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NEVADA NUCLEAR WASTE STORAGE INVESTIGATIONS (NNWSI) PROJECT SEISMIC
TECTONIC MEETING MINUTES: NOVEMBER 14, 1985  (ACTION ITEM #86-394)

A draft set of meeting minutes of the NNWSI Project Working Group meeting
that was held November 14, 1985, at the Science Applications International
Corporation (SAIC) facility in Las Vegas is enclosed for your review and
comment. You are requested to review the draft minutes and verify the
accuracy of the information conteined therein. Any comments or
corrections ghould be brought to the attention of either J. S. Szymanski
of this office or M. D. Voegele of SAIC. Such information should be
provided no later than December 6, 1985. At that time, the meeting
minutes will be finalized and distributed to all participants at the
meeting.

U This draft set of minutes is being furnished only to the designated lead
individual of each participant organization. It is requested that that
person ensure that other individuals representing his organization at the
meeting review the material as appropriate. It is further requested that
.the designated lead individual coordinate and provide any comments that
the organization's representatives may care to make.

Mty vt

Dofiald L. Vieth, Director
WMPO:JSS-335 Waste Management Project Office

Enclosure:
As stated
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Meeting Minutes
NNWSI Project Seismic Tectonic Position Paper Working Group
November 14, 1985

The NNWSI Project Seismic Tectonic Position Paper Working Group convened =a
meeting on November 14, 1985. This meeting was originally to have been a
continuation of 2 DOE/HQ meeting on the same subject that was held on November
13, 1985. DOE/HQ staff concluded that a one-day meeting would be adequate for
their purposes; consequently, the NNWSI Project staff utilized the second day
to discuss items from the November 13, 1985, meeting and to plan for specific
NNWSI Project responsibilities for the NRC presentation on December 3-4. There
was no ‘formal agenda for the meeting; an attendance list is attached (Attach-
ment 1). In addition to the NNWSI Project staff, DOE/RL and the NRC OR
attended.

Steve Bratt reviewed the presentation on seismic tectonic consequence and
position assessment that he had given at the November 13, 1985 (Attachment 2)
HQ meeting on the seismic tectonic position paper AO. This presentation was
essentizlly a status report on the development of relationships between
tectonic processes and the operation and performance of &a repository in
accordance with regulatory guidelines. The presentation covered the current
state of work as well &s suggested format changes such as treating each process
separately in an appendix to the position paper. The paper could then be
somewhat reduced in volume leading to an easier document to comprehend.

The next topic of discussion was the NNWSI Project proposed exclusionery siting
criteria regarding Holocene displacements. At the November 13 meeting DOE/HQ
had requested that this criteria not be presented to NRC as DOE/HQ viewed it as
overly conservative. It was noted by the NNWSI Project staff that faults with
possible Holocene displacements are not common in the immediate Yucca Mountain
vicinity. The youngest faults identified to date are the southern extension of
Windy Wash fault (40,000 yr ~ U trend, 6,000 yr provisional -
thermoluminescence) and the Bare Mountain range front fault (possible
Holocene). The suggestion was made that even if the position were not
expounded, it could be beneficial to the Project ultimately to have avoided
areas of recognized Holocene displacement, The NRC OR noted that, to his
knowledge, there was no NRC position to include Quaternary movement in the
definition of active fault. The group sagreed that avoidance of faults with
Holocene movement could help in the resolution of future questions about active
faults.

The discussion about exclusionary criteria slso led to a discussion about the
type of field evidence that would lead to a discussion that a surface facility
site was 1inadequate or less than desirable. The Bechtel representatives
suggested that the best discriminating evidence at this time would be Holocene
displacement. They further proposed examining four sites at this time: 1) the
present site; 2) east of the present site; 3) on the flank of Exile Hill; and
4) north of the present site. They further noted that if a fault were
discovered at one of these sites, it would still be possible to design around
it by changing the shape of the waste handling building. This could lead to a
more costly structure and would be less efficient but would still be viable.
Their proposal was to trench these sites to ensure a 500 ft x 500 ft region



free of Holocene displacement. A goal would be to finalize the Waste Handling
Building location as soon as possible. A final point was noted in support of
adopting an exclusionary criteria: the NRC draft GTP on Seismic Tectonic
questions notes that the surface facility should avold areas of surface
rupture. The group agreed that it was an appropriate topic for the site
specific position paper to indicate how this would be done (i.e., through the
use of an exclusionary criteria).

The next topic of discussion was to ascertain the group's reaction to the
DOE/HQ reaction to the proposed definitions for anticipated and unanticipated
events. It was acknowledged that the time for Project review of this
information had been limited and that DOE/WMPO appreciated the preliminary
nature of the review. The discussion that followed suggested that members of
the group had received the material favorably. The SNL-PA representative
{Peters) stated that he likes the structure and wasn't too concerned about the
absolute value of the numbers. The NRC-OR (Prestholt) noted that agreement on
these definitions would be beneficial to all parties; he further noted that he
was slightly surprized by the presentation, but pleasantly so.

It was agreed to disseminate this information among the project participant
staff not represented at the meeting and to advise DOE/WMPO of any concerns.

The group next reviewed the 15 points for discussion provided by the NRC staff
to DOE/HQ in a letter to Allan Jelacic on November 6, 1985 (Attachment 3). The

following assignments were made for preparation and responsibility for
presentation.

1. The logic and rationsle of the A0 (discussion point 1) will be prepared
and given by M. D. Voegele. This presentation will also address other
discussion topics requested by NRC including the following: Point 5,
clarification of the terms processes, phenomena and events; Point 6,
inclusion of ground water travel time in preclosure issues; Point 8, the
difference between remnant and residual stress; Point 9, consideration of

thermal effects on tectonic processes; and Point 10, the role of consensus
opinion in reducing uncertainty.

2. The 1intended epplication of terms identified in the provisional 1list of

. definitions (discussion Point 2) will be prepared by Neil Norman. It is
anticipated that this topic could serve as an introduction to the
discussion on the list of definitions. That discussion could be moderated
by DOE/HQ although NNWSI Project will be prepared to take the lead 1if
requested. :

3. The criteria to be used to identify significant (anticipated and
unanticipated) seismic/tectonic processes (discussion topic 3) will be
prepared by C. G. Pflum. - The materisl will be abstracted from his
presentation that was given to DOE/HQ on November 13, 1985, and will not
include numerical values for the criteris as requested by DOE/HQ.

4, The methodology for evaluating impact of processes on performance
objectives (discussion topic 4) will be prepared by Steve Bratt. It is
not known at this time how this topic will be treated at the workshop. It
could be postponed until the site specific workshops.



The remainder of the discussion topics are the responsibility of DOE/HQ and
Weston. The NNWSI Project will be prepared to support these presentations.
The topic of the 1list of definitions for discussion with NRC was briefly
reviewed BWIP (J. Kovacs) noted that BWIP is not yet ready to agree to
definitions because they have not yet been widely reviewed by their project.
DOE/WMPO (Szymanski) noted that no definitions to which BWIP took exception
would be provided to NRC. ’

The final topic of discussion was concerned with three draft documents provided
by Bechtel (Attachment &), Blume (Attachment 5), and Sandia (Attachment 6),
respectively. Bechtel (Norman) presented a proposed revision to the A0 that
they felt would be an easier outline to write to. It was observed that the
proposed outline adequately dealt with preclosure topics but paid 1little
attention to the significance of postclosure topics. It was also suggested
that the proposed outline might more readily serve as an outline for the
appropriate section of the SCP. The material presented by Blume (Owen)
represented an early draft of the section of the position paper for which they
had responsibility (Section 5.2). The material presented by Sandia (Peters)
represented an example of material they had prepared to support the EA that
treated the topic of postclosure performance assessment relative to seismic
tectonic considerations.

The Working Group members were requested to review this meterial and provide
comments to DOE/WMPO.
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Htachpnt >

PROPOSED REFINEMENTS TO
CONSEQUENCE AND POSITION ASSESSMENT

1. EMPHASIZE PERFORMANCE OBJECTIVES.
Discuss directly, the impact of given geologic effect on each of the
performance objectives outlined in 10CFR60.

2. COVER TECHNICAL BACKGROUND MORE THOROUGHLY.
Place detailed observations, theory, probability calculations, etc.,
in appendices, perhaps one appendix for each geologjc effect. The
‘contents of final table would include summaries of the conclusions

of appendices.

3. ELIMINATE REDUNDANCY.
For example, inclusion of vibratory ground motion under faulting

would eliminate overlapping geologic effects sections.

4. UTILIZE ACCEPTED DEFINITIONS.
For instance, stated positions _dn the importance of geologic effects

at site could be given in terms of "anticipated” or "unanticipated”.



* proposed *

TECTONIC

examples:

OFFSET

ALTER GEOHYDROLOGY
EXTRUSION

RELEASE RATES
TRAVEL TIMES

GEOLOGIC CONSEQUENCE AT POSITION ASSESSMENT
PROCESS EFFECT GENERIC SITE FOR YUCCA MOUNTAIN
Identify | In appendices: Identify possible In appendices:
tectonic -Identify secondary impact of given -Examine for presence
. processes. effects of tectonic geological effect on of conditions necessary
processes. compliance with the to foster given consequence.
FAULTING : -Compile observations. following performance -Compile observations,
'STRAIN - =-Develop understanding objectives: recurrence intervals,
VOLCANISM of physics. probabilities.
| -Develop understanding RETRIEVABILITY In table: |
of conditions necessary OPERATIONAL -State conclusions from
RELEASES .
for occurrence. appendices.
- LIFE OF WASTE .
Conclusions in table. PACKAGE ~-State position
POSTCLOSURE on potential for
RELEASES

occurrence of
consequence at

Yucca Mountain.

NOT IMPORTANT S
NOT ANTICIPATED o ?
NOT LIKELY .




PROPOSED ASSESSMENT FORMAT

. FAULTING

A. Dislocation
retrievability
operational releases
life of waste package
postclosure releases

release rates

SN hwpR

travel times
B. Vibratory ground motion
C. Strain outside fault zone

D. Alter geohydrology (Permeability. strain, ground motion,
temporary, permanent)

Induce other faulting

. Induce landslides, debris flows, or ligification

. Alter gaseous diffusion rates

E
F
G. Alter patterns and rates of erosion
H
. Alter dissolution rates

Jd.

Man-induced (explosions, water loading, mining)



* proposed *

Il. STRAIN (non-dislocational)
A. Alter strain energy
B. Alter geohydrology
C. Alter patterns and rates of erosion



* proposed*

(ll. VOLCANISM
Extrusive
Intrusive

Explosive

oco0ow>»

Alter geohydrology
Alter patterns and rates of erosion

m m

Increase heat flow
G. Induce strain changes
H. Induce dislocations

. Induce vibratory ground motion
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PRIORITIES FOR COMPLETING SEISMIC/TECTONIC
CONSEQUENCE AND POSITION ASSESSMENT

t‘.“."OOi##'."."‘it'"O‘OOO'O‘..#“.’.O“““'#.#'#‘0##‘#######‘i

1. AGREE ON FORMAT OF PACKAGE.
- table or outline
- appendices

- gsections and contents

2. COMPILE BACKGROUND INFORMATION ON GEOLOGIC
EFFECTS OF TECTONIC PROCESSES (APPENDICES).
- observations |
- theory

- occurrence conditions

3. DETERMINE OPTIMUM MEANS OF RELATING GEOLOGIC
EFFECTS TO BOTH PERFORMANCE OBJECTIVES AND
SPECIFIC CONSEQUENCES AT A GENERIC SITE.

- risk to components of repository

- risk to compliance with performance objectives
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FLOW DIAGRAM
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IDENTIFY TECTONIC PROCESSES
IDENTIFY GEOLOGIC EFFECTS

UNDERSTAND EFFECTS

RELATE TO REGULATORY GUIDELINES

UNDERSTAND EFFECTS AT SPECIFIC SITE
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r PARAMETERS
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REGULATORY GUIDELINES

SAFETY

DISRUPTION OF REPOSITORY
TECTONICS
SECONDARY PROCESSES
GENERIC SITE
SPECIFIC SITE
INFORMATION NEEDS
FUTURE WORK

ETC.
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SEISMIC/TECTONIC CONSEQUENCE
AND POSITION ASSESSMENT

S04080980080088200088000000¢SS000S0BRSRS0ERSRRCESREINNEREEEREIREESS

MOTIVATION:
Relationships between tectonic processes and the safe
operation and performance of a high-level nuclear waste
repository tend to be ill-déﬁned.

IMMEDIATE OBJECTIVE:
Develop a framework for use in the SCP within which tectonic
issues and their possible impacts on repository operation
and performance can be identified, understood, and related

both to each other and to regulatory guidelines.

" NNWSI ULTIMATE OBJECTIVES:
Assess the importance of all pertinent tectonically-induced

consequences at the Yucca Mountaln site.
Prioritize consequences in order of importance.

Focus furt'hver study on antlcipa_ted consequences and

causative tectonic processes.



. ASSESS LIKELIHOOD OF EACH CONSEQUENCE

AT GENERIC REPOSITORY.

- is further information necessary to make assessment?

. ELIMINATE CONSEQUENCES THAT ARE IMPOSSIBLE
OR HIGHLY UNLIKELY AT GENERIC SITE.

. COMPILE INFORMATION NECESSARY TO ASSESS IMPORTANCE

OF CONSEQUENCES AT YUCCA MOUNTAIN (APPENDICES).
- observations ‘

- occurrence conditions
- recurrence intervals
- deterministic/probabilistic assessments

- séverity of consequence

. DEVELOP POSITION IN LIGHT OF REGULATORY
FRAMEWORK AND SEISMIC/TECTONIC SETTING OF SITE.
-is further information necessary to develop position?

. ELIMINATE CONS'EQUENCE THAT ARE IMPOSSIBLE
OR HIGHLY UNLIKELY AT YUCCA MOUNTAIN.

. FOCUS FURTHER S‘i’ilDY ON ANTICIPATED AND o
- UNANTICIPATED GEOLOGIC EFFECTS AND CONSEQUENCES.



* current state of assessment *

PROCESS

GEOLOGIC
EFFECT

CONSEQUENCE AT

GENERIC SITE

Identify
tectonic

processes.

FAULTING
VIBRATORY
GROUND
MOTION
STRAIN

VOLCANISM

Identify secondary
effects of tectonic

processes.
bompile observations.

Develop understanding
of physics behind the
effect and conditions
necessary for its

occurrence.

examples:

OFFSET

SHAKING

STRESS AND STRAIN
EXTRUSION

ALTERATION OF
GEOHYDROLOGY

Identify possible
impact of given
geologic effect on
operation and
performance of
generic nuclear

waste repository.

examples:
PRECLOSURE
DAMAGE TO
WASTE PACKAGE
PRECLOSURE

- DAMAGE TO

SURFACE
FACILITIES

POSTCLOSURE

g1
F
o
Q
2
2
o
)
m

Examine for presence
of conditions necessary

to foster given consequence.

Compilation of observations,
recurrence intervals, and

probabilities.

Statement of position on
potential for occurrence
of consequence at Yucca

Mountain.

NOT IMPORTANT
(i.e., to repository performance)

IMPORTANT

PROBABLY NOT
IMPORTANT
INFORT

RT
FORMATION
REQUIR

ETC.




CURRENT STATE OF
CONSEQUENCE AND POSITION ASSESSMENT

I. FAULTING (PROCESS)
A. Offset (GEOLOGIC EFFECT)

preclosure damage to waste package (CONSEQUENCES
AT GENERIC
postclosure damage to waste package SITE)

preclosure damage to emplacement holes

preclosure damage to. subsurface structures

G osWwN e

preclosure damage to surface facilities

. Stress and strain outside fault zone

. Alter patterns and rates of erosion

. Alter surface and subsurface geohydrology by fault offset

. Induce other faulting

. Altered geochemistry due to changes in geohydrology or stresses

B
C
D
E. Alter surface and subsurface geohydralogy by post-seismic strain
F
G
H

. Enhanced dissolution due to changes in geohydrology
l. Change gaseous diffusion rates due to fracture and faulting
J. ‘lnduced by explosion testing
K. Induced by water loading
L. Induced by mining activity



* current *

il. VIBRATORY GROUND MOTION

Shaking

Alter surface or subsurface geohydrology

Altered geochemistry due to changes in geochydrology
Enhanced dissolution due to changes in geohydrology
Change gaseous diffusion rates due to induced fracture

mmooow>

Induce other faulting

G. Induce landslides, debris flows, liquification
H. Induced by explosion testing

[. Induced by water loading

J. Induced by mining activity



* current *

1l. STRAIN (non-dislocational)
A. Stress and strain changes
B. Alter patterns and rates of erosion
C. Alter surface and subsurface geohydrology



* current *

IV. VOLCANISM

A
B
C
D.
E
F

- G.
H.

Extrusion

. Intrusion

. Explosion

Stress and strain changes

. Alter surface and subsurface geohydrology
. Increase heat flow

Induce faulting
Induce vibratory ground motion
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Dr. Allan Jelacic

Geosciences & Technology Division

Office of Civilian Radioactive
Waste Management

Department of Energy

Washington, DC 20585

Dear Dr. Jelacic,

Enclosed are points for discussion with your staff at the December 3-4, 1985
meeting regarding the rationale for seismic/tectonic investigations for

licensing a nuclear waste repository. The list of points should be considered
in developing an agenda.

Please contact me (FTS 427-4728) if you have any questions.

Sincerely,

Seth M. Coplan, Seltion Leader

Repository Projects Branch

Division of Waste Management

O0ffice of Nuclear Material Safety
and Safeguards

Enclosure:
Points for Discussion



Points for Discussion with
DOE on “"Ratfonale for Seismic/Tectonic
Investigations for Licensing a
Nuclear Waste Repository"

/
q,.a.&. 1. The logic flow in the Table of Contents.

Dokt 2. Section 11 B: the intended application of terms identified in the
- provisional 1ist of definitions.

AN 3. Sectfon III A: criterfa to be used to identify significant
4 [ seismic/tectonic processes.

"'"'l' "_',“ 74. Section I11 A: methods for evaluating potential impact of
o o ",,H' seismic/tectonic processes on pre-c\osure and post-closure performance
bl objectives.
el
ol .-—*“S Section III A and C: clarification of the terms processes, phenomena, and

e
’ s o T events. n hrolte o

— ;,m’ 6. Sectfon III C: inclusfon of groundwater Me in pre-closure as  ,_
well as post-closure fssues. voicmed ot A /74" wmpe’ Lo So

ﬂl7h,|.. V7. Section IV B: limitations of the ground motion models and the

(o - distribution functions. gyt o
ke gV o/l ¥ -
ﬁ.

8. Section IV B: the difference between reﬁnant and residual stress.
v

V]
[
..

mcw- o9, Section IV C: the consider tion of thermal effects on tectonic processes.

/ & v uley SLeorsc '-‘ ot
-, l'""

-2 \)
Py /Section IV D: the rqle of consensus opinion in reducing conceptual and
v // / — R
P - mumerical uncertaintiesﬂ;w-” avl he M W’ Condershund ) chavoe &,

L 1 ﬂ""/‘ "e‘{ al
/Q 11. Section V B: what {s meant’ by complementary earthquake appro%hes
acceptable for other nuclear facilities. .

W 12, Section V B: the specific structures, systems and components important to
safety that would be vulnerable to the process.

P9 V13. Section V B: the proposed method of fragility analysis that will be used
s - to evaluate the impact based on & pre-conceptual level of design of such
(" structures, system and components. .



ro

Section VI C: 1{inclusion of shaft and borehole seals in the list of items
that should have effects of seismic/tectonic phenomena examined.

Section VII B: the'adequacy of the conceptual design to allow meaningful
analysis.
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- | | | Bechtel National, Inc.

Engineers —~Constructors

Fifty Beale Street @

SanFrancisco,. Califorma
Mai Adaress. PO Box 3965 SanFrancisca CA94 119

Novenmber 11, 198S
BSL-163

€. V. Subramanian

Sandia National Laboratories
Division 6311

P.0. Box 5800

Albuquerque, New Mexico 87185

Attn: Jim Neal

Subject: Seismic/Tectonic Position Paper, Preliminary Re-draft

Dear Subra,

Enclosed is a re-draft of sections of the seismic position paper as
was discussed gt cur meeting on Thursday, November 7 in San Francisco.

Very truly yours, -

Heil A. Norman, PE
Project Manager

NAN/LI/im

Attachment

ce: Mary Tang, w/enc.
6310, NNWSICF
L.W. Scully

) 1480Y/0083Y
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1.0 Introduction
1.1 Purpose and Scope

The purpose of this document is to present the principal seismic and

. tectonic design considerations used in the design of geologic

respositories for the preclosure and postclosure periocds. This document
presents the generic seismic design strategy that is used by all
repositories, a summary of existing information on seismic-tectonic
characteristics for each gite, and a tabulation of the specific site
characterization data needs for each site required to implement the
geismic design strategy.

The seismic design strategy consists of three major elements: (1) a
probabalistic seismic hazarﬁ analysis to establish ground motion
parameters, (2) a common seismic design approach for a design basis
earthquake for establishing the responses of structures, systems, and
components, (3) the use of design response (i.e., fragility analyses) and
consequence analyses to improve the margins of'safety and to assure that
the repository can be constructed and operated at a proposed site without
undue risk to the health and safety of the public due to seismic-tectonic )
issues. Based on a review of existing seismic-~tectonic characterizations
and information for each site, a description of the nature of
investigations required to obtain tectonic end seismic data necessary to
carry out the processes and analyses required in the seismic design '
strategy is given. These latter data needs are among ihose presented in

‘the SCP's for each site.

This document does not include volcanic phenomena.
2.0 Regulatory Framework

(This is8 1 page and t.b.d.)

1472Y/0082Y -2 - 11/11/85
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3.0 Selsmic Design Strategy
3.1 Introduction

The approach to seismio design for s repository contains thrse main
slements. First, a complete probabilistic selsmic hazard snalysis is
performed for the proposed sits in order to establish a quentitative
relationship of the prodadility or frequensy of excesding s specifis
sround acceleration vs the ground acceleration. The seismic hazard
analysis approsch and an estimste of its required uncertainity is dased
on regional and site specific tectonics and ground sttenustion prqperties
and is discussed in Section 3.2, <The specification of a design ground
moticn of the design esrthquake (DR) is taken from the selsmic hazard
anslysis. The DR is based on the accelsration expectaed on the aversge of
once avery 1000 years (i.e., the 10'3 sanual tccolcéatlon.ht:trd) st
the site. This hagard orf DE value corrssponds to a 4% chaace of
.excesdance of the DS at the site during the 40 yesr pariod in the .
operating 1lifetime when significant inventories of nuclear materisl wiil
be lq surfsace process and in tamporsry surface storage.

A second element consists of using traditional structure design
methods as used for other licensed nuclear facilities for the dasign of
all structures, systems and components contsining radiocactive matsrials
and required to withstand s design sarthquake, DE. This dttlin approach
is cutlined in Section 3.3. The selection of items required to withstand
the DB 1s obtained from both enginaaring judgment and preclosurs safety
analyses performed in parsilel with the facilty design.

The third element consists of s probabilistia analysis of the design
response of select major strustucas, nyntcia. and components using
ssismic fragility analyses as cutlined in Section 3.4.1. This selection
of itenms for analysis 1s guided Dy the consequencs snalysas of the
seismic PRA studies used in the preslosure safety snalyses. A screening
analysis is used to limit the number of items requicing detalled
snslyses. The results of the fragility anslyses are used to davelop
reconmendations for redesign of select portions of the facility in order
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to remove primary seismic failure mechanisms and to introduce additional
matgins of safety intc the design of items already designed to withstand
the DE per the structural design methods of Section 3.3.

3.2 Seismic Hazard Analysis

"This section describes the approach to establish ground motion
parameters used for design of the surface and subsurface respository

facilities.
3.2.1 Surface Cround ¥otion

All repository sites must be evaluated for their earthquake
potential. To quantify this earthquake potential and to provide’basic
information that, in conjﬁnctlon wiih a8 specific seismic design procedure
and a specified acceptable hazard level, can be used tc define seismic
design ground motions, a formal seismic hazard snalysis will be
performad; A general discussion of a méthodology to perform seismic
hazard studies at all repository sites is presented in this section.

Beginning over fifteen years ago several procedures were developed
that allowed formal calculation of probabilistic earthquake design
parameters (Cornell, 1968; Cornell and Vanmarke, 1966), and a number of
studies have been performed incorporating these procedures in the fucca
Mountain site area (Algermussen and Perkins, 1976; Algermussin et al.,
1982; Algermussin et al, 1983; Rogers et al., 1983, Blume, 1985). 1In
each of these studies the region is divided intc seismic gources for
which future earthquakes aée ;ansidered equally likely to occur at any
location. For each seismic source, the rate of occurrence for
earthquakes larger than a threshold level are estimated. This parameter
is termed the source activity rate. The sizes of successive events for
each source are assumed to be 1ndepehdent and exponentially distributed;
the glope of the log number versus frequency relationship is estimated
from the relative frequency of different sizes of events observed in the
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historical data. This slope, often termed the d-value (Richter, 1938),
i3 determined either for each seismic source individually or for all
sources in the region jointly. PFinally, the maximum possible of
earthquakes for each source zone is determined using judgment and the
historical record. '

One strength of this type of analysis is that all agsumptions
underlying a measure of earthquake hazard potential are explicit. Also,
5 wide range of assumptions may be employed in the analysis procedura.
For example, different conclusions about source shape, activity, or
maximum magnitude may de reached by different experts for any Specific
repository site region. Rach set of assumptions can be given a relative
confidence value, and all assumptions included into the seismic hazard
evaluation waishted by these confidence values.

Barthquake sources may also be modeled as faults instead of as
‘homogenéous areas. Because some repository site regions contain a number
of faults that might de considered potential sources of future vibratory
ground motion at the'site, it will be necessary to include the ability to
congidered fault sources in the detailed site hazard analysis. This has
not yet been done in previous evaluations.

A number of details of earthquake parameter characterizations for
use in seismic hazard analyses are ultimately important to the results.
Several of these are mentioned driefly here as suggested 1ncorporations
into the hazard analysis for any repository site. '

Derivation of-reasonable seismic source areas and recurrence
statistics requires a careful compilation and analysis of all site region
earthquakes. Several catalogs exist for the candidate repository sites
as noted in Section 4.0. All earthquake catalogs are imperfect and
especially the one near the Yucca Mountain site for which earthquéke'
population density has always been low, instrumental coverage has been
poor until the 19703, and NTS explosion aftershocks have been difficult
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to separate from possible natural tectonic events in the same area. Some
specinl efforts will be required at some repository areas to overcome
these difficulties in the development of appropriate earthquake
recurrence statistics. Several newly developed procedures to analyze
earthquake catalogs for completeness and cluster event removal are now
available, (Venesiano, 1985). These snd more conventional analysis
should both be tried at the vepository sites.

The time-independent cccurrence and exponential size distribution of
earthquakes are two basic features of the conventional preliminary
seismic hazard analyses. Both assumptions are excellent for seismic .
sources of adequate gize. For detailed gite-specific analyses, however,
both time-dependent (non-gaussian) and characteristic magnitude
(non-exponential size) models have been propoged in the literature.

These models, used for adequately characterized faults, can use
explicit evidence from historic earthquake or geclogic studies to specify
seismic hazard from a'fault whose time of expected next rupture depends
on the time since the last rupture and where expected maximum earthquake
in the future is assumed to be similar to past events. These types of
models should be considered, and particularly at the Yucca Mountain site.

Seismic hazard results also typically depend critically on the rate
of ground motion sttentuation with distance and depth. Little direct
measured evidence of attentuation from earthquakes exists at some
repository siﬁes. Some data ;s required to develop an adequate hazard
characterization. Preliminary evidence suggests that near-surface
attenuation may be higher than normal at Yucca Mountain. This and any
near field attenuation from very close sources, will be issues that will
need to be resolved fpg all repository sites.

3;2.2 Subsurface Ground Motion

(This is tbd) This section will describe how the design ground

1472Y/0082Y ' -6 - : 11/11/85



motion parameters for the underground repository facilities ara
determined from the basic sesimic hazard analysis discussed in Section
3.2.1. )

3.2.3 Design Earthquakes

This section describes the‘tatlonale and the method used to
establish single design values of lavels of ground motion for the surface
and subsurface facilities during the preclosura and postclosure periods.
Thevvalues are taken from the seismic hazard curves for specific |
recurrence intervals.

3.3 Design Approach for Design EBarthquake

This sectlon describes the design approaches used for the surface
and subsurface repository facilities for the preclosure and posteclosure
periods. The design approaches will be the bases for licensing the
repository and for demonstfatins compliance with performance requirements
in 10CFR60 which ensure pudblic safety and waste isolation.

3.3.1 Preclosure Period

This section discusses the specific design'approaches used for the
operating period of the repository as the bases to licensing.

3.3.1.1 Surface Facilities

The repository surface facilities include the waste handling
facillties, and support and service facilities. The support'and service
facilities that do not contain radiocactive materials such as the
administration building and warehousae, etec, will Be designed according to
the Uniform Building Code. The waste handling facilities contain
radicactive waste materials and may be related to public health and
safety. The analysis and design approaches for these waste handling
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facilities which are to resist the design earthquake during the
prééclosure period are described as follows.

The waste handling facilities are encleosed in buildings of low
profile. The remote handling operations are performed in hot cells which
are constructed of thick reinforced concrete walls and concrete mat
foundations. This type of structure and construction provides high
resistance to earthquake vibratory 5r6und motion. These buildings are
founded on stiff soils or bedrock, and thus limit the amplificstion of
ground motion by soil strata.

The waste handling facilities will be analyzed with the
state-of-the-art dynamic seismic analysis methods and computer codes, and
designed according to current dynamic seismic design procedures and
. industrial codes and standards.

Mathematical modeling of structures will utilize either the lumped
mass model or the finite element model. For structures supported on
rock, a fixed based model will be used. When a structure is supported cn
goil, soil-structure interactions, using lumped parameter representation
(foundation impedances) or finite element representation, will be taken
into account by coupling the structural model with the supporting soil.

To evaluate the response of structures, the modal superposition
method will be used for cases with ftequenéy tndepehdent parameters. In
case frequency dependent parameters are present, such as the foundation
impedance functions for a layered site, the method of frequency domain
solution will be used. )

The modal damping values, expressed as s percentage of the critical
damping, will be those recommended in Table 1 of the USNRC Regulatory

Guide 1.61.

The modal responses in each direction will be combined using the
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square root of the sum of the squares method for not closely spaced
- modes, and using the ten parcent method for closely spaced modes. The
total structural response from the analysis of two horizontal and one
vertical directions will be combined using the square root of the sum of
the squares method. These methods of combining modal responses and
spatial components will be in accordance with regulatory positions 1.1.,
1.2.2, and 2.1 of the USNRC Regulatorj Guide 1.92.

An additional eccentricity equal to 5 percent of the maximum width
of the structure normal to the direction of the horizontal input motion
will be‘used in the design to account for ground torsional motion as
specified in subsection IX.11 of the USNRC Standard Review Plan
Section 3.7.2. |

The floor design response spectra are needed for the dynamic
analysis of the systems or components supported at various locations of
the supporting strﬁcture. For generation of floor design response
spectra from the time history motions at the various floors or other
locations of concern, a synthetic acceleration time history which is
compatible with the design response spectra will be used as the ground
input.

For structures and components to perform their design functions, the
loads generated by the DR will be eombined with other applicable design
loads and the design will meat the acceptance criteria in accordance with
subsections II.3 and II.5 of the USNRC Standard Review Plan Sestions
3.8.4 and 3.8.5. ' ' .

‘The design of concrete hot cells and other reinforced concrstae
‘components of the wastae handling building will be in according with
ACI-~349, “Code Requiréﬁents for Nuclear Safeti-aelated Structures” or
ACI-318, "Building Code Requirements for Reinforced Conerete”. The
desisn of structural steel portlon of the waste handlins building will be
in accordance with AISC 3326-78. “Speciflcatlons for Design. Fabrication
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and Erection of Structural Steel for Buildings"”. Alternativel},
inelastic seismic analysis and design methods will be considered for

application.

The waste handling building will be designed to resist the design
ground acceleration in according to the stringent requirements for the
nuclear facilities and conforming to the conventional structural design
practice. Addltionai design provisions and considerations may be
implemented based on the analysis results of Section 3.4.1.1 which may
improve'the probability of maintaining the safety functions of the waste
handling building subjéct to speculated fault movement as well as

postulated larger ground motion than the design earthquake ground motion.

Some other general structural design considerations that could be

uged include:

o Provide Ductility at Critical Areas of the Structure:
Pcovision of additional reinforcing steel at the connections
between wall and ceiling glabs and wall and floor slabs and
other critical locastions of the reinforced concrete waste
handling cell structure will increase the ductility of the
building. This will improve the performance of the structure
in the post-yielding stages, further reduce the chance of any
sudden collapse, and reduce cracking and spalling. Thus it )
will inerease the structural resistance to the ground motion or
displacement. ‘

¢ Limit the Maximum éiructural Dimension tc 200 ft: Seismic
separation joints will be iﬁtcoduced into the waste handling
building structures at locations of abrupt changes in physical
dimensions.- -This will reduce eccentricity and stress
concentrations in the structure. Each portion of the structure
between seismic structural joints will not be more than 200 ft
in any direction. This will help controlling stress and
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cracking due to temperatures and shrinkage during

construction. This structure separation will also control and
localize cracking and damage of a portion of the waste handling
building due to any ground displacement.

Separate the Surface Storage Vault: The surface storage vault
has the largest inventory of nuclear waste in the waste
handling building. It'may be separate from the rest of the
building as an 1ndependen} structure. It can be relocated or
can be structurally strengthened if necessary.

Conservative Operational Prqcedure: Operating procedures can
be instituted to minimize the waste material stored on the
surface and to limit the amount of waste stored in one facility
at any given time. This will reduce the potential radiological
consequenca if an accident should occur.

Sand Cushion Foundatlion: These are other structural devices
being developed for improving the structural performance during
ground motions or displacements. These include the use of a
sand cushion or other energy absorbing materials as part of the
structural foundation. These ideas can be evaluated and
considered fof implementation for critical areas of the waste

_handling building.

Additional Analyses: More sophisticated analyses include
non-linear structural analysis to study the post-yielding
behavior of the stricture and probability risk analysis to

~assess the risk of structural failure and potential

radiological eonsequenees.' These analyses will address certain -
“what 1f" questions or speculations of a larger earthquake than
the design earthquake or a potential fault movehent and are
discussed in Section 3.4.1.1.
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3.3.1.2 Subsurface Facilities

(This ig t.b.d.)
3.3.2 Postclosure Period

This section discusses the specific design approaches used to ensure
waste isoloation for 10,000 years as required by 10CFR60 and 10CFR191.

(This is t.b.d.)
3.4 Design Response and Consequence Analysis

This section describes the approach used to quantify the "what if"
‘questions due to seismic-tectonic issues that will be raised for the
surface and subsurface repository facllities during the licensing
process. The approach 1q_based upon the probabilistic risk assessment
analyses (PRAs) used for the preclosure and postclosure safety analyées
and the probabilistic seismic hazard results used to establish ground

motion design parameters.
3.4.1 Preclosure Period

This section discusses the methodology to be employed during the
operating period of the repository facilities..

3.4.1.1 Surface Facilities
Introduciion

The seismic design practices for structures, systems and components
as outlined in Section 3.3.1.1 above have margins of gsafety due to the

numerous conservatisms used in the seismic design analyses. The largest
single source of conservatism is due to ignoring the inelastic absorption

1472Y/0082Y - 12 - 11/711/85



v 13 '8S 11:49 BETHTEL SFO ND 2 . .. F.

cspacity of s structurs and the fact that an earthquake provides enly a
1inited amount of energy input. Additionsl congecvatisms are generslly
introducad into gh- analyses Dy modifying with a dias the design
_earthquake (DB)R response spectta taken from the seismic hagerd
anslysis. This biased spectra is used for sudssquant deterministic
1insar elastic analysas of the response paransters. tThe calculated

- stress responses of structures, systems and components used in the
elastic dasign analyses are ususlly dased on code sllowsble stress levels
thet are well below ths inelastic range. The snalyst slso generally
anploys conservatively specifled minimum material strength paranetars
that sre well Delow sctual strangths of materials in order to introduce
further factors of safety into the design anslyses. This type of
conservative, or deterministic, approsch is used in order to be assured
that a structure designed for the DB will not fsil.

No quantitative attezpt is generally made Dy the deterministice
lttructuro analyst or dy the design process to addreas the f.sponic of the
structure, system of component to ground accelerstions grester than the
DE. The structurs analysts can quantify conservatisms in their
deterninistic designs used to sssurs an scceptadls performance at levels
of ground motlion aqual to the DE. Hawuéor. this is not raﬁtinoly done as
part of the design procass.

To systematically address and t0 quantify the responses of
structures, systems and components deyond the DB lavels of ground motion,
8 supplemental probabilistis analytical spproach must be used. The
approsch 1s Based on snd guided by the cesults from probabilitstis risk
sssessments usad for preclosure safsty analyses (PFSA) of the repository
structures, systems and components and probabilistic seisnic fragllity
snalyses. These combinstions of snalyses sllow the systematic
development of the "what if” answers to the response of structures,
~systems and components, for levels of ground motion greater than the DE.

Howsver, it must be remembersd that the DS is 1tself uniikaly to
occur 88 there i3 only s 5% chance of axceeding the DB ground motion

x See definition in Section 6. . Olb@ '
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during a 50 year operating lifetime of the repository based on s seismic
hﬁzard inalysis. Thus, the results of ptobaﬁilistic analyses for ground
motions beyond the DE are even less likely to occur and this fact must be
kept in perspective at all times. The objective of this probabilistic
analytical seismic design or assessment approach is to extend, refine,

- and quantify the seismic desisn spproach and any uncertainties outlined
in 3.3.1.1. 1If desired, the result of these analyses can be used to
introduce larger margins of safety present into the final structural
designs. This section outlines those prodbabilistic seismic design
methods.

Background

In the design of the repository facilities, safety analyses are
performed. For first-of-a-kind facilities, preliminary safety analyses
together with the facility designers experience and judgment are used to
develop a set of design bases accidents. These include a design
earthquake (DE) and the determination of associated systems, structures
and components that must be designed to withstand the DE. For the Yucca
Mountain repository design, a probabilistic risk assessment approach is
being used as the bases for the preliminary preclosure safety analyses
(PSA). The preclosure safety analyses are the key to developing a sound
approach to the "what if"™ answers for questions that will arise during
the licensing process, including "what ifg" for the response of
structures, systems, and components due ground motions larger than the DE
values. The PSA is used to identify all asccident scenarics within the
repository facility, the radiological consequences resulting from the
scenarios, and the probability of accident occurrences.

fhe PSA methodology to be employed is comprised of three levels of
evaluation: (1) systems analysis, (2) release analysis, and (3)
consequence analysis. For the PSA, an initiating event ig selected and
evaluations are performed to determine the potential radiclogical
consequences and associated occurrence probability within the facility as

1472Y/0082Y _ - 14 - . 11/11/85



So 13 2T 11050 BECHTEL SFC T I T e

8 result of that lnltiatlng svent. Initlsting events include both
sxtarnal events and internal process-génersted events. External svents
typically inslude onrthqutkci. £1oods, tornsdoes, loss of offsite power,
or other on-site natural phencnens, and humsn induced events.

' Process-genersted internal events include mochanlctl fallures, fires,

human errors, or other svents which could ultlmstoly result in sceident -
scenarios.

In the systems analysis portion of the PSA analysis, sarthquake
sccident scenarios are developed into detslled event treas festuring
different accident sequences based on the respongse of structuraes,
systems, and components to the initiating seismic event and subsequent
seismic introduced interactions with the design structuras, systems and
components. Radionuslide releass snslysss are then performed to

‘determine the quantity and type of radiocactive relesses rasulting fros

sach scoident sequence in the earthquake svent tres. Pinally,
conssguence nnalysos are pcrformcd to determine the calculated
radiological doses to the ganaral public. After completion of the PEA
snslysis for a well-compiled set of key initisting esvents, s
comprehensive safety analysis for the repository will bde produced. At
this point, the structures, systems and components rcquiéod to schieve
public safaty have been initially defined.

The PSA anslyses depand not enly upon the selestion of initiating
svents, but also they rely heavily on & sound database for the purpose of
the prodabdbility svalustions. The data Dase mﬁqtylnoludo dats not only en
mechanicsl snd human reliadility and other process related paramaters but

8leo on historicsl and the vepository project specific data on regicnal
and location lpiolflc seisnic-tectonice., EKstimates of the uncertsiaties

in both the probtbilltico and the consequences associated with esch
stensrio sre important as each is used to svsluste the tisk of a
postulated accident. To reduce the uncertsinty and raise the lsvel of
confidencs in the PSA vesults, the dats base must be 88 complets as
possible. Data may be compiled from litaraturs, government, snd industry
dats banks wheraver applicable. 8ince any repository facility i= a
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first-of-a-kind or prototype facility, only experimental research and
testing data will be uvgilable for some process-generated internal

events. HNew repository project specific data will need toc be obtained
for.the case of external initiating events such as earthquakes. These
dats needs will be determined by the site specific hazard analyses and
soil-bedrock interaction properties discussed in Sections 3.2.and 3.3.1.1.

Hethodolgy for Structural Design Response and Consequence Analyses

Selection of structures, systems and components for frasility.
evaluations is an iterative process which requires close interactions
between the PSA systems analyst and the structural analyst. Initially
the PSA systems analyst based on his knowledge of the plant gystems and
radioactive contents has to generate a list of candidate structures,
systems and components whose failure may lead to undesired radiological
consequences during a DE. The PSA systems analyst is guided in the
selection and identification by the earthquake accident sequences or
event/fault trees constructed during PSA systems snalyses. The mumber of
items requiring seismic structural snalysis will vary with the stage of
the design, or the design detail, available for the structures, systems
or components. This detail is also refiected in the level of detail in
the PSA accident sequence analyses. Therefore, the degree of efforts and
resources required will vary and increase as the stage of design sdvances
through advanced conceptual, license application and the -construction

package repository designs.

Once the items requiring analyses of seismic responses and
consequences are identified from the PSA earthquake accident sequence
event/fault trees, the gtructural analyst develops fragility curves for
significant failure modes for each of these structures, systems and
components. After an initial set of fragility eanalyses are performed, a
screening analysis is then used by the PSA system analyst and the
structural analyst to reduce the number of items requiring further more
detailed seismic fragility analysis. This screening step allows the
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resources to be concentrated on the items which contribute the most to
the total radiological release risks due to seismic initiating events.
For example, items identified dy the structural analyst as having -low
frequencies of failures at extremely high ground accelerations such as
6-10 times the DE are dropped from further refinements in the fragility

- analyses. Refinements of fragility analyses are continued for those
'1tems identified with significant frequencies (probabilities) of fallures
at ground aécelerations in the range of 1.5 to 4 times the DB
accaleration. The objective of the initial screening process is to allow
more detailed fragility analyses to be carried out only for those
components of aceident sequences which contribute signlficantly to
unacceptable radiological consequences.

Because no repositoriaes facilitiés have yet approached final design,
unique opportunities exist to identify and introduce changes to the
design that can removae and reduce primary seismic failure mechanisms
through redesign well before any construction has taken place. This is a
unique opportunity for the repository projects and illustrates the
strength of using this dual approach to quantify the responses of
structures due design parameters greater than the DB and to, if desired,
add additional margins of safety into already conservative and safe
designs. Por example, a design change could be to increase the level of
ductility and detailing of connections at the most common failure points
or to increase the ductility at a specific point in order to sither
remove or to shift a failure mode to outside of the range of intaerest in
the fragllity analyses. (e.g., 6-10 times the DE levels of ground
motion). Design changes would only be proposed for items that contribute
significantly to reducing the seismic risk portion of the overall
radiological consequences from the repository facility calculated in a
repositories PSA. ‘ '

For seismic fragility analyses, the seismic fragility of a

structure, system of component is defined as the conditional frequency of
its faillure for a.given value of a seismic response parameter such as a
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stress, a momant, an acceleration, s displacament, atc. The fragility
analysis results are typically plottad as the cumulative prodability or
fraquency of felilure (Y-axis) betwesn 0 and 1 of sz s function the pesk
ground motion or acceleration (X-axis) less than or equal to & given

" valus. A key issue is that the definition of failure must bs sgrecsdle
to both the structural snalyst performing the fragility tnulyi.: and ¢to
the PSA systems snslyst who twst judge the consequences of seisnic
failure of an item in the specific earthquake event/fsult traes.
Development of failurse definitions neads to be done bafore the initisl
fragility analyses are performed. TFor exsmple, structures may be
conaidared to fail when they can not perfornm their designsted function--
which could be containment of radicsctive materisls. Structures could be
considered to fail functionally when inelastic deformstions of the
structure subject to a selismic load are estimated to be sufficient to
potentially interfere with the operability of the ventilation system or
other equipment attached to the structure. Alternatively, failure could
be defined as when the structure is fractured sufficiently so that
cortain equipment sttactments fail.

Once definitions of failure have been sgreed to and fragility
snalyses made, the relative importsnce of s particular seismic failuce
node, as determined by the structursl analyst, is assigned by the PSA
system analyst. In some cases, seismic feilure modes will not be
considerad important to the overall conseguences snd no further seisnmic
fragility snalyses will be made. In othar casas, recommendations will ba
made by the PEA systems snalyst and the structural anslyst for possible
facility design changes in order to isprova the overall aaéglnn of safety
in the facllity designs and to lowsr the oversll calculated radiclegical
tisk consequsnces. It must be recognized that the fragility analyses ace
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not used to determine structural design values which are all set
deterninistically with the methods of section 3.3.1.1. 1Instead the
fri;ility results ars used 0 identify and if dasiced remove significant
£allure modes. ‘

The above discussions for seismic design have ecncldcrtd.vtbrntory
ground motion but not explicitly the movament of fsults direstly under s
najor nuolesr strusture. To date thars sre few known astablished design
practices for duildings located on sctive faults. The prodablistics
snalysis methods and the fragility anslyses digcussed adove can de usad
to systeamaticslly develop some insights into the rangs of conssqueances
from fault displacements under & major waste handling duilding
structure. The results from such “what if" snalyses can be used and
comparad with the dounding consequences determined from the prodabilistic
analysss for the vidratory ground motlon earthquake scenarics. I is
anticipated that any consequences from fault displacemsnt scenariocs will
have 8 much lower frequency than ground motion scenarics., This may
produce results that show fault displacesent