
Department of Energy
Add kM Washington, DC 20585

AUG 28 1987

Robert Browning, Director
Division of High-Level Waste Management
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Browning:

In response to NRC's request, and as discussed by our staffs, we
are scheduling a meeting with representatives of your division on
the Nevada Nuclear Waste Storage Investigation (NNWSI) seismic-
tectonic site characterization plan strategies. This meeting
will be held on September 22 and 23, 1987 beginning at 8:30 am.

The meeting will be held in Las Vegas, Nevada at the Science
Applications International Corporation offices in the Valley
Bank Center at 101 Convention Center Drive, Suite 407. The
objective of this interaction is for DOE to provide a briefing to
NRC on the technical basis for the NNWSI Project approach to
resolving licensing issues that require seismic-tectonic data.
By copy of this letter we are inviting interested representatives
from States and Indian Tribes to participate.

As background for the briefing we recommend that participants
review the attached copy of the overviews and investigation
descriptions of the preclosure and postclosure tectonics
program sections of the SCP.

A draft agenda for the briefing is also attached. If the
participating groups have any specific requests regarding the
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agenda, we will do our best to accommodate them provided such
requests are received by September 15, 1987. The point of
contact for this meeting is Mr. Edward Regnier (202-586-4959/FTS
896-4959).

Sincer 

James . Knight, rector
Sitin Licensin nd Quality
Ass ance Division, Office of

Civilian Radioactive Waste Management

Attachments:
Draft SCP Tectonics Sections
Draft Meeting Agenda

cc: M. Kunich
J. Anttonen
J. Neff
D. Dawson, SAIC
J. Leahy (20 copies)
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MEETING ON NEVADA NUCLEAR WASTE STORAGE INVESTIGATION
SEISMIC-TECTONIC SITE CHARACTERIZATION PN STRATEGIES

Las Vegas, Nevada
September 22 and 23, 1987

Agenda

Objective of the meeting

The objective of this activity is for DOE to provide a briefing to NRC on the
technical basis for the NNWSI Project approach to resolving licensing issues
that require seismic/tectonic data. It is not the purpose of this meeting to
engage in substantive technical discussion on issues. Those items are to be
the subject of a seismic/tectonic meeting to be held later.

September 22, 1987

1. Introduction

A. Welcome and introduction of participants

B. Objectives of the Briefing

C. Status and schedule of site characterization
activities

D. Introduction of topics and speakers

E. Comments from NRC/State on Agenda

11. Site Characterization Overview

A. Requirements imposed by the regulations

B. Compliance with the regulations

DOE
(20 minutes)

q

NRC/State

DOE
(1 hour)

- Open Time (Caucus)--

-- Discussion and Comments

Al1
(30 minutes)

All
(1 hour)

DOE
(1 hour)

111. Geologic Setting of Yucca Mountain

A. Geologic overview

B. Neotectonic deformation

C. State of Stress



D. Tectonic models and their relationship to the
site

-- Discussion and Comments-

- Open Time Caucus)-

IV. Site Characterization Plan for Preclosure
Tectonics

A. Scope and organization of preclosure
tectonics site investigations

B. Faulting (surface and underground)

C. Ground motion (surface and underground)

D. Volcanic ash fall

-- Discussion and Comments-

September 23, 1987

V. Site Characterization Plan for Postclosure
Tectonics

A. Scope and organization of postclosure
tectonics

B. Disruption o' the repository by volcanic
eruptions

C. Disruption of waste packages by faulting

D. Changes n ground-water conditions due to
tectonic processes and events

- Discussion and Comment--

-- Open Time (Caucus)

VI. Conclusion

A. Synopsis of presentations

B. Restatement of purpose of presentations

C. Future NRC-DOE interactions relating to
tectonics

All
(1 hour)

All
(30 minutes)

DOE
(1 hour)

A

All
tl hour)

DOE
(1 hour)

All
(1 hour)

Al1
(30 minutes)

DOE
(2U minutes)



. i.9 UDOA I
8.3.1.8 Overview of the/tectonics program: Description

of future tectonic processes and events required
by the performance and design issues

8.3.1.8.1 Investigation: Studies to provide information
required on direct releases resulting from
volcanic activity

8.3.1.8.1.1 Study: Probability of a volcanic eruption
penetrating the repository

8.3.1.8.1.1.1 Activity: Location and timing of
volcanic events

8.3.1.8.1.1.2 Activity: Evaluation of the structural controls
of basaltic volcanic activity

8.3.1.8.1.1.3 Activity: Presence of agas bodies in tbe
vicinity of the site

8.3.1.8.1.1.4 Activity: Probability calculations nd
assessment

8.3.1.8.1 2 Stud: Effects of a volcanic eruption penetrating
the repository

8.3.1.8.1.2.1 Activity: Effects of stroubolian eruptions
8.3.1.8.1.2.2 Activity: Effects of hydrovolcanic eruptions
8.3.1 8.1.3 Application of results
8.3.1.8.1.4 Schedule and milestones
.3.1.8.2 Investigation: Studies to provide information

required on rupture of waste packages due to
tectonic events

8.3.1.8.2.1 Study: Analysis of waste package rupture due to
tectonic processes nd events

8.3.1.8.2.1.1 Activity: Assessment of wste package rupture
due to igneous intrusion

8.3.1.8.2.1.2 Activity: Calculation of the number of waste
packages intersected by a fault

8.3.1.8.2.1.3 Activity: Probability and rate of faulting
8.3.1.8.2.1.4 Activity: Assessment of waste package rupture

due to fulting
R.3.1.8.2.1.5 Activity: Assessment of postclosure ground

motion in the subsurface
8.3.1.8.2.1.6 Activity: Nature, age, and rate of folding and

deformation in the repositorY orizon
R.3.1.8.2.1.7 Activity: Assessment of waste package rupture

due to folding and deformation
8.3.1.8.2.2 Application of results
8.3.1.8.2.3 Schedule and milestones
8.3.1.8.3 Investigusion: Studies to provide information

required on changes in unsaturated nd saturated zone
hydrology due to tectonic events

8.3.1.8.3.1 Study: Analysis of the effects of tectonic
processes events on average percolation flux rtes
over the repository

8.3.1.8.3.1.1 Activity: Annual probability of volcanic or
igneous events in the controlled area

8.3.1.8.3.1.2 Activity: Assessment of the effects of-igneous
intrusions and volcanic events on flux rates

8.3.1.8.3.1.3 Activity: Faultirg rates, recurrence intervals,
and probable cumulative offset in 10,000 yr
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8.3.1.8.3.1.4 Activity: Effects of faulting on average flux

rates
8.3.1.8.3.1.S Activity: Assessment of the effects of faulting

on flux rates
8.3.1.8.3.1.6 Activity: Uplift rates in the controlled area
8.3.1.8.3.1.7 Activity: Assessment of the effects of folding,

uplift, and subsidence on flux rates
8.3.1.8.3.2 Study: Analysis of the effect of tectonic

processes and events on changes in water-table
altitude

8 .3. 1.8.3.2.1

8.3.1.8.3.2.2

8.3.1.8.3.2.3

8 .3. 1.8. 32 .4

8.3.1.8.3.2.5

Activity:
of igneous
altitudes
Activity:
intrusions
Activity:
changes on
Activity:
uplift, or
Activity:
altitudes

Thermal and brrier-to-flow effects
intrusions on water-table

Assessment of the effects of igneous
on water-table levels
Assessment of the effect of strain
water-table altitude
Assessment of the effect of folding,
subsidence on water-table altitude
Effects of faulting on water-table

by

8.3.1.8.3.2.6 Activity: Assessment of the effects of faulting
on water-table altitude

8.3.1.8.3.3 Study: Analysis of the effects of tectonic pro-
cesses and events on local fracture permeability
and effective porosity

8 .3. 1.8.3.3. 1

8.3.1.8.3.3.2

8.3.1.8.3.3.3

Activity: Assessment of the effects of igneous
intrusions on local fracture permeability and
effective porosities
Activity: Assessment of the effects of faulting
on local fracture permeability and effective
porosities
Activity: Assessment of the effects of stress
or strain on hydrologic properties of the rock
mass

8.3.1.8.3.4 Application of results
8.3.1.8.3.5 Schedule and milestones
8.3.1.8.4 Investigation: Studies to provide information

required on changes in rock geochemical properties
resulting from tectonic processes

8.3 1.8 4.1 Study: Analysis of the effects of tectonic
processes and events on rock geochemical
properties

8.3.1.8.4.1.1 Activity: Assessment of the change in rock
geochemical properties due to igneous intrusions

8.3.1.8.4.1.2 Activity: Assessment of the degree
of ineralogic change along fault zones in
10,000 yr

8.3.1.8.4.1.3 Activity: Assessment of the effects of fault
offset on travel pathway

8.3.1.8.4.1.4 Activity: Assessment of the degree of-
mineralogic change in the controlled area
resulting from tectonic change in water-table
levels



8.3.1.8 4.2 Application of results DRAFT
8.3.1.8.4.3 Schedule and milestones
8.3.1.8.5 Investigation: St-dies to provide information

required by the analysis and assessment
investigations of the tectonics program

8.3.1.8.5.1 Study: Characterization of volcanic
features

8.3.1.8.5.1.1 Activity: Volcanist drillholes
8.3.1.8.5.1.2 Activity: Geochronology studies
8.3.1.8.5.1.3 Activity: Field geologic studies
8.3.1.8.5.1.4 Activity: Geochemistry of scoria sequences
8.3.1.8.5.1.5 Activity: Geochemical cycles of basaltic

volcanic fields
83.1.85 2 St ud Characterization of igneous intrusive

fetres
8.3.1.8.5.2.1 Activity: Evaluation of depth of curie

temperature isotherm
8.3.1.8.5.2.2 Activity: Chemical and physical changes around

dikes
8.3.1.8.5.2.3 Activity: Beat flow at Yucca ountain and

evaluation of regional ambient beat flow and
local heat flow anomalies

8.3.1.8.5.3 Study: Investigation of folds in iocene and
younger rocks of region

8.3.1.8.5.3.1 Activity: Evaluation of folds in Neogene rocks
of the region

8.3.1.8.5.4 Application of results
8.3.1.8.5.5 Schedule and milestones
8.3.1.17 Overview of preclosure tectonics: Description

of tectonic and igneous events required by
performance and design requirements

8.3.1.17.1 Investigation: Studies to provide
information on volcanic activity that could
affect repository design or performance

8.3.1.17.1.1 Study: Potential for ash fall at the
site

8.3.1.17.1.1.1 Activity: Survey literature
regarding Quaternary silicic volcanic centers
in the western Creat Basin

8.3.1.17.1.1.2 Activity: Assess potential ash-fall
thickness at the site

8.3.1.17.1.1.3 Activity: Assess potential particle density
and size distribution of ash-fall at the site

8.3.1.17.1.2 Application of results
8.3.1.17.1.3 Schedule and milestones
8.3.1.17.2 Investigation: Studies to provide

information on fault displacement that could
affect repository design or performance

8.3.1.17.2.1 Study: Faulting potential at the
repository

8.3.1.17.2.1.1 Activity: Assess the potential for
surface faulting at prospective sites of sur-
face facilities that are important to safety
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8.3.1.17.2.1.2 Activity: Assess the potential for

displacement on fults that intersect under-
ground facilities

8.3.1.17.2.2 Application of results
8.3.1.17.2.3 Schedule and milestones
8.3.1.17.3 Investigation: Studies to provide

required information on vibratory ground
motion that could affect repository design
or performance

8.3.1.17.3.1 Study: Relevant earthquake sources
8.3.1.17 3.1.1 Activity: Identify relevant

earthquake sources
8.3.1.17.3.1.2 Activity: Characterize exceptional erth-

quakes for relevant seimogenic sources
8.3.1.17.3.2 Study: Underground nuclear explosion

(UNE) sources
8.3.1.17.3.2.1 Activity: Detertine the range of

UNE sources
8.3.1.17.3.2.2 Activity: Determine maximum UNE

source(u)
8.3.1.17.3.3 Study: Ground motion from regional

earthquakes and UNEx
8.3.1.17.3.3.1 Activity: Select or develop

empirical models for erthquake ground
notions

8.3.1.17.3.3.2 Activity: Select or develop
empirical models for UNEs

8.3.1.17.3.4 Study: Effects of local site geology
on surface and subsurface otions

8.3.1.17.3.4.1 Activity: Determine site effects
from ground-motion recordings

8.3.1.17.3.4.2 Activity: Model site effects using
the wave properties of the local geology

8.3.1.17.3.5 Study: Ground motion at the site from
controlling seismic events

8.3.1.17.3.5.1 Activity: Identify controlling
seismic events

8.3.1.17.3.5.2 Activity. Characterise ground
motion from the controlling seismic events

8.3.1.17.3.6 Stud : Probabilistic seismic hazards
myses

8.3.1.17.3.6.1 Activity: Evaluate earthquake
sources

8.3.1.17.3.6.2 Activity: Evaluate ground motion
probabilities

8.3.1.17.3.7 Application of results
8.3.1.17.3.8 Schedule and milestones
8.3.1.17.4 Investigation: Preclosure tectonics data

collection and analysis
8.3.1.17.4.1 Study: istorical and current

seismicity
8.3.1.17.4.1.1 Activity: Compile historical

earthquake record
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8.3.1.17.4.1.2 Activity: Monitor current

seismicity
8.3.1.17.4.1.3 Activity: Evaluate potential for

induced seismicity at the site
8.3.1.17.4.2 Study: Location and recency of faulting

potential near prospective surface
facilities

8.3.1.17.4.2.1 Activity: Identify ppropriate trench
locations in idway Vlley

8.3.1.17.4.2.2 Activity: Conduct exploratory trenching
in idway Valley

8.3.1.17.4.3 Study: Quaternary faulting within 100 km
of Yucca Mountain, including he Walker
Zone

8.3.1.17.4.3.1

8.3. 1. 17.4.3.2

8.3.1.17.4.3.3

8.3.1.17.4.3.4

8. 3 1. 174 .3.5

Activity: Evaluate crustal structure
and subsurface expression of Quaternary faults
in an est-welt transect crossing the Furnace
Creek fult one, Yucca Mountain, and the
Walker Lane

Activity: Evaluate Quaternary faults
within 100 km of Yucca Mountain
Activity: Evaluate the Cedar Mountain
earthquake of 133 and its bearing on wrench
tectonics of the Walker Lane within 100 km of
the site
Activity: Evaluate the Bre Mountain
fault sone
Activity: Evaluate structural domains
and characterize the Yucca Mountain region with
respect to regional patterns of faults and
fractures

6v.'

8.3.1.17.4.4 Study: Quaternary faulting proximal to the
site within northeast-trending fault Sones

B.3.1.17.4.4.1 Activity: Evaluate the Rock Valley
fault system

8.3 117.4.4.2 Activity: Evaluate the Mine ountain
fault system

.3.1.17.4.4.3 Actiiity: Evaluate the Stagecoach Road
fault zone

8.3.1.17.4.4.4 Activity: Evaluate the Cne Spring
fault system

8.3.1.17.4.5 Study: Detachment fults at or proximal
to Yucca Mountain

8.3.1.17.4.5.1 Activity: Evaluate the significance of the
Miocene-Paleosoic ontact in the Calico i111
area to detachment faulting within the site
area

8.3.1.17.4.6.2 Activity: Evaluate postulated detachment fults
in the Beatty-Bare ountain area

8.3.1.17.4.5.3 Activity: Evaluate the potential relationship
of egabreccia within nd south of Crater Flat
to detachment fulting
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8.3.1.17.4.5.4 Activity: Evaluate postulated detachment

faults in the Specter Rnge and Camp Desert
Rock reas

8.3.1.17.4.5.5 Activity: Evaluate the age of detachment
faults using rdiouetric ages

8.3.1.17.4.6 Study: Quaternary fulting within the
site rea

8.3.1.17.4.6.1 Activity: Evaluate Quaternary geology and
potential Quaternary faults at Yucca Mountain

8.3.1.17.4.6.2 Activity: Evaluate of age and recurrence of
movement on suspected and known
Quaternary fults

8.3.1.17.4.7 Study: Subsurface geometry and concealed exten-
sions of Quaternary fults at Yucca Mountain

8.3.1.17.4.7.1 Activity: Evaluate intermediate depth
(to 2 to 3 k) reflection and refraction methods ,il
and plan potential pplication of these method.
within the site rea

8.3.1.17.4.7.2 Antivity: Detailed gravity urvey of
the site rea

8.3.1.17.4.7.3 Activity: Detailed aeromgnetic survey
of the site areza

8.3.1.17.4.7.4 Activity: De iled ground agnetic survey
of specific features within the ite area

8.3.1.17.4.7.5 Activity: Evaluate surface geoelectric methods
and plan potential applications of these
methods within the site area

8.3.1.17.4.7.6 Activity: Evaluate methods to detect
buried faults using gma ry easurements, and
plan potential application of these methods
within the site area

8.3.1.17.4.7.7 Activity: Evaluate thermal infrared ethods
and plan potential applications of these
methods within the site area

8.3.1.17.4.7.8 Activity: Evaluate shallow seismic reflection
(sini-sosie) methods and if appropriate
conduct surveys of selected structures at
and proximal to the site area

8.3.1.17 4.8 Stud: Stress field within and proximal
to the site area

8.3.1.17.4.8.1 Activity: Evaluate present stress
field within the site are&

8.3.1.17.4.8.2 Activity: Evaluate and test shallow borehole
hydrofrac and triaxial strain recovery methods
for the determination of in situ stress, and if
appropriate, plan potential pplication of
these methods within and proximal to the site

8.3.1.17.4.8.3 Activity: Evaluate published and
unpublished data on pleostress orientation at
and proximal to the site and assess the
relevance of these data to Quaternary
tectonics



DRAFT
8.3.1.17.4.8.4 Activity: Evaluate theoretical stress

distributions associated with potential tectonic
settings (wrench fult, normal fault, detachment
fault setting, etc.) of the site

8.31 17.4.9 Study: Tectonic geomorphology of tbe
Yucc Mountain region

8.3.1.17.4.9.1 Activity: Evaluate age and extent of
tectonically stable areas t and near Yucca
Mountain

8.3.1.17.4.9.2 Activity: Evaluate extent of areas
of Quaternary uplift and subsidence at
and near Yucca Mountain

8.3.1.17.4.9.3 Activity: Evaluate variations in the nature and
intensity of Quaternary faulting within 100 km
of Yucca ountain through orphometric and
morphologic analysis'

8.3.1.17.4.10 Study: Geodetic leveling
8.3.1.17.4.10.1 Activity: Relevel bse-station network,

Yucca Mountain and vicinity
8.3.1.17.4.10.2 Activity: CPS survey selected base stations,

Yucca Mountain and vicinity
8.3.1.17.4.10.3 Activity: Analyze existing releveling dta,

Yucca Mountain and vicinity
8.3.1.17.4.11 Study: Characterization of regional lateral

crustal movement
8.3.1.17.4.11.1 Activity: Analyze lateral component of

crustal movement based on historic fulting.
seismicity. and trilateration surveys

8.3.1.17.4.12 Study: Tectonic models and synthesis
8.3.1.17.4.121 Alctivity: Evaluate tectonic processes and

tectonic stability at the site
8.3.1.17.4.12.2 Activity: Evaluate tectonic models
8.3.1.17.4.12.3 Activity: Evaluate tectonic

disruption sequences
8.3.1.17.4.13 Application of results
8.3.1.17.4.14 Schedule and milestones
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8.3.1.8 Overview of the postelosure tectonics program: Description of

future tectonic processes and events required by the performance and
design issues

Summary of performance and design requirements for postclosure tectonics
information

The flow of data through the postclosure tectonics program is shown in
Figure 8.3.1.8-1. The performance and design requirements that the postclo-
sure tectonics program must address are to supply data on the probability and
effects of tectonic 'initiating events' that ay alter existing conditions at
Yucca ountain and adversely affect repository performance. These require-
ments for tectonic information can be summarized as follows:

1. Data on the probability and effects of potentially significant
tectonic release-scenario classes ddressing both anticipated and
unanticipated conditions that are needed for performance assessment
calculations of radionuclide releases to the accessible environment
(Issue 1.1, Section 8.3.5.13, total system performance).

2. Data required to perform the analysis to determine the degree to
which each of the favorable and potentially adverse conditions
listed in 10 CFR 60.122 contributes to or detracts from isolation
(Issue 1.8, Section 8.3.5.17, NRC siting criteria).

3. Data needed to accommodate requirements for knowledge of site-
specific tectonic conditions in design concepts for the geometry,
layout, and emplacement borehole locations of the underground
facility (Issue 1.11, Section 8.3.2.2, configuration of underground
facilities (postclosure)):

4. Data required so that the higher level findings of 10 CFR Part 960
can be evaluated (Issue 1.9, Section 8.3.5.18, higher level findings
(postclosure)).

Four investigations in the postclosure tectonics program provide the
analysis and assessment of data necessary to meet these requirements (Figure
8.3.1.8-1). These four investigations have been designed to parallel the
intermediate performance measures and initiating events defined in Sections
8.3.5.13 and 8.3.2.2. Investigation 8.3.1.8.3 (tectonic effects on hydro-
logy) has been further subdivided into three separate intermediate perfor-
mance measures because of the number of performance parameters that have been
identified by Issue 1.1 in this investigation. The final column of Figure
8.3.1.8-1 identifies the investigations that will provide data required by
Investigations 8.3.1.8.1 through 8.3.1.8.4 in order to complete their
analysis and assessment for the postclosure tectonics program. These data
collection investigations include Investigation 8.3.1.8.5 which will house
the data collecting studies and activities specific to the postclosure
tectonics program and investigations from several other programs that provide
important data for the analysis and assessment investigations.

Tables 8.3.1.8-1 through 8.3.1.8-6 list the favorable and potentially
adverse conditions on which data is required for the resolution of Issue 1.8
and the performance measures, intermediate performance measures and

8.3.1.8-1
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Table 8.3.1.8-1(b). Invest.igation 8.3.1.8.1 - i.udlies to provide information required on direcl
releases resilmting rrom volranir ac.ivity (page I of 2)

Por f.roafte
"Orimeter

TOptative
parameter (ra. ot

I med)

Confidence

etisate
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Table 8.3.1.8-2(a). Investigation 8.3'1.A.2 - Studies to provide information required on rupture of
waste packages due to tectonic events
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Table 8.3.1.8 2(b). Investigation 8 3.1.8.2 Studies to provide information required on rupture of
waste pkagrs Ine L.0 tectonic vent.% (page I of 2)
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Table 8.3.1.8 2(b). InvestigaLion 8.3.1.8.2 Studies o provide informaLion required on rupture or
waste packages de to t-ect-onic events (page 2 o 2)
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Table 8.3.1.8 3(a). InvestigaI.ion 8.3.ll.3 Stuli.s t.o prvide information required on changes in
unnaliurateld and atnratrd zone hydrology tIhr to t.ectonic events (St.udy 1;
alteration .. r average poerrolaltion lux) (page I o 2)
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Table 8.3.1.8-3(a). Investigation 8.3.1.8.3 Studies o provide information required on changes in
unsaturated and saturated zone hydrology due to tectonic events (Study ;
alteration of average percolation flux) (page 2 of 2)
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Table 8.3.1.8 3(b). Investigatinn 8.3.1.8.3 Studies o provide information required on changes in
unsaturated and saturated zone hydrology due to tectonic events (Study 1; alter
ation of average perrolation flux) (page I of 2)
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Table 8.3.1.8 3(b). InvesLigation 8.3.1.8.3 Sludlirs I.n provide inrormation required on changes in
unsaturated and satural-ed zone hydrology due to tectonic events (Study 1; alter-
ation or average percolation lx) (page 2 of 2)
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Table 8.3.1.8 (a). Investigation 8.3.1.8.3 Studies to provide information
unsaturated and saturated one hydrology due to tectonic
in water table atitude) (page 2 of 2)
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Table .3.1.8 4(b). Investigation 83.1.8.3 St.wiies to provide information required on changes in
unsaturated and saturated zone hydrology elue to tectonic events (Stdy 2; changes
in water table elevation) (page I of 2)
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Table 8.31.R S(b). Investigat.ion 8.1.8.3 Studies to provide information required on changes in
unsaturated and saturated zne hydrology due to tectonic events (Study 3; alter
ation of rock properties along significant travel paths)
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Table 8.3.1.8 6(a). Investigation 8.3.1.8.4 Studies to provide information required on changes in
rock geochesical propert.ies resulting rom tectonic processes
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Table 8.3.1.8 6(b). Invet.3gtinf 8 I 1 Stieirsf' t.. provide inrormation rqwlirr'd on hange in
rock godriomiraI prnpert.i. raiIling rom tctonic processes (page I o 2)
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Table 8.3.1.R 6(b). Investigat ion 8 3 1.8 1 St.wJdiEs to provide information required on changes in
rock geocheai ral properties resulting from tectonic processes (page 2 or 2)
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performance parameters on which data is required by Issue 1.1 nd Issue 1.11.
Each table is linked to a specific performance or intermediate performance
measure identified by Issue 1.1 or 1.11 and a specific postclosure tectonics
program investigation. The first column in Part A of the tables identifies
the performance or design issue that has requested information from the
postclosure tectonics program. The second and third columns identify the
potentially adverse and favorable conditions from Issue 1.8 that will be
addressed by each initiating event.

The fourth column lists the initiating events identified by Issues 1.1
or 111 that are related to the performance measure or intermediate
performance measure. Initiating events are tectonic events or processes
that, if they should occur during the period of interest, could directly or
indirectly lead to releases or adversely affect estimates of release at the
accessible environmental boundary. An example of an initiating event that
could directly lead to releases is the penetration of the repository by a
volcanic event. Most initiating events only indirectly affect estimates of
release by potentially altering another parameter (such as average
percolation flux rates) that, if changed, could adversely affect estimates of
releases at the accessible environmental boundary.

The fifth and sixth columns identify a performance measure and
associated goal. Performance measures are high level measures of total
system performance and are described in more detail in Section 8.3.5.13
(Issue 1.1) and Section 8.3.2.2 (Issue 1.11). The seventh and eighth columns
describe an intermediate performance measure and associated goal that is
related to a significant component of the radionuclide release calculation
(e.g., average percolation flux rates) that could be altered by tectonic
processes or events. The goal for the intermediate performance measure is
not intended to indicate the expected value that will result from the
analysis of the tectonics progra&% or the value at which the site would fail
to meet the system performance objective. Instead, the goal provides an
estimate of when the initiating event ay start to become significant in
performance calculations and is intended to provide guidance to the tectonics
program on the level of accuracy or precision required in the program's
analyses. The intermediate performance measures and the scenario classes to
which they belong are further described in Section 8.3.5.13 for Issue 1.1 or
in Section 8.3.2.2 for Issue 1.11.

The final column in Part A describes the performance parameters that
have been related by Issue 1.1 or Issue 1.11 to each initiating event. For
each initiating event in the tectonics program there are usually two perform-
ance parameters. The first performance parameter provides the probability
that the tectonic event described in the initiating event will occur during
the period of interest. In many instances, estimating probabilities for a
tectonic initiating event over 10000 yr may be difficult. Evaluation of
these probabilities re subject to considerable uncertainty, but these
uncertainties are quantifiable using available data and judgment. The second
performance parameter provides a description of the effects of the event on
the concern described in the intermediate performance measure should such an
event actually occur. The specific requirements of 10 CFR Part 960 are not
explicitly addressed in the tables because it has been determined that o
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additional data are needed to ake the higher level findings of 10 CFR Part
960 over that required to resolve Issue 11 (total system performance,
Section 8.3.5.13) and Issue 1.8 (10 CFR Part 60, KRC siting criteria, Sectihn
8.3.5.17). Detailed discussion of the 10 CFR Part 960 higher level findings
can be found in Section 8.3.5.18 (higher level findings--postclosure).

Part A of Tables 8.3.1.8-1 through 8.3.1.8-6 basically repeats the
information called for in Tables 8.3.5.13-9 through .3.5.13-16 in Issue 1.1
and the requirements of Issue 111 (Section 8.3.2.2). Part B of the tables
indicates the data that will be used and the activities supplying the data
necessary in addressing the performance prameters. The first column of Part
B repeats the performance parameters from Part A to provide a link between
the two parts of the table. The second column provides a tentative parameter
goal for the performance parameter. Like the goals for intermediate
performance measure, performance parameter goals are intended to provide
guidance on the level of accuracy or precision required in addressing the
performance parameter rather than indicating anticipated results or levels at
which total system performance objectives would not be et. The third column
presents a subjective judgment on the needed level of confidence and relative
importance of the performance parameters in order to demonstrate that the
goals for the performance measure and intermediate performance measure are
satisfied. These judgments combine a ^Pideration of the level of detail
that can reasonably be achieved in ad- sing the parameter, the probability
of the initiating event having a significant impact on the component of the
system performance calculation being considered, and the probability of the
initiating event occurring. The information in this column is intended to
provide guidance to the data gathering activities on the relative amount of
effort that should be expended in addressing each performance parameter.

The fourth column identifies the characterization parameters associated
with each performance parameter. A characterization parameter is an item of
information necessary to prepare the analysis called for in the performance
parameter. Characterization parameters are frequently higher level param-
eters themselves in that data supplied by other activities must generally be
compiled and synthesized to supply the necessary information. The fifth
column provides the current estimate of the characterization parameter.
These estimates are based on the data presented in Chapter 1, the references
supporting Chapter 1 and the technical judgments based on these data. The
sixth and seventh columns provide a jdgment of the confidence in the current
estimate of the characterization parameter and a judgment of the confidence
needed at the end of site characterization in the characterization parameter.
These two columns are intended to provide guidance to the data collecting
activities on the amount of additional effort that is required to complete
the program. The final two columns in Part B identify the investigation
number, and number and short title of the specific studies or activities that
are called upon to supply data to satisfy the characterization parameter.

The approach used in this program to satisfy the data needs listed in
the performance parameters is to have one ctivity associated with each
initiating event whose role is to prepare a report that provides an assess-
ment of that event. The assessment will address the performance parameters
associated with the initiating event and provide n overview of the prob-
ability of significant changes in existing conditions that could affect
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radionuclide release rates resulting from the tectonic process being consi-
dered. The report will provide the bsis for deciding how the initiating
event will be treated in repository performance assessment calculations. The
data, presented in Chapters 1 and 4 indicate that several of the initiating
events (e.g., those related to uplift, folding, and geochemical changes) can
be considered s non-credible in repository release calculations. In these
cases, the reports prepared by this program will document this conclusion
using existing data or ounding clCulAtions, and little or no additional
data will be gathered to directly address these iitiating events.

Approach to satisfy perfor nce nd design requirements

Both the RC technical criteria (10 CFR 60.2 and 10 CFR 0.122) and the
DOE siting guidelines (10 C 90.4-2-7) require that prediction of future
tectonic processes and events be determined from projections based on an
examination of these processes and events during the Quaternary. The NSI
Project. therefore. itends to base its analysis of performance measures on a
projection of Quaternary rtes of tectonic processes on geologic structures
at and proximal to the site.

This program also supplies data for the resolution of Issue 1.8 (Section
8.3.5.17):analyses to determine the degree to which each of the favorable and
potentially adverse conditions, if present, has been characterized ad the
extent to which it contributes to or detracts from isolation. Specific
guidance on the scopes of these analyses is provided in 10 CFR
60.21(c)(l)(ii)(8): 'For the purpose of determining the presence of the
potentially adverse conditions, investigations shall extend from the surface
to a depth sufficient to determine critical pathways for radionuclide
migration from the underground facility to the accessible environent.
Potentially adverse conditions shall be investigated outside of the
controlled area if they ffect isolation within the controlled area.'

The data identified in the first four investigations will provide the
additional detail necessary to accurately Characterize the effects of tec-
tonic processes operating at or near the site and to measure the rates at
which they operated during the Quaternary. This information will then be
used to provide the projection of future rates necessary to satisfy the
performance parameters. Before each dta gathering activity begins, the
related performance prameters will be evaluated to determine if currently
available data are sufficient to satisfy the prameter with the required
level of confidence. If the performance parameter has been satisfied, then
further studies will not be undertaken (Figure 8.3.1.8-2). If the parameter
has not been satisfied, then the feasibility of planned or potential activ-
ities will be evaluated to determine if the activities ill reasonably
increase the level of confidence to the parameters that describe the process
or not. If it is not feasible to increase the level of confidence. then no
additional studies will be performed and the site performance will be valua-
ted on the basis of available data. The data gathering activities identified
in the analysis and assessment investigations ill be undertaken if they are
found to provide the additional data or confidence necessL-y to resolve the
performance parameter.
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Various data are used to make the projections of ctonic processes nd
events into the future. including earthquake observations, fault measure-
ments, geologic mapping, drilling, gravity nd magnetic surveys, and other
geophysical data. Alternative interpretations of the data will be explored
and evaluited with respect to iplications for repository performance. These
multiple interpretations will be refined to the extent necessary to establish
the degree of confidence i the parameter characterization that is specified
by the intermediate performance measure goals and performance parameter goals
(Tables 8.3.1.8-1 through 8.3.1.8-6).

Five investigations have been identified under the postclosure tectonics
program. The first four investigations re related to the six intermediate
performance measures in Tables 8.3.1.8-1 through 8.3.1.8-6. The studies and
activities connected with these investigations provide the analysis and
interpretation necessary to evaluate the site against the performance pra-
meter. These analysis activities also identify the type nd level of detail
of the data necessary for the resolution of the performance parameter.
Because the analysis and interpretation activities for different performance
parameters repeatedly call for the same type of data, dta gthering activi-
ties are grouped separately under a fifth investigation that feeds data as
required to the analysis activities associated with the performance and
characterization parameters. The interrelationships among the investigations
in this program are shown in Figure 8.3.1.8-1. uch of the data required to
resolve this issue will be collected by activities associated with other
programs. These activities and the data they re required to provide re
identified in the investigation descriptions and in their accompanying logic
diagrams.

Studies for Investigation 8.3.1.8.1 will provide the nalyses to satisfy
the performance parameters related to direct releases resulting from volcanic
activity. These performance parameters address the initiating event related
to the direct intrusion of Magma into the repository or potential explosive
episodes (hydrovolcanism) that may result from such intrusions which could
directly result in releases to the accessible environment. As discussed in
Sections 13 and 1.S. basaltic TolcWaiiM is considered the only credible
scenario for igneous intrusion in the controlled area during the postclosure
time period. Preliminary clculations of the probability of basaltic
volcanism (Section 1.5.1.2.3) idicate that this type of igneous actigity may
fal into the range of unanticipated events (greater than between 1O ad
10 annual probability). The performance goal assumes that nnual
probabilities of occurrence for this type of event re independent of time
(Poisson recurrence model) nd sets for a goal that this type of event will
remain unanticipated with a high level of confidence (IO annual probability
or 09 percent level of confidence that the event will not occur in 10,000
yr). The strategy used in this investigation is to gather more refined data
on the age, occurrence, and relation to geologic structure of basaltic
volcanism in the site area nd to use these data to clculate more detailed
probabilistic ssessments of the potential for basaltic volcaniss
intersecting the repository or occurring in the controlled area. The
possibility that the occurrence of volcanism is not random over the region,
but controlled by geologic structures or other factors will also be con.
sidered in the assessment. A second part of the trategy will be an ssess-
ment of the effects on a repository of Strombolian or hydrovolcanic eruptions
that penetrate the repository.
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Investigation 8.3.1.8.2 will provide the analyses to resolve the
performance measure related to the failure of waste pckages due to tectonic
events. Structural deformation resulting from tectonic processes such as
faulting (including detachment faulting), uplift, subsidence, or folding
could adversely ffect the effective lifetime of the waste pckages in
containing the waste. If deformation was found to be significant enough that
the requirements for wste package performance could not be et, the changes
required in repository geometry say be such that the repository would no
longer be able to accommodate the specified volume of waste (70,000 TU).
The goal (Table 8.3.1.8-2) for the performance measure is derived from the
considerations discussed in Section 8.3.4.2. Section 8.3.4.2 sets design
goals for rock-induced loads to the waste pckage. One goal states that less
than 05% of the wste pckages will be breached by nticipated tectonic
processes and events that say occur during the first 1000 yr. This level is
designed to be compatible with the overall goal for waste package performance
from all nodes of filure of less than percent in 300 yr nd less than 20
percent in 1,000 yr. (Section 8.3.6.9). The level of confidence for the
performance goal was set so that exceedance of the goal would be an
unanticipated event.

The first initiating event considered under this intermediate perfor-
mance measure is the possibility of igneous activity such s the intrusion of
a dike or an explosive hydrovolcanic event which could lad to aste package
failure (Table 8.3.1.8-2). The umber of waste packages affected by a
disruptive event uch s a hydrovolcanic eruption has not been estimated.
The performance parameter goal was set to have the penetration of the repo-
sitory in 1,000 yr by igneous intrusions be n unanticipated event because
waste package disruption scenarios only need to consider anticipated events.

The second initiating event considers th2 effect of fault displacement
on wste pckage integrity. A value of 5 cm was selected as the performance
parameter at which fault displacement becomes significant over a 1,000-yr
period because t this value it i estimated that the 76-cm air gap around
the waste package (Sections 6.2.6.2 and 7.3.1.3) would be substantially
closed and any additional displacement ight result in waste package failure.

The srategy for demonstrating that faulting will not lead to signifi-
cant waste pckage failure in 1,000 yr will be to locate ad characterize
Quaternary faults in and proximal to the controlled area. Because these
faults (such as Windy Wsh nd Paintbrush Canyon (Section 1.3.2.2.2)) have
very low slip rates, it is anticipated that the demonstration can be made
that the occurrence of c of displacesent in 1,000 yr on even these longer.
more significant faults is a very low probability event. The characteristics
of the known Quaternary faults in the area will be compared to those of the
faults that penetrate the repository block to demonstrate that these smaller
faults are uch less likely to support a slip rate comparable to the lrger
faults in the area. A second prt of the strategy ill be to estimate the
number of wste pckages a throughgoing fault would intersect in the reposi-
tory. Using the formula of Link t . (10982) to estimate the hzard posed
by faulting, a randomly oriented fault would intersect ine to ten waste
packages out of n inventory of 18.000 waste packages .in a 610 ha repository.
This type of analysis will be used t demonstrate that significant
displacement would have to occur On several faults to create failures on more
than 0.5 percent of the wste package inventory.

8.3.1.8-26



I -Aug-6aissts IDRAFT
The tird initiating event considers the possibility that high rates of

folding operating over a 1,000-yr period could result in sufficient waste-
emplacement borehole deformation to lead to wste package failure. The per-
formance parameter goal was selected o that, if the goal is et, then
bending of waste emplacement boreholes by folding or deformation due to
distributed hear of more than 5 c will not e a credible event (less than
10 annual probability). The value of cm for the goal for borehole defor-
mation ws also elected on the basis of a substantially reduced air gap
around the waste package. The strategy for demonstrating compliance with the
performance parameter goal will be to demonstrate the absence of significant
folding in the repository horizon during the last 10 illion yr.

Regional uplift nd subsidence re not considered credible processes
that could lead to waste pckage failure. The only conceivable mechanis by
which uplift could lead to waste package failure is for extreme uplift rates
to occur, which could lead to the exposure of waste pckages to erosional
processes. This initiating event is considered separately in Investigation
8 .3 1. 63.

Investigation 8.3.1.8.3 addresses the effects tectonic processes may
have on hydrologic characteristics in the controlled rea. A set of three
intermediate performance esures he been identified as the significant
hydrologic factors that could be adversely ffected by tectonic processes and
events. The hree interuediate perforzance measures are alteration of
average percolation flux, chLages in water-table altitude, and alteration of
rock properties along significant potential travel paths (Tables 8.3.1.8-3 to
8.3.1.8-S and Section 8.3.6.13).

The initiating events identified for the intermediate performance mea-
sure that ddresses the alteration of average percolation flux are concerned
with tectonic processes that could alter flux rates such s (1) the creation
of impoundments due to volcanic flows or the formation of fault scarps, (2)
the diversion of drainage due to volcanic activity, faulting, uplift, or sub-
sidence, (3) the creation of perched aquifers above the repository due to
'aulting, (4) the creation of impermeable sones such as the injection of 
sill, and (5) a change in dip of the repository rock due to faulting or
folding. The basic strategy in addressing this intermediate performance mea-
sure will be to measure the Quaternary rate of igneous ctivity and tectonic
deforc-tion due to faulting, folding, uplift, and subsidence in the reposi-
tory area and demonstrate that these rates are low enough that the perfor-
mance parameter goal would not be exceeded in a 10,000-yr period.

The intermediate performance measure concerned with changes in water
table altitude (Table 8.3.1.8-4) considers the possibility that tectonic
events or processes could result in rises in the water table, changes in the
potentiometric level of confined aquifers, or the creation of perched aqui-
fers. Such changes could result in the shortening of the ground-water travel
pathway in the unsaturated zone and altered radionuclide release rates to the
accessible environment. Changes in water-table ltitudes may lso ffect
hydraulic gradients and the location of discharge points. The distance from
the repository horison to the water table is currently bout 20 a. The
intermediate performance measure goal was set at a distance of greater than
100 a because it is estimated that the reduction in unsaturated zone release
rates would become significant at this point.
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The effects of tectonic initiating events considered as possible causes

for these changes in the length of the unsaturated zone pathway in Table
8.3.1.8-4 include (I) the creation of barriers to ground-water flow s a
result of the formation of igneous dikes, (2) offsets that juxtapose units
with differing hydrologic properties due to ovement on a fault, (3) the
change in elevation of the repository with respect to the water table due to
folding or subsidence, and (4) the change in water-table altitude or
potentiometric level that might result from strain changes through the
faulting cycle.

The intermediate performance measure addressing the alteration of rock
properties along significant potential travel paths is concerned with possi-
ble changes in rock roperties due to tectonic processes that could result in
changes in the hydrologic flow properties of the rocks in the controlled
area. The effects of initiating events considered are () changes in rock
properties due to an igneous intrusion, (2) change in rock properties along a
fault due to fault movement that results in the creation or destruction of
barriers to lateral flow or the creation of conduits of increased vertical
flow, and (3) changes in the hydrologic properties of the rock ass due to
episodic changes in strain due to faulting or folding (Table 8.3.1.8-5).
This intermediate performance measure will also consider the effects that
changes in rock properties could have on the movement of gaseous decay
products in the unsaturated zone. The strategy for evaluating the magnitude
of such changes will be to estimate the rate of tectonic activity in the area
and estimate the impact of tectonic processes through hydrologic modeling.

Investigation 8.3.1.8.4 addresses the possibility that geochemical
characteristics could be changed in the controlled area as a result of
tectonic processes and events. This investigation addresses the concerns of
the intermediate performance measure that addresses the possible changes in
rock geochemical properties or ground-water chemistry resulting from tectonic
processes and events (Table 8.3.1.8-6). The goal for this intermediate
performance measure as set so that tectonic processes would not adversely
affect the radionuclide release rate due to changes in the distribution
coefficient (K s) of the rock by more than a factor of 2 in 10,000 yr for
those radionuclides with expected travel times of less than 10,000 yr with a
high level of confidence. The effects of initiating events that are consid-
ered for this intermediate performance measure are (1) alteration of the
country rock caused by an igneous intrusion, (2) changes in the ineralogy
along a fault zone due to changes in ground water flow paths caused by
faulting, (3) changes in travel paths due to faulting, and (4) mineralogic
changes caused by fluctuations in water level due to tectonic events. The
principal strategy in addressing this intermediate performance measure will
be to investigate the nature and extent of mineralogic changes that have
occurred in the past round dikes and faults in the area around the site.

The studies and activities that provide the data for the analyses of the
intermediate performance easures are collected under Investigation
8.3.1.8.5. The data-gathering studies and activities re aggregated
separately from the investigations addressing the intermediate performance
measures because each of the intermediate performance measures tends to cll
on the same data to analyze its initiating events. The separation of dta-
A-¶lysis activities from data-gathering activities by placing them in
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different investigations is believed to improve and clarify the logic flow in
the investigations related to the analysis of the intermediate performance
measures and to identify more clearly the nature and level of detail of data
that must be collected. The activities collected under Investigation
8.3.1.8.5 for this tectonics program are few because most of the data neces-
sary for the resolving of the intermediate performance easures are supplied
by activities in other programs. The data that are being supplied by activi-
ties in other programs are identified in Tables 8.3.1.8-1 to 8.3.1.8-6 and in
the investigation descriptions.

Interrelationships of postclosure tectonics investigations

The interrelationship among issues, program.. avestigations, favorable
conditions, and potentially adverse conditions is shown in Tables 8.3.1.8-1
to 8.3.1.8-6, Figure 8.3.1.8-1, and in the logic diagrams accompanying the
investigation descriptions.

The assessment of potential igneous activity in Investigation 8.3.1.8.1
will require an improved data base on the nature and rate of past activity in
order to prepare a probabilistic calculation on the possibility of future
igneous activity. The assessment will also include a consideration of poss-
ible structural controls on igneous activity and an evaluation of the possi-
bility of magma sources underlying the site. A second study will evaluate
the disruptive effects of Strombolian and hydrovolcanic eruptions should they
occur at the repository.

Investigation 8.3.1.8.2 is composed of one study that will assess the
likelihood and effects of each of the four initiating events on wste package
integrity. Data for the assessment of waste package rupture due to igneous
activity will come from Investigation 8.3.1.8.1. The assessment of waste
package rupture due to faulting will use (1) data on the number of waste
packages that could be intersected by a throughgoing fault and (2) data on
the slip rate, recurrence interval and displacement of individual events,
length, sense of movement, and width of zone of Quaternary deformation for
the north-trending normal faults found in and near the controlled area from
Investigations 8.3.1.17.4 and 8.3.1.4.2.

The performance parameter goals for folding indicate levels of signifi-
cance that are so high in relation to natural rates that existing data and
data from Investigation 8.3.1.4.2 are sufficient to make an assessment. Only
minor studies to gather additional data :n folding in the region are planned.

Investigation 8.3.1.8.3 will use data o the nature and rates of igneous
activity. faulting, folding, uplift, and subsidence collected by the investi-
gations listed in Tables 8.3.1.8-3 to 8.3.1.8-6 to perform an assessment of
the amount of change that could be expected over the next 10,000 yr for the
three hydrologic concerns discussed in the intermediate performance measures.
In each instance, this assessment will have two parts and till be an
iterative process. The first prt will be an estimation of the probability
of occur ence of tectonic processes that could affect hydrologic properties
and a characterization of the type of changes that coold occur and the volume
of rock affected. The second part of the assessment will be hydrologic
modeling of potentially significant changes in model parameters due to

8.3.1 8-29



�M
- 'b - - - I-I-

042-8.3. 1.8/#5911-Aug-87/clrl DRAFT
tectonic processes to determine the expected amount of change in the
hydrologic intermediate performance measures. This investigation therefore
supplies the interface point needed for the integration of data between the
geohydrology and postclosure tectonics program staff.

Investigation 8.3.1.8.4 will provide the analysis necessary to address
the intermediate performance measure concerning changes in rock geochemical
properties resulting from tectonic processes. The data necessary to perform
the analysis will be supplied by activities in Investigations 8.3.1.17.4,
8.3.1.2.2, 8.3.1.2.3, and 8.3.1.4.2 (Table 8.3.1.8-6). The analysis will use
data on mineral changes around dikes and faults in the area surrounding the
site to project the amount of expected change in the next 0,000 yr. Other
studies and activities will evaluate the probability of the initiating events
and evaluate the potential mineral changes that could result from the
occurrence of those events.

Investigation .3.1.8.6 will house the data-gathering studies and
activities that are called for by the analysis activities. The studies
contained in this investigation are related to the probability and effects of
volcanic events and folding in region surrounding the repository. All other
required data will be collected by investigations related to other programs.

8.3.1.8.1 Investigation: Studies to provide information required on
direct eses resulting from volcanic activity

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of the SCP data chapters and support documents
provide a technical summary of existing data relevant to this investigation:

SCP section Subject

1.3.2.1 Volcanic history

1.5.1 Volcanism

1.8.1.3.1, Significant results (structural geology and tectonics),
1.8.1.3.2 discussion of significant results

1.8.1.5.1 Significant results (long-term regional stability)

Parameters

The following performance parameters (Table 8.3.1.8-1 and Section
8.3.5.13) will be measured or calculated as result of the studies planned
to satisfy this investigation:

1. Annual probability of a volcanic eruption that penetrates the
repository.
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2. Effects of a volcanic eruption penetrating te repository including

area of repository disrupted and confidence bounds of estimate.

Purpose and objectives of the investigation

The purpose of this investigation is to provide the data required for an
assessment of repository performance with respect to the possibility of
direct releases resulting from volcanic events. The two performance
parameters for this investigation have been identified by Issue 1.1 (Section
8.3.5.13 and Table 8.3.1.8-1). Te evaluation of these two performance
parameters is the subject of the two studies in this investigation (Figure
8.3.1.8-3). The two studies in this investigation will also supply the data
required by Issue 1.8 (Section 8.3.5.17) to address the favorable and poten-
tially adverse conditions of 10 CFR 60.122 listed in Table 8.3.1.8-1. Inves-
tigations 8.3.1.8.2 through 8.3.1.8.4 will lso use the results of this
investigation in their analyses of other intermediate performance measures.

Technical rationale for the investigation

This investigation considers the single initiating event of volcanic
eruption penetrating the repository and resulting in direct releases to the
atmosphere or land surface. As discussed in Sections 1.3.2.1 and .5.1
basaltic volcanism is considered to be the only credible type f activity to
have a possibility of occurrence in the next 10,000 yr. eleases could occur
as the result of a dike that feeds olcanic ent intersecting the
repository and entraining some waste. The waste could be ejected in a Strom-
bolian eruption as pyroclLsts and incorporated in an ash fall and cinder
cone. As an alternative, if the ascending magma intersects a body of ground
water, a hydrovolcanic explosion could occur at depths great enough to cause
disruption of the repository. This hydrovolcanic type of eruption ight
result in the ejection of waste fragments as a result of the explosions from
a tuff-ring or aar volcano. Eydrovolcanic eruptions may change in time to a
Strombolian eruption resulting in the formation of a cinder cone.

Study 8.3.1.8.1.1 correlates to the first performance parameter listed
in the previous section. This study will analyze the data collected by the
program and estimate the probability of a volcanic event intersecting the
repository. The logic flow for the four activities contained in the study is
shown in Figure 8.3.1.8-3. The probability calculations will be refined
versions of the estimates presented in Section 1.5.1.2 and will assume that
the occurrence of basaltic volcanism in the region is independent of time and
location (Poisson recurrence model). It is possibit that the occurrence of
volcanism is not actually a completely random process but that the location
of volcanic vents and the probability of their occurrence can be afected by
regional structural trends, local structures, and even topography. The
influence of regional structural trends was factored into the area ratio
(area of repository/area to which volcanic event rate applies) of the
probability calculations (Section 1.5.1.2.3). The possibility of local
structural controls will be assessed by evaluating the location of late
Cenozoic basaltic vents in relation to known structures and aeroemgietic,
gravity, and seismic data. The results of these analyses will be
incorporated into the final volcanic probability assessment s appropriate.
Ceophysical evidence will also be evaluated for indications that magma bodies
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may be present in the vicinity of the site. The evidence for the presence or
absence of nigha bodies will also be factored into the probabilistic
estimates.

Study 8.3.1.8.1.2 correlates with the second perforance parameter
listed in the previous section and will consider the effects a basaltic
eruption could have on repository performance if such an event should occur.
Two types of eruptions have been found to be caraceristic of past activity
in the region: Stroxbolian and hydrovolcanic (Section 1.3.2.1.2 ad 1.5.1.2).
Sufficient data have been collected on the effects of Stronbolian eruptions
for an analysis of repository performance so no additional field data
gathering is planned. Additional data are needed on the effects of and
controls of hydrovolcanic eruptions. This study will integrate current and
newly acquired data into a format that can be used for repository performance
assessment.



DRAFT

8.3.1.8.2 Investigation: Studies to provide information required on rupture
of waste packages due to tectonic events

Technical basis for obtaining the information

Links to the technical data chapters and applicable support documents

The following sections of the SCP data chapters provide a technical
suonary of existing data relevant to this investigation:

SCP section Subject

1.3.2.1
1.3.2.2
1.4.1.5
1.5.1
1.5.2

Volcanic history
Structural history
Seismic hazard within the southern Great 3asin
Yolcanism
Faulting

Parameters

The following performance paraneters will be measured or calculated as a
result of the site studies planned as part of this investigation:
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1. Probability of igneos intrusion penetrating repository.

2. Effects of gnefus intrusion penetrating repository.

3. Effects on waste packages of a fault netrating the repository.

4. Probability of faulting with displacesent over cm in repository.

S. Epected ground motion at emplaceent boreholes n 1.000-yr period.

6. tat, of deformation due to folding or distributed faulting in
repository horizon.

Purpose and objectives of the nvestigation

The purpose of this investigation is to provide the data necessary for
an analysis and assessuent of repository performance with rspect to the
possibility of tectonic processes and Tents affecting the lifetime of waste
packages. The six prforsauce parameters listed in the previous section have
been defined to address the performance measure dentified by Issue 1.11
(Section .3.2.2). The types of tuctonic initiating events that ay affect
waste package prformance and that will b considered in this analysis are
listed in Table 8.3.1.8-2. The study and activities i this Investigation
will take data gthered by field studies in this and other programs and
provide n analysis of the probability of the initiating events &ad their
effects on waste package performance for use by Issue 1.11 (Section 8.3.2.2)
in ssessing layout nd design of the underground facilities.

This investigation will also provide data on the sture of tectonic
processes operating at the ite for use by Issue 1.8 (Section 8.3.6.17, IC
siting criteria) in its analysis of favorable nd potentially adverse
conditions. The specific conditions addressed by this investigation are
listed in Table 8.3.1.8-2.

Parameter 6 Indicates the need for data on the ground motion that ould
be xpected during the waste package lifetis. This parameter and its
related initiating event respond to the need identifled in Issue 1.11
(Section 8.3.2.2. configuration of underground facilities (postclosure)) for
such data. Issue 1.11 will use the ground c.ioa data to valuate the design
of eplacesent drifts and boreholes in order to assess their postclosure
stability.

Technical rationale for the investigation

The flow of data and interconnections between activities is shown on
Figure 8.3.1.8-4. The first initiating event considered in this program is
the possibility that igneous intrusions penetrating the repository could
adversely affect waste package performance This initiating event is similar
to the one considered in Investigation 8.3.1.8.1. but Lss=s that the
basaltic dikes or sills that ight penetrate the repository do not feed a
volcanic vent ad do ot directly result in releases t the ground surface.
Activity 8.3.18.2.11 will address this initiating eent and satisfy
parameters I and 2. The assesseant of this initiating *Tent will be similar

8.3.i.8-"



f"INIADIAIE DATA ANALYSIS3 AND ASSESSMENT
PIPFCPNANCE

MEASUPRE

fl~~swii8 : 0asq -

I'e..aaebpemeSI

L~~lle0

DATA AEGUIREO KEY DATA OATHERING ACTIVITIES

--- --- --- -- A

I

I4almaaI I,,l $41 on as ITUooDM.me*vtrsN smaf a

50It9,egl.06 smgo~~ oe , 11 -.f ~Nlaspa lo me al 50w

W~m UIN#e --o ae IIt4,0

4111, ela~~mopal NO 111141 m s" V1A 19 401, Insme

.4 1~95114
I :s .01%0 orposle am*fst"~ ale 014611, up 904fu &ET"'T" - 0140,4111C 100VING 0 IOWA "69""S

v P&ROO� two I

-I1*41211009mge~eS
Ite0, 11 I50 11C9010SA8 W

SI as# M la's I Sam.
001 l's Siltw

IlII"S soaes N flUI
*a~a me IVW9 of 0wa'

I MWIVWYY .. S0.. 0ltRol of a is4 NOMmIC nun~V 114 6110 a&

-

S4't7i ag v -~~ * .atual waa"in01 We mg
AND poll"1'61 omamAa at4IS , l WA$ OMalIu1 -1

glyIn a.5.s.s1.a.a.a - twuma's - me pos w
POWO 41 DsubCitS we one" OM'sONa fam s I

I * Clam's 90iIsa*g warn, me
am 901415t MOIONA Sttmovw

I
UYIV911, ~IA4..41 - M10,941 's"tc PleGW1 ae

cas IItu,.LBIT 1 loot I
- 4agos,.uw ST Iq

I tO e"m~ 
poells"ilow~

I
- c10.c,47111 se 401,11Im wells S.S.,.. . O411"CICSII omtv elsah f~
-I 611401 W9 f00. I -I11Mg" O cA1.Mtf~iiu. Iff'"I -1

I- gnw met $Vm oweh 893I95 itVYSYWtoS I ,.a.. - 1111.04t IPU S 1111 Poae 13

Men

1119 S MOCK awe ttissuIm
NO, 10WI 0 111"not

OW.~dSL -F 101 111 "m1s S013

0h15?Y insm0I so" .ma:Me. - I s iYy1S.g..3S * VS~At11 'Ins"a 'ow a 4sage -024 soot Pi---119 1105, 85, a #444 

]
]
]
I1

Figut. 8.3.1.8-4. Logic diagram for Investigation a I I a 2 (tectonic effects on waestet package).



042-8.3.1 .8/I50
ll-Aug-87/clrS D AFT
to that ic Investigation 8.3.1.8.1 and will use the data analysed in that
investigation to calculate the probability of igneous intrusions penetrating
the repository. The nuaber of waste packages that an intrusion ight
intersect ill also be calculated using data on the probable length, width,
and orientation of intrusions nd current repository design concepts.

- The second initiating event considers the possibility that failure of
waste packages could occur due to a fault that intersects waste packages and
experiences offset that is great enough to cause filure through shearing.
Activities 8.3.1.8.2.1.2. 8.3.1.8.1.2.3, and 8.3.1.8.2.1.4 will assess this
initiating event and satisfy parameters 3 and 4. This assessment will
include calculating (1) the probability that faulting with offset great
enough to cause waste package failure would occur in the repository and (2)
the number of waste packages that a through going fult ight intersect.
These activities will organize ad assess data collected by Programs 8.3.1.17
and 8 3.1.4 to characterize the nature and Quaternary activity of faults that
penetrate the repository ad those faults in and near the controlled rea.
Because of the scarcity of Quaternary deposits on Yucca Mountain, it may not
be possible to directly demonstrate the degree of Quaternary ctivity present
on all the faults that potentially penetrate the repository. It is therefore
probable that the assessment of the probability and amount of movement on
these faults will be characterized by comparison with the known Quaternary
faults in the vicinity of the site that have a similar trend and sense of
movement. Faults such as the Paintbrush Canyon. Solitario Canyon, nd Windy
Wash traverse reas underlain by Quaternary deposits of a variety of ages
(Sections 1.2.2.3 and 1.3.2.2.2) that can be used to determine the nature and
rate of Quaternary activity. The comparison of the faulting potential of
these larger faults with faults penetrating the repository will incorporate a
consideration of the differences in length and total displacement between the
two classes of faults. When Ill these data are collected and coordinated, an
annual probability of fault displacement exceeding c will be calculated
for faults that say penetrate the repository.

The second part of the assessment will be a calculation of the number of
waste packages that a fault ight intersect should a faulting event, with
sufficient offect to rupture waste packages, occur. Data will be compiled on
the length and width of fault zones, and then calculations similar to those
in Link et &l. (1Q82) will be carried out using current repository designs to
estimate the number of waste packages that ight be ffected.

The third initiating event considers the possibility that ground otion
occurring during the postclosure period could cause spalling or failure in
the underground workings that would result in corrosion or mechanical failure
of waste packages due to closure of the air gap around them. Activity
8.3.1.8.2.1.5 will partially address this initiating event and address
parameter S by calculating expected ground motion values in the repository
during the lifetime of the waste packages. The performance of underground
excavations under these ground otion conditions will be evaluated separately
in Issue 1.11 (Section 8.3.2.2). In this investigation, the ground otion
estimates for preclosure design in Investigation 8.3.1.17.3 will be reviewed.
Appropriate ground motion parameters for the postclosire time period will
then be calculated on the basis of this data.

8.3.1.8-46



042-8.3 18/159l1-Aug-87/clrS DRAFT
The fourth initiating event considers the possibility that folding, or

fault offset distributed across a broad sone of inor shearing, could
sufficiently deform the wste-ezplacement boreboles through a closure of the
air gap surrounding the waste packages such that the waste packages would
fail through bending. Activities 8.3.1.8.2.1.6 nd 83.1.8.2.1.1 will
address this initiating event ad stisfy p raeter 6. These activities will
collect data on rates and amount of post-Miocene folding in the repository
horizon by reviewing the detailed geologic and structure contour maps of the
repository horizon generated by Program 8.3.1.4. Rates of deformation will
then be calculated using these data, and a probability of ignificant waste
package failure due to deformation processes calculated.
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8.3.1.8.3 Investigation: Studies to provide information required on changes
in unsaturated and saturated zone hydrology due to tectonic events

Technical basis for obtaining the information

Links to the tech ical data chapters and applicable support documents

The following sections of the SCP data chapters provide a technical
suZmZry of existing data relevant to this investigation

SCP section Subject

1.3.2.1 Volcanic history

1.3.2.2 Structural history

1.3.2.3 Existing stress regise

1.5.1.2 Basaltic olcaniss

1.5.2 Faulting

8.3.1.8-56
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SCP section Subject. DRAFT
3.6 Regional ydrogenlogic reco:&alinaim ce of candidate

area and site

3.0 Site hydrogeologic systea

Parameters

The following performance parameters will be measured or calculated S a
result of the site studies planned s part of this investigation:

1. nnual probability of volcanic events within the controlled area.

2. Effects of a volcanic event On topography and average flux rates.

3. Annual probability of significant igneous intrusion within 0.5 km of
the controlled area.

4. Effects of an igneous intrusion on average flux rates.

6. Probability of offset more than 2 on a fault in the controlled
area in 10,000 yr.

6. Probability of changing dip by greater than 2 degrees in 10,000 yr
by faulting.

7. Effect of faulting on average flux rates.

8. Probability of changing dip by greater than 2 degrees in 10,000 yr
by folding.

9. Probability of exceeding 30 of altitude change in 10,000 yr.

10. Barrier-to-flow effects of igneous intrusions on ater-table levels
and hydraulic gradients.

11. Thermal effects of gneous intrusions on water-table levels and
hydraulic gradients

12. Probability that strain-induced changes will increuse potentiometric
level to greater than 80 mean sea level (USL).

13. Probability that repository will be lowered by 100 a through action
of folding, uplift, or subsidence in 10,000 yr.

14. Probability of total offsets ore than 2.0 a in 10.000 yr on a fault
within 0.5 km of controlled area boundary.

15. Effects of fault offset on water-table levels and hydraulic
gradient.

16. Effects of igneous intrusions on local fracture perseabilities and
effective porosities.

8.3.1.8-67
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17. Annual probability of faulting eents on Quaternary faults within
0.6 k of controlled rea boundary.

18. Effects of fault otion on local fracture permeabilities and
effective porosities.

19. Effects of changes of stress or strain on hydrologic properties of
the rock ass.

Purpose and objectives of the investigation

The 19 performance parameters listed above have been identified by Issue
1.1 (Section 8.3.6.13 and Tables 8.3.1.8-3 to 8.3.1.8-5) to address the
possibility that tectonic processes and events could produce the following
changes i xisting hydrologic conditions:

1. 1.te-ation of average prcolation flux over the repository.

2. Changes in water table altitude that affect the length of the
unsaturated one travel path or hydraulic gradients.

3. Alteration of rock hydrologic properties long significant travel
paths.

The three studies in this investigation will provide assessments of the
likelihood and magnitude of these hydrologic changes for use by Issue 1.1 in
analyzing total system performance of the repository in limiting radionuclide
releases to the accessible environment. Sveral of the initiating events
considered in this investigation probably will have no significant impact on
repository performance because of the very low rtes at which the related
tectonic pocesses operate at Yucca Mountain (.g., folding, uplifting, and
subsidence). It is anticipated that little or no dditional data will be
required to complete the assessments of the initiating events related to
these tectonic processes. The level of effort for the activities related to
these initiating events is therefore anticipated to be low and to consist
prizarily of organizing and presentitg existing data in order to provide the
bsis for eliminating these initiating events from consideration during
performance ssessment evaluations.

This investigation will also provide data on the nature of tectonic
processes operating at the site for use by Issue 18 (Section 8.3.6.17, NRC
siting criteria) in its analysis of favorable and potentially adverse
conditions. The specific conditions addressed by this investigation are
listed on Tables 8.3.1.8-3 to 8.3.1.8-5.

Technical rationale for the investigatioa

The flow of data and interconnections between activities in each study
are shown on Figures 8.3.1.8-5 to 8.3.1.8-7. Study 8.3.1.8.3.1 considers the
initiating events that say affect the average percolation flux over the
repository. The first initiating event considered i-this study is the
possibility that volcanic events ay alter topography as a result of the
extrusion of volcanic flows or other effects and create ipoundments or

8.3.1.8-58
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diversions of drainage that could adversely affect average percolation flux
rates. The second initiating event considers the possibility that an igneous
intrusion such as a sill intruded above the repository horizon could divert
downward percolating waters to the area above the repository and thereby
increase average percolation flux rates. The first two activities in the
study address these initiating events and will satisfy parameters I to 4.
Activity 8.3.1.8.3.1.1 will use data from Activity 8.341.81.1.4 to calculate
the probability of igneous events occurring in the larger area encompassing
the controlled area and a buffer zone. Activity 8.3.1.8.3.1.2 will summarize
the available data on the size and location of volcanic and igneous features
that could occur in the area. This activity will also perform modeling
studies to estimate the amount of change in flux rates that could occur as a
result of an igneous event. Te activity will then use this data and the
data from Activity 8.3.1.8.3.1.1 to (1) provide an assessment of the
possibility that significant changes could result from these initiating
events and (2) prepare a report.

The third initiating event considered by Study 8.3.1.8.3.1 is the
possibility that fault offset could affect average percolation flux rates.
Effects to be considered include surface topographic changes such as the
creation of a scarp that could create impoundments or divert drainage; and
subsurface changes, such as the juxtaposition of units of different hydro-
logic properties or change in the dip of beds that could create perched
aquifers or divert subsurface drainage toward the repository. Activity
8.3.1.8.3.1.3 will collect and summarize field data gathered by other
activities and calculate slip rates, recurrence intervals and probable
cumulative offset in 10,000 yr for faults in and near the controlled area.
Activity 8.3.1.8.3.1.4 will perform hydrologic modeling studies to estimate
the effect of faulting on flux rates. Activity 8.3.1.8.3.1.5 will use the
data generated by the previous two activities to (1) generate an assessment
of the effect of probable fault movement on flux rates that will satisfy
parameters to 7 and (2) prepare a report.

The fourth initiating event considers the possibility that folding
processes could change the dip of beds in the repository area sufficiently to
alter flux rates. This could occur where downward percolating waters are
diverted laterally at the contact with a low permeability unit. The
laterally moving waters at the contact could be diverted toward the
repository by folding, thereby increasing repository flux rates. The fifth
initiating event considers the possibility that rapid rates of area-wide
uplift or subsidence could alter drainage patterns or gradients sufficiently
to affect flux rates. These initiating events and parameters 8 and 
associated with them will be addressed by Activities 8.3.1.8.3.1.6 and
8.3.1.8.3.1.7. Activity 8.3.1.8.3.1.6 will collect and summarize field data
from other activities and calculate uplift and subsidence rates for the area
including the site. Activity 8.3.1.8.3.1.7 will use these rates and rates of
folding calculated by other activities to estimate the amount of folding
uplift and subsidence expected in 10,000 yr. The activity will then (1)
perform an assessment of the effect of these changes on average percolation
flux rates using hydrologic modeling techniques and (2) summarize the
assessment in report.
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Study 8.3.1.8.3.2 will analyze the possibility that tectonic processes
and events could cause changes in the elevation of the water table or the
potentiometric surface of confined aquifers. Rises in the water table would
shorten the length of the unsaturated zone travel path and affect release
rates. Such rises could also change the hydraulic gradient, alter the
location of discharge points, or create perched aquifers in the area of the
site. These effects could affect groundwater travel times or place locally
saturated zones in close proximity to the waste. Four initiating events have
been identified in connection with this study (Table 8.3.1.8-4).

The first initiating event considers the possibility that igneous
intrusions could affect water table elevations by creating barriers to flow
such as a dike or creating thermally driven circulation systems that could
cause water to rise to repository levels as the result of an intrusion or
volcanic event. Activity 8.3.1.8.3.2.1 will collect nd summarize data from
other activities (Figure 8.3.1.8-6) on the dimensions and orientations of
probable intrusions and the thermal effects around such intrusions.
Hydrologic models of existing conditions at Yucca Mountain ill then be used
to estimate the magnitude of the changes that could result from igneous
events. Activity 8.3.1.8.3.2.2 will take the results of this activity and
combine them with data on the probability of such intrusions (Activity
8.3.1.8.3.1.1) to produce n assessment of the effects igneous intrusions
would have on water table levels and will satisfy parameters 10 and 11. This
activity will also prepare a report summarizing the results of the
assessment.

The second initiating event considers the possibility that episodic
movement on faults could result in variations in stress and strain levels in
the rock mass that produce relatively short-lived fluctuations in water-table
or potentiometric levels. If these fluctuations are great enough, these
episodic changes could result in the periodic saturation of the repository
horizon due to a general rise in the water table or water moving upward along
a conduit such as a fault from a confined aquifer. Activity 8.3.1.8.3.2.3
will provide an assessment of the probability and magnitude of these effects
and satisfy parameter 12. The activity will collect data on strain rates in
the region and calculate the amount and nature of expected changes during a
faulting event. odeling studies will then be performed to analyze the
amount of water table fluctuation that could be expected. The assessment
will also include a nsideration of the field evidence that significant
water-table or potentiometric surface fluctuations have occurred in the past
near Yucca Mountain. The ctivity will also prepare a report summariting the
assessment and the supporting data.

The third initiating event considers the possibility that folding,
uplift, or subsidence could significantly change the position of the
repository with respect to the water table in 10,000 yr. Activity
8.3.1.8.3.2.4 will review the data collected by other activities on the rates
of folding, uplift, and subsidence in the area to provide an assessment of
the probability of significant changes of this type and satisfy parameter 13.

The fourth initiating event considers the possibility that offset on
faults could be great enough to juxtapose lithologic units of differing
hydrologic properties and produce changes in ground-water flow that result in
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rises in the water table or the creation of perched aquifers. Activity
8.3.1.8.3.2.5 will conduct a hydrologic modeling study to estimate the amount
of change in water table levels that could be expected for a range of
displacements. Activity 8.3.1.8.3.2.6 will combine this data with data on
the probability of significant offsets (Activity 8.3.1.8.3.1.3) to produce n
assessment of the probability of significant changes in water levels in a
10,000-yr period nd satisfy paraaeters 14 and IS. The activity ill also
produce a report summarising the data and the results of the assessment.

Study 8.3.1.8.3.3 will consider the possibility that tectonic processes
and events could alter the rock properties governing ground-water flow along
significant travel paths. The initiating events are related to events or
processes that could produce local changes In the saturated fracture
permeability or fracture effective porosity. If such changes were to occur,
they could result in the formation of barriers to ground-water flow or the
creation of conduits to enhanced flow that could adversely affect the
containment or transport rate of wastes. Three initiating events have been
identified under this study (Table 8.3.1.8-5).

The first initiating event considers the possibility that an igneous
intrusion could cause changes in the physical properties of the surrounding
rocks. Activity 8.3.1.8.3.3.1 will collect and sunaarize data from the
literature and field data gathering activities on the effects of the
Intrusion of dikes and ills in tuffs (Figure 8.3.1.8-7). This data will be
combined with data on the probability of such intrusions in the controlled
area (Activity 8.3.1.8.3.1.1) to produce a assessment that satisfies
parameter 16 on the expected changes in local fracture peruability ad
fracture effective porosity resulting from igneous intrusions. The activity
will result in a report suasarising the data and the results of the
assessment.

The second initiating event considers the possibility that periodic
offset on Quaternary faults in and near the controlled area could cause
temporary changes in physical properties along the fault. These changes
could result n the fault becoming a barrier to lateral ground-water flo or
a conduit to vertical flow until ineralization or other processes return
conditions to present values. Activity 8.3.1.8.3.3.2 will collect and
summarite data from other activities on the width of fracturing round fault
tone. and ev dence of significant fracturing and receaentation along fult%
These data will then be used to predict the variation in physical properties
that can occur along faults through the faulting cycle. This information
will then be combined with data n the probability of faulting events in the
controlled area (Activity 3.1.8.3.1.3) to produce an assessment of the
effects of the initiating event and satisfy parameters 17 and 18. The
activity will also produce a report summarising the data and the results of
the assessment.

The third initiating event considers the possibility that episodic
faulting. folding. uplift, or subsidence could result in cyclic changes in
the physical properties of the rock ass because of changes in the stress and
strain regime. Activity 8.3.1.8.3.3.3 will ddress this possibility ad
satisfy parameter 19 by suasarizing data on strain rates it the area and
modeling the changes in rock fracture permeability and porosity that could

8.3.1.8-64
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result. The activity ill also produce a report suarising the data ad the
results of the assessment.
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8.3.1.8.4 Investigation: Studies to provide information required on changes
in rock geochemic l properties resulting from tectonic processes

Technical basis for obtaining the information

Links to the technical data chapters nd pplicable support documents

The following sections of the SCP data chapters provide technical
summary of existing data relevant to this investigation:

8.3.1.8.-88



V1I/but ?/Kev. 1
042-8.3.1.8. #108
l1-Aug-87/clrS

section Subject DRAFT
1.3.2.1 Volcanic history

1.3.2.2 Structural history

1.5.1.2 Basaltic olcanism

1.5.2 Faulting

4.1.3.7 Geochetical retardation of the host rock ad surrounding
units--anticipated conditions

4.1.3.8 Ceochemical retardation of the host rock and surrounding
units--unanticipated conditions

4.4.2 Potential effects of natural changes

Parameters

The following performance parameters will be measured or calculated as a
result of the site studies planned s part of this investigation:

1. Effects of igneous intrusions on local distribution coefficients.

2. Degree of ineralogic change in fault zones in 10,000 yr.

3. Effects of fault offset on travel pathway.

4. Degree of mineralogic change in the controlled area resulting from
changes in water-table level or flow paths due to tectonic processes
in 10,000 yr.

Purpose and objectives of the investigation

The four performance parameters listed in the previous section have been
identified by Issue 1.1 (Section 8.3.5.13, total system performance, and
Table 8.3.1.8-6) to address the possibility that tectonic processes and
events could produce significant changes in the geochemical properties of te
rocks of the controlled area that control the rate of radionuclide movement
(distribution coefficients (K s)). The study and activities in this investi-
gation will address these reqlirezents by providing assessments of the
probability that the tectonic initiating events that have been recognized by
Issue 1.1 could significantly alter distribution coefficients. These results
will be used by Issue 1.1 to analyze total system performance of the reposi-
tory in limiting radionuclide releases to the accessible environment. The
initiating events considered in this investigation probably will have no
significant impact on repository performance because of the very low rate at
which mineral alteration occurs in the site area (see ection 4.1.1.4). It
is anticipated that the data to be gathered in the geochemistry program
(Section 8.3.1.3) to address other concerns will provide the data necessary
to evaluate the rate of geochemical change. The level of effort for the
activities related to these initiating events is therefore anticipated to be

8. 3.1.8.-87
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low and to consist primarily of organizing and presenting the data collected
in other programs to provide the basis for evaluating the credibility of the
initiating events in performance assessment activities.

This investigation will also provide data on the nature of tectonic
processes operating at the site for use by Issue 1.8 (Section 8.3.5.17, NRC
siting criteria) in its analysis of favorable and potentially adverse
conditions. The specific conditions addressed by this investigation are
listed on Table 8.3.1.8-6.

Technical rationale for the investigation

The flow of data and interconnections between activities in the single
study of this investigation are shown on Figure 8.3.1.8-8. The first
tectonic initiating event considered in this investigation is the possibility
than an igneous intrusion could alter the mineralogy of the surrounding host
rocks. Activity 8.3.1.8.4.1.1 will provide an assessment of this initiating
event and satisfy parameter by considering (1) the probability of an
igneous intrusion occurring in the controlled area and (2) the extent and
nature of mineral changes that have been found to occur around dikes and
sills in tuffs during field studies. The activity will combine these data in
an assessment of the probability that significant changes would occur.

The second initiating event considers the possibility that offset on a
fault could result in significant mineral changes along the fault that could
affect local distribution coefficients. Changes in distribution coefficients
could.result from the growth of mineral fillings in the fault zone itself or
from the sealing effect of the mineral fillings that prevent interaction
between fluids moving through the fault zone and the surrounding country
rock. Activity 8.3.1.8.4.1.2 will provide an assessment of this initiating
event and satisfy parameter 2 by analyzing data from core and the mapping of
drifts and shafts to review the evidence of significant changes during past
faulting events to determine the age, type, and extent of mineral changes
that have occurred. The probability and location of faulting events will be
determined from mapping and trenching activities that will provide data on
slip rates, recurrence intervals, and locations of Quaternary faults. The
assessment will integrate these data.

The third initiating event considers the possibility that offset on a
fault could significantly ffect distribution coefficients by diverting flow
to pathways with significantly different mineral properties or water
chemistry as a result of the juxtaposition of different lithologic units.
Activity 8.3.1.8.4.1.3 will provide an assessment of this initiating-event
and satisfy parameter 3 by conducting modeling studies to determine the
amount of offset necessary to produce significant changes. The results of
the modeling activity will be combined with the probability that such offsets
could occur using data on slip rates and recurrence intervals of faults in
and near the controlled area as prt of the assessment. The activity will
summarize the results of the assessment in a report.

The fourth initiating event considers the possibility that changes in
water-table levels or ground-water movement as a result of tectonic processes
could produce significant mineral alteration in the formerly unsaturated
rocks. Activity 8.3.1.8.4.1.4 will provide an assessment of this initiating

8.3.1.8. -88
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event and prtially satisfy parameter 4 by calculating the probability of
significant faulting events and the nture of water-table f1uctuations that
could be expected from such events. Activity 8.3.1.3.7.1.2 ill complete the
characterization of this pruetter by calculating the rate t4t ineral
changes could occur in this environment using data on t history of ineral
and gechemical lteration t Yucca ountain and incorporating the results in
the integrated geochemical transport clCUlations. These data will b com-
bined with the results of Study 8.3.1.8.3.2 on the probability of significant
water-level changes occurring u the result of tectonic processes to osplete
the assessment. The activity will summarize the results of the assessment in
a report.
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8.3.1.8.5 Investigation: Studies to provide the information required by the
analysis and ssessaent nvestigations of the tectonics program

Technical basis for obtaining the information

Links to the technical data chapters and applicable support documents

The following sections of the SCP data chapters provide technical
sumary of existing data relevant to this iestigation:

8.3.1.8.-95
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section subject

1.3.2.1 Volcanic history
1.3.2.2 Structural history
1.S.1 Volcanist

Parsaeters

The following parameters will be measured or calculated during the
studies planned to stisfy this investigation:

1. Location, age, and volume of igneous deposits younger than 4 million
yr and within 70 km of the site.

2. Detailed saps showing the relation of geologic structures to
selected young volcanic centers.

3. Map showing depth to Curie isotherm.

4. Chemical and physical changes round dikes in tuff.

S. Petrology and geochesistry of late Cenozoic volcanic rocks In the
region.

6. Evaluation of folding in the region and its relation to faulting or
detachments.

7. Evaluation of heat-flow data.

Purpose and objectives of the investigation

The studies and activities in this investigation will collect the field
data called for by the analysis and assessment activities in Investigations
8.3.1.8.1 through 8.3.1.8.4. Because most of the data required by these
analysis and ssessment activities re being collected by other programs, the
activities in this nvestigation are limited to a small number providing data
to support the analysis of olcanic, Igneous intrusion, and folding
processes. Figures 8.3.1.8-3 through 8.3.1.8-8 and Tables 8.3.1.8-1 through
8.3.1.8-B show the relationship of the data gathering activities in this
section to the analysis and assessment investigations.

Technical rationale for the investigation

One of the main requirements in the eV2uatioZ of the hazard of olcanic
or igneous events is the calculation of the probability that such events
would actually occur in the repository or the controlled area. Parameter I
indicates the data required by Activities 3.1.8.1.1.1 and 8.3.1.8.1.1.4 to
carry out this calculation. Activities 8.3.1.8.6.1.1 through 8.3.1.8.5.1.4
are designed to improve the existing data base on the age, location, and
volume of young volcanic and igneous rocks in the region surrounding the
site. These activities refine the dating of known occurrences using a

5.3.1 .8.-6
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variety of techniques, any of which have not previously been employed, and
determine by drillitg the nature of suspected buried deposits.

Another concern related to the probability of volcanism in the site rea
is that the location of ny intrusion say ot be entirely random across the
area but controlled by structural features. To address this possibility,
parameter 2 hs been identified s oae of the data requirements of Activity
8.3.1.8.1.1.2. Activity 8.3.1.8.5.1.3 will satisfy the-requirement by
coupleting detailed geologic mapping around selected volcanic features to
clarify the relationship that ight exist between the Tolcaic features and
local structures. Parameter has also been identified s a data requirement
of Activity 8.3.1.8.1.1.2; this parameter will be used to address tectonic
models for te tine-space ptterns of ineous events in the Yucca Mountainarea and the structural controls for volcanic sites or future olcanic sites
at or adjacent to Yucca ountain. These data will be factored into
probability calculations. Activity 8.3.1.8.5.1 will evaluate petrologic
and volume trends of volcanic fields through time to test for indications of
waning volcanism or increases in the rate of eruptive ctivity associated
with decreasing eruption oluts.

For data on thermal anomalies in the area that night be related to mags
bodies that could be sources of volcanic or igneous activity, parameters 3
and 7 hve been identified as a data requirements of Activity 8.3.1.8.1.1.3
Activities 8.3.1.8.5.2.1 and 8.3.1.8.5.2.3 will satisfy the requirenent by
generating maps showing the depth to the Curie isothers and est-flow data in
the area surrounding the site.

Parameter 4 has been identified s a data requirement of both Activities
8.3.1.8.3.3.1 and 8.3.1.8.4.1.1 and will provide information on the nature
and extent of physical and geochemical changes around dikes and other
intrusions. Activity 83.1.8.5.2.2 will satisfy this requirement by
collecting the required data from field studies of known intrusions in the
region around the site and from literature reviews.

Parameter will provide general regional data on the relationship of
Neogene folding in the region to faults and detachments. Activity
8.3.1.8.5.3.1 will satisfy this parameter by reviewing the available
literature and possible detailed mapping in selected areas.
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8.3.1.17 Overview of preclosure tectonics: Description of tectonic and
igneous events required by performance and design requirements

Summary of performance and design requirements for preclosure tectonics
in ormation

The preclosure tectonics program (Program 8.3.1.17) is designed to
develop an understanding of and to characterize the tectonic events and
processes that could impact proposed repository structures, systems, or
components considered to be important to safety through the operational phase;
ie, until permanent closure is achieved. In addition, characterizations of
tectonic processes and events will be developed for consideration in the
design and operation of certain structures, systems, and components required
for exercising the retrieval option. Tectonic processes and events that are
relevant to waste isolation following permanent closure ill be investigated
within the postclosure tectonics program (Program 8.3.1.8).

Performance and design issues that require data from the preclosure
tectonics program are indicated in the left half of Figure 8.3.1.17-1; the
right half of the figure indicates investigations that provide the requested
data. Data requirements come from Issue 4.4 (Section 8.3.2.5), which evalu-
ates the technical feasibility of repository construction, operation, closure,
and decomissioning, and from postclosure Issue 1.12 (Section 8.3.3.2), which
considers the design of seals for shafts, drifts, and boreholes. Investiga-
tions of technical feasibility include data requirements from three additional
performance and design issues, also noted in Figure 8.3.1.17-1. These three
issues are preclosure radiological safety (Issue 2.7, Section 8.3.2.3), poten-
tial radiologic exposure to the public due to credible accidents (Issue 2.3.
Section 8.3.5.5), and preservation of the waste retrieval option (Issue 2.4,
Section 8.3.5.2). In addition, data developed by the preclosure tectonics
program will be used by the postclosure tectonics program (Programs 8.3.1.8)
and the preclosure and postclosure rock characteristics programs (Frograms
8.3.1.15 and 8.3.1.4).

The evaluation of technical feasibility (Issue 4.4, Section 8.3.2.5)
establishes the major requirement for characterizing potentially disruptive
tectonic events.

The required characterization data are summarized in the (a) parts of
Tables 8.3.1.17-1 through 8.3.1.17-B; the (b) parts of these tables provide
summary information on the characterization program designed to provide the
required data. The technical content of these tables is discussed in detail
below. The data requirements are organized by the type of potential tectonic
event: volcanic, including eruption and ashfall; faulting; and vibratory
ground motion from natural earthquakes and underground nuclear explosions.
Two tables are presented for each type of event, one for considerations of
surface facilities and one for underground facilities.

The following information is used to specify each data requirement:
design and performance parameter, to specify the type-of data that is
required; goal, to establish the precision or level of conservatism that is
required; and needed confidence, to indicate the degree of certainty that the
goal will be met. The needed confidences are specified using the terms high.
medium, and low to denote the relative importance of each parameter-goal pair

8.3.1.17-1
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Table 8.3.1.17-3(b). Charart.eri.al.ion parameters related to sirrace acilities and preclosure fault
displaremenL
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Identification and character
ization o potentially sip
niricant. Quaternary aults
within 5 km of facilities
important to sarety (FITS)

4 sucih raults Low MRdiit to
high

8.3.1.17.4.6.1 -- Evaluate
Quaternary geology and
potential Quaternary
faults at Yucca Mountain

Identification and character-
ization of fatlts wit.hin
100 m of FITS that have
apparent Qaternary slip
rates > 0.001 m/yr or that
meastorably offset materials
less Ihan 100,000 yr old

Estimate of total probability
for >5 c displacement
beneath ITS, considering
known and possibly concealed
faults and tectonic inter-
relationships among local
faults

No sich ratlt.s

l.ess than I
chance in 100
or exceeding
5 cm displace-
went. eneal.h
FITS in yr

Low Nigh 8.3.1.17.4.2.2 -- Conduct
exploratory trenching in
in Midway al!ey

8.3.1.17.2.1.1 -- Assess
the potential for sur-
face faulting at pros-
pect.ive sites of surface
FITS

1.ow 1igh

ca

Tl
--- I--



Table 8.3.1.17-4(a). Design and performanre paramet.ers related to underground facilities and preclosure
ranut displaement. (page I or 2)

_ __ .

Design or performane
parameters

Needed
confidence

Characterixation
parametersCoa

Identification and characteriza
tion or significant late
Quaternary faults in the reposi
tory block:

Classification
Location at surface
Orientation at surface

Tdentirication and haract.eriza-
Lion of any ralt wit.hin th
waste emplacement area with
greater than I chance in 100 of
producing wore than 7 c (waste
package air-gap distance) of
subsurface offset during the pre
closure period (approximately
100 yr)

St.andard practice

s10

Det.ermine existence; for
any sch ra, t.s (none
are now known to
exist), determine loca-
tion within the waste
emplaceent area

nigh
nigh
nigh

Nigh

Surface locations Of
faults in the reposi-
tory with > I offset
of Quaternary materi-
als or with > 100 
offset of Tertiary
rocks

Surface and subsurrace
locations of faults
with Quaternary slip
rates > 0.005 mu/yr
that intersect under-
ground acilities

To



Table 8.3.1.17-4(a). Design and performance param.'Irs related t.o underground facilities and preclosure
ratilt dlisplacement (re 2 or 2)

Design or performance
parametera

Needed
cont idence

Characterization
parametersCoa I

Total probability or exteminn
7 m fanlt displacement on any
fault that intersects areas or
waste eplacement

ItS!'G han I rhance in O
in ItO yr o exceeding
7 cm displaremenL on
any rat. that inter-
seel.s areas r waste
emplacemrent.

ed i um E.stimated total proba-
bility of fault dis-
placement exceeding
7 cm in areas of
emplaced waste, con-
sidering known and
possibly concealed
faults and tectonic
interrelationships
among local faults

aTheve parameters are from ssue 4.4 (echnical feasibility, Section .3.2.5), and corresponding
performance measures are iven in that issue.

DMI

-1



Table 8.3.1.17 4(b). Charactrriza.ion parame.ers related to the underground facilities and preclosure

(atilt dirplaren.

-

Charvic.t~ri z.atimon
parameters

(:urrent
est.imat t'
(rannr)

Trcti ng bs in

in cturrent.
estimate

teeded con-
tidence in

final values

Key studies/acti-
vities supplying

parameters

Surface locations or faults in
the repository block with
>1 * orrset or Qat.ernary
materials or with >10 a ofrr-
s-t or Tertiary rks

2 sith aults
ex i l.

Low to
med i un

Red i n 8.3.1.17.4.6.1 -- Evaluate
Quaternary geology and
potential uaternary
faults at Yucca mountain

Surfacp and substrface lora-
tions or faults with Quat.er-
nary slip rates >0.005 mm/yr
that intersect underground
raci lities

Nn stch faults
eixist

i tin Ncd i u to
11i gh

R.3.1.17.4.6.1 -- Evaluate
Quaternary geology and
potential Quaternary
faults at Yucca Mountain

8.3.1.17.4.6.2 -- Evaluate
age and recurrence of
movement on suspected
and known Quaternary
faults within the site
area

8.3.1.17.4.7 -- Subsurface
geometry and concealed
extensions of Quaternary
faults at Yuc Mountain

Kstimated total probability or
rault displacement exceeding
7 ce in areas of eplared
waste, considering known and
possibly concealed raults and
tectonic interrelationships
among local ratlts

Less than I
chance in 10)
in 1(X yr of
exceeling 7 s
dlisplacromnt
in areas or
rplacedl wast.e

Medium Medium 8.3.1.17.2.1.2 -- Assess
the potential for
rupture on faults
that intersect
underground facil-
ities

::1
-n
u-I



Table 8.3.1.17-5(a). DC'ign anl wrereranre pr~nalmerI rerl;.ed o siirrae. riities and preclosure
vilbraI.ory resonvl mnl.uon (lo:ge I *r :1)

_ _ _ _

Design or performance
parameter con I idence

Charntteri":. Lion
parametersCoal

_ 
_

Design-basis ground otion ine
histories (inimum band width 
0.5 Lo 33 I) and corresponding
response spectra (at I z inter-
vals) for surface facilities
important to safety (FITS)

itel.r'enu..i . r orEe e'g
Lional art.hquaer e
rarlty asatm, r waxi

nus potential tundter
ground intulear expln
sions (P.s) 1.1at ..uel
eonLrol si t.r rnunol

;tion nt ny re.;retry
Lbtween O.f nd 3:1 11.

(inrciuning .Iny e rrt
or ocal grolngy r
bli llin eedment.)

Medqlim to high lifentifiration or poten-
tial earthquake
sources in the con-
trol led area

r.v ient.il ly relevant,
earthquake oure .
the region kn

Magnitude or exceptional
earthquakes on local
sources

Magnitutle of exceptional
earthquakes on
regional sources

Maximum future UNS

CloseL elitance of
future UNPi.

Cround motion atLenua-
tion with distance

'1

=-q
Spectral modification

duo to local geology

CW \1A



* .* Table 8.3.1.17 (a). Design antI prtrfes'mance parnmelrrt:. re;dIMt to SUrface facilities and preclosure
vibratory griltid otpion (page 2 a :)

Design or perrormance
parametera

"eetlc
ounf idence

Characterization
parametersCoal

Controlling ground
motion eent(s)

Time histories and
reponse spectra repre-
sentative of control-
ling event(s)

Combined potential for vibratory
ground Motion at FITS, con-

6. . sidering all faults

Less than I catlIe in l(O
of exreeding, IeIsign
basis ground motion in
1(K) yr.

Meditm to high Identification of poten-
Lial earthquake
sources in the con-
trolled area

Potentially relevant
earthiltak- sources in
the region 0 kin)

Earthquake recurrence
relationships for
local and regional
sources

Cround motion attenua-
tion with dist.ance

Spectral modification
due to local geology

Cround motion exceedancc
probabi I itins

:IO"M
=.S

V -W

.

. I -1 



Table .3.1.17 5(a). Design atid -rrAstl.irr#' parnmler r-t-i to surrar
vi bratlry .rnd mtitin ( r . r 3)

facilities nnil prelosure

._

Design or prrformince,
parasetera

"rnnrelfd
ennf idencr

Chara't.eri nat ion
parametersCEIntI

_ __

rrobability versus peak accelrrn
Lion, peak elocity, and peak
velocity rexponse at
selected rrequencies, at stir
face locations of FITS

Val| uSeS rq.; ma|rd~ fr
antswi prnhahl 1 ; ir
rrif i np. rrm 11 f I
10 per yr

ReifiuM identirication of poten-
tial earthqtpake
sources in the con-
trolled area

Potentially relevant
earthquake sour __

the region (A-f I

Earthqiuake recurrence
relationships for
local and regional
sotirces

Croumu motion attenua-
Lion ith distance

Spectral odification
due to local geology

Cround motion exceedance
probabilities

5

*-;

"These par-meters come from Iswies
characteristics, Section 8.3.3.2), and

4.4 (t.rchnial resiilit.y, Sect.ion 8.3.2.5) and 1.12 (seal
correspnmling errormane rasures are given in those issues.



Tabl R3.1.17 5h). Charatitrri 7ii. n :r:am.*t..s ii-r.ll..l Us setrr rari il t.irs and rtre.losure vibraltory

Characttrri x.ation
parameters

Identiricalion or potential
earthqitake sources in he
controlled area

Potentially relevant earth-
quake sources in the rgio

tI00 km)

Vagnitdu. of exceptional
earthquakes on local souri

Magnitude or eceptional
etr-lhqe.sak on regional
nourct's

YaximWu fntt re tindergronid
nuclear explosion (UNF)

Clos'st distance of future
future ulEs

11nnd mliivn ( pagr. I obr 31)

Tr!

Sere Chtpter I I

Se! Chapter I li
on

6 /2 14

r. 1/2 1. 8 1/2

1Fl 750 hI. M

23 km (o.k 1
Inarul Uesa
arra)

s. i ng 11.s i I
lif}t i el-irr

n rurr'nt.
.!:I. ; met r

lel i im

W US
med i m

Iw t.o
mrtd i im

Low

el i m

e i m

I.- . .~ -tr encon

ri enc in
rintal alutes

Ureldti. to
high

vti inti

Medi to
hi gh

Mell i s

i'r i ii

ledi n-

Key st~ndies/acti-
wit.ies supplying

parameters

.

------

8.3.1.17.3.1.l - Identify
relevant earthquake
sources

8.3.1.17.3.1.1 -- Identify
relevant earthquake
sources

8.3.1.17.3.1.2 -- Define
except.ional earthquakes
tor relevant sources

.. 1 .17.:3.1.2 -- Define
exrexptional eart.hquakes
for relevant totres

'J

, *

.I

14

.a

.1

.A.

. .

.- 

8.3.1.17.3.2.2 -- Deter-
mine waximu U.
source (s)

8.3.1.17.3.2.2 --- Deter-
Mine maimuu UNE
sources

C=

:=P
=-I



Table R.3.1.17-5(h). Chararterii2:0t.ie'n is:irime-lnr,; re'la:,1e.l It- s. rf r fre eiliI.;is arnti prelstire vibratory
g.rotnd mil.it.n (r. : r : )

* -4

Characteriziat ion
parameters

'lirrenl.
rc 1. i mal.r
(rl,,gr)

Test~in bsis
Cells ti.1 fitl r
it n erre-ol,
ent.im-11.0

HIM 1t4 con
idene i n

rinni . aitlirs

Key sudies/acti-
Vitie spplying

paramtecrs
____ .

_ . .._ .

Cronnd motion attenuation wh
distance

Poll I i le..I
m).w'ls ror
('A i reirn in
:nl wrAlrrn
U. S.

Iles .n

t -erl i 1tM
mled i u R.3.1.17.3.3 -- Cronnd

Iainn from arthIEakes
and U-.

Spectral modification at
facilities important to
safety due o local eology

1/2 I.n 4 |,n" UI.-I itl. 8.3.1.17.3.4 errects or
local geology on surface
and smob.srface motions

.4

.I

..

.5

.1
Controlling ground motion

event(s)

Time histories and response
spectra represhntatiwo or
controlling event(s)

Farthqwtake recurrence rela-
tionships for local and
regional sources

= 6 1/2 11
snarlIeltuat nn
.ai i nI.hritc

Carnyst

TOP a (0.4 0.Gg
peak acel-
erat ion)

Sre sction
1.4.2

I .VVV .n

I.n* 1.0

medium

Iow lA

"rIilm to
high

Red iti to
high

Ut-II it.

.3.I. 17.3.. 1 -- Identiry
oontrolling seismic
events

8.3.1.17.3.5.2 -- Charac-
terixe ground motion
from conLrolling seismic
events

8.3.1.17.3.0.1 -- valuate
eart.hqnake sources 1=

:c.l

of-I

..4

.3
"i.1

. .;
A %,
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Table 8.3.1.17-6(a). Design and performan:e rarnmrI-r- relat.rt
vibratory ground motion (pan I of 1)

to underground acilities and preclosure

_ . _

Design or performance
parameters

NeededI
confidence

Characterixation
parametersCoal

Design-basis ground motion time
histories and corresponding
response spectra for underground
facilities (at various depths)
(minimum band width = 0.5 to
33 z; I Nz interval for response
spectra)

Representative of rxcrp
tional earthquakes nr
nearby ratlts, or mi-
mUm potential under
ground nclear explo-
sion-V (UNrs) that would
control sil.e rotnnd
tntion at any requritiry
ketwern 0.S and 33 II.
(incluiding any errects
of local geology or
depth of burial)

Medivm 1drntification of poten-
tial earthquake
sources in the con-
trolled area

Potentially relevant
earthquake sources in
the region r(nVXT1W).- 'C

Magnitude of exceptional
earthquakes on local
sources

sex,

-. 4,
a

I5

I
1

C

* - p.

I *..

'I

Magnitude of exceptional
earthquakes on
regional sources

Future maximum =tB

Closest. distaince of
future UNTs

Cronnd motion attenua-
*tion with distance

Spectral modification
due to local geology
and depth of burial

rpm
too
D "



j* .
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Table 8.3.1.17-6(a). Design and perrnrmaner par.mel.er rt.edI to underground

vibratory ground motion (ge 2 o 3)

facilities and preclosure

Design or performance
parametera

heded
cIonidence

Charcterination
parameters

Controlling ground
motion event(s)

Combined potential for vibratory
ground motion at underground
racility locations, considering
all faults

Time histories and
response spectra

-. de'nitative of control-
ling event(s)

.1
I.

.. .

f-.r

I*pS.i .1tian I tlOmrfe' in O

or exr.erin, lts irn
li Is rnsind mot ion in

t(X yr

Medium Identification o poten-
tial earthquake
sources in th.' con-
trolled area

Potentially relevant
earthquake soure _jL.n <,

the rer~mon P(TZIMk. "
, s,.

I
Earthquake ecurrcnce

relationships for
local nd regional
sources

Crountl "tion nttenua-
tion with distance

Spectral modification
duo to local geology
and depth of burial

. P.

1=
w-n

. 7
.1.

A

.

. -
r._

- I

;
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Table 8 .3.1.17-6(a). Desigtn anit pwerrnrmner pr-rmrerr. r t.re nn.Irgotjnd
vibratory nronnwid nnl.inn (pnrp : .r r)

facilit~is and preclosure

_

Design or performance
paraetera Con l

Heedrd
confidence

Characterization
parameters

Cround otion exceedance
probabilities

Probability versus peak accelera-
tion, peak velocity, and peak
velocity response at selected
frequencies at underground
facility locations

Valies estimd.ed frr
annisal probaibiliJ.ies
ranfing from 10 to
10 per yr

Low to Redium Identiication of poten-
Lial earthquake
sources in the con-
trolled area

;

Potentially relevant
earthquake sources in
the region (C111ka)

Earthquake recurrence
relationships for
local and regional
RonMen

Cround motion attenus-
tion with distance,

Spectral odification
dunn to local geology -n
nnd depth of burial

Cround otion exceedance
probabilities

.r

.w1

-A
._

:

*.

..

..: all-r
*.4

. .5.

. .

.IV

aThese parameters are from lssues 4. (chnical frenihiit.y, Section 8.3.2.r,) and 1.12 (eal
characteristics, Section 8.3.3.2), and corresponding pfnrmnre easures are given in those issues.
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Table 8.3.1.17 fl(b). ChlOrn:e.rriz:11 I'l t.,v:emte its 9., *auatlrar.nictn r itri :str l nd prrelonurn
vibratl.ry reattil I. i (r. I .*r :1)

Characteri ?.at ion
parameters

Identiricatinn r potential
earthquake sources in the
controlled area

Potentially relevant eart.h
quake urces in the region

< ,,O 0 km)

Magnit.ude or excepl.ional
earthqtakes on local sourees

Ceirrent.

( ra vtr )

See Chrapler I

S!;r hap.er I

M fi 1/2

r. 1/2 L. Ft 1/2

23 k (rtk
lmnrol ena
Area)

Tj-%Ling lsanis
Va .is i ell..- -

in oirent.

Wf i ogo

1IVW 1 .

lffw In

Lsow

Mu i a1,d "i

fIealir u 'on
i d~rote i n

r ifl .|31 I -

Ke .dirn/acti-
Vitirs supplying

parameters

Ure i t" 8.3.1.17.3.1.1 -- Identify
relevant earthquake
90lres

I. 3.1.17.3.1.1 Jdenti y
relesant earl.hetaie
sourres

RagniL.ude Or xceptional
earthquakes on regional
sources

aiim"m ttnre ndergrobn
ntclear eplosion (P)

Clomest distance or futare
frotnre UNEs

Mel i el to
high

MR its,

Udi its

Ried at"

8.3.1.17.3.1.2 -- Define
exceptional earthquakes
for relevant sources

8.3.1.17.3.1.2 -- Define
cceptianal earthquakes
for relevant sources

8.3.1.17.3.2.2 -- Deter-
mine axim ts E
wotree(te)

R.3.1.17.3.2.2 D Deter-
min" Aimum UN
storce(ts)

Sm

* *1
I

k
*1
-I

A
0�

* Ii

'T'I '.�

urn-mi .. t

0*. �

.5. -�



ThIs t R. 3. 1 . 17 r(1() . (l~Iror I e i t:I I i ..,-to e :. .g * I. 1 I .#I I o
viltr-O-eiry remi"I m,1 it (s 2 f :1)

#jtj.I. @ rm fr-.t i I ; ; n p - it- re-t

. I!.

* '

.1

';
* .- .- -. - -

Charater i zsat.jon
parameters ( ,r i ttr)

Tf-- i"C t; i

(4( sjlrw-
iot * orr¢el.
V-s;tl-

tieresde.. eon
r itien-r in

f ill-a al nem

Key sud ief/acl.;
Vitirm smrplyami

paramelers
__ _ *

__ .

Crovind otion altenutliin wil.h
distance

1,11l) I i AII rwwltlio3i ror
c::%I i frmia
,nI west.ern
Ii.;.

1.0) 1.
m1eu i @@1

R-1.17.3.3 - I: und
an ;.to rrm l1art-lql"Ar
and UNF~s

t .

*.

.I:

a-

Spectral mmi fication
dne to local geology
and dep.h o hrial

1/4 lu I 3,nw F.3.1.17.3.41 -- rfects or
loca:l geology on surface
and sbrmuriace otions

Control ing gronnd Motion
erenl.(s)

Time-historien and repone
spectra fepresentative or
controll ing event(s)

Harthqtake recurrence rela
tionshipm for local and
regional sources

: f 1/2 U
rar llonale 

C'anyon tin, l.

TIt

Srr !r:E 1. i on
1.4.2

1,11w .o
O' i im

1.w 1.
me. i it

1,. to
O"Hi lm

R.3.1.17.3.5.1 -- Identify
control ling Seis-ic
events

o-ilm

8.3.1.17.3.5.2 -- Charac-
terizc grotnd motion
rro'm ontrll.ing seitmi
events

r.3.1.17.3.l.1 -- Evaluate
rarltttake sources

-n
-Io

.

.a
. .



Table! .3.1.17 6(b). har.irteriz-itoin p-irnm.-9r. rOI-i?.d 9,, tndArrn l r rit.it' nd preciownre
vibrt.nry gnontl m i (Inr~e :1t 3:);

CharacLeri xation
parameters

Me lr ro1.
Irt-i rnM.r
( rn tnrr)

T-! 1.i lonn.';i S
Ctin t i tireirer
in * nrro-el
rsl i m I 

rrfirel con
trideInc i n

r i n v rs

Kty stLdies/arti-
viLies supplying

parnmeLers . .

* A
.. _.

.:-.

.l A
*, .*

Cronnff MI.ion xeredanr.c
probabilities

toI, 4 y r
rcr 0. tilt

L.OW LOW I.n

"wi i elm

Rs.:lI.17.:3.6.2 Evaluate
r.r.vndl wrni .n probabili-
I.; '.t

. ___ _

allD to be det.erorinfl .

01

:-

-i

I

. 0

.;P
* . aV'

* ; OR
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for contributing to the resolution of design and performance issues. igh
confidence indicates that the parameter is of primary importance, and, conse-
quently, that the goal should be et by a characterization of the parameter
that conservatively accounts for residual uncertainties. Low confidence
indicates that resolution of design and performance issues is not strongly
influenced by the parameter and that the goal should be met by a best estimate
of the parameter, based on limited data. Medium confidence is used for param-
eters of intermediate importance.

Investigations performed to satisfy the data requirements ill produce
information that will also be used by the Postclosure Tectonics Program
(8.3.1.8), and conversely, investigations performed by that program will
provide information that will be used in the preclosure tectonics program.
The postclosure tectonics program requires information on (1) current
seismicity, to help evaluate tectonic processes, including the presence of
magma bodies; (2) the potential for earthquake ground motions, to support
evaluations of the stability of underground facilities; (3) the potential for
fault displacement, to support evaluations of possible disruption of waste
packages and to support evaluations of possible changes in the hydrologic
environment; and (4) tectonic stress and rate of tectonic deformations, to
support evaluations of possible changes in the hydrologic environment. The
postclosure tectonics program will supply information on the potential for
local volcanic eruptions to support the preclosure tectonics program in the
characterization of such events. Technical considerations of the information
contained in Tables 8.3.1.17-1 through 8.3.1.17-6 are discussed in the next
section, on the approach to satisfying the performance and design
requirements.

Approach to satisfying performance and design requirements

Ceneral methodology

The approach that has been developed to satisfy performance and design
requirements is based on current knowledge and uncertainties about the local
tectonic environment, and consideration has been given to state-of-the art
capabilities for resolving or bounding the effects of these uncertainties.
The design and characterization parameters that will be used to satisfy
performance and design requirements are listed in Tables 8.3.1.17-1(b) through
8.3.1.17-6(b).

For each data requirement presented in the tables, one or more character-
ization parameters have been identified to serve as the technical basis for
satisfying the requirement. The tables also present current estimates for the
characterization parameters (where available and quantifiable) along with
assessments of the current confidence in these estimates and the confidences
needed to satisfy the data requirement. Differences between the current and
needed confidence for each characterization parameter provide a measure of the
remaining amount of work that is required to finalize the result. The last
column of Tables 8.3.1.17-1(b) through 8.3.1.17-6(b) lists the key studies or
activities that will be providing results for each characterization parameter,
and the corresponding section numbers where descriptions of these studies and
activities are provided. The technical considerations summarized in these
tables are discussed below.

8.3.1.17-25
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The tectonic Characteristics of the site will be investigated in suffi-
cient scope and detail to provide reasonable assurance that the processes are
understood and that the characterization parameters re determined with the
confidences specified in Tables 8.3.1.17-1 through 8.3.1.17-6. The investiga-
tions will use data from a variety of sources, including scientific literaure,
current and historical seismicity, geologic taps, logs from boreboles and
surface trenches, gravity surveys, aeromagnetic and paleomagnetic observa-
tions, seismic reflection and refraction profiles, and aagnetotelluric
soundings.

The planned approach is to use both deterministic and probabilistic
methods for analyzing the effects of tectonic events during the preclosure
period. The deterministic approach will be used to model cause-and-effect
mechanisms and to develop particular tectonic event scenarios in greater
detail than is typically provided by probabilistic aethods. In addition, all
final results for volcanic, faulting, and ground-motion events will be
evaluated using probabilistic methods () to ensure that adequate considera-
tion is given to the full range of potential tectonic processes and to their
associated uncertainties, and (2) to help identify those processes that are
key to characterizing the geologic hazards at the site.

Using the deterministic approach, results (e.g., ground motions) will be
determined for specific events that are postulated to occur (e.g., an earth-
quake or an underground nuclear explosion). Judgment is required for postu-
lating the specific source events to ensure adequate conservatism. The
deterministic approach will be used to establish ground-motion conditions to
be considered in the next phase of design (advanced conceptual design) and, if
appropriate, in the final design. This approach is suited to the determina-
tion of detailed ground-motion conditions that would likely be produced by
postulated earthquakes and underground nuclear explosions (UNEs), including
the amplitude and duration of shaking over the frequency band relevant to
design. Because source events that will be postulated are not likely to
change as more refined fault data become available, the resulting motions are
expected to provide a stable basis for use in design.

The probabilistic approach will be used to characterize the range of
possible seismic-source interpretations as cnstrained by contemporary
knowledge about the local tectonic framework, including uncertainties. In
addition to the cause-and-effect relationships basic to the deterministic
approach, the probabilistic approach facilitates consideration of the full
range of potential source events (e.g., earthquakes of varying magnitude and
distance) in conjunction with probability estimates that the various source
events will occur (e.g., spatially varying recurrence relationships for
earthquakes of varying magnitude) nd probability estimates that a particular
outcome will result from the various source events, assuming they do occur.
The probabilistic approach will explicitly quantify the effect of including
uncertainty in interpretations on the estimated seismic hazard.

The current plan is to apply probabilistic methods for evaluating
adequacy of deterministic final results. These methods will also be useful
for constraining the technical judgments required for postulating determin-
istic source events and to help focus field investigations on the resolution
of those conditions most relevant to satisfying the performance and design
requirements. Probabilistic methods will also be used to provide input for
the assessment of risk of accidental release of radionuclides.
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Review of the local tectonic environment

Consideration of local faults with evidence of movement during the
Quaternary period (about the lst 2 million years) is essential to the
characterization of the potential for fault displacement and vibratory ground
motions at the site of repository facilities. Fault data that are prti-
cularly relevant to the characterization approach are reviewed here; more
detailed information is presented in Section 1.3.2.2.2.

Figure 8.3.1.17-2 shows north-trending faults with evidence of Quaternary
movement on both the east and west side of Yucca ountain. Midway alley, the
proposed location of the waste handling facilities on the east side of Yucca
Mountain, is bounded to the east and west, respectively, by the Paintbrush
Canyon and Bow Ridge faults. The Solitario Canyon fault passes just west of
the proposed underground facilities, and the Windy Wash fault lies few
kilometers farther to the west. The Chost Dance fault, on the east side of
the repository block, may not have moved in the Quaternary, but evidence
confirming this has not yet been obtained.

It is possible that other faults in the site area have experienced
movement during thl Quaterjary period. (The site area is defined here as the
rectangular 237 km (91 m ) area encompassing the central Yucca Mountain
block and its structural and physiographic boundaries (Fortymile Wash, Yucca
Wash. Solitario Canyon, and the Stagecoach Road fault.) These faults include
the northeast-trending Stagecoach Road and Rock Valley faults and postulated
detachment faults (the Rock Valley fault, outside the area shown in figure
8.3.1.17-2, is discussed in Section 8.3.1.17.4.4). The approach discussed
here for evaluating faulting and ground motion potential is intended to
include conservative characterizations of such faults. As yet unidentified
Quaternary faulting is particularly likely at the southern extent of the site
area, as discussed subsequently.

The Paintbrush Canyon, Bow Ridge, Solitario, and Windy Wash faults show
evidence of normal dip-slip movement along surfaces that dip steeply to the
west (see Figure 1-32 of Section 1.3.2.2.2). The lengths of these faults have
not been precisely determined, either because their projected trace is
obscured by late Quaternary deposits without recognized geomorphic expression
of the faults, or because potential linkages between discrete faults segments
have not been unambiguously established. However, on the basis of published
mapping, the length of the Paintbrush Canyon Fault is inferred to be 17 to
31 k, the Bow Ridge fault 10 to 19 k, the Solitario Canyon Fault 1 to 17
km, and the Windy Wash Fault 6 to 19 km (Table 1-8, Section 1.3.2.2.2). The
Paintbrush Canyon Fault could be longer than the estimate given 'above if it
links at its southern end to the Stagecoach Road Fault (see Figure
8.3.1.17-2).

Quaternary deposits are demonstratably offset by the faults at scattered
localities along their trace. Preliminary study of the faults at a few of
these localities, using trenching and dating of offset Quaternary deposits,
indicates that reliably dated middle-to late Quaternary soils have been offset
by dip-slip movement on the faults at rates up to approximately 0.01 cm/yr.
Uncertainty in slip-rate values exists due to uncertainty in the age of soil
layers, particularly ash layers. Slip-rate values will have to be revised if
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new age dates become available. Lateral offset of Quarternary deposits that
indicate a strike-slip component of fault movement have not been recognized
but cannot be ruled out on the basis of available data.

The Paintbrush Canyon fault, which dips under Midway Valley, is parti-
cultrly important for evaluating the potential for future vibratory ground
motion at the proposed site of the waste-handling facilities. Considering the
length and nature of this fault, It could have been the source of moderate
earthquakes ( 6 1/2) in the past, although such events would appear to be
rare based on the low rate of ovement. Assuming the Quaternary rate of
displacement for the Paintbrush Canyon fault is about 0.01 a/yr, the re-
currence time between magnitude 6 1/2 earthquakes on this fault should be
about 50,000 yr (Slemmons and Depolo, 1986). If larger-tagnitude earthquakes
were postulated for this feature, their recurrence times would be longer.
Long recurrence intervals appear to be typical of the local faults (Sections
1.3 and 1.5). Whitney et al. (1986) have estimated the recurrence interval
between faulting events on the Windy Wash fault to be about 70,000 yr.
Further investigations will be performed to test this conclusion.

The Bare Mountain fault, about 18 km west of Midway Valley, appears to be
a more likely source of a moderate earthquake than the local faults (Section
1.4.2). Dated displacements presented in Table 1-8 indicate that this fault
appears to be over ten times as active as the local faults. Thus, the Bare
Mountain fault may be a significant contributor to probabilistic assessments
of future ground motions at the site. Also, this fault, which dips eastward
and southeastward (along its northern extent), ay be tectonically linked at
depth to the local faults (which dip to the west) ia a detachment fault or
graben structure.

The east-west spae.ing between adjacent local faults, illustrated in
Figure 8.3.1.17-2, is less than their mapped lengths, and less than the 10 to
15 km thickness of the seismogenic zone found in this area (Section 1.4).
The close proximity of the local faults suggests the possibility of inter-
connections at depth, most notably betwee. the Paintbrush Canyon and the Bow
Ridge faults, which appear to converge near their southern extent. One
important hypothesis is that the local north-trending faults flatten with
depth and merge into a detachment fault that dips gently to the west (See
Section 1.3.2). Another possibility that must also be considered is that the
local faults cntinue downward at a steep dip through the seismogehic zone
with possible interconnections at intermediate depths. Until such uncertain-
ties are resolved, the evaluation and characterization of potential ground
motion and faulting at the site ust allow for alternate interpretations of
the local tectonics.

Considerations of volcanic activity

A volcanic eruption within close proximity to the repository facilities
could be highly disruptive. Current estimates described in Section 1.5.1.2.3
indicate that the probability of such an event is well below that considered
to be significant for the preclosure time period. Additional work will be
conducted under the postclosure tectonics program (Investigation 8.3.1.8.1)
to develop increased confidence in the probability estimates for a local
eruption.
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Significant deposition of volcanic ash on the surfaee of the repository
could temporarily disrupt operations. However, the nearest silicic olcan-
ism during the Quaternary is at the margins of the Great Basin (Crowe et aI.,
1983b). A thousand-year ashfall event will be characterized, but because of
the considerable distances and infrequent occurrences, the event is not
expected to be a significant design factor.

Tables 8.3.1.17-1(a) and 8.3.1.17-2(a) show information on ash fall
thickness and particle size distribution for the design of ventilation
systems for the surface and underground facilities, respectively. Analyses
will be conducted using data already available in the literature
(Investigation .3.1.17.1). Probabilistic ethods will be used to
characterize the results.

Consideration of fault displacement

As noted previously, faults with evidence of Quaternary displacement are
present in the site area, and the possibility exists that additional,
undetected faults ay also be present. Significant displacement on a fault
or along a distributed zone of faulting immediately adjacent to repository
facilities could disrupt operations and damage facilities. Performance and
design issues require characterization of the potential for fault displace-
ment at the proposed site for surface facilities that are considered impor-
tant to safety (Table 8.3.1.17-3(a)) and at the location of the underground
facilities (Table .3.1.17-4(a)). Currently, the waste handling facilities
are the only facilities considered to be important to safety (Section 6.2).

Faulting considerations are particularly important for establishing a
suitably stable site for the waste handling facilities, currently planned for
Midway Valley. The concern is for avoiding relative displacement at the base
of the structural foundation in excess of a few inches; smaller displacement
is not expected to cause serious damage. The primary goal expressed in
Table 8.3.1.17-3(a) is to demonstrate, with a high degree of confidence, that
there is less than a one-percent chance of exceeding 5 c of fault displace-
ment at the site of the waste handling facility in 100 yr.

This goal. which establishes the aximum allowable annual probability
for exceeding cm of fault displacement at 10 /yr, appears to be consistent
with safety considerations for this and other types of facilities. For
example, comparable and higher annual probabilities have been found to be
acceptably conservative for the seismic designs of nuclear power plants to
withstand vibratory motions (Reiter and Jackson, 1983). While this
comparison is not analogous in several respects, the risk resulting from
fault displacements in excess of 5 cm at the site of the waste handling
facilities is probably less than the risk resulting from vibratory ground
motions that exceed the design basis for a nuclear power plant, and therefore
the comparison does provide a useful check on the acceptance goal for
faulting.

Another useful comparison can be made with criteria used to identify
repository structures. systems, and components considered important to
safety. Importance to safety is established if the probability of failure is
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greater than 10~I/yr and if the failure would lead to radiation exposures of
0 5 rem or greater at or beyond the restricted area (Draft, Methodology for
Formulating a List and the Applications of raded Quality Assurance to a
UCDS, April, 1986). The annual probability that failure of this magnitude
would result from faulting is expected to be less than 10 /yr for a site in
which the annual probability for c of displacement is less than 10 /yr.
This line of reasoning indicates that the goal for siting the waste handling
facilities provides adequate safeguards to avoid areas of potentially
significant faulting.

Additional field data are needed to achieve the required high degree of
confidence in the determination of faulting probabilities. This need is
indicated in Table 8.3.1.17-3(b) in which the current confidence in the
values of the characterization parameters is considered to be low and the
needed confidence is generally high.

Significant faulting is sometimes accompanied by sympathetic displace-
ment at other locations. The first consideration then is to identify and
characterize those faults within 5 km that could have significant impact on
faulting at the proposed site. Ceomorphic and other evidence that a Quater-
nary fault might trend toward Midway Valley in the vicinity of the site will
be evaluated and characterized. Additional information will be obtained on
the properties of the Paintbrush Canyon fault, which dips under the east side
of Midway Valley. to evaluate the possibility of it becoming listric at
shallow depth. Midway Valley will be carefully examined for geomorphic
evidence of faulting, and trenching may be required to confirm the existence
of suspected faults at distances up to one kilometer or more from the
proposed site.

The most important data for constraining the possibilities for faulting
at facilities important to safety are expected to come from extensive field
investigations in the immediate site vicinity. Geologists will work with
engineers in siting the waste-handling facilities to ensure that adequate
stability is provided with respect to the possibility of faulting. Preliti-
nary surveys may include small test pits or trenches to evaluate the strati-
graphy and the possibility of previous local faulting. One or more trenches
will be excavated across the site (or adjacent to the site) and extended to
the east and the west beyond the proposed boundaries of the waste handling
building, as needed. It is anticipated that these exploratory trenches will
intersect surficial units that were deposited at least 100,000 yr ago (based
on the results of mapping by Swadley et al., 1984). Cross Section -B' in
Scott and Bonk (1984) indicates that the alluvium of Midway Valley varies in
thickness from zero meters at Exile ill on the west side of the valley, to
an undetermined amount in the valley center, to about 50 in borehole UE-25
WTIS near the Paintbrush Canyon fault on the east side of the valley.

Data on potentially significant faults in the area and data obtained in
the immediate vicinity of the proposed site will be evaluated to estimate the
annual probability for experiencing 5 cm of displacement at the site of the
waste-handling facilities. This analysis will consider possible effects of
known and unknown faults. Displacezeqt amplitudes will also be estimated for
annual probabilities ranging from 10 to 10- per yr for use in risk
assessments.
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Faulting conditions for underground facilities will also be evaluated.
The primary issue here is that significant fault displacement could disrupt
normal operations or impede execution of the option for waste retrieval.
Possible release of radionuclides due to fault displacement in the under-
ground facilities is considered too implausible during the preclosure period
to be a significant issue (See SCP-CDR (SNL, 1987).

The first requirement presented in Table 8.3.1.17-4(a) is to identify
and characterize late Quaternary faults within close proximity of the pro-
posed underground facilities. This requirement is to aid in developing the
layout and design of underground facilities. The second part of the table
notes that current data provide low to moderate confidence that two such
faults exist; namely, the Bow Ridge fault and the Solitrio Canyon fault.
Further work is required to provide added confidence that there are no
additional late Quaternary faults in this area.

A further requirement is presented in Table 8.3.1.17-4(a) to identify,
characterize. and locate at the repository horizon any fault with greater
than a one-percent chance of displacing ore than 7 t in the area of waste
emplacement during the preclosure period. This requirement is to ensure
viability of the waste-retrieval option. Less than 7 cm of fault displace-
ment is not expected to significantly impact normal retrieval operations
because the diameter of the waste package will be about 7.6 cm smaller than
the diameter of the emplacement hole (See Section 8.3.2.6). Larger displace-
ments might bind or shear the waste packages thereby creating off-normal
conditions for waste retrieval.

Assuming a preclosure period of 100 yr, the requirement just discussed
is to identify, characterize, and locate at depth any fault passing through
the area of waste emplacement that has an annual probability greater than
l0 '/yr for displacing more than 7 cm. Assuming event recurrences are random
in time, the average rate of4slip for such a fault would need to be consider-
ably larger than 7 cm per 10 yr (i.e., 0.007 mm/yr) to account for excess
displacement from events that produce less than and tore than 7 cm. Accord-
ingly, the screening criterion presented in Table 8.3.1.17-4(b) for locating
faults in the underground, an average Quaternary slip rate greater than 0.005
mm/yr, provides considerable margin with respect to requirements presented in
the (a) part of this table.

As noted above, the Bow Ridge fault and the Solitario Canyon fault are
late Quaternary faults within close proximity to the proposed underground
facilities. The Bow Ridge fault crosses the planned access ramp that enters
the repository block from the east. The rate of Quaternary displacement for
the Bow Ridge fault is not well constrained. owever, assuming the rate of
activity is similar to other faults in the area, long recurrence intervals
between faulting events would be expected. For example, Whitney et al.
(1986) have identified four faulting sequences within about 270,000 yr on the
Windy Wash fault, giving an average recurrence interval of about 70,000 yr
between faulting events (Section 1.3.3.3.3). Preliminary estimates, assuming
the local Quaternary faults have a similar rate of activity, indicate that
the annual probability for exceeding.I0 cm of displacement on faults such as
the Bow Ridge fault is about 1 x 10 /yr (URS/Blume, 1986). Additional field
investigations will be conducted to develop ore information about the
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characteristics of this fault, particularly with respect to its Quaternary
rate of activity. Design measures are being implemented to minimize possible
fault-induced damage and to facilitate rapid repair in the unlikely event
that movement should occur on this fault during the preclosure period.

The western boundary of the underground facilities will extend to the
proximity of the Solitario Canyon fault, which is known to have Quaternary
displacement. As with other local faults, the probability for experiencing
significant displacement during the preclosure period appears to be well
below that required by considerations for waste retrieval. Additional
investigations will be conducted to further constrain fault characteristics,
particularly the possibility of extension of the Solitario Canyon fault into
the repository block.

Analyses will be performed to estimate the total probability for
experiencing significant fault movement anywhere in the underground
facilities during the preclosure period. These estimates will consider
possible effects from known and unknown faults in the area.

Consideration of vibratory ground motion

Repository facilities will be designed and constructed to withstand the
effects of vibratory ground motions. Conventional standards will be used for
most facilities; however, more conservative design measures will be used for
those facilities considered important to safety, specifically the waste
handling facilities. Thus, the requirement is to determine ground-motion
characteristics for consideration in the design of facilities important to
safety.

Performance and design requirements for characterizing the potential for
vibratory ground motion are presented in Table 8.3.1.17-5(a). The design-
basis ground motions are to be characterized over the frequency band relevant
to facilities important to safety (from 0.5 to 33 z) such that there is less
than a 10-percent chance for being exceeded during 100 yr. Accordingly, the
design basis motions are to have an annual exceedance probability less than
10 /yr, which translates to an average recurrence period greater than 1,000
yr. This goal appears to be consistent with the level of conservatism used
for other facilities with important considerations for safety.

An important precedent is provided by nuclear power plants where annual
probabilities for exceeding the design-bisis motions have been found to be on
the order of 10 /yr to 10 /yr for several operating plants (Reiter and
Jackson, 1980). Based on estimates presented in the SCP-CDR (SNL, 1987), the
risk associated with ground motions in excess of the design basis for the
waste handling facilities appears to be substantially less than that for a
nuclear power plant, suggesting that ample conservatism is provided by the
stated goal.

Based on current understanding of design needs, the approach that has
been developed here uses both deterministic and probabilistic methods to
their best advantage. The role of the deterministic approach is primary. It
provides the level of detail needed by design engineers in the characteri-
zation of ground motions. The probabilistic approach provides a logical,
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structured procedure for integrating the range of possible earthquakes that
contribute to the ground-motion hazard at the site. This capability will be
used to guide, test, and ubstantiate the deterministic analyses. Sensi-
tivity analyses will be performed using probabilistic methods to evaluate the
effect of uncertainties on the ground motion potential. Results from these
analyses will be used to help focus field investigations toward refinement of
those seismic parameters that most strongly influence gound-motion potential
at the site. In addition, probabilistic methods will be used as needed to
provide input for the assessment of risk of accidental release of radio-
nuclides.

Vibratory ground motions at the site can result from natural earthquakes
on local and regional faults, and from underground nuclear explosions (UNEs)
detonated at the Nevada Test Site. Preliminarf analyses indicate that, for
recurrence intervals over 1,000 r, the ground motions resulting from natural
earthquakes will exceed those from potential UNEs URS/Elume, 1986; SCP
Section 1.4.2). uch of the discussion to follow on the current approach for
developing design-basis ground motions focuses on issues of natural earth-
quakes. The deterministic methods that will be applied for analyzing ground
motions from UEs parallel, in most respects, those described for dealing
sith natural earthquakes.

The ground-motion potential near Yucca ountain differs considerably
from that in uch of California where a major portion of the relative plate
motions are being accommodated, and also from that in the true plate interior
regions of the idwestern and eastern U.S. There is an abundance of faults
local to the site, but their rate of movement appears to be low. On the
basis of fault data and historical seismicity, severe earthquakes are
probably not as common in the vicinity of Yucca Mountain as in the more
active regions surrounding much of the Great Basin.

To adequately characterize the local earthquake hazards, some of the
terminology and procedures used in characterizing potential ground motions
elsewhere are being refined to meet the needs of a waste repository. For
example, in the determination of design ground motions for some types of
critical facilities, professional practice has been to define maximum earth-
quake magnitudes with the understanding that a larger earthquake magnitude
may be possible, although very unlikely. This practice is being made more
explicit for characterizing this site. In particular, exceptional earth-
quakes will be identified for consideration in repository design. An excep-
tional earthquake is tentatively defined here to have a recurrence time of
about 10,000 yr and be at or near the best-estitate for the maximum
magnitude. A detailed discussion of the exceptional-earthquake concept is
provided in the description of Activitiy 8.3.1.17.3.1.2.

An important advantage of this refinement is that an exceptional earth-
quake magnitude, being associated with a particular recurrence interval, can
be determined with greater confidence than a true maximum magnitude. Because
large earthquakes occur infrequently, few observational data are available
for calibrating the maximum seismogenic potential of individual faults. This
is particularly true for faults of the type found in the southern Great
Basin, where recurrence intervals for large earthquakes appear to range from
about 10,000 to 100,000 yr (see Section 1.4.2). Therefore, conventional
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methods for determining maximum earthquake magnitudes from the physical
characteristics of local faults appear to be subject to larger uncertainties
than for the core active faults associated with plate motions. Use of
slip-rate data (to constrain recurrence times) in conjunction with more
conventional fault data provides added assurance that adequately conservative
assessments of the local seismogenic potential will be accomplished.

The planned procedure for characterizing ground motions at the site from
exceptional earthquakes is as follows: First, the active surface faults and
potentially active fracture zones at depth that could produce locally severe
ground motions will be identified Second, exceptional earthquakes, as
defined previously, will be determined. Third, controlling earthquakes will
be identified as those exceptional earthquakes that produce the most severe
motions at the site. The resulting vibratory ground otions will then be
characterized by a suite of representative time histories and response
spectra that have been scaled to the magnitudes and distances of the
controlling earthquakes and modified, as needed, to account for the effects
of local site geology. A suite of representative strong-motion records may
be needed for more tan one controlling earthquake, to cover the possibility
that different source regions could control ground motions at the site in
different frequency bands.

To characterize potential ground motions from UNEs, a similar procedure
will be followed. First, the possible locations and upper limits on the
yields of future UEs at the TS will be identified. With this information.
the maximum UNEs with respect to generating ground motions at the site will
be determined. If the resulting site ground-motion estimates are comparable
to those for the controlling earthquake sources, the UNE ground motions will
be further characterized by a suite of representative time histories and
spectra.

Preliminary evaluations of potential earthquake sources in the vicinity
of Yucca Mountain have identified several local faults as long as 20 km or
more. If, as is currently planned, the waste handling facilities were
located on Midway Valley, the controlling source would appear to be the
north-south trending Paintbrush Canyon fault, which bounds Midway Valley on
the east. The closest approach of the Paintbrush Canyon fault to the pro-
posed site of the waste handling facilities is about one kilometer. This
fault may be capable of producing a moderate earthquake (M about 6.5) with a
recurrence interval greater than ten thousand years. Site characterization
will determine which fault or faults control the ground motion at frequencies
within the range of engineering interest.

Because the annual probability for the controlling earthquake is
expected to be low (less than about 10-4 for the Paintbrush Canyon fault),
and because the components required to contain radioactive materials within
the waste-handling building can be expected to survive ground motions more
severe than those used for design, ample conservatism can be achieved by
using the most probable motions from the exceptional earthquake(s) on the
controlling earthquake source(s) as the basis for seismic design. Proba-
bilistic calculations will be performed to test and verify that the resulting
ground motions exceed the thousand-year estimate frox the combined hazard
from natural earthquakes and underground nuclear explosions
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Interrelationships of preclosure tectonics investigations

The interrelationships of the investigations in the preclosure tectonics
site characterization program are shown in Figure 8.3.1.17-1. There re
three analysis and assessment investigations that correspond to potentially
disruptive volcanic activity, fault displacements# and vibratory ground
motion, respectively. These three investigations are designed to provide the
required characterization parameters. A fourth investigation comprises a
number of data collection and synthesis activities that support one or more
of the three analysis and assessment investigations.

8.3.1.17.1 Investigation: Studies to provide required information on
volcanic activity that could affect repository design or
performance

Technical basis for obtaining the information

Link to technical data chapters and applicable support documents

The following SCP sections provide a technical summary of existing data
relevant to this investigation:

SCP
section Subject

1.3.2.1 Volcanic history
1.5.1 Volcanism
1.8.1.3.1 Significant results
1.8.1.3.2 Discussion of significant results
1.8.X.5.1 Significant results

Parameters

This investigation will provide the following characterization
parameters related to potential ash fall at the site from diStal silicic
volcanic centers (see Tables 8.3.1.17-1(a), -1(b), -2(a), and -2(b)):

1. Probability of ash fall at the site s a function of ash-fall
thickness.

2. Expected ash-fall thickness at the site in a 1,000-yr period.

3. Potential ash-fall particle densities and size distributions.

Investigation 83.1.8.1 (direct releases resulting from volcanic
activity--postclosure) will provide the following characterization parameters
related to the potential for a basaltic volcanic eruption at the site (Table
8.3.1.8-1): 
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1. Location and timing of volcanic events near the site.

2. Evaluation of structural controls on the occurrence of basaltic
magmatise.

3. Presence of magma bodies in the vicinity of the site.

4. Effects of Strocbolian eruptions.

S. Effects of hydrovolcanic eruptions.

Purpose and objectives of the investigation

Two types of olcanic hazards that could credibly affect preclosure
repository performance will be caracterized: (1) ash fall from distal
silicic volcanic centers in the western Great Basin and (2) a basaltic
volcanic eruption at the site. Ash fall is being addressed under preclosure
tectonics because of its potential impact on surface and subsurface ventila-
tion systems (dust filters). However, the study of basaltic volcanism in the
site region will be conducted under the postclosure tectonics program
(Section 8.3.1.8), because the probability of basaltic volcanism at the site
is greater over the longer postclosure time frame. The probability of a
basaltic volcanic eruption at the site during the preclosure period will be
estimated there. No studies are planned of potential ilicic volcanism in
the site region because a silicic volcanic eruption at the site is not
considered a credible event (Section 1.5.1).

The characterization parameters related to ash fall are being provided
to that the filtration systems of the surface-facility and mining ventilation
systems can be designed to accommodate potential ash falls at the site. The
characterization parameters related to basaltic volcanism are intended to
provide assurance that the probability of a volcanic eruption at the site is
acceptably low (i.e., as interpreted here, less than one chance in 10,000 in
100 yr).

Technical rationale for the investigation

A logic diagram for the investigation of preclosure volcanic activity is
presented in Figure 8.3.1.17-3. The potential for ash falls at the site from
distal silicic volcanic centers will be addressed in Study 8.3.1.17.1.1.
Since much work has already been published on silicic volcanism in the
region, data will be compiled primarily through a literature survey in
Activity 8.3.1.17.1.1.1. For the western Great Basin, locations of silicic
volcanic centers, rates and volumes of past eruptions, tephra dispersal
patterns for past eruptions, and tephra particle-size distributions in past
eruptions will be compiled. The ash-fall potential at the site will be
assessed by assuming that silicic volcanic eruptions are a stationary random
process and, hence, that observed Quaternary rates and distributions can be
projected into the future.

8.3.1.17-37
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The potential ash-fall thickness at the site will be assessed in
Activity 8.3.1.17.1.1.2 and expressed in terms of the characterization
parameters listed in Tables 8.3.1.17-1(a), -(b), -2(a), nd -2(b) A
probability-versus-thickness function will be estimated, and a particular
ash-fall thickness that has less than one chance in 10 of occurring in 100 yr
(i.e., a reater-than-1.000-yr ashfall) will be estimated for consideration
in the design of mining and surface ventilation systems. The potential
particle density and particle-size distribution of an ash fall at the site
will be assessed in Activity 8.3.1.17.1.1.3.

The potential for a basaltic volcanic eruption to directly disrupt the
repository is being addressed in Investigation 8.3.1.8.1, under postclosure
tectonics. The probability of a basaltic eruption penetrating the repository
will be estimated in Study 8.3.1.8.1.1, and the potential geologic effects of
such an eruption on the site will be assessed in Study 8.3.1.8.1.2. Te sup-
porting activities and data requirements for these two studies are indicated
in the logic diagram for Investigation 8.3.1.8.1 (Figure 8.3.1.8-3).



HQ/BUFF/RE .0
044-8.3.1.17/#130 ra T
12-Aug-87/ss DRElFTr
8.3.1.17.2 Investigation: Studies to provide required information n fault

displacement that could affect repository desig or performance,

Technical basis for obtaining the information

Link to the technical data chapters and applicable SCP support documents

The sections of the SCP data chapters that sum=arise existing data
relevant to this investigation are as follows:

SCP
section Subject

6.1.4 Surface structures, systems, and componebts
considered important to safety

1.3 Structural geology and tectonics

1.5 Long-term stability with respect to tectonics
and geologic processes

Parameters

This investigation will compile or develop the following characteri-
zation parameters related to the potential for fault displacement beneath
surface facilities considered important to safety (see Tables 8.3.1.17-3(a)
and -3(b)):

1. Identification and characterization of potentially significant
Quaternary faults within 5 km of facilities important to safety
(FITS).

2. Identification and characterization of faults within 100 of FITS
that have apparent Quarternary slip rates > 0.001 m/yr or that
measurably offset materials that are less than 100,000 yr old.

3. Estimated total probability of exceeding 5 c displacement beneath
FITS. considering known faults, possibly concealed faults, and
tectonic interrelationships among local faults.

The following characterization parameters related to the potential for
underground fault displacement in areas of emplaced waste will also be
compiled or developed in this investigation (see Tables 8.3.1.17-4(a) and
-4(b)):

1. Surface locations of faults in the repository block that offset
Quaternary aterials by core than I a or Tertiary rocks by more than
100 .

2. Surface and subsurface locations of any faults that intersect
prospective underground facilities and that have average Quaternary
slip rates greater than 0005 am/yr.

8.3.1.17-42
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3. Estimated total probability of exceeding 7cz displacement on any
fault in the the area of emplaced waste, considering known and
possibly concealed faults and the tectonic interrelationships among
local faults.

Purpose and objectives of investigation

The siting objective vis-a-vis potential surface faulting is to avoid
fault displacement in excess of a few inches beneath the structural founda-
tions of surface facilities considered important to safety. The corres-
ponding goal of this investigation, expressed in Table 8.3.1.17-3(a), is to
demonstrate, with a high degree of confidence, that there is less tan a one
percent chance of exceeding cm of fault displacement beneath surface
facilities important to safety during the preclosure period (approx. 100 yr).
(A discussion of the reasonableness of this goal is provided in the overview
of this section.)

The primary concern regarding faulting in the underground facilities
during preclosure is that waste packages might be sheared or become jammed in
their waste-emplacement boreholes, making retrieval more difficult and time
consuming than it otherwise would be. The corresponding goal (see Tables
8.3.1.17-4(a) and -4(b)) is to demonstrate ith a moderate degree of
confidence that there is less than a ten percent chance of exceeding 7 c of
fault displacement in es of emplaced waste in 100 yr, considering all
faults that cay intersect these areas. (A displacement of 7 cm is the
minimum value at which the sides of a faulted waste-emplacement borehole
would be expected to contact a waste package.) No single fault with the
potential to exceed this goal is currently thought to exist, but if such a
fault is identified, an attempt will be made to determine its location
underground for consideration in the positioning of waste-emplacement
boreholes.

Technical rationale for investigation

A logic diagram for the investigation of preclosure fault displacement
is presented in Figure 8.3.1.17-4.

The potential for surface faulting at locations of surface facilities
important to safety (FITS) will be assessed in Activity 8.3.1.17.2.1.1 and
expressed in terms of the characteritation parameters listed in Table
8.3.117-3(b). The most important information pertaining to potential fault
displacement beneath FITS is expected to come from detailed geologic mapping
of alluvial deposits in Midway Valley and from exploratory trenching in the
immediate vicinity of prospective surface FITS. Exploratory trenches are
expected to intersect surficial units that are at least 100,000 yr old. Any
faults that measurably displace units less than 100,000 yr old and any faults
found to have Quarternary slip rates exceeding 0.001 mm/yr (10 c/100,000 yr)
will be indentified.

Because significant faulting is sometimes accompanied by sympathetic
displacements in adjacent areas, information on fault7-zone widths and
recurrence of movement on Quaternary faults within km of surface FITS will

8.3.1.17-42
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also be analyzed. Of particular interest for any such fault will be any
evidence of concealed extensions that may trend toward Midway Valley and the
sites of prospective FITS.

The probability of exceeding 5 cm displacement n any fault beneath
prospective surface FITS will be estimated in Activity 8.3.1.17.2.2.1,
considering, in addition to the information cited previously, the tectonic
interrelationships between local faults, the possible existence of concealed
faults, and the potential for the surface trace of a fault to change
locations from event to event. The goal is to locate the surface FITS in an
area where there is less than a one percent chance of exceeding 6 c of
displacement in 100 yr, with high confidence. Any site without faults having
apparent Quaternary slip rates greater than 0.001 nm/yr and faults that
measurably offset materials less than 100,00 yr old is expected to meet this
goal conservatively, even if an undetected component of strike-slip motion
exists that is as large s the measured dip-slip components.

The potential for displacement on faults that intersect underground
facilities will be assessed in Activity 8.3.1.17.2.1.2; the corresponding
design parameters and characterization parameters are listed in Tables
8.3.1.17-4(a) and -4(b).

To meet the design-parameter goal of identifying and characterizing
significant late Quaternary faults in the repository block, the locations of
faults with more than 1-c offset of Quaternary materials, or with more than
100-c offset of Tertiary rocks, will be determined. Current data provide
low-to-moderate confidence that only two such faults exist, namely the Bow
Ridge and Solitario Canyon faults. Further work will be performed in Study
8.3.1.17.4.6 (Quaternary faulting within the site area) to provide added
confidence that there are no additional significant late-Quaternary faults in
the repository block.

A second design-parameter goal is to identify, characterize and locate
within the waste-emplacement area any fault with more than a one percent
chance of producing displacement greater than 7 cm during the preclosure
period. Faults with slip rates less than 0.005 mm/yr would be very unlikely
to exceed this threshold (see overview discussion of the preclosure tectonics
site program in this section), and current data indicate that, with moderate
confidence, no faults with Quaternary slip rates greater than 0.005 =/yr
exist in the repository block. Further work will be performed in Study
8.3.1.17.4.7 to achieve a moderate-to-high level of confidence in this
finding.

Information on particular Quaternary faults in the repository block,
data on the regional spacing and rate of movement of Quaternary faults, and
interpretations of tectonic interrelationships among local faults will be
synthesized in Activity 8.3.1.17.2.1.2 to estimate a total probability of
exceeding 7 cm displacement on faults that intersect areas of emplaced waste.
This work is expected to corroborate the current assessment that, with
moderate confidence, the total probability of exceedifig 7 cm displacement in
100 yr on any fault in the area proposed for waste emplacement is less than
one percent.

8.3.1.17-44
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8.3.1.17.3 Investigation: Studies to provide

vibratory ground motion that could
performance

required information on
affect repository design or

Technical basis for obtaining the information need

Link to the technical data chapters and applicable support documents

Sections 1.3, 1.4. and 1.5 of the SCP data chapters provide a technical
summary of existing data relevant to this investigation.

Parameters

This investigation will provide the following characterization
parameters related to potential vibratory ground motion t the site from
natural and man-made seismic sources (see Tables 83.1.17-5(a), -(b), -6(a),
and -6(b)):

1. Identification of potential earthquake sources in the controlled
area.

2. Identification of earthquake sources within 100 km of the site that
could be relevant to the site (i.e., that could conceivably control
the design-basis ground motions at the site in any frequency band of
engineering significance).

3. Magnitudes of exceptional' earthquakes on local earthquake sources.

4. Magnitudes of exceptional' earthquakes on regional earthquake
sources.

Exceptional earthquakes are tentatively
that are at or near the mximum magnitude for
have average recurrence times of about 10,000
8.3.1.17.3.1.2.

defined here to te earthquakes
a particular source and that
yr; see discussion of Activitiy
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5. Maximum potential yields of future underground nuclear explosions
(UNEs) at the TS.

6. Closest distance between the site and potential future NEs at NTS.

7. Ground-motion models/attenuation relationships for the site region
(i.e., athematical models for predicting the-values of ground-
motion parameters as a function of the distance from and the
strength of the earthquake or UNE source).

8. Spectral amplification functions that represent the effects of local
site geology on surface seismic motions and the effects of depth on
underground seismic motions.

9. Identification of controlling seismic events--those exceptional
earthquakes and/or potential largest and closest UNEs that would
generate the most severe ground motions at the site in any frequency
band of engineering significance, taking into account any local-
geologic or depth effects on the ground motion.

10. Time histories and response spectra that are representative of
potential ground motion at the site from the controlling seismic
cvent(s).

11. Magnitude-recurrence relationships for all regional earthquake
sources that could contribute to the earthquake hazard at the site.

12. Probabilities of exceeding selected ground-motion parameters at the
site, developed through probabilistic eismic hazard analysis.

Purpose and objectives of investigation

The purposes of this investigation are to (1) develop a seismic-design
basis for repository facilities that are important to safety, and (2) provide
other information that will facilitate the assessment of the adequacy of the
seismic-design basis and the identification of credible accidents that might
be initiated by seismic events and lead to release of radioactive materials.
The seismic-design basis will account for both the potential occurrence of
earthquakes on nearby faults and potential future underground nuclear
explosions at the Nevada Test Site.

The planned methodology for developing the seismic-design basis is, as
is discussed in detail below, intended to result in design levels such that
the probability of the design level being exceeded is comparable to typical
exceedance probabilities for the seismic-design bases of operating nuclear
power plants in the Uniled States ji.e., annual probabilities of exceedance
on the order of I x 0 to 1 x 10 ) On the basis of information presented
in the SCP-CDR (ShL, 1987) the potential radiological consequences of
seismically induced damage appear to be less severe at the prospective
repository than at a nuclear power plant. Thus, seismic-design levels with
equivalent exceedance probabilities are expected to result in a lower risk of
radioactive releases due to seismic events from the repository than from a
typical nuclear power plant.

8.3.1.17-50
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Although this investigation i motivated by the need to develop a
seismic-design basis and other information related to the design of facili-
ties important to safety (FITS), the resulting design-basis ground-motion
descriptions also may be considered i the design of other repository
facilities. (Presently, only components of the waste-handling facilities are
considered potentially important to safety; See Sandia National Laboratory
report SND86-1965C.) Current plans call for the FITS eismic-design basis
to be considered also in the design of underground facilities (Information
Need 4.4.1, site and performance assessment information needed for design,
Section 8.3.2.5.1).

The approach that is currently considered appropriate for developing a
seismic design basis is deterministic, meaning that the design-basis ground-
motion description will correspond to the postulated occurrence of a discrete
seismic event or events (e.g., the occurrence of an earthquake of specified
magnitude on a particular fault). This type of approach parallels that used
to develop the seismic design bases of all nuclear power plants in the United
States. In addition, probabilistic estimates of the seismic hazard at the
site will b developed that integrate individual contributions to the site's
ground-motion potential from earthquake sources at different distances and
with different earthquake recurrence characteristics. The probabilistic
seismic hazard estimates will be used to evaluate and constrain required
technical judgments in the deterministic approach, evaluate the adequacy o!
the deterministic results, and help ientify and focus efforts to refine
those parameters that are most important for the deterministic calculations.
The probabilistic haza.d estimates will also provide input needed to deter-
mine credible accidents that re applicable to the repository (Information
Need 2.3.1, Section 8.3.5..1).

In summary, probabilistic seismic hazard estimates will be an important
adjunct to the deterministic estimates that will be developed for considera-
tion in the seismic design of FITS. A discussion of the reasons for using
deterministic and probabilistic methodologies in this fashion is given in the
Overview section for this investigation.

Technical rationale for investigation

Exceptional earthquakes are tentatively defined here to be earthquakes
that are at or near the maximum magnitude for a given earthquake source and
that have average recurrence times of about 10,000 yr (see detailed
discussion in descriptiuon of Activity 8.3.1.17.3.1.2). Controlling seismic
events are those exceptional earthquakes and/or potential largest and closest
UNEs that would generate the most severe ground motions at the site in any
frequency band of engineering significance. The seismic design basis for
FITS will be suites of ground-motion time histories and corresponding
response spectra that are representative of the controlling seismic events.

A logic diagram for this investigation is presented in Figure

Study .3.13173.1 will identify and characterize earthquake sources
that could potentially be relevant to a deterministic seismic hazard nalysis
of the site, i.e.. sources that could conceivably produce exceptional

A 3 1 17-51
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earthquakes that would control the seismic-design basis in any frequency band
of engineering significance. Characterization of earthquake sources for the
deterministic hazard assessment will include a determination of each source's
location, orientation, depth, likely style of faulting, and an evaluation of
exceptional-earthquake magnitude. Here, and elsewhere, uncertainty in the
determination of input parameters will be estimated so that the sensitivity
of the final results to key assumptions can be estimated.

The identification and characterization of relevant earthquake sources
will consider the historical record of regional seismicity; the potential for
seismicity to be induced at the site by human activities; the location,
nature, and rate of Quaternary faulting in the site area; crustal stresses at
seismogenic depths; evidence of neotectonic deformation in the Yucca Uountain
area; and the overall tectonic framework of the region.

Study 8.3.1.17.3.2 will determine the potential locations and maximum
yields of future VNEs at the NTS, considering constraints such as damage
thresholds in Las Vegas. The UE(s) that would cause the most severe ground
motions at the site will then be identified using a predictive model for UNE
ground motions.

Models for predicting UNE ground motions and models for predicting
earthquake ground motions will be selected or developed in Study
8.3 1.17.3.3. Published ground-motion models for UNEs at NTS will be used
where appropriate. If published models are not available for all ground-
motion parameters needed, available data will be compiled and the needed
models will be developed through regression analyses. Earthquake ground-
motion data from the Great Basin and tectonically analogous areas will be
tested for statistically significant deviations from published earthquake
ground-motion models that have been developed for California and western
North America. If the deviations are not statistically significant, a
puLlished model will be selected. If needed, new models will be developed
through regression analyses.

Systematic effects on surface and subsurface ground motions resulting
from the local site geology will be identified and used to correct predic-
tions of the regional ground-motion models developed in Study 8.3.1.17.3.3.
These correction factors will be based, to the extent possible, on actual
ground-mction recordings obtained in Study 8.3.1.17.4.1. Theoretical models
based on the wave properties of the local geology will be developed to the
degree necessary to explain the observations to first order and then used to
extrapolate the observations to locations and depths where ground motions
must be predicted but where recordings are not available.

Identification of controlling seismic events and characterization of the
resulting ground otion at the site will be accomplished in Study
8.3 1.17.3.5. Identification of the controlling seismic events will follow
directly from the identification of exceptional earthquakes on relevant
sources in Study 8 3117.3.1, the determination of potential maximum future
UIE. in Study 83 1.17.3.2. the earthquake and VNE ground-motion models
developed an Study 8 31 17.3.3. and the local site correction factors
developed n Study 8.3.1.17.3.4.
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Controlling-event ground otions will be characterized by suites of
strong-motion time histories that are representative in terms of expected
amplitudes, frequency content, and duration. Methodologies for constructing
these time histories will be evaluated. Two different methodologies may be
implemented and the results compared to help assess the uncertainty in the
final results.

The probabilistic seismic hazard analysis of the site constitutes Study
8.3.1.17.3.6. The first step in the analysis is to identify and characterize
earthquake sources that contribute to the hazard (the probability of exceed-
ing different ground-motion levels) at the site. Sources that are more
distant and sources with smaller earthquake potential than the relevant'
sources addressed in Study 8.3.1.17.3.1 will be characterized s that
exceedance probabilities for ground-motion levels below the design-basis
levels can be estimated. (Exceedance probabilities for motions beyond the
design-basis will also be estimated.) Each seismic source will be char-
acterized as to location, depth, shape, and magnitude-recurrence character-
istics, including maximum-magnitude potential. The considerations in
characterizing the contributing earthquake sources in the probabilistic
analysis are essentially the same as those in characterizing relevant sources
in the deterministic analysis, and so the same types of data are required.

There are different methodologies available for encoding uncertainty in
seismic-source-zone interpretations and for aggregating the results of
multiple interpretations in a probabilistic seismic hazard analysis. The
advantages and disadvantages of available ethodologies will be assessed
before an approach is chosen.

A probabilistic eismic hazard analysis of the site is expected to be
performed concurrently with the deterministic analysis and repeated one or
mmre times, wth detail increasing as ore data become available. The
sensitivity of estimated hazard to various input parameters is easy to assess
within the probabilistic framework, and the preliminary analyses will help to
identify the parameters of greatest importance to both the probabilistic and
deterministic analyses: this information wll be used to re-direct and focus
the characterization activities. The calculated probabilistic hazard levels
will also be used to help assess the adequacy of the deterministically
derived design-basis ground motions. As was stated earlier, a measure of
adequacy that s adopted here is that the nnual probability of the design-
basis ground motions being exceeded is 1 to 10 per year. which is the
range of probabilities that appears to correspond to seismic-design bases
that have been accepted for nuclear power plants in the United States.
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8.3.1.17.4 Investigation: Preclosure tectonics data collection and analysis

Technical basis for obtaining the information

Link to technical data chapters and applicable support documents

The following SCP sections provide a summary of existing data relevant
to this investigation:

Section Subject

1.3.1 Tectonic framework
1.3.2 Tectonic history
1.4.1 Seismology of the southern Great Basin
1.4.2 Seismology of Yucca Mountain
1.5.1 Volcanism
1.5.2 Faulting
1.5.3 Vertical and lateral crustal movement
1.8.1 Summary of significant results

Parameters

Information to be provided by the studies under this investigation
include the following:

1. Catalog of historical earthquake occurrence times, locations, and
magnitudes.

2. Analysis of potential for UNEs, ining activity, or reservoir (Lake
Mead) impoundment to induce seismicity near the site.

3. Recordings obtained at the site and at other locations in the
southern Great Basin of ground motions from earthquakes nd UNEs.

4. Geological and geophysical evidence of large-scale Quaternary
faulting within 100 km of the site and of smaller-scale Quaternary
faulting in the site area.

8.3.1.17-69
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S. Analysis of the seismogenic potential of detachment faults in the
site area.

6. Evaluation of crustal stresses at seismogenic depths in the site
region.

7. Morphologic and orphometric analysis of neotectonic deformation in
the site region.

8. Ceodetic and survey evidence of recent crustal movements in the site
region.

9. Synthesis of tectonic processes acting in the site region
(development of tectonic models).

Purpose and objectives of investigation

The primary purpose of this investigation is to provide data and
analyses that are required by Investigation 8.3.1.17.2, assessment of fault
displacement that could affect repository design or performance, and
Investigation 8.3.12.17.3, assessment of vibratory ground motion that could
affect repository design or performance (refer to logic diagrams for these
two investigations, Figures 8.3.1.17-4 and 8.3.1.17-5). The limited data
collection and analysis that is required by Investigation 8.3.1.17.1,
volcanic activity that could impact the repository, will be performed within
that investigation (Figure 8.3.1.17-3).

Technical rationale for investigation

The data-collection-and-analysis studies have been aggregated under this
fourth investigation for two reasons. uch of the information that will be
provided by the data-collection-and-analysis studies is needed for more than
one assessment. For example, 'information on Quaternary faulting near the
site is germane to both the faulting- and the ground-motion potential at the
site. Also, most of the studies are most naturally organized around a
geological problem, the solution of which may require a broader focus than
the repository site itself. All studies are intended to contribute to the
resolution of design or performance issues, even though the linkage may
sometimes be indirect for studies that have a broad focus, such as the
evaluation of tectonic models (Study 8.3.1.17.4.12).


