1b27 N U RI .0 - 1451



, _ ._ _ _ _ _

Appenda E

staf f conaders the "geohigic setting" to be that area en- determining if detaded investigations are necessary are
compawng all of the geologic com|vaent settings. applied. 'ihese criter ia seem appropriate. Consistent wit h

10 C111 l'ar160, whith icquires that processes operating
i he text has been ruodified to addr ess the comment made in the Quaternary Period be addressed, the S i l' suggests
reg.udmg she defmilion of the term " geologic settmg( that faults showmg Quaternary offset be investigated m
however, site-specific defimtions of component settings detail. 'lhts stipulation may result m mclusion of some
are outMJe the puniew of this S'IP. As suggested, the faults with r elatively long recur rence intervals. llowevct,
" Glossary" has been amendcJ to include delmitions of since the time required for maintaining waste isolation in
"geolopt systerr/ "laulting component setting," and incasered in thous;mds of years. the possibihty of unpre-
#scismic comp 4 ment setting. dictait t pisodic. or chaotic, behavior of reologic featu r es

over these time periods must be taken into account.
M. Page 28 Definition of"Scismit flan.rd" 1 aults that have long been dormant may become actise

over the next 100,tKK) years and presently active faults
The statement is made that a seismic hazard may be may become quiescent. 'lhus, c reasonably conservative
characteri/cd in "cither" deterruinistic "ar" proba- approach requires that Quaternary [ age] taults be inves-
bilistic terms. lhis appeats to be m conflict with the ligated in detail if movement on them could affect a

*

statemem made earlier in the S IP on page 5, pam- proposed repository. The same considerations dictate
graph two, that a deterministic appr oach only wdl be that faults for which evidence for Quaternary movement
acceptable. is indetermmate should ah.o be investigated if they rnect

any of the three subcriteria of Subsection 3.1.3, item (2).
Itesponse 'lhe applicant will, of course, have to use a probabilistic

approach to assessing fault movement in complying with
The staf f is aware of the potential for confusion in the use the !!PA release sumdards in 40 CFil Part 191 in its
of this term, as noted in this comment. Therefore, the current form. 'lhe combination of deterministic and
definition of"scismic hatard"in Appenda ll(" Glossary") probabilistic approaches thr' will eventually be used
has been moddied. should provide a clear indication of the hkely effects of

faulting and seismiuty on repository performance and
37. Page 29 desienflhe enteria outlined in this STP are a useful first

An additional eference(s) for sasmic seurce zones
uest of Ihe itocky Mounlain front needs to be added itesponse
to the defi:ition of " Seismic Source Wme "

'the staff agrees with this comment. No mothlication of
,z the STP is iequested and thus no changes are necess;uy.

See stalf response to State of Nevada Specifi: Comment itefer ences
No. 34.

Atomic Safety and Licensing floard, " Virginia lilectric
and Power Company (North Ana Power Station, Units 1

U.S. GEOL.OGICAL SUltVEY COMMENTS and 2)-Initial Decision (LitP-75-54, dated September

is
. 10, 1975)" ia " Nuclear llegulatory Commission issu-.t h. draft STP has been improved in that u allows consid-

ances-Opinions and Decisions of the Nuclear llegula-erab1y more ficohihty to the applicant than the earlies
, tory Commisuon with Selected Orders," Vol. 2, July 1,version; and it does not incorporate, aA did the earlier

1975 to December 31,1975, pp. 498-559.versmn, Appenda A of 10 CFIt Part 100 for nuclear
power plants which is largely inappropriate for a geologi: Atomic Safety and 1.icensing Appeal lloard, " Virginia
repository, liasically, the [ draft] SIP provides criteria lor lilectric and Power Company (North Anna Power Sta-
the applican; to use in deciding what faults to investigate tion, Units I and 2)-Decision (Al All-324, dated April
m detail for designing and assessmg the performance of a 15, 1976)" in " Nuclear llegulatory Commission Issu-
repository. The criteria ere deterministic, an approach ances-Opmions and Decisions of the Nuclear llegula-,,

which 'he United States Geological Survey (USGS) has tory Commission wit h Selected Orders," Vol. 3, April 15,
endorsed in the past. Deterministic criteria enable the 1976 to January 30,1976, pp. 347-403.
partic: to a heensing action to have a relatively clear
understar4 ding of what is oris not under consideration. All lleinero, it.M., Office of Nuclear Material Safety and
faults within the controlled ar aust be examined to see Safeguards, lxtter to J.W. llartlett, U.S. Department of
if they ment letailed invest . tion accordmg to the crite. Energy / Office of Civilian Itadioactive Waste Manage-
ria dwussed below. Ilowever, outside the controlled ment [ Subject: " Status of Site Characteri/ation Analysis
area, only faults relevant to performance and design need Open Items"). U.S. Nuclear llegulatory Commission,
to be considered. After these initial steps, the criteria for July 31,1991.
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Carr, WJ. " Regional Structural Setting of Yucca Moun- mission with Selected Orders," Vol. 4. July 1,1976 to
tain, Southwestern Nevada, and I ate Cenozoic Rates of December 31,1976, pp. 480-493.
Tretonic Activity in Part of the Southwestern Great lla-
sm, Nevada an'd Cahfornia." U.S. Geological Survey, U.S. Nuclear Regulatory Commission, " Identification of

Open 1 ile Relvrt 84-854,1984. Issues Pertaining to Seismic and Geologic Siting Regula-
tion, Policy, and Practice for Nuclear Powcr Plants,"

Coats, D.W. and Murray, R.C., " Natural Phenomena Sl!CY-79-300 April 27,1979a.
Hazards Modeling l'roject: Scismic lla/ard Models for

| Department of linergy Sites," lawrence 1 ivermore Na. U.S. Nuclear Regulatory Commission,"Dislusal of liigh.
tional I aboratory Publication No. UCRI -53582. Rev.1, I evel Radioactive Waste in Geologic Repositories, Pro.
Nosember los4, posed 1 icensing Procedures," Tcdcral Register, Vol. 44,

No. 236, December 6,1979b, pp. 70408-70421.
Cnde of Icdcrul Regulatmns " Appendix A-Seisinic and
Geologic Sitmg Cntera for Nucicar Power Plants," m U.S. Nuclear Regulatory Commission, "1.icensing Re-
* Reactor Site Criteria," Part 100. Chapter I Title 10, quirements for the Storage of Spent I uel in an Independ.
" liner g'y " ent Spent Fuel Storage Installation [ Statement of Con-

siderations in Final Rule)," Tcdcral Registce, Vol. 45, No.
Code of fcdcrul Regulatens. " General Guidelines for the 220, November 12,1980, pp. 74693-74713.
Recommendation of Sites for Nuclear Waste Iteposito-
ries," Part 990, Chapter 111, Title 10. "linergy." US Nuclear Regulatory Cemmission, * Disposal ofIligh-

1.crel Radioactive Waste in Geologic Repositories: lj-
liagimg, D.G., cd., " Seismic Safety Guide," lawrence censing Procedures [ Final Rule)," Tcdcral Repotcr, Vol.
Ilerkeley laboratory Report 1Jil A143, !!crkeley, Cali- 46, No. 37, February 25.1981,pp.18971-18987.
fornia, September 14/i3.

U.S. Nuclear Regulatory Commission,"Disnosal of high-
Gawthrop, W,lI. and Carr, WJ., "1.ocation Refmement level Radioactis e Wastes in Geologic RepositoriesTech-
of liarthquakes in the Southwestern Great liasin, nical Crueria | State - ' Considerations in Final
1931-1974, and Seismotectonic Characteristics of Some R ule]," Fedt ral Regi3rcr. 10.120. June 21,14S3a,

of the important 1. vents " U.S. Geological Survey, Open- pp.26194-28229
File Repori Xs-560,198S.

U.S. Nuclear Regulatoiy Commission," Staff Analysis of
Rogers. A.M., 't cl., "livaluation of the Seismicity of the Public Comments on Proposed Rule 10 Cl R Part 60,
Sculhern Great Ilasin and its Relationslup to the Tec- ' Disposal of High Level Radioactive Wastes in Geologic
tome i ramework of the Region," U.S. Geological Survey, Repositories " NURI!G-OSO4, December 1983b.
OpenTile Report 87-408,1987,

U.S. Nuclear Repubtory ('ommission, "Availabihty of
U.S. Department of linergy, " Seismic Safety Guide," Draft Technical Positien on Methods of livaluating the
I awrence llerkeley Iaboratory,1Jll -9143, September Seismic 1lazard at a Geologic Repository," federal Regis-
1983. ter, Vol. 54, No.163. August 24.1989a,p.35266.

U.S. Department of linergy,-Chapter 8, Section b.3.1.17, U.S. N uclear Regulatory Commission, " Standard Format
Prc osure Tectonics " m " Site Characteri/ation Plan, and Content of Site Characterizatmn Plans for liigh-
Yucca Momitain Site, Nevada Research and Develop- Level Waste Geologic Repositories," Regulatory C<uide
ment Center, Nevada." Vol. V, Part 11, DOli/RW-0199, 4.17 (Revision 1), March 1987.
December 19J

U.S. Nuclear Regulatory Commission, "NRC Staff Site
U.S. Department of linergy, "Section 0111-Structural Characteri/ation Analysis of the Department oflincrgy's
Design Requirements in General Design Criteria," DOli Site Characterization Plan, Yucca Mountain Site, Ne-
Order 6430.1 A, April 6,1989, pp.1-h4 - 1-190. vada," NURl!G-1347, August 1989b.

U.S. Nuclear Regulatory Commission " Virginia lil .ctric U.S. Nuclear Regulatory Commission, " Availability of
and Power Company (North Anna Power Station, Units 1 Draft Staff Technical Position; investigations to identify
and 2)--Opinion (Cll-76-22, dated November 12, I ault Displacement and Seisnue lla/ard at a Geologic
1976)" in " Nuclear Regulatory Commission issuances- Repmitory " federal Register, Vol. 56, No. 92, May 13,
Opinions and Decisions of the Nuclear Regulatory Com- 1991,p.22020.

,
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Al'PENDIX F
DISPOSITION OF ACNW COMMENTS

Note: The Advisery Committee on Nuclear Waste how the constituent parts, themselves, may be viewed.
(ACNW) comments listed in this appendix were made on llowever, in response to this comment, the staff has re.
the final draft of the subject Staff Technical Position vised the text in Subscetion 3.1.1 and Figure 2 to further
(STP), dated December 1991, clarify the staff's intent in this area.

ACNW COMMENT v3ACNW COMMENT #1
'lhe staff should consides clarifying the use of the term

.lhe term " susceptible faults hould be abandoned. W,e " relevant and material" in the STP, and substitute, w heres

suggest that the staff use a categorizaFon scherue for possible, the technical equivakut.
faults or substitute some other nonprejudicial term.

Response
Response This comment is noted. Ilowever, in the staff's view, the

in response to this and of her comments regarding the use STP needs to use the term " relevant and material" be-
of the term "suscept ble fault," the staff has decided to cause that specific ianguagc appears in the regulation that
abandon its use m favor of a three-step categornation the STP addresses (scc 10 CFis 60.21(c)(1)(i)); there is no

scheme that iJentifies three types of faults.This r,cheme, technical equivalent. It is a standard that calls for infor-
described below and in Section 3.0, follows the logic origi- mation that may be needed m order .a arrive at an in-
nally underlying the " susceptible fauh" concept. The formed judgment, yet that allow "'r the exclusion of
three fault types are: information that clearly has no bearing upon the determi-

nations that must be made in the licensing proceedmg.
" Type 1" f aults: Faults or fault iones that a:e subject 'Ihc term "reluant and material" must t= applied sem t-

to displacement and of sulheient lively, on a case by-case basis, to ensure that a sound
length and h>cated such that they decision can be arrived at with confidence. If a quantita-
may affect repository design and/or tive or technical measure were substituted, as suggested
peiformance. As such, they should by this comment, there is a risk that important informa-
be investigated in detail; tion might not be provided or, alternatively, that unneces-

sary information myht have to be provided. (Also see the
" Type !!" faults: l'aults or fault iones that are candi- staff resp (mse to the State of Nevada General Comment

dates for detailed investigation; and No. 8.)

"l'ype !!!" faults: Faults or fault mnes either (1) not /.CNW COMMENT #4
subject to displacement or (2) sub-
ject to displacement, but of such The stall should forther emphasiz.e that Appendix A of l0
length, or h>cated in such a manner, CFR Part 100 does not apply to a high-level waste reposi-
tlat they will not affect repository tory. Such a statemen t should be included in the introduc-
design and/or performance. Conse- tion of the subject STP. There still appears to be some
quently, they do not need to be in- confusion amaag certain reviewcrs of the SFP as to the
vestigated m detail. staff's intent in this regard.

ACNW COMMENT #2 Response
s

The definition and use of the term "peologie setting" are 'the staff greu with the recommendation made in this
comment and has made mo.lifications to both Section 1.1confusing. The staff should clarify the meaning of this
and Appendix A of the SIP, notingthat Appendix A to 10term. For guidance on this matter, we suggest that the

staff refer to the definition in 10 CFR 60.2. CFR Part 100 does not apply to the peologic repository
pr ogram.

! N'5P0"5' ACNW COMMENT #5

'Ihe term "gcolope setting" is already defined in 10 CFR The STP should not preclude the use of probabilistic
60.2, in the context of its constituent parts (e4, the "geo- assessments of cundidate faults lyinC outside the con-
logic," " hydrologic " and "gcochemical" systems). In the trolled area. A clarifying statement that a qualitative
context of the investigations described in this STP, the probabilistic performance anessment is acceptable
staff has att:mpted to provide addition 11 definitions of should be added to the text accompanying Figure 1.

*
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Itesponse itesponse

'!he staff agrees with this comment and has modified the The staff agrees with this comment and has revised the
STI' to indicate that protubilistic techniques are of value STP to mdichte that both faults and fault zones need to be
in supporting deterministic analyses of which faults out- considered.
side of the controlled area are of regulatory concern.

ACNW CON 1%1ENT #tt

ACNW COSIN1ENT #6 'lhe staff should revise the STP to reflect more specifi-
cally the threedimensional aspect of fault structures.

'Ihe staff should revise l'igure 3 of the STP to indicate
that only if Quaternary. age evidence is incomplcte or 1(esponse
unclear, should secondary crF eria be evoked.

.the staff agrees with the suggestion and has revised the
STI' to adJtess the concern on the three-dimensional

itesponse aspect of fault structures. This revision is contained in
Section 3.2.

The staff agrees with this comtrent and has revised both'

the ttxt and 1 igure 3, as suggested. ACNW COhlh1ENT #9

The title of the STl> should be changed to " seismic and
ACNW COMMEN T #7 fault displacement hazards" to clarify that hazards refer

to both areas of concern.
With respect to the use of fault length as a criterion (page
12 of the STP). it is important to consider the length of
both discrete faults and fault zones, portions of which may

itesponse

rupture during an earthquake (e.g., Cedar Mountain The staff agrees with the recommendation made by this
earthquake of 1932). A statement to that effect should be comment and has rnodified both the title and the text of

,

added to the STP. this STP in order to provide the clarification requested.

.
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10 CFR Pan 60 does not specify the manner in which potential fault displacement hazards and seismic harards at
a candidate site for a geologic repository are to be identified. The purpose of this staff techrucal position (tilt),
therefore, is to provide guidance to the U.S. Department of Energy (DOE) on acceptable geologic repository in-
vestigations that can be used to identify fault displacement hazards and t,cismic hazards. The staff considers that
the approach this STP takes to investigations of fault displacement and scistriic phenoraena is appropriate for the
collection of sufficient data for input to analyses of fault displacement hazards and seismic hazards, both for the
preclosure and postclosure performance penods. Ilowever, detailed analyses of fault displacement and seismic
data, such as tho.,e required for detailed assessments of repasitory performance, may identify the need for addi-
tional investigations.

Section 2.0 of this STP describes the 10 CFR Part 60 requirements that form the basis for investigations to de-
scnbe the fault displacement hazards and seismic hazards at a geologic repository. Technical position statements
and correspcmding discussions are presented in Sections 3.0 and 4.0, respectively. Technical position topics in this
SIT are categorized thusly: (1) investigation considerations,(2) investigations for fault-displacement hazards, and
(3) investigations for scismic hazards.
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