o o/

Department of Energy
Washington, DC 20585

AUG 28 1387

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

PDR UWASTE :

8709070350 870828 }
WM-14 - - - PDR |

Celebrating the U.S. Constitution Bicentennial — 1787-1987

Vo

— e e L e e



D

£

-2 -

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) .

Sincergly,

James rector
Siting// Licensing _A&nd Quality
Assyyance Division, Office of
CivilYan 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 PLAN STRATEGIES

Lag 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 NNWS1 Project spproach 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

I. Introduction DOE
(20 minutes)

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 NRC/State
I1. Site Characterization Overview DOE
(1 hour)

A. Requirements imposed by the regulations

B. Compliance with the regulations

— Open Time (Caucus)-- All
(30 minutes)
-=- Discussion and Comments All
{1 hour)
111. Geologic Setting of Yucca Mountain DOE
{1 hour)

A. Geologic overview
B. Neotectonic deformation

C. State of Stress
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1v.

V.

vi.

D.

Tectonic models and their relationship to the

site

Discussion and Comments—

Open Time (Caucus)——

Site Characterization Plan for Preclosure

Tectonics

A, Scope and organization of preclosure
tectonics site ipvestigations

B. Faulting (surface and underground)

C. Ground motion (surface and underground)

D. Volcanic ash feall

Discussion and Comments——

September 23, 1987

Site Characterization Plan for Postclosure

Tectonics

A,

Scope and organization of postclosure
tectonlics

B. Disruption o the repository by velcanic
eruptions

C. Disruption of waste packages by faulting

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

— Discussion and Cozment--

~- Open Time (Caucus)

Conclusion

A. Synopsis of presentations

B. Restatement of purpose of presentations

C. Future NRC-DOE interactions relating to

tectonics

All
(1 hour)

All
(30 ninutes)

DOE
(1 hour)

All
(1 hour)

DOE
(1 hour)

All
(1 hour)

All
(30 minutes)

DOE
(20 minutes)
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8.3.1.8 Overview of the/{ectonxcs prograzm: 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
volecanic 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 tising 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 sagza bodies in the
vicinity of the site
8.3.1.8.1.1.4 Activity: Probability calculations and

o GO nt

assesspent

8.3.1.8.1.2 Study: Effects of a volcanic eruption penetrating

the repository
8.3.1.8.1.2.1 Activity: Effects of strombolian eruptions
8.3.1.8.1.2.2 Activity: Effects of bydrovolcanic eruptions
8.3.1 8.1.3 Application of results
8.3.1.8.1.4 Schedule and milestones
R.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 and events i
8.3.1.8.2.1.1 Activity: Assessment of waste package rupture
due to igneocus intrusion
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: Assesszent of waste package rupture
due to faulting
8.3.1.8.2.1.5 Activity: Assessgent of postclosure ground
potion in the subsurface
8.3.1.8.2.1.6 Activity: Nature, age, and rate of folding and
deformation in the repositorY horizon
£8.3.1.8.2.1.7 Activity: Assesspent of waste package rupture
due to folding and deformation
8.2.2 Application of results
8.2.3 Schedule and milestones
8.3 Investigation: Studies to provide inforsation
required on changes in unsaturated and 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 rates
over the repository

8.3.1.8.2.1.

*

8.3.1.
8.3.1.
8.3.1.

8.3.1.8.3.1.1 Activity: Asonual probability of veolcanic or
igneous events in the controlled area

8.3.1.8.3.1.2 Activity: Assesspent 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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s 8.3.1.8.3.1.4 Activity: Effects of faulting on average flux
rates
8.3.1.8.3.1.5 Activity: Assessment of the effects of faulting

on flux rates

8.3.1.8.3.1.6 Activity: Uplift rates ic 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
proceeses and events on changes in water-table
altisude
8.3.1.8.3.2.1 Activity: Therzal and barrier-to-flow effects
of igneous intrusions on water-table
altitudes
8.3.1.8.3.2.2 Activity: Assesspent of the effects of igneous
k intrusions on water-table levels
3 8.3.1.8.3.2.3 Activity: Assessment of the effect of strain .
changes on water-table altitude el
8.3.1.8.3.2.4 Activity: Assessment of the effect of folding, *
uplift, or subsidence on water-table altitude
£.3.1.8.3.2.5 Activity: Effects of faulting on water-table
altitudes
8.3.1.8.3.2.6 Activity: Assesszent of the effects of faulting
on water-table sltitude
1 8.3.1.8.3.3 Study: Analysis of the effects of tectomic pro-
cesses and events on local fracture permeability

and effective porosity

£.3.1.8.3.3.1 Activity: Assesspent of the effects of igneous
intrusions on local fracture perseability and
effective porosities

8.3.1.8.3.3.2 Activity: Assessment of the effects of faulting
on local fracture permeability and effective
porosities

£8.3.1.8.3.3.3 Activity: Assessment of the effects of stress
or strain on hydrologic properties of the rock
pass

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
£.3 1.8.4.1 Study: Analysis of the effects of tectonic
processes and events on rock geochemical
properties
£.3.1.8.4.1.1 Activity: Assesspent of the change in rock
geochemical properties due to igneous intrusions

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

£.3.1.8.4.1.3 Activity: Assesspent of the effects of fault

offset on travel pathway

.4.1.4 Activity: Assesspent of the degree of ~
pineralogic change in the controlled area
resulting from tectonic change in water-table
levels

o

8.3.1.
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' .2 Application of results DRAFT

8.3.1.8.4

8.3.1.8.4.3 Schedule and milestones

8.3.1.8.5 Investigation: Stdies to provide information
required by the analysis and assesspent
investigations of the tectonies program

£.3.1.8.5.1 Study: Characterization of volcanic

ieatures

8.3.1.8.5.1.1 Activity: Volcanism 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

8.3.1.8.56.1.5 Activity: Geochemical cycles of basaltic

volcanic fields
8.3. 1 8.5.2 Study: Characterization of igneous intrusive

features
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: Heat flow at Yucca Nountairn and

evaluation of regional ambient heat {low and
local heat flow anomalies

8.3.1.8.5.3 Study: Investigation of folds in Miocene and
younger rocks of region
£.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
A performance and design requirements
8.3.1.17.1 Investigation: Studies to provide
information on volcanic activity that could
affect repositary design or performance
£.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 Great 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 nilestones
8.3.1.17.2 Investigation: Studies to provide
inforpmation 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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.1.17.2.1.2 Activity: Assess the potential for

displacecent on faults 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 inforpation on vibratory ground
motion that could affect repository design
or perforpance
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 earth-
quakes for relevant seisnogenic sources
B8.3.1.17.3.2 Study: Underground puclear explosion
(Uﬂé) sources
8.3.1.17.3.2.1 Activity: Detercine the range of
UNE sources
8.3.1.17.3.2.2 Activity: Deterzine gaximua UNE
source(s) *
8.3.1.17.3.3 Study: Ground motion from regional
earthquakes and UNEs
8.3.1.17.3.3.1 Activity: Select or develop
eepirical models for earthquake ground
gotions
8.3.1.17.3.3.2 Activity: Select or develop
espirical models for UNEs
£.3.1.17.3.4 Study: Effects of local site geology
on surface and subsurface motions
8.3.1.17.3.4.1 Activity: Deterzine site effects
from ground-motion recordings
8.3.1.17.3.4.2 Activity: MNodel site effects using
the wave properties of the local geology
8.3.1.17.3.5 Study: Ground motion at the site {ros
controlling seiszic events
8.3.1.17.3.5.1 Activity: Ildentify controlling
seismic events
8.3.1.17.3.5.2 Activity: Characterize ground
gotion from the controlling seispic events
£.3.1.17.3.6 Study: Probabilistic seisaic hasards
analyses
8.3.1.17.3.6.1 Activity: Evaluate earthquake
sources
8.3.1.17.3.6.2 Activity: Evaluate ground sotion
probabilities
8.3.1.17.3.7 Application of results
8.3.1.17.3.8 Schedule and nilestones
8.3.1.17.4 lInvestigation: Preclosure tectonics data
collection and analysis
8.3.1.17.4.1 Study: Bistorical and current
seispicity
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 seisaicity 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 sppropriate trench
locations in Widway Valley
8.3.1.17.4.2.2 Activity: Conduct expleratory trenching
in Nidway Valley
8.3.1.17.4.3 Study: Quaternary fasulting within 100 ks
giﬁYiccs Mountain, including the Valker @
oe "
8.3.1.17.4.3.1 Activity: Evaluate crustal structure
and subsurface expression of Quaternary faults
in an east-west transect crossing the Furpace
Creek fault zone, Yucca Mountain, and the
Walker Lane
8.3.1.17.4.3.2 Activity: Evaluate Quaternary faults
within 100 ke of Yucca Nountain
8.3.1.17.4.3.3 Activity: Evaluate the Cedar Mountain
earthquake of 1033 and its bearing on wrench
tectonics of the Walker Lane within 100 ko of
the site
8.3.1.17.4.3.4 Activity: Evaluate the Bare Mountain
fault sone
8.3.1.17.4.3.5 Activity: Evaluate structural doesains
and characterigze the Yucca Nountain region with
respect to regional patterns of faults and
fractures
8.3.1.17.4.4 Study: Quaternary faulting proximal to the
site within northeast-trending fault sones
8.3.1.17.4.4.1 Activity: Evaluate the Rock Valley
fault systen
8.3 1.17.4.4.2 Activity: Evaluate the Nine Mountain
fault systes
.3.1.17.4.4.3 Activity: Evaluate the Stagecoach Road
fault zone
8.3.1.17.4.4.4 Activity: Evaluate the Cane Spring
fault systes
8.3.1.17.4.5 Study: Detachzent faults at or proximal
to Yucca Nountain _
8.3.1.17.4.5.) Activity: Evaluate the significance of the
Miocene-Paleozoic contact in the Calico Hills
ares to detachsent faulting within the site
area
8.3.1.17.4.5.2 Activity: Evaluate postulated detachment faults
in the Beatty-Bare Nountain area
8.3.1.17.4.5.3 Activity: Evaluate the potential relationship
of segabreccia within and south of Crater Flat
to detachment faulting
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5.4 Activity: Evaluate postulated detachment
faults in the Specter Range and Cazp Desert
Rock areas

5.5 Activity: Evaluate the age of detachment

faults using radiometric ages

.8 Study: Quaternary faulting within the

o
(7]
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.17,
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site area

.6.1 Activity: Evaluate Quatersary geology and

potential Quaternary faults at Yucca Nountain

.6.2 Activity: Evaluate of age and recurrence of

povexent on suspected and known
Quaternary {aults

.7 Study: Subsurface geometry and concealed exten-

® oo o oo
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sions of Quaternary faults at Yucca Nountain

.7.1 Activity: Evaluate intermediate depth

(te 2 to 3 ka) reflection and refraction methods .‘5'
and plan potential application of these sethods ¢
within the site ares

Activity: Detailed gravity survey of

the site area

Activity: Detailed aeromagnetic survey

of the site area

Activity: Detailed ground magnetic survey

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

.7.8 Activity: Evaluate methods to detect

buried faults using gamma ray measurements, and
plan potential application of these methods
within the site area

.7.7 Activity: Evaluate thermal infrared methods

and plan potential applications of these
sethods within the site ares

.7.8 Activity: Evaluate shallow seismic reflection

(nini-sosie) methods and if appropriate
conduct surveys of selected structures at
and proxizal to the site area

.8 Study: Stress field within and proximal

.17,
17,

.17,

to the site area

.8.1 Activity: Evaluate present stress

field within the site area

.8.2 Activity: Evaluate and test shallow borehole

hydrofrac and triaxial strain recovery methods
for the detergination of in situ stress, and if
appropriate, plan potential application of
these methods within and proximal to the site

.8.3 Activity: Evaluate published and

unpublished data on palecstress orientation at
and proximal to the site and assess the
relevance of vhese data to Quaternary
tectonics




8.3.1.17.

8.3.1.17.

.8.4 Activity: Evaluate theoretical stress
distributions associated with potential tectonic
settings (wrench fault, noreal fault, detachment
fault setting, etc.) of the site

.9 Study: Tectonic geomorphology of the

8.3'1.17'

8.3.1.17.

8.3.1.17.

Yucea Nountain region

9.1 Activity: Evaluate age and extent of
tectonically stable areas at and near Yucca
Mountain

9.2 Activity: Evaluate extent of areas
of Quaternary uplift and subsidence:at
and near Yucca Nountain

.9.3 Activity: Evaluate variations in the nature and
intensity of Quaternary faulting within 100 kn
of Yucca Mountain through morphometric and
porphologic analysis’

.10 Study: geodetic leveling

.10.1 Activity: Relevel base-station network,
Yucca Nountain and vicinity

.10.2 Activity: GPS survey selected base stations,
Yucca Nountain and vicinity

.10.3 Activity: Analyze existing releveling data,
Yucca Nountain and vicinity

.11 Study: Characterization of regional lateral

8.3.1.17.

crustal govement
.11.1 Activity: Analyze lateral component of
crustal sovesent based on bistoric faulting,
seismicity, and trilateration surveys
.12 Study: Tectonic models and synthesis

8.3.1.17.
8.3.1.17.
8.3.1.17.
8.3.1.17.
8.3.1.17.

-l

.12.1 Activity: Evaluate tectonic processes and
tectonic stability at the site

.12.2 Activity: Evaluate tectonic models

.12.3 Activity: Evaluate tectonic
disruption sequences

.13 Application of results

.14 Schedule and milestones

DRAFT
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8.3.1.8 Overview of the postclosure tectonics program: Description of
future tectonic processes and events reguired by the performance and
design issues

Suezary of performance and design requirements for postclosure tectonics
inforpation

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

1. Data on the probability and effects of potentially significant
tectonic release-scenario classes addressing both anticipated and
unanticipated conditions that are needed for perforpance 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 requirepents for knowledge of site-
specific tectonic conditions in design concepts for the geometry,
layout, and emplacement borehcle 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 bave been designed to parallel the
interpediate performance peasures and initiating events defined in Sections
8.3.5.13 and 8.3.2.2. Iovestigation 8.3.1.8.3 (tectonic effects on hydro-
logy) has been further subdivided into three separate intermediate perfor-
pance measures because of the number of performance parameters that have been
identified by lIssue 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 progran., 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 investigationms.

Tables £.3.1.8-1 through 8.3.1.8-6 list the favo;able and potentially

adverse conditions on which data is required for the resolution of Issue 1.8
and the perforsance measures, interpediate performance measures and

8.3.1.8-1
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Table 8.3.1.8 1(a). [Investigation 8.3.1.8 1

Studies to provide information required on direct

releases resulting from volcanic aclivity
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Table 8.3.1.8-1(b). Investigation 8.3 1.8.1 - Studies Lo provide information required on direct

releases resulting from volranic activity (page 1 of 2)
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Table 8.3.1.8-2(a).
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Table 8.3.1.8 2(b). Investigation 8 3.1.8.2

waste pa-kages Jue to Lectonic events (page | of 2)
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Table 8.3.1.8 3(a). Investigation 8.3.1.8.3 Studirs to provide information required on changes in
unsaturated and saturated zone hydrology duer to tectonic events (Study 1)

alteration of average percolation flux) (page 1 of 2)
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Table 8.3.1.8-3(a). Investigation 8.3.1.8.3

Studies to provide information required on changes in

unsaturated and saturated zone hydrology due to tectonic events (Study 1;
alteration of average percolation flux) (page 2 of 2)

—_—— i ———— — - S o i+ - ¢ e

Potentinlly adverse

Favorable

SCP section conditson addressed condilion addreseed
requesting (10 CPR 80 122(c)) {10 CTR 60 2214)) Taatioting
parpoeter (Section 8 3 5 17) (Sectron 8 3 S 17) event
4. N 1, 8(s) Paldong changes
dip of tull bads
cootrollied orea
theredy mignifa
contly changing
sverage flus
3, 6,101,118 1, ) Uplift we ovbei
deace chonges
or drainage

theredy signifi-
cantly changing
soerage flea

- —— . . —— e . S - S————— —————

Intersedinte
Perlnrmance perfornsnce Perfornance
seasere Coal aesswre Coal parasetler
e i RS
Erry <«

Sane se sbove Sase aa sbove Probability of chang-

ing dip by > 2° »

10,000 pr by
folding
Ssne 20 pbere  Sene e Swse 20 sheve  Ssee na sbove Probabiliny of
shove

esceeding 0 »

alevation change in
10,000 pr

P2YPY + espectied partia) perferesace seasure (vee Section £ 3 8 13)

14vi0




Table 8.3.1.8 3(b).

Investigation 8.3.1.8.3 - Studies Lo provide information required on changes in
unsaturated and satural.ed zone hydrology due Lo tectonic events (Study 1; alter:
ation of average percolation flux) (page 1 of 2)
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Table 8.3.1.8 3(b).

Investigation 8.3.1.8.3

Studies to provide information required on changes in

unsaturated and saturaled zone hydrology due to tectonic events (Study 1; alter-
ation of average percolation [lux) (page 2 of 2)
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Table 8.3.1.8 4(a). Investigation 8.3.1.8.3
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Table 8.3.1.8 4(b). Investigalion 8.3.1.8.3 Studies to provide information required on changes in
unsaturated and saturated zone hydrology due to tectonic events (Study 2; changes

in water table elevation) (page | of 2)
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Table 8.3.1.8 5(a) Investigation 8 31 R 3 Studiex Lo provide inlorsation required on changes in
unsaturated and s<aturated zone hydrology due to tectonic events (Study X; alter
ation of rock properties along significant travel paths).
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Studies to provide information required on changes in

unsaturated and saturated zone hydrology due to tectonic events (Study 3; alter
ation of rock properties along significanl travel paths)
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Table 8.3.1.8 6(b). Investigation 8 3 1 8.4  Studirs to provide information required on changes in

rock gerochesical properties resulting from tectonic processes (page 1| of 2)
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performance parameters on which dsta is required by Issue 1.1 and Issue 1.11.
Each table is linked to a specific performance or intermediate performance
peasure identified by Issue 1.1 or 1.1] and a specific postclosure tectonics
prograz 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 1.11 that are related to the performance measure or intermediate
perforpance 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 esticvates 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 2
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
systen 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 tectenic
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 progran 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 may start to become significant in
performance calculations and is intended to provide guidance to the tectonics
progran on the level of accuracy or precision required in the progranm's
analyses. The intermediate performance measures and the scenario classes to
which they belong are further described in Section £.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 progran 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 10,000 yr may be difficult. Evaluation of
these probabilities are 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 060 are pot
explicitly addressed in the tables because it has been determined that no
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additional data are needed to make the higher level findings of 10 CFR Part
060 over that required to resolve Issue 1.1 (total system performance,
Section 8.3.5.13) and Issue 1.8 (10 CFR Part 60, NRC siting criteria, Secticn
8.3.5.17). Detailed discussion of the 10 CFR Part 060 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 8.3.5.13-16 in Issue 1.1
and the requirements of Issue 1.11 (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 parameters. 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, perforpance parameter goals are intended to provide
guidance on the level of accuracy or precision required in addressing the
perforpance parameter rather than indicating anticipated results or levels at
which total system performance objectives would not be met. 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 peasure and intermpediate performance measure are
satisfied. These judgments combine a e~reideration 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
systen performance calculation being conmsidered, 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 as item of
information necessary to prepare the analysis called for in the performance
parameter. Characterization paraseters 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 btased on these data. The
sixth and seventh columns provide a judgment 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
nucHer, 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 iz to have one activity associated with each
initiating event whose role is to prepare a report that provides an assess-
pent of that event. The assessvent will address the performance paraneters
associated with the ipitiating event and provide an overview of the prob-
ability of significant changes in existing conditions that could affect

-
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radionuclide release rates resulting froe the tectonic process being consi-
dered. The report will provide the basis for deciding bov the initiating
event will be treated in repository perforsance assesspent calculations. The
data presented in Chapters 1 and 4 indicate that several of the initiating
events (e.g., those related to uplift, folding, and geochezical changes) can
be considered as non-credible in repository release calculations. In these
cases, the reports prepared by this prograas will document this conclusion
using existing data or bounding calculaticns, and little or no additional
data will be gathered to directly address these initiating events.

Approach to satisfy perforsance and design requiresents

Both the NRC technical criteria (10 CFR 60.2 and 10 CFR 80.122) and the
DOE siting guidelines (10 CFR 080.4-2-7) require that prediction of future
tectonic processes and events be determined from projections based on an
exazination of these processes and events during the Quaternary. The NNWS]
Project, therefore, irtends to base its analysis of perforzance measures on a
projection of Quaternary rates of tectonic processes on geologic structures
at and proximal to the site.

This progras also supplies data for the resclution 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 characteriged and 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) (1) (ii)(B): °*For the purpose of deterrining the presence of the
potentially adverse corditions, investigations shall extend from the surface
to a depth sufficient to determine critical pathways for radionuclide
sigration frow the underground facility to the accessible envirocaent.
Potentially adverse conditions shall be investigated outside of the
controlled area if they affect 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
perforeance paraneters. Before each data gathering activity begins, the
related performance parameters will be evaluated to determine if currently
available data are sufficient to satisfy the parameter with the required
level of confidence. If the perforsance parameter has been satisfied, then
further studies will not be undertaken (Figure 8.3.1.8-2). If the paranmeter
has not been satisfied, then the feasibility of planned or potential activ-
ities will be evaluated to deteraine if the activities will reasccably
increase the level of confidence i1n the paraneters that describe the process
or not. If it is not {easible to increase the level of confidence, then no
additiona] studies will be performed and the site performance will be evalua-
ted on the basis of available data. The data gathering activities identified
in the analysis and assessaent investigations will be undertaken if they are
found to provide the additional dats or confidence necessa*y to resolve the
perforpance paraseter.
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Varicus data are used to sake the projections of sctonic processes and
events into the future, including earthquake observations, fault measure-
ments, geologic mapping, drillxng. gravity and magnetic surveys, and other
geophysical data. Alternative interpretations of the data will be explored
and evaluated with respect to implications for reposzitory performance. These
pultiple interpretations will be refined to the extent necessary to establish
the degree of confidence in the paraseter characterization that is specified
by the interpediate performance seasure goals and performance paraseter goals
(Tables 8.3.1.8-1 through 8.3.1.8-8).

Five investigations have been identified under the postclosure tectonics
progran. The first four investigations are related to the six intermediate
perforpance seasures in Tables 8.3.1.8-1 through 8.3.1.8-8. The studies and
activities connected with these investigations provide the analysis and
interpretation necessary to evaluate the site againgt the performance para-
peter. These analysis activities also identify the type and level of detail
of the data necessary for the resolution of the performance paraaeter.
Because the analysis and interpretation activities for different perforsance
parazeters repeatedly call for the sane type of data, data gathering activi-
ties are grouped separately under a {ifth investigation that feeds data as
required to the analysis activities associated with the performance and
characterization parameters. The interrelationships asong the investigations
in this progras are shown in Figure 8,3.1.8-1. Nuch of the data required to
resolve this issue will be colle:ted by activities associated with other
prograzs. These activities and the data they are required to provide are
identified in the investigation descriptions and in their accompanying logic
diagrass.

Studies for Investigation 8.3.1.8.1 will provide the analyses to satisfy
the performance paraseters related to direct releases resulting froa volcanic
activity. These performance parazeters address the initiating event related
to the direct intrusion of pagma into the repository or potential explosive
episodes (hydrovolcanisz) that may result from such intrusions which could
directly result in releases to the accessible environnent. As discussed in
Sections 1.3 and 1.5, basaltic velcanive is considered the only credible
scenario for igneous intrusion in the controlled area during the postclosure
time peried. Preliminary calculations of the probability of basaltic
volcanism (Section 1.5.1.2.3) iodicate that this type of igneous xctigity cay
fall into the range of unanticipated events (greater than between 10 © and
10" annual probability). The performance goal assumes that annual
probabilities of occurrence for this type of event are independent of time
(Poisson recurrence gode]l) and sets for a goal that thic_}ype of event will
rezain unanticipated with a high level of confidence (10 annual probabilicy
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
volcanise in the site area and to use these data to calculate more detailed
probabilistic assessments of the potential for basaltic voleanisa
intersecting the repository or occurring in the controlled area. The
possibility that the occurrence of volcanisz is oot randos over the region,
but controlled by geologic structures or other factors will also be con-
sidered in the assesspent. A second part of the strategy will be an assess-
pent of the effects on a repository of Strombolian or hydrovelcanic eruptions
" that penetrate the repository.
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Investigation £.3.1.8.2 will provide the analyses to resolve the
perforpance measure related to the failure of waste packages due to tectonic
events. Structural deforsation resulting fros tectonic processes such as
faulting (including detachoent faulting), upliftc, subsidence, or folding
could adversely affect the effective lifetize of the waste packages in
containing the waste. If deformation was found to be sigpificant enough that
the requirements for waste package performance could not be met, the changes
required in repository geosetry say be such that the repository would no
longer be able to accommodate the specified volume of waste (70,000 WIVU).

The goal (Table 8.3.1.8-2) for the performance measure is derived {roe the
considerations discussed in Section 8.3.4.2. Section 8.3.4.2 sets design
goals for rock-induced loads to the waste package. One goal states that less
than 0.5% of the waste packages will be breached by anticipated tectonic
processes and events that say occur during the first 1,000 yr. This level is
designed to be compatible with the overall goal for waste package perforsance
from all nodes of failure of less than § percent in 300 yr and less than 20
percent in 1,000 yr. (Section 8.3.5.9). The level of confidence for the
perforcance goal was set so that exceedance of the goal would be an
unanticipated event.

The first initfating event considered under this intermediate perfor-
mance zeasure is the possibility of igneous activity such as the intrusion of
a dike or an explosive hydrovolcanic event which could lead to waste package
failure (Table 8.3.1.8-2). The nunber of waste packages affected by a
disruptive event such as a hydrovolcanic eruption has not been estimated.

The performance paraseter goal was get to have the penetration of the repo-
sitory in 1,000 yr by igneous intrusions be an unanticipated event because
wvaste package disruption scenariocs only need to consider anticipated events.

The second initiating event considers thz effect of fault displacement
on waste package integrity. A value of & ca was selected as the performance
paraseter at which fault displacesent becomes significant over a 1,000-yr
period because at this value it is estimated that the 7.6-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 sight result in waste package failure.

The sirategy for demonstrating that faulting will not lead to signifi-
cant waste package failure in 1,000 yr will be to locate and characterize
Quaternary faults in and proximal to the controlled area. Because these
faults (such as ¥Windy Wash and Paintbrush Canyon (Section 1.3.2.2.2)) have
very low slip rates, it is anticipated that the devonstration can be gade
that the occurrence of § ca of displacement in 1,000 yr on even these longer,
gore significant faults is a very low probability event. The characteristics
of the known Quaternary faults in the area will be coapared to those of the
faults that penetrate the repository block to demonstrate that these szaller
faults are such less likely to support a slip rate coaparable te the larger
faults in the area. A second part of the strategy will be to estisate the
nuzber of waste packages a throughgoing fault would intersect in the reposi-
tory. Using the foraula of Link et al. (1082) to estisate the basard posed
by faulting, a randoaly oriented fault would intersect nine to ten waste
packages out of an inventory of 18,000 waste packages in a 510 ba repository.
This type of analysis will be used tc demonstrate that significant
displacexent would have to occur oo several faults to create failures on aore
than 0.5 percent of the waste package inventory.
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The third initiating event considers the possibility that high rates of
folding operating over a 1,000-yr period could result in sufficient waste-
esplacegent borebole deforsation to lead to waste package failure. The per-
formance parazeter goal was selected so that, if the goal is met, then
bending of waste esplacement boreholes by folding or deformation due to
digfributed shear of gore thans § co will not he a credible event (less than
107" annual probability). The value of § cm for the goal for borebole defor-
pation was also selected on the basis of a substantially reduced air gap
around the waste package. The strategy for desonstrating compliance with the
perforpance parameter goal will be to demonstrate the absence of significant
folding in the repository horison during the last 10 million yr.

Regional uplift and subsidence are not considered credible processes
that could lead to waste package failure. The only conceivable mechanisz by
which uplift could lead to waste package failure iz for extreme uplift rates
to occur, which could lead to the exposure of waste packages to erosionmal
processes. This initiating event is considered separately in Investigation
8.3.1.6.3.

Investigation 8.3.1.8.3 addresses the effects tectonic processes gay
have on hydrologic characteristics in the controlled area. A set of three
intermediate perforaance measures have been identified as the significant
hydrologic factors that could be adversely affected by tectonic processes and
events. The three intermediate performance measures are alteration of
average percolation flux, changes in water-table altitude, and alteration of
rock properties along significant potential travel paths (Tables 8.3.1.8-3 to
8.3.1.8-5 and Section 8.3.5.13).

The initiating events identified for the intermediate performance pea-
sure that addresses the alteration of average percolation flux are concerned
with tectonic processes that could alter flux rates such as (1) the creation
of iopoundments due to volcanic {lows 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 a
sill, and (5) a change in dip of the repository rock due to faulting or
folding. The basic strategy in addressing this intermediate performance gea-
sure will be to measure the Quaternary rate of igneous activity and tectonic
deforc ‘tion due to faulting, folding, uplift, and subsidence in the reposi-
tory area and deponstrate that these rates are low enough that the perfer-
pance parameter goal would not be exceeded in a 10,000-yr pericd.

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
potentiosetric level of confised aquifers, or the creation of perched aqui-
fers. Such changes could result in the shortening of the ground-water travel
pathway in the unsaturated gone and altered radionuclide relesse rates to the
accesgsible environment. Changes in water-table altitudes may alsc affect
hydraulic gradients and the location of discharge points. The distance froe
the repository horison to the water table is currently about 250 a. The
interpediate performance measure goal was set at s distance of greater than
100 & because it is estimated that the reduction in unsaturated zone release
rates would becope 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 (1) the creation of barriers to ground-water flow as a
result of the formation of igneous dikes, (2) offsets that juxtapose units
with differing hydrologic properties due to movement 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 perforrance measure addressing the alteration of rock
properties along significant potential travel paths is concerned with possi-
ble changes in rock properties 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 (1) 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 mass due to
episodic changes in strain due to faulting or folding (Table 8.3.1.8-5).

This intermediate perforpmance seasure 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 medeling.

Investigation 8.3.1.8.4 addresses the possibility that geochenmical
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 froz tectonic
processes and events (Table 8.3.1.8-6). The goal for this intermediate
performance measure was 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 radionuc?ides 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 perforpance measure are (1) alteration of the
country rock caused by an igneous intrusion, (2) changes in the mineralogy
along a fault zone due to changes in ground water {low 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
he to investigate the nature and extent of pineralogic changes that have
occurred in the past around dikes and faults in the area around the site.

The studies and activities that provide the data for the analyses of the
interpediate perforgance measures are collected under Investigation
8.3.1.8.5. The data-gathering studies and activities are aggregated
separately from the investigations addressing the intermediate performance
peasures because each of the intermediate performance measures tends to call
on the same data to analyze its initiating events. The separation of data-
aralysis activities froo data-gathering activities by placing thew in
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different investigations is believed to improve and clarify the logic flov in
the investigations related to the analysis of the intermediate performance
peasures and to identify more clearly the nature and level of detail of data
that nmust 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 perforcance measures 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, programe, .avestigations, favorable
conditions, and potentially adverse conditions i1s 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 contrels on igneous activity and an evaluation of the possi-
bility of magma sources underlying the sgite. 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 waste package
integrity. Data for the assessment of waste package rupture due to igneous
activity will come from Investigation B.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 frox
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 assessgent. Only
pinor studies to gather additional data on folding in the region are plansed.

Investigation 8§.3.1.8.3 will] use data ou 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 perforn 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 will be an
iterative process. The first part will be an estimation of the probability
of occurrence of tectonic processes that could affect hydrologic properties
and a characterization of the type of changes that cotld occur and the volume
of rock affected. The second part of the assessment will be hydrelogic
modeling of potentially significant changes in model parameters due to
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tectonic processes to determine the expected amount of change in the
bydrolegic intermediate performance measures. This investigation therefore
supplies the interface point needed for the integration of data between the
geohydrology and postclosure tectonics prograzm 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 froa 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 8.3.1.8-8). 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 mext 10,000 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 8.3.1.8.5 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 prograns.

8.3.1.8.1 Investigation: Studies to provide information required on
direct re'esses resulting from volecanic activity

Technical basis for obtaining the information

.Link to the technical data chapters and applicable support documents

The following scctions 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 Volcaniso
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 peasured or calculated as a result of the studies planned
to satisfy this investigation:

1. Annual probability of & volcanic eruption that penetrates the
repository.
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2. Effects of a volcanic eruption penetrating the 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
paraneters for this investigation have been identified by Issue 1.1 (Section
8.3.5.13 and Table 8.3.1.8-1). The 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. Igves-
tigations 8.3.1.8.2 through 8.3.1.8.4 will also use the results of this
investigation in their analyses of other intermediate performance measures.

4
Technical rationale for the investigation

This investigation considers the single initiating event of a 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 1.5.1,
basaltic volcanism is considered to be the only credible type cf activity to
have a possibility of occurrence in the pext 10,000 yr. Releases could occur
as the result of a dike that feeds a volcanic vent intersecting the
repository and entraining some waste. The waste could be ejected in a Strom-
bolian eruption as pyroclasts and incorporated in an ash fall and cinder
cone. As an alternative, if the ascending magma intersects a body of ground
water, a hydrovelcanic explosion could occur at depths great enough to cause
disruption of the repository. This hydrovolcanic type of eruption might
result in the ejection of waste fragments as a result of the exrlosions from
a2 tuff-ring or maar 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 apalyze the data collected by the
progran and estimate the probability of s 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 possible that the occurrence of
volcanism is not actually a completely random process but that the locatien
of volcanic vents and the probability of their occurrence can be affected 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 seromagnetic,
gravity, and seismic data. The results of these analyses will be
incorporated into the final volcanic probability assessment as 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 magma bodies will also be factored into the probabilistic
estipates.

Study 8.3.1.8.1.2 correlates with the second perforamance paraaeter
listed in the previous section and will consider the effects a basaltic
eruption could bave on repository perforcance if such an evept should occur.
Two types of eruptions have been found to be characleristic of past activity
in the region: Strozbolian and hydrovolcanic (Section 1.3.2.1.2 and 1.5.1.2).
Sufficient data have been collected on the effects of Strombolian eruptions
for an analysis of repository performance so no additional field data
gathering is planned. Additicnal data are needed on the effects of and
controls of hydrovoleanic eruptions. This study will iptegrate current and

newly acquired data ipto a format that can be used for repository perforzmance
assesspent.
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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
sunzmary of existing data relevant to this investigation:

SCP section Subject
1.3.2.1 Yolcanic history
1.3.2.2 Structural bhistory
1.4.1.5 Seismic hazard within the southern Great 3asin
1.5.1 Yolcanisa
1.5.2 Faulting
Parameters

The following performance paraseters will be measured or calculated as a
result of the site studies planped as part of this investigation:

8.3.1.8-43
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Probability of igneous {ntrusion penetrating repository.

Effects of igneous intrusion penetrating repository.

Effects on waste packages of a fault penetrating the repository.
Probability of faulticg with displacement over § ca in repositery.
Expected ground sotion at esplscesent boreboles {n §,000-yr pericd.

o o & W N e
L ] - - - . -

Rate of deformation due to folding or distributed faultieg in
repository borison.

Purpose and objectives of the {nvestigation

The purpose of this investigation is to provide the data necessary for
an analysis and assessment of repository perforsance with respect to the
possibility of tectonic processes and events affecting the lifetinme of waste
packages. The six performance parsseters listed in the previous section have
been defined to address the performance seasure identified by Issue 1.11
(Section 8.3.2.2). The types of toctonic initiating events that say affect
vaste package perforsance and that will be considered {n this analysis are
listed in Table 8.3.1.8-2. The study and activities in this investigation
will take data gathered by field studies in this and other prograas and
provide an analysis of the probability of the initiating events and their
effects on waste package performance for use by Issue 1.11 (Section 8.3.2.2)
in assessing layout and design of the underground facilities.

This investigation will also provide data on the nature of tectosic
processes operating at the site for use by Issue 1.8 (Section 8.3.5.17, NRC
siting criteria) in its analysis of {avorable and potentially adverse
conditions. The specific conditions addressed by this investigation are
l1isted in Table 8.3.1.8-2.

Parascter 8§ indicates the need for data on the ground sotion that would
be expected during the waste package lifetise. This paraseter and its
related initiating event respond to the need identified in Issue 1.11
(Section 8.3.2.2, configuration of uaderground f{acilities (postclesure)) for
such data. Issue 1.11 will use the ground aciion data to evaluate the design
of ;Igllt!llnt drifts and boreholes in order to assess their postclosure
stabilicy.

Technical rationale for the investigation

The {low of data and interconnections between activities is shown on
Figure 8.3.1.8-4. The first initiating event considered in this prograa is
the possibility that igneous intrusions penetrating the repository could
adversely affect waste package perforsance. This initiating event is sisilar
to the one considered in Investigation 8.3.1.8.1, but assumes that the
basaltic dikes or sills that might penetrate the repository do not feed
volcanic vent and do oot directly result in releases At the ground surface.
Activity 8.3.1.8.2.1.1 will address this initiating event acd satisfy
paraseters | and 2. The assessaent of this ipitiating event will be similar

8.3.1-8'“
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to that irc Investigation 8.3.1.8.1 and will use the data analyzed in that
investigation to calculate the probability of igneous intrusions penetrating
the repository. The nusber of waste packages that an intrusion might
intersect will also be calculated using data on the probable length, width,
and orientation of intrusions and curreat repository design concepts.

- The second initiating event considers the possibility that failure of
wvaste packages could occur due to s fault that intersects waste packages and
experiences of fset that is great emough to cause failure 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
injtiating event and satisfy paraseters 3 and 4. 7This assesspent 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 nusber of waste packages that a through going fault might intersect.
These activities will organize and assess data collected by Prograss 8.3.1.17
and 8.3.1.4 to characterise the pature and Quaternary activity of faults that
penetrate the repository and those faults in and near the controlled area.
Because of the scarcity of Quaternary deposits on Yucca Nountain, it may not
be possible to directly demonstrate the degree of Quaternary activity present
on 3]l the faults that potentially penetrate the repository. It is therefore
probable that the assessaent of the probability and amount of movesent eoan
these faults will be charscterised by comparison with the known Quaternary
faults in the vicinity of the site that bave a sinilar trend and sense of
eovesent. Faults such as the Paintbrush Canyon, Solitaric Canyon, and Vindy
Yash traverse areas underlain by Quaternary deposits of a variety of ages
(Secticns 1.2.2.3 sad 1.3.2.2.2) that can be used to determine the nature aad
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 all these data are collected and coordinated, an
annual probability of fault displacesent exceeding 5 ca will be calculated
for faults that aay penetrate the repository.

The second part of the assessaent will be & calculation of the number of
waste packages that a fault might intersect should a faulting event, with
sufficient offset to rupture waste packages, occur. Data will be compiled on
the length and width of fault sones, and then calculations similar to those
in Link et al. (1082) will be carried out using current repository designs to
eatisate the nuaber of waste packages that might be affected.

The third {nitiating event considers the possibility that ground motien
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
parazeter § by calculating expected ground motion values in the repository
during the lifetize of the waste packages. The performance of underground
excavations under these ground motion conditions will be evaluated separately
in Issue 1.11 (Section 8.3.2.2). In this investigation, the ground motion
estimates for preclosure design in Investigation 8.3.1.17.3 will be reviewed.
Appropriate ground potion paraseters for the postclosure time period will
then be calculated on the basis of this data.

8.3.1.8-46
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The fourth initiating event considers the possibility that folding, or
fault offset distributed across a broad gone of ainor shearing, could
sufficiently deforn the waste-explacement boreholes 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 and 6.3.1.8.2.1.1 will
address this initiating event and satisfy parazeter 6. These activities will
collect data on rates and asount of post-Niocene folding in the repository
horison by reviewing the detailed geologic and structure contour maps of the
repository horizon generated by Prograz 8.3.1.4. Rates of deformation will
then be calculated using these data, and a probability of significant waste
package failure due to deformation processes calculated. ‘ v




DRAFT

8.3.1.8.3 Investigation: Studies to srovide information required on ch;nges
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 docuaents

The following sections of the SCP data chapters provide a techaical
sunzary 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 regiae
1.6.1.2 Basaltic volcanisa B
1.5.2 Faulting

8.3.1.8-56
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SCP section Subject. UBA FT
3.6 Regional hydrogenlogic recounsissence of candidate
area and site
3.9 Site bydrogeclogic systez
Paranmeters

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

e
L]

Annual probability of volcanic events within the controlled area.
2. Effects of a volcanic event on topography and average flux rates.

3. Annual prob‘bility of significant ignecus intrusion within 0.5 kn of
the controlled area.

4. Effects of an igneous intrusion on average f{lux rates.

5. Probability of offset sore than 2 m on a fault in the controlled
ares in 10,000 yr.

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

7. Effect of faulting on average {lux rates.

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

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

10. Barrier-to-flov effects of ignecus intrusions on water-table levels
and hydraulic gradients.

11. Thersal effects of igneous intrusions on water-table levels and
hydraulic gradients

12. Probability that strain-induced cbanges will increase poteatiometric
level to greater than 850 s mean sea level (KSL).

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 off{sets sore than 2.0 & in 10,000 yr on a fault
within 0.5 kn of controlled area boundary.

15. Bffects of fault offset on water-table levels and bydraulic
gradient.

16. Rffects of igneous intrusions oo local fracture permeabilities and
effective porosities.

8.3.1.8-87
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17. Asnual probability of faulting events on Quaternary faults within
0.6 ka of controlled area bousndary.

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

10. Effects of changes of stress or strain on bydrologic properties of
the rock sass. :

Purpose and objectives of the investi‘ttion

The 190 perforaance paraseters listed above bave been identified by Issue
. 1.1 (Section 8.3.5.13 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 in existing hydrologic coaditions:

1. /.te-ation of average percolation flux over the repository.

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

3. Alt;rstlea of rock bydrologic properties along significant travel
paths.

The three studies in this investigation will provide assessments of the
l1ikelibood and magnitude of these bydrologic changes for use by Issue 1.1 in
analysing total systea performance of the repository in limiting radicnuclide
relesses to the sccessible environment. Several of the initiating events
considered in this investigation probably will bave no significant impact on
repository performance because of the very lovw rates at which the related
tectonic processes operate at Yucca Mountains (e.g., folding, uplifting, and
subsidence). It is anticipated that little or no additional data will be
required to cosplete 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

risarily of organizing and presenting existing data in order to provide the
gasi: for eliminating these initiating events from consideration during
perforaance assessaent evaluations.

This investigation will also provide data on the nature of tectosic
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 Tables 8.3.1.8-3 to 8.3.1.8-5.

Technical rationale for the investigation

The {lov of dsta and interconsections 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
fnitiating events that may affect the average percolation flux over the
repository. The first initisting event considered im this study is the
possibility that volcanic events say alter topography as a result of the
extrusion of volcanic {lows or other effects and create iampoundsents or

8.3.1.8-58




(i J Y]]

% 500 Grmanney & DATa sem 1211 W00 SVE YREWY OATA A? QU REY DATA GATHF NG ACTIVITES
=y e
FROBA0N 11 ¢ OF vOR CASEC BVvENTS AETMITY 8008 LLA
ACTIVITY A " 1l VICRRYY OF Vs BAVE PROSAERITY GALEW A TIOWE SND ASIPHDuPNY
LYY
A9PAMENT OF T -
Teerrcin oo remeown [~ e aeTITY 8 808 LR
ol i ) Tt € ot e VECAME B9 AN FRITWT BF M Owd SPPECTS OF §)ACHDON 152 § FIPTIDND
VER Cane Sveinie = 100 CON I Le0 Ay 0P 2a0 B
O Peue RATES PP
sateian
[ ARDA 42D DIPIN OF FOSLENE DIPRS SHOWE ]._. eoreces WII Ay Ay S
AR T 7T 1] comuren mooer ©f ¢y 0 s et wesarumated PTVEY 0.0.0.0.00
y WWBATURA 14D JON ¢4 Ose SN0
10u8 BENA CuRnInt COMNO A : (Ford
L1760 1t 80 AN 2R 0414 OM Ometermcwe actviryassete
540 CRMOSAL BEPTIN OF DMED AND SRLS M EPPRETD 0F 2 IADNBOL 1ok (IPTIONT
tew at poon
scrmte 88017 408
EVALVATE BT48ECOLLH ROLE 7 AR P FOME
R
STVOv anIs Al ACTITTY aniedes ACTIITY AALIV.AAD
Y 1YY AL, YOSR OF LYY E L SVALUATE A00 40 AICURATIMCE OF MOVENENT ON
re ereecys L1 oo irwr o0 Pau tee mares, | | SUSICIED A0 Rasc GuA TTRAnY PatA 18
19C temnc UL L o] Tew ee00CT OF wmithears mo |
eIICYY O PROCY S90S AnD o R-A0AA T, P it
vBAc O fvinis OM 7Lvn Rates 1areve ceoser
fLus narre e 508 rin ATTITYY B.R.00Y.480
EVALVATY Gua 1 ANARY B4 0L OOV AND POYRRTIAL
OUAI1ANARY PAULTS AT YUCCA heChmet ARe
LOCATION AD 9o oF auate v
PAR IS 4 CORIRDLLID afda
SO\ OO marerme :r‘:'.‘:i'i&uu e
acTVTYY
e PREDENT D AT YUCCA NOUNTARS AND pPr—
] O arn ool o 5 CONIRRLED anea DIt Ot O A D & at tn Ome
sive mates NODEL DF 100 MIL Anda
Rttt COMPUIIA WODP, OF FLOW IS 190 WrSA TURATED TVOV A R LSS0
.4.8.8. p—_ — . ;
. SONE LDER CURMENT €O IONE UNBATURATEO FONE 7L O AMD ¥ T MOOP, el
m ] asersnanr or e
AR
ot @ | SOPNCe Ou FLut  foe sasa
TURE, ASF AvD AMD 4GS OF rmn—o " e ACTIVITY l.lll».-l ]
. RATE 00 FOL DS s [o—
= RATE 0 Fou Die see rATURATID T0n 05 THe CONIAOLLSS SARA STOLOMC HarPme OF SHAZ IS AND DR 19
CVALVATE ERtint OF &u"’li:'&.v U Y AND
v X
| acTVITY - hantiinay V4 -+ LA -1 SUDIOINCE AT AND 1E AR VUCCA HOUMT AR
axsa e ——
U e RATIS W P TVDY B.0.A002.499
CONIROLLID anea ‘ ST000 1%C LEvEL el
' TITTS~
Figure 8.3.1.8-5. Logic diegrem for Stedy 8 3 1 8 3 1 (anelysis of the effects of tectonic procerses and events on flun retes)




INTERMEDIATE

OATA ANALYSIS AND ASSESSMENT

PERFORMANCE
MEASURE
aTVITIe SN0 RR
e i ] mvam o ne
0PI @ leann
1ORAIDA o0 et
sl Oréoation
KTITITY 0.5.0.0.5.0.0
—— | mmen o ne
(YrICY O yaln
OWESFS Oy e A
T (urnrtoa
SawrTIes Ty v 000000
aa4.0.2
o
weroc . ] oner o wemae
werery on ro
eoviven 000 €N o8 Owsars
™ saTTn tomt
furvetion

Figuwre 8.3.1.8.6.

14vdd

AETIVITY 8.0.0.8.0.0.0

A YNEnt OF NE
It o Pmoha
URIF) ON -
SIFCT ¢ sATIN.
Tame NEvarion

KTIVITY 8.9.0.8.9.0.0

AW IO F NE
TYTECT &F Pall D@
N BAA -1 T
Atvarion

DATA REQGUIRED

KEY DATA GATHERING ACTIVITIES

TIYIIV S 34098 9

Stas PEORABR |00
o o0 (vl A
st an ) sty in
™ (NIWRIID W

HEYIVITV .38 0.0 00

Vol Onmy
00 1009 (Y O D
[ 1]

1 70 mants m e
m

Lm{

jaecrrerey ans 000

9.5.0.0.9.9.

PaaA Fio, Ma gy
MOSTENE JNIEN- o

ol BuPHA S te

BBl Ve @ (BN IwrRRion
e N UNMLLID Ve

ATIVIT? 0.5.0 8.1.0.4 ~ PrRdn i1 (A OA S W
S0 Vs w? . _

1

LENAMIIE AN I Dals Po LI

SO RO @ FORLING DINY

SCTIYITY 5.5 4.0.0.0.1 = (7K™ @ STmoem 139 'I
mmisa

»L'm-um- & rOITIRE eMA 0N }‘

AETIVITY 8.5.0.57.4.90.0 = Cvaafy FCIONC MOF YOS
o0 S1s0NIY 87 ha TN

(FUIN wal) @ NOw I8 BE AN
WAFR DIVENT CDINION

o

dy

ACYIVITY 0. l...l ». l.l COUTPtum At it &7
D SLom WX\ S

{

RAiiud TWIPTAL VY 0O DR IO

o INPiion

AETIVITY 0.0.90.0.4.0.0 « (PPOLT) & HMOEA Jin
mrioa

L

MAT New Oala

=1

"M“.l.l..l.. - FRENEY OF mAl ]
[ ik ] viCPATY & NTe

,{ Sroam

~"l % MRA aadet o FPIIODNC
1% $7ain g 18 F 0l TN EvwTy

m B.8.0.17.4.00.0 = Iva R ACtog
WD M0 NITY A7 HE NN

CNEM & CACIT ~O SN ICs RPOSITE
OrDAtal I Fud ¢ RS

Mnmﬂ'\ﬂ!‘"ﬂmn

R QTN COOINIDS

SETIVITY 5.5.0.8.0.0.0 « CACITY 8O PRI PN ICA ]
I preontrs

[ mnn.l.unl - oty om-nm
COEWICH, M FIAATION &) WNITA MM

ACTIVITY 0.8.0.8.0.8.4 = SARFUTD 19F At w3

M TIVANY LM 17T DR SRR

RATE of Mg Y

[ —43212) ....I.I’.L..’ o (VR UATE MPLS P BT wny
WAL B BEtenhel

SRV 5.5.0.17.4.90 - APAXVIC LSV N

_{ ACYIVITY 0.5.8.4.0.0.4 -“-'-.u-n - P PRI ]

A T
= Iumnum

b e o ng

MO X F LD Iu N
o LD

;

'{ ACTIVITY 0.5.0.4.0.9 § - ¥vAEP ) & oy ]

V'S ) PRTIBAM ¢
amAsrive oFIsty
% 18 000 w3

m— ....,.1_ l
”ﬂﬂ! oF T the
MATIR Tam §
lllv."’&

Logic diagram for Stedy 8 3 1 8 3 2 (analysis of efTects of tectonic processes and events on changes in weter-table elevation)

SOCATION MO M 1P ALTES OF WA PETDMAY

PO TS 1% MO 'Ean ST

4

{  aoTrITY 8.00.0.0.0.4 - enesic, wevra o
S MO RIS

_I ayTVITY -.u.n u.c - mu-n SUATTIANY I BgY
Tl Fma Ty

ACTIVITY 6.5.4.17.4.0.0 « CVAMATE ME 0D My DY
oF VOENE (0 REFVCITD SO WERs) RATaNY Fuy 13

T MO RPRIE LHEMN AN

Tl Evrnty

COPYTTN T OF NLON 1% PE SARSATTD

ID€ WEN OFFENT COOINION

ACTIVITY 9.5.5.07.4.4.5 > TYILUATE STAFCOMN DD
fmA Y JOs

ACTIVIVY 6.5.4.07.8.0.4 « 107117y s\ Pvany
EMNERMNET STNCES

ACTIVITY B, l.l.l.l 8.0 « poey ar
e o 'mn 1o o l

LOePUNN ml U on l‘ DY SRR TS
" (oo

SREY 0.5.0.0.0.0 « DOANSRITD IOE NN MO MNP ORI
SO0 e

rinfen




MTERSE A TE

PEAFOMMANCE MEASURE

MvESTINA ION
83809

0N N DM OGY

TFC.SrenC ¢SPPCTY

Figure 8.3.1.8-7.

14vdd

DATA ANALYSIS AND ASSEASMENT

aACYMMItY B RLOD DY

ARSI RGN F 150
IPOPLIS OF G000 OIS
0 MISINNS O ¢ 1IC A
PRACIINE Bt 4
Pt e arn FFIFe Nive
SUNTYVNIN S

STUOVY 09 0.8 0.9
ANAYL 1992 OF To®

RFPOCTIY OF 4L IOMC
o

FI9FS amwD) Fvint~
ON LOCAL FRAC 1w
PEANEABR I Y AND
EPFFCrive POROSII Y

ACTIVITY 0.BED D3R

ASEIPENE W o
COVFCTIS 1W § AN TivG
OM LOCHL FRaC Iy
PP g AR ITY WD
FEERC IIVF PONNSIINY

ACTIVITY 9 2.0.0.00)

ASNANENT OF He
EFFECIS 1Y STIAEYY
OR SIARAN 0N NYDAD
LOHC PROPENTN 9
OF e AOCK MASS

-——— -

OATA REOUWED

NEY DATA SATHERNG
ACTIVITIES

ACTIVMITY B3R R RS

ANINIEL FRAORAANR T ¢
" vOLLANN OR
1GNNS C VOIS P
F00F SO TMINLID A0V &

ACTMITY 8 3.4 0.3.0.9

FAWR VinG ALY,

OECURRENCE witfn |-

VALY AND PROBAN ¢

Cunan & TIVE OFFof ¢
" 40.000 s

e carr————— ——— -

PRONABR 10V OF 1ENF OUS
PRSI N 'I'H CoNtHnLEID

ACTIVITIV B RI0 00 4

mt“ "ne Cll C‘I um
48323

MATURE AND ERTENT OF ROCH
PROPFATY CHANGE S AROUND
FRIAIMG DINFS

ACTIVITY 0.2.00.0.02

CHEMMCAL AND PHYSICAL
CHANGES ANOUND DMES

ACTIVITY R 0.0.97.84.00
FVaLpa it Ouairsmany

I"'AI'D CORE LOSY Avty DFWF ¢
MAPS SHOWING W0 IN OF FRAAC-

EvINe NCE FON DA CCIA 11OW
AND AFCEMEINTA TION

ADT DATINEG OF DI EnEN?
GINERATIONTD OF st naL
Ccreent

AR OF DusTERMARY PaRt |,
SEMUSY ash PP NIIAY
tocations OUAIIRMNANY fan 1S &0
FURCA MURMD Al
ACYMITY 0.0.0.07.40.8
S maTrS av neCumgtCE
e e an e ™ T o R g Lgtepedass irl

ACTIVITY 8.0.0.4.2 0.9

SONTHOLE € VALUA FIOM
OF FAWR 13 AND FRACTUM S

ACTMITY 0.9.0.0.2 2.4

GV OBIC NAPPIE OF
(lﬂﬂl'ﬂﬂ' aAry
AND D™ 1S

ACTITY £.5.1.9.0.9
TRACTUNE sned 13A0 D0 Y

BINRAN RATESD W ARFA,
ANTUNT OF EPISODIC CHANGP
Pe STINARE DUE 10 FatR 10
Evines

ACTIVITY 9.0.0.07.4.00 8

SVALUAIR 19 CI0MIM, PIMNY SS90
AN0 1IPCTOMC S1aPntiv A0
R A 11]

CONPYIER MODPL OF FLOW W
SME SANMAIFN IOE WPWh
CURRE NI COMMY MONY

ACTIVITY 0.9.0.2.2.9.9
BSATURATED J00F FLOW
00 S

COMPUIFR WOOIL OF PFLOY N
THE UMSA FUNA TED 2ONF UNDER
CURRENT CONDIIIONS

aneoY SoLeee

UNSAHMAIFD JOWN 10w
A1) 19ANSPONT MNP L NG

Logic diagram for Study 8 3 1 8 3 3 (effects of faulting on local fracture permeability and effective porosity)




-Aug-87/clr

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 1 to 4.
Activity 8.3.1.8.3.1.1 will use data from Activity 8.3.1.8.1.1.4 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 ignecus features
that could cccur '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. The 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 perforn 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 5 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 assesspent of the effect of these changes on average percolatien
flux rates using hydrologic modeling techniques and (2) summarize the
assessment in 3 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 bave
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 az inttusion or
volcanic event. Activity 8.3.1.8.3.2.1 will collect and suzmarize 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.
Bydrologic models of existing conditions at Yucca Mountain will then be used
to estimate the magnitude of the cbanges 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 an assessment of the effects igneous intrusions
would have on water table levels and will satisfy parazeters 10 and 11. This
activity will alsoc prepare a report summarizing the results of the
assessgent.

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. Modeling studies will then be performed to analyze the
amount of water table fluctuation that could be expected. The assesszent
will also include a consideration of the field evidence that significant
water-table or potentiometric surface fluctuations have occurred in the past
near Yucca Mountain. The activity will also prepare a report summarizipg the
assesspent and the supporting data.

The third initiating event considers the possibility that foldirg,
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 satis{y 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 squifers. Activity
8.3.1.8.3.2.5 will conduct a hydrologic modeling study to estimate the ascunt
of change in water table levels that could be expected for s rasge of
displacenents. Activity 8.3.1.8.3.2.6 vill combine this data with data on
the probability of significant offsets (Activity 8.3.1.8.3.1.3) to produce an
assessment of the probability of significant changes in water levels in s
10,000-yr period and satisfy parameters 14 and 15. The activity will also
produce a report summarizing the data and the results of the assessaent.

Study 8.3.1.8.3.3 will consider the possibility that tectonic processes
and events could alter the rock properties governing ground-vater {low aleng
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 {low or the
creation of conduits to enhanced flow that could adversely affect the
containgent or transport rate of vastes. Three initiating events bhave 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 sumasrisze data {roa the
literature and field data gathering activities on the effects of the
intrusion of dikes and sills in tuffs (Figure 8.3.1.8-7). This data will be
conbined with data on the probability of such intrusions in the controlled
ares (Activity 8.3.1.8.3.1.1) to produce an assessment that satisfies
paraseter 16 on the expected changes in local {racture permeability and
fracture effective porosity resulting from igneous intrusions. The activity
will result in a report sumsmarising the data and the results of the
assesszent.

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 in the fault becoaing a barrier to lateral ground-water flow or
a conduit to vertical flow until mineralisation or other processes returs
conditions to present values. Activity 8.3.1.8.3.3.2 will collect and
sunzarige data from other sctivities on the width of fracturing arcund faule
gone, and evidence of significant {racturing and recesentation along fault:
These data will then be used to predict the variation in physical properties
that can occur along faults through the faulting cycle. Thbis inforeation
will then be coabined with data on the probability of faulting events in the
controlled area (Activity 8.3.1.8.3.1.3) to produce an assesszent of the
effects of the initiating event and satisfy parameters 17 and 18. The
activity will also produce a report summarigzing the data and the results of
the assesspent.

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 sass because of changes in the stress and
strain regise. Activity 8.3.1.8.3.3.3 will address this possibility and
satisfy parasmeter 10 by sumzariszing data on strain rates in the area and
godeling the changes in rock {racture permeability and porosity that could
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result. The activity will also produce a report summarising the data and the
results of the sssessaent.
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8.3.1.8.4 Investigation: Studies to provide information required on changes

in_rock geochemical properties resultiog from tectonic processes

Technical basis for obtaining the information

Links to the technical data chapters and applicable support docuaents

The following sections of the SCP data chapters provide a technical
suzzary of existing data relevant to this investigation:
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1.3.2.1 Voleanic history
1.3.2.2 Structural history
1.5.1.2 Basaltic volcanism
1.5.2 Faulting
4.1.3.7 Geochemical retardation of the host rock and surrounding
units--anticipated conditions ‘
4.1.3.8 Geochemical retardation of the host rock and surrounding
units--upanticipated conditions :
4.4.2 Potential effects of natural changes
Parameters

The following performance parameters will be measured or calculated 2s a
result of the site studies planned as part of this investigation:

1. Effects of igneous intrusions on local distribution coefficients.
Degree of mineralogic change in fault zones in 10,000 yr.

Effects of fault offset on travel pathway.

S N

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
jidentified 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 the
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 reqﬁirements 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 ip 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 Section 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
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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 operzting at the site for use by Issue 1.8 (Section 8.3.5.17, NRC
giting criteria) in its analysis of favorable and potentislly adverse
conditions. The specific conditions addressed by this 1nvestigatxon 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 1nvestxgatxon are shown on Figure 8.3.1.8-8. The first
tectonic 1n1t1at1ng event considered in this investigation is the possibility
than an igneous intrusion could alter the mineralogy of the surrounding hest
rocks. Activity 8.3.1.8.4.1.1 will provide an assessment of this initiating
event and satisfy parameter 1 by comsidering (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
gills 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 gone itself or
fron 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
deternmined froo mapping and trenching activities that will provide data on
slip rates, recurrence intervals, and locations of Quaternary faults. The
assesspent will integrate these data.

The third initiating event considers the possibility that offset on a
fault could significantly affect distribution coefficients by diverting flow
to pathways with significantly different mineral properties or water
chezistry 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
azount of offset pecessary to produce significant changes. The results of
the podeling 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 part of the assesszment. The activity will
sunnarize 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 partially satisfy parameter 4 by calculating the ;robability of

significant faulting events and the nature of water-table fluctuations that
could be expected froa such events. Activity 8.3.1.3.7.1.2 will complete the
characterization of this parameter by calculating the rate that sineral
changes could occur in this environzment using data on the history of sineral
and geochemical alteration at Yucea Mountain and incorporating the results in
the integrated geochemical transport calculations. These data will be coa-
bined with the results of Study 8.3.1.8.3.2 on the probability of significant
water-level changes occurring as the result of tectonic processes to cosplete

the assessoent. The activity will summarize the results of the assessaent in
a report.
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8.3.1.8.5 Investigation: Studies to provide the inforamation required by the
analysis and assessnent investigations of the tectonics prograa

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 techanical
sunzary of existing data relevant to this investigation:

8.3.1 080'95
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gection Subject
1.3.2.1 Volcanic history
1.3.2.2 Structural history
1.5.1 Volcanisa

Paraneters

The following paraneters will be peasured or calculated duéing the
studies planned to satisfy this investigation:

1. Location, age, and voluse of igneous deposits younger than 4 million
' yr and within 70 ka of the site.

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

3. Map showing depth to Curie isotherm.
4. Chemical and physical changes around dikes in tuff.

5. Petrology and geockeristry of late Cencsoic volcanic rocks in the

region.

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

7. Evaluation of heat-{flow data. .

Purpose and objectives of the investigation

The studies and activities in this iovestigation will collect the field
dats called for by the analysis and assesoment activities in Investigations
8.3.1.8.1 through 8.3.1.8.4. Because post of the data required by these
analysis and assessment activities are being collected by other programs, the
activities in this investigation are limited to a szall number providing data
to support the analysis of volcanic, igoeous intrusion, and folding
processes. Figures 8.3.1.8-3 through 8.3.1.8-8 and Tables 8.3.1.8-1 through
8.3.1.8-8 show the relationship of the data gathering activities in this
section to the analysis and assesszent investigations.

Technical rationale for the investigation

One of the main requirements in the evaluation of the hasard of volcanic
or igneous events is the calculation of the probability that such events
would actually occur in the repository or the controlled area. Paraaster 1
indicates the data required by Activities 8.3.1.8.1.1.1 and 8.3.1.8.1.1.4 to
carry out this calculation. Activities 8.3.1.8.5.1.1 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 occurresces using a

8.3.1.8.-66
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variety of techniques, many of which have not previously been employed, and
deteraine by drilling the nature of suspected buried deposits.

Another concern related to the probability of volecanism in the site area
is that the location of any intrusion may not be entirely random across the
area but controlled by structural features. To address this possibility,
paraneter 2 bas been identified as one of the data requirements of Activity
8.3.1.8.1.1.2. Activity 8.3.1.8.5.1.3 will satisfy the requirezent by
completing detailed geologic mapping around selected volcanic features to
clarify the relationship that might exist between the volcanic features asd
local structures. Paraseter 5§ has alsc been jdentified as a data requirement
of Activity 8.3.1.8.1.1.2; this parameter will be used to address tectenic
sodels for the time-space patterns of igoeous events in the Yucca Nountain
area and the structural controls for volcanic sites or future volcanic sites
at or sdjacent to Yucca Nountasin. These data will be factored into
probability calculations. Activity 8.3.1.8.5.1.5 will evaluate petrologic
and volume trends of volcanic fields through time to test for indicaticns of
waning volcanism or increases in the rate of eruptive activity associated
with decreasing eruption voluses.

For dats on thermal ancmalies in the area that aight be related to magma
bodies that could be sources of volcanic or igneous activity, paraneters 3
and 7 have 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 requirement by
generating maps showing the depth to the Curie isothera and beat-flow data in
the area surrounding the site.

Parazeter 4 has been identified as 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 mature
and extent of physical and geochemical changes arcund dikes and other
intrusions. Activity 8.3.1.8.5.2.2 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. '

Paranmeter 6 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
1gneous events required by perforpance and design requirements

Sumsary of perforpance and design requiresents for preclosure tectonics
information

The preclosure tectonics prograz (Program 8.3.1.17) is designed to
develop an understanding of and to characterize the tectonic ~vents and
processes that could impact proposed repository structures, systems, or
cozponents considered to be important to safety through the operational phase;
i.e, until perpanent 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 componebts required
for exercising the retrieval option. Tectonic processes and events that are
relevant to waste isolation following permanent closure will be investigated
within the postclosure tectonics prograz (Program 8.3.1.8).

Performance and design issues that require data frop 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 froo 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
perforpmance 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). 1In additicn, data developed by the preclosure tectonics
prograsn will be used by the postclosure tectonics prograz (Programs 8.3.1.8)
and the preclosure and postclosure rock characteristics programs (Frogranms
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 sumnmarized in the (2) parts of
Tables 8.3.1.17-1 through 8.3.1.17-8; the (b) parts of these tables provide
sumzary 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 conservatisn 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,
pedium, and low to denote the relative importance of each parameter-goal pair

8.3.1.17-1
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Table 8.3.1.17-2(b). Characterization paramelers related Lo underground facilities and preclqaure
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Table 8.3.1.17 -3(b).

Characlerization paramelers related Lo surface facilities and preclosure fault

Key studies/acti-
vities supplying
parameters

displacenent
e - . Testing basis_
Current Confidence Needed con-
Charactlerization rstimate in current fidence in
parameters (range) estimate final values
Identification and character A such faulls Low Medium to
ization of potentially =ig high
nilicant Quaternary laultis
within 5 ko of facililies
important to safcty (FITS)
Identification and character- No such faults low High
ization of faunlts within
100 m of FITS that. have
apparent Quaternary slip
rates > 0.001 mn/yr or that
peasurably of fset eaterials
less than 100,000 yr old
Estimate of total probability liess Lhan | low fligh

for >5 cm displaceaent
beneath FITS, considering
known and possibly concealed
faults and tectonic inter-
relationships among local
faults

chance in 100
of exceeding

5 em displace-
ment, heneath
FITS in 100 yr

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

8.3.1.17.4.2.2 -- Conduct
exploratory trenching in
in Midway Valley
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8.3.1.17.2.1.1 -- Assess
the potential for sur-
face faulting at pros-
pect.ive sites of surflace
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Table 8.3.1.17-4(a). Design and performance paramcters related to underground facilities and preclosure
fanlt displacement. (page | of 2)

Design or Pﬂrfgruancn
parameter

ldentification and characteriza
tion of signiflicant late
Quaternary faults in Lhe reposi -
tory block:

Classification
Location at surface
Orientation at surface

Tdentiflication and characteriza-
tion of any fanlt within the
waste emplacement area with
greater than | chance in 100 of
producing more than 7 cm (waste
package air-gap distance) of
subsurface offset during the pre
closure period (approximately
100 yr)

P e

Goa)

Needed
confidence

Characterization
parameters

Standard practice
2thH m
£10°

Determine existence; for
any such Tanlts (none
are now known Lo
exist), determine loca-
tion within the waste
emplacement area

Righ
igh
Nigh

High

Surface locations of

faults in the reposi-
tory with > 1 m offset
of Quaternary materi-
als or with > 100 =
offset of Tertiary
rocks

Surface and subsurflace

locations of faults
with Quaternary slip
rates > 0.005 mwm/yr
that intersect under-
ground facilities
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Table 8.3.1.17-4(a). Deszign and performance paramelers related Lo underground facilities and preclosure
fanit displacement (page 2 of 2)

- - - — e T — D L - e o amam— ——

Dexign or perlormance Needed Characterization

paramcter Conl confidence parawetoers
Total probability of exceeding Less Lhan 1 chanee in 10 Mediun Estimated total proba-
7 em fanlt displacesrnt. on any in 100 yr of exceeding bility of fault dis-
fault that intersects areas of 7 em displacement on placement exceeding
waste ceplacement any fanlt. Lthat inter- 7 cm in areas of
secls areas of waste emplaced waste, con-
emplacenent. sidering known and

possibly concealed
faults and tectonic
interrelationships
among local faults

v e mwre s cee v mm — e e .-

AThese parameters are from Issue 4.4 (Lechnical feasibility, Section 8.3.2.5), and corresponding
performance measures are given in that issue.
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Table 8.3.1.17 4(b). Characterization parameters related Lo the underground facilities and preclosure
fanlt displacesent,

- - o e - am..e= . - . . - -

Trsting basis

“Current  Conlidence Needed con- Key studies/acti-
Characterization e=t.imnte in current. fidence in vities supplying
parameters (range) eslimate final values parascters

Surface locations of faults in 2 such faults low Lo MHedium 8.3.1.17.4.6.1 -- Evaluate
the repository block w»ith exist medive Quaternary geology and
>1 m ofIset of Quaternary potential Quaternary
materials or with >I100 = of (- faults at Yucca Mountain
srt of Tertiary rocks .

Surface and subsurface loea- No such fanlts Nediva Nedium Lo 8.3.1.17.4.6.1 -- Evaluate
tions of faults with Quater- rxist Nigh Quaternary geology and
nary <lip rates >0.005 mn/yr potential Quaternary
that intersect underground faults at Yucca Mountain
facilities 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 Yucea Mountain

Bstisated total probability of Less than | Medium Redium 8.3.1.17.2.1.2 -- Assess
fauvlt displacement exceeding chance in 100 " the potential for
7 cm» in areas of emplaced in 100 yr of rupture on {aults
waste, considering known and exeerding 7 cm that intersect
possibly concealed fanlts and  displacement ) underground facil-
Lectonic interrelationships in areas of ities

among local fanlts emplaced waxte
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Table 8.3.1.17-5(a). Design and performance parameters related Lo surface facilities and preclosure

vibratory gronmd mobion (page 1 of 3)

Design or performance
a
paramseter

‘Design-basis ground motion Lime
histories (winimum band width =
0.5 Lo 33 Hz) and corresponding
response spectra (at ] Uiz inter-
vals) for surface facilities
important. to safety (FITS)

Needed

Coal conflidence

- & S cmmee cae cov © 6 Smm—— S

Characterization
paramelers

- et - am— - im s c e s e e w——

Representative of excep Medium to high
Ltional earthquakes on
nearby Tanlis, or maxi
mum polential wnder
gronnd puclear explo
sions (UNEx) that semld
control site gronml
molion al any frequency
betweren 0.5 and 33 M2
(including any effecl
of loeal geology or
building cabedrent.)

ldentification of poten-
tial earthaquake
sources in Lhe con-
Lrolled area

Potent.ially relevant
earthquake sowrces i :E;
the region W
Magnitude of exceptional

carthquakes on local
sources

MHagnitude of exceptional
earthquakes on
regional sources

Raximum future UNB

Closest distance of
future UNEs —
Cround motion atlenua- %
tion with distance m—f
Spectral modification
“duo to local geology
Al

<\
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% O ;
2 - vibratory ground molion (page 2 of 3)
Design or performance .
parameter Coal
vl

Combined potential for vibratory Less Lhan 1 chance in 10
ground motion at FITS, con- of exceeding desipgn
- aidering all faults basis ground motion in
RIG -l 100 yr.
L
AT
& "{fvg"‘q;
(I
o~ P
t" - .

‘h‘o - ‘-
e °

Needed
confidence

Mediom Lo high

Table 8.3.1.17 6(a). Design and performance parameters related Lo surface facilities and preclosure

.

. cmamt sres wm ®e e e W yé S m e e

Characterizalion
parasclers

Controlling ground
motion event(s)

Time histories and
reponse speclra repre-
sentative of control-
ling evenl(s)

ldentiticalion of poten-
tial earthquake
sources in the con-
trolled area

Potentially relevant
earthquake sources in -
the region (0100 km)

I

Barthquake recurrence
relationships for
local and regional
sources )

CGround wmotion attenua-
tion with distance

Sprctral modification
due to Jocal geology

14vd

Cround molion exceedance
probabilities




Table 8.3.1.17-5(a). DPrsipgn and porformance parameters related to surface facilities and preclosure
vibratory pronwd metion (papge 3 of )

- e e amesw - - ‘e

Design or prrformince ) Necded Charnclerization
parameter” Gonal confidence paramsclers
Probability versus peak accelera Valurs celimated for Medium Identilication of poten-
tion, peak velocity, and peak anwual prababilifies tial earthquake
velocity response at ranging from 10 ° Lo sources in the con-
sclecled [requencies, at sur 10 " per yr trolled area

.face locations of FITS

Potentially relevant
earthquake sour
the region (100 kw)

FEarthquake recurrence
relationships for
local and regional
sonrces’

Cround molion altenua-
tion wilh distance

, . Spectral wodification
. due to local geology

GCronnd mot.ion exceedance
probabilities

- -~ cm s tiew m e e A gEmaEre s 0@ ¢ b mB

. ceea . - - - . -

3These paramcters come from Issnes 4.4 (technical Feasibility, Seetion 8.3.2.5) and 1.12 (scal
characteristics, Section 8.3.3.2), and correspomling performance measures are given in those issues.
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Table R8.3.1.17 5(h).

groumd motion (page | of 3)

Characterization
parameters

fe——— e e

Identiflication of potential
earthaquake sources in Lhe
controlled area

Potentially relevant earth-
quake sources in the region

2100 km)

Hagnitude of exceptional
carthmuakes on local sources

Mapnitude of exceptional
earLhmmakes on regional
sources

Maximum fnture undergronnd

nuclear explosion (UNE)

Closnrst distance of future
future UNEs

- cm e

Current.
rel tmale

(ranpe)

See Chapler 1

Sen Chapler |

x 6 1/2

6 1/2 0 B 1/2

150 750 k¢,

22 km (DMuck
board Mesa
area)

Testing basis
Confidenen
in carrent.

rut.imat e

Mediom

Low Lo
mediom

lLoe Lo
mediom
Low

Mediom

Mediom

- - e e e S — G

Needed con”
fidence in

final values

Medium Lo
high

Medinm

Medium to

high

Medium

Hediom

Medium

Characterizalion paramelers related Lo surface Cacilities and preclosure vibratory

Key studies/acti-
vitirs supplying

paramelers

8.3.1.17.3.1.1 -
relevant, earthquake
sources

1dentify

8.3.1.17.3.1.1 -~ Identily
relevant earthquake
souyrces

8.3.1.17.3.1.2 -- Define
except.ional carthquakes
for relevant sources

R.3.1.17.3.1.2 -~ Deline
excepl.ional eart.hquakes
for relevant sources

8.3.1.17.3.2.2 -~ Deter-
mine saximum UNP
sonrce(s)

8.3.1.17.3.2.2 - . Deter-
mine maximum UNB
sources
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Table 8.3.1.17-5(h).

Chararterization parametors velated Lo surface facilities
ground mobion (pape 2 of 3)

Tesling basis

and preclosure vibratory

Key studies/acti-
vities supplying
paramelers

Corrent, Confidence Needed con
Characterization r<timal.e in current fidence in
paramcters (range) rstimatle final values
Ground motion attenuation with Publi<hed lovw Lo MHedium
distance models for mrel i um
California
and wesbern
U.S.
Spectral modification at 1/2 to 1 Law Meedium
facilities important to
safetly due Lo local geolopy
Controlling ground motion 261/2M bow Lo Mrdinm Lo
event(s) earLhaquake on med i um high
Paintbhrush
Canyon
Time historics and response ™mn? (0.4 0.6g low Lo Medinm to
spectra represéntative of peak accel - meed j am high
controlling event(s) eralion)
Farthguake recurrence rela- See seclion Low Lo Hedinm
tionships for local and 1.4.2 medinm

regional sources

8.3.1.17.3.3 -- CGround
motinn from earthiqunkes
and UNEs

f.3.1.17.3.14 Effrcts of
local grology on surface
and suh=ur{ace motions

R.3.1.17.3.5.1 -- ldentily
conlrolling seismic
events

8.3.1.17.3.5.2 -- Charac-
terize ground sotjon
from controlling scismic
cvenls

 8.3.1.17.3.6.1 -- Praluate

earthquake xources
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Table 8.3.1.17-6(a). Design and performance parameter< related Lo underground facilities and preclosure
vibratory ground mation (pape 1 of 3)

Design or perfgrnancc
parameter

[

Coal

—a— - —— — -— -

Design-basis ground motion time
histories and corresponding
response spectra for underground
facilities (at various depths)
(ninioun band width = 0.5 to
33 Hz; 1 Hz interval for response
spectra)

Representative of excrp

tional earthquakes or
nearby [aults, or maxi-
mym potential under
ground nuclear explo-
sions (UNEs) that would
cont.rol site groumd
motion al any frequency
between 0.5 and 33 12
(including any effrcts
of local grology or
depth of burial)

Needed Characterization
confidence parameters
Medinm Jdentification of polen-

tial earthquake
sources in the con-
trolled area

Potentially relevant
earthquake sources in
the region (Z »

Magnitude of exceptional
earthquakes on local
sources

Magnitude of exceptional
earthquakes on
regional sources

Future naximua UNE

Closest distance of
future UNEs

Cronnd motion attenua-
"tion with distance

Spectral modification
due to local geology
and depth of burial

£

L4v40




Table 8.3.1.17-6(a). Design and performance parameters related Lo underground facilities and preclosure

vibratory ground motion (page 2 of 1)

Design or performance
paramcter

Goal

repre T

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

Less Lhan | chance in
of excerding desipn

basis pgrouml motion in

100 yr

et

.
&t

L]
L}

cams e & Smew commm o
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Needed Characterization
conflidence parameters

> Y '] .. .’ -,
W't i T

Controlling ground
motion event(s)

]nlﬁw" .‘ﬁ‘ . l:;!'l "..*- N

Time histories and
response spectra

>
~- gentative of control-

. - ‘

ling event(s) f?3§

Medium ,3 ldentification of poten- 5
- tial carthquake L.
szonrces in the con- WOg

trolled area ‘

.

Poicntially relevant
earthquake sources_j
the reginn (X100 km)

LI

.l

.
.
.

Earthquake recurrence
relationships for

. >iey
local and regional ~%
sources ¥

Cround mot.ion attenua-
tion with distance
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Spectral modification
due to local geology
and depth of burial
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Table 8.3.1.17-6(a). Design and prrformanee paramelers related Lo undergronnd facilitics and preclosure
vibratory grownd motion (papge 3 of )]

- - - v @ arwm—mTEe s bW

Design or perfgrnance Needed Characterization
parameter Coal confidence paraseters
Cround motion exceedance
probabilities
Probability versus peak accelera- Values estimated for low to medium Identification of poten-

tion, peak velocity, and peak annnal prnbahi]i}ios tial earthquake
velocity response at selected ranging from 1077 to snurces in the con-
frequencies at underground 10" per yr trolled area
facility locations

.
Sy

Potentially relevant
carthquake sources in

the region (FTUU ke)

Earthquake recurrence
relationships for
loeal and regional
sonrces

Cround motion attenua-
tion with distance

Spectral modification
dun to local geology
and depth of burial

Gronnd mot.ion exceedance
probabilities

v oums v com

“These parameters are from Issues 4.4 (technical feasibility, Section 8.3.2.5) and 1.12 (seal

characteristics, Section 8.3.3.2), and corresponding

o ..

performance measures are given in those jssnes.
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Table B.3.1.17 6(b). Characterizalion parameters: velated Lo amdrspronnd Facilities and preclosare ’.';;_
vibratory mronml motion (pape 1 of 1) 3
%
- : b
4
. . Testing basis - -,
Coreent. Conlidrnen Hended con Key studies/acti- .o
Characterization eslimale in cyrrent, fidence in vities supplying ".'
paramctlers (ranpe) e=limale final values paraselers Y
Identification of potential See Chapler | Medinm Medins 8.3.1.17.3.1.1 -~ ldentifly
earthquake sources in the relevant carthquake
controlled area sources o
Potentially relevant earth- See Chapler | Low teo Medine 8.3.1.17.3.1.1 Jdentify
quake mources in the repion mediom relevant earthoguake §
< 4100 ko) ' sources 3
) * . A
Hagnitude of exceplional 206 1/2 low Lo Mrdinum to 8.3.1.17.3.1.2 -- Define ,J
earthmakes on local sources medinm high exceplional earthquakes A

for relevant sources

% AL S

Hagnilude of exceplional 6 1/2 to R 1/2 low Mrdinm 8.3.1.17.3.1.2 -- Deline
carLhaquakes on regional cxceplional earthquakes
sonrces for relevant sources ...
Haximm n;.nre nndeegronnd 150 750 ke Medinm Rrdinm 8.3.1.172.3.2.2 -~ Deter-
nuclear explosion (UNE) : mine maximym UNE
sonrce(n)
Clo=est distance of futnre - 23 km (Mnek Hedinm Medine f.3.1.17.3.2.2 -. Deter-
futnre UNFs board Menx mine maximen UNE
area) , rource(s)




Tahle R.3.1.17 6G(b).

vibratory gronmd md ion (pape 2 of 1)
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distance

Spectral modification
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Cont.rolling ground wotion
event(s)
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tionships for local and
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Corrent
ralimale
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Table 8.3.1.17.6(b). Chararterizat ion parametere related ta nnderpronnd facilities and preclosure
vibratory prownd motion (pape 3 of )

— s P D gt - B > - > mm @ e e S ——————

Testing basis

Current, Confidenre Herded con Key studies/acti-
Characterization rstimale in curvent, fidence in vilies supplying
paramelers {ranpe) estimat e final values parameters
Ground mol.ion exceedance 10 ‘/yr lLow lLow tn R.23.1.17.3.6.2 ~- Fraluate
probabilities for 0. 5p mediom grommd mot ion probabili-
Lire

MND = to be determined.
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for contributing to the resolution of design and performance issues. Bigh
confidence indicates that the parameter is of pricary importance, and, conse-
quently, that the goal should be met by a characterization of the paraseter
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 will produce
information that will also be used by the Postclosure Tectonics Progran
(8.3.1.8), and conversely, investigations performed by that program will
provide information that will be used in the preclosure tectonics progran.
The postclosure tectonics program requires information on (1) currenmt
seispicity, to help evaluate tectonic processes, including the presence of
pagza bodies; (2) the potential for earthquake ground motions, to suppoert
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 tectoenic 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 inforpation
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 requiresents

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 satisly
performanceb;nd 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) 1lists the key studies or
sctivities that will be providing results for each characterization parazeter,
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 are 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 maps, logs from boreholes and
surface trenches, gravity surveys, aeromagnetic and palecmagnetic observa-
tions, seismic reflection and refraction profiles, and magnetotelluric
soundings. -

The planned approach is to use both deterministic and probabilistic
pethods for analyzing the effects of tectonic events during the preclosure
period. The deterministic approach will be used to model cause-and-effect
mechanisps and to develop particular tectonic event scenarios in greater
detail than is typically provided by probabilistic methods. In addition, all
final results for volecanic, faulting, and ground-motion events will be
evaluated using probabilistic methods (1) 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 explosien). Judgoment 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 censtrained by contemporary
knoxledge 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 corjunction with probability estimates that the various source
events will occur (e.g., spatially varying recurrence relationships for
earthquakes of varying pagnitude) and probability estimates that a particular
outcome will result from the various source events, assuning they do occur.
The probabilistic approach will explicitly quantify the effect of including
uncertainty in interpretations on the estipated seismic hazard.

The current plan is to apply probabilistic methods for evaluating
adequacy of deterpinistic 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 sethods 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 last 2 million years) is essential to the
characterization of the potential for fault displacenent and vibratory ground
potions at the site of repository facilities. Fault data that are parti-
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
govement on both the east and west side of Yucca Mountain. Nidway Valley, the
proposed location of the waste bandling facilities on the east side of Yucca
Nountain, 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 ¥indy Wash fault lies a 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
povement during thﬁ Quaterzary period. (The site area is defined here as the
rectangular 237 kn” (61 wi€) area encompassing the central Yucca Nountain
block and its structural and physiographic boundaries (Fortymile Wash, Yucca
Wash, Solitaric 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, ocutside 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
papping, the length of the Paintbrush Canyon Fault is inferred to be 17 to
31 ko, the Bow Ridge fault 10 to 19 km, the Solitario Canyon Fault 16 to 17
ko, and the ¥Windy Wash Fault € to 10 km (Table 1-8, Section 1.2.2.2.2). The
Paintbrush Canyon Fault could be longer than the estimate given above if it
links at i;s 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 mm/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

8.3.1.17-27
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new age dates become available. Lateral offset of Quarternary deposits that
indicate a strike-slip component of fault povement have not been recognized
but cannot be ruled out on the basis of available data.

" The Paintbrush Canyon fault, which dips under MNidway Valley, is parti-
cularly important for evaluating the potential for future vibratory ground
potion 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 (N 6 1/2) in the past, although such events would appear to be
rare based on the low rate of movement. Assuming the Quaternary rate of
displacement for the Paintbrush Canyon fault is about 0.01 mm/yr, the re-
currence time between magnitude 6 1/2 earthquakes om this fault should be
about 50,000 yr (Slemmons and Depole, 19086). If larger-magnitude 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). V¥Yhitney 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 Nountain fault, about 18 ko west of Nidway Valley, appears to be

2 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 pay be a significant contributor to probabilistic assessmpents
of future ground motions at the site. Also, this fault, which dips eastward
and southeastward (along its northern extent), may be tectonically linked at
depth to the local faults (which dip to the west) via a detachment fault or
graben structure.

The east-west spacing 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 ko 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 aorth-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 continue downward at a steep dip through the seismogenic zone
with possible interconnections at intermediate depths. Until such uncertain-
ties are resolved, the evaluation and characterization of potential ground
pmotion and faulting at the site must 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 tectonies program (Investigation 8.3.1.8.1)
to develop increased confidence in the probability estimates for a local
eruption.

8.3.1.17-29
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Significant deposition of volcanic ash on the surface of the repository
could temporarily disrupt operations. BHowever, the nearest silicic volcan-
isn during the Quaternary is at the sargins of the Creat Basin (Crowe et al.,
1083b). 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
systens for the surface and underground facilities, respectively. Analyses
will be conducted using data already available in the literature
(Investigation 8.3.1.17.1). Probabilistic sethods will be used to
characterize the results.

Consideration of fault displacement

As noted previously, faults with evidence of Quaternary displacepent are
present in the site area, and the possibility exists that additional,
undetected faults pay 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 8.3.1.17-4(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 a2
suitably stable site for the waste handling facilities, currently planned for
Nidway 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 § cm of fault displace-
pent at the site of the waste handling facility in 100 yr.

This goal, which establishes the paximun allowable annual probability
for exceeding 5 cw of fault displacement at 10 " /yr, sppears to be consistent
with safety considerations for this and other types of facilities. For
exapple, comparable and higher annual probabilities have been found te 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 displacepents in excess of & co 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 pade with eriteria used to identify
repository structures, systems, and components considéred important to
safety. Ipportance to safety is established if the probability of failure is

8.3.1.17-30
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greater than 10"/yr and if the failure would lead te radiation exposures of
0.5 ren or greater at or beyond the restricted area (Draft, Methodology for
Formulating a List and the Applications of Graded Quality Assurance to 2
MGDS, April, 1986). The annual probability that failure 9‘ this magnitude
would result from faulting is expected to be less than 10 ° /yr for a sjte in
which the annual probability for 5§ co 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 peed 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-
pent at other locations. The first consideration then is to identify and
characterize those faults within § km that could have significant impact on
faulting at the proposed site. Geomorphic 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 {rom 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 ipmediate site vicinity. Geclogists will work with
engineers in siting the waste-handling facilities to ensure that adequate
stability is provided with respect to the possibility of faulting. Prelimi-
nary surveys may include small test pits or trenches to evaluate the strati-
graphy and the possibility of previous lecal 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-B' in
Scott and Bonk (1984) indicates that the alluvium of Midway Valley varies in
thickness from zero meters at Exile Eill on the west side of the valley, to
an undeternined amount in the valley center, to about 50 m in borehole UE-25
WT§5 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. Displacesegt asplitpdes will also be estimated for
annual probabilities ranging from 10 to 107" per yr for use in risk
assesspents.

8.3.1.17-31
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Faulting conditions for underground facilities will also be evaluated.

The privary issue here is that significant fault displacement could disrupt

norzal 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 peried
to be a significant issue (See SCP-CDR (SNL, 1687).

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 Solitario Canyon fault.
Further work is required to provide added confidence that there are no
additional late Quaternary faults in this area.

A further requirepent is presented in Table 8.3.1.17-4(a) to identify,
characterize, and locate at the repository horizon sny fault with greater
than a one-percent chance of displacing more than 7 to in the area of waste
ecplacepent during the preclosure period. This requirement is to ensure
viability of the waste-retrieval option. Less than 7 cz 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 diapeter of the emplacement hole (See Section 8.3.2.8). Larger displace-
pents wight 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
10 " /yr for displacing more than 7 con. Assuming event recurrences are random
in tige, the average rate of slip for such a fault would need to be consider-
ably larger than 7 co per 100 yr (i.e., 0.007 mn/yr) to account for excess
displacement from events that produce less than and more than 7 cm. Accord-
ingly, the screening criterion presented in Table B.3.1.17-4(b) for locating
faults in the underground, an average Quaternary slip rate greater than 0.005
pe/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. BHowever, 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 sl.
(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 estivates, assuming
the local Quaternary faults have a similar rate of activity, indicate that
the annual probability for exceeding 10 cm of displacément on faults such as
the Bow Ridge fault is about 1 x 10 “/yr (URS/Blume, 1686). Additional field
investigations wi]l be conducted to develop more information about the
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characteristics of this fault, particularly with respect to its Quaternary
rate of activity. Decign peasures 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
facilizies during the preclosure period. These estimates will consider
possible effects frow known and unknown faults in the area.

Consideration of vibratory ground motion

Repesitory facilities will be designed and constructed to withstand the
effects of vibratory ground motions. Conventional standards will be used for
post 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-potion
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(2). The design-
basis ground motions are to be characterized over the frequency band relevant
to facilities important to safety (from 0.5 to 33 Bz) such that there is less
than a 10-percent chance for being exceeded during 100 yr. Accordingly, the
deg?gn 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 estipates presented in the SCP-CDR (SNL, 19087), the
risk associated with ground potions in excess of the design basis for the
waste handling facilities appears to bhe substantially less than that for a
nuclear pover plant, suggesting that ample conservatisst 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 substantiate the deterministic analyses. Sensi-
tivity analyses will be performed using probabilistic methods to evaluate the
effect of uncertainties on the ground motion potential. Results {rom these
analyses will be used to help focus field investigations toward refinement of
those seiszic parameters that most strongly influence ground-motion potential
at the site. In addition, probabilistic methods will be used as needed to
pro;ége input for the assesspent of risk of accidental release of radio-
nuclides. :

Vibratory ground moticns 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. Prelimipary analyses indicate that, for
recurrence intervals over 1,000 yr, the ground motions resulting from natural
earthquakes will exceed those from potential UNEs (URS/Blume, 1986; SCP
Section 1.4.2). Much 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
potions from UNEs parallel, in most respects, those described for dealing
xith natural earthquakes.

The ground-motien potential near Yucca Nountain differs considerably
from that in much of California where a major portion of the relative plate
potions are being accommodated, and also from that in the true plate interior
regions of the midwestern 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 MNountain as in the more
active regions surrounding much of the Great Basin.

To adequately characterize the local earthquake hazards, some of the
terpinology and procedures used in characterizing potential ground motions
elsewhere are being refined to meet the needs of a waste repositery. For
exazple, in the determination of design ground motions for some types of
critical facilities, professional practice has been to define paximum earth-
quake magnitudes with the understanding that a larger earthquake magnitude
pay be possible, although very unlikely. This practice is being pade 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 bave a recurrence time of
about 10,000 yr and be at or near the best-estivate for the maximum
pagnitude. 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 pagnitude, being associated with a particular recurrence interval, can
be deternined with greater confidence than a true maxisun pagnitude. Because
large earthquakes occur infrequently, few observational data are available
for calibrating the maxioup 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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pethods for determining saximuz earthquake magnitudes from the physical
characteristics of local faults appear to be subject to larger uncertainties
than for the more 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 comservative
assesspents of the local seismogenic potential will be accomplished.

The planned procedure for characterizing ground motions at the site froz
exceptional earthquakes is as follows: First, the active surface faults and
potentially active fracture zones at depth that could produce locally severe
ground potions will be identified. Second, exceptional earthguakes, as
defined previously, will be determined. Third, controlling earthquakes will
be identified as those exceptional earthquakes that produce the most severe
potions at the site. The resulting vibratory ground motions will then be
characterized by a suite of representative tipe histories and respoase
spectra that have been scaled to the pagnitudes and distances of the
controlling earthquakes and modified, as needed, to account for the effects
of local site geoiogy. A suite of representative strong-motion records may
be needed for more than 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 UNEs at the NTS will be identified. With this inforsation,
the paximum UNEs with respect to generating ground wotions at the site will
be determined. If the resulting site ground-motion estizates 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. .

Prelicinary evaluations of potential earthquake sources in the vicinity
of Yucca Mountain have identified several local faults as long as 20 ke or
gore. 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 Kidway Valley on
the east. The closest approach of the Paintbrush Canyon fsult to the pro-
posed site of the waste handling facilities is about one kilometer. This
fault pay be capable of produzing 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 ° for the Paintbrush Canyon fault),
and because the components required to contain radicactive materials within
the waste-handiing building can be expected to survive ground motions more
gsevere than those used for design, ample conservatisa 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 te test and verify that the resulting
ground potions exceed the thousand-year estimate from the conbined hazard
froo 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 are
three analysis and assessment investigations that correspond to potentially
disruptive volcanic activity, fault displacements, and vibratory ground
potion, respectively. These three investigations are designed to provide the
required characterization parameters. A fourth investigation comprises a
nunber 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 sctivity that cou15 affect repository design or
performance '

Technical basis for obtaining the informatien

Link to technical data chapters and applicable support documents

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

SCP
section Subject
1.3.2.1 Yolcanic history
1.5.1 Volcanise
1.8.1.3.1 Significant results
1.8.1.3.2 Discussion of significant results
1.8.1.5.1 Significant results
Paraseters

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

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

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

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

Investigation 8.3.1.8.1 (direct releases resulting from volcanic
activity--postclosure) will provide the following characterization parameters

ge%t;ed tg the potential for a basaltic volcanic eruptzon at the site (Toble
8-1
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1. Location snd timing of volcanic events near the site.

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

3. Presence of magea bodies in the vicinity of the site.
4. Effects of Strombolian eruptionms.
§. Effects of hydrovolcanic eruptioms.

Purpose and objectives of the investigatien

Two types of volcanic hazards that could credibly affect preclosure
repository performance will be characterized: (1) ash fall fron 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
estizated there. No studies are planned of potential egilicic 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
so that the filtration systeps of the surface-facility and mining ventilation
systepms can be designed to accommodate potential ash falls at the site. The
characterization parameters related to basaltic volcanisp 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 fron
distal silicic volcanic centers will be addressed in Study 8.3.1.17.1.1%.
Since wuch work has already been published on silicic volcanisn 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.
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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
paraseters listed in Tables 8.3.1.17-1(a), -1(b), -2(a), and -2(b). 4
probability-versus-thickness function will be estipated, and a particular
ash-fall thickness that has less than one chance in 10 of occurring in 100 yr
(i.e., a greater-than-1,000-yr ashfall) will be estipated for consideration
in the design of wining 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 estipated 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. The sup-
porting activities and data requirements for these two studies are indicated
in the logic diagrac for Investigation 8.3.1.8.1 (Figure 8.3.1.8-3).
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8.3.1.17.2 Investigation: Studies to provide required information on fault
displacesent that could allect repository design or periormance

Technical basis for obtaining the information

Link to the technical data chapters and applicable SCP support docupents

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

sCP
gection Subject
6.1.4 Surface structures, systess, and components
considered important to safety
1.3 Structural geology and tectonics
1.5 Long-tern stability with respect to tectonics
and geologic processes
Parameters

This investigation will cozpile or develop the following characteri-
zation parameters related to the potential for fault displacement beneath
su;fac;bgacilities considered important to safety (see Tables 8.3.1.17-3(a)
and -3(b)):

1. Identification and characterization of potentially significant
Q;;ternary faults within 5 ko of facilities important to safety
(FITS).

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

3. Estipated total] probability of exceeding 5 cn 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
co?p;led 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 caterials by more than 1 @ or Tertiary rocks by more than
100 o.

2. Surface and subsurface locations of any faults that intersect

prospective underground facilities and that have average Quaternary
slip rates greater than 0.005 az/yr.
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3. Estimated total] probability of exceeding 7cz displacement on any
fault in the the area of emplaced waste, considering kmown 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
deponstrate, with a bigh degree of confidence, that there is less tban 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 tige
consuning than it otherwise would be. The corresponding goal (see Tables
8.3.1.17-4(a) and -4(b)) is to demonstrate with a moderate degree of
confidence that there is less than a ten percent chance of exceeding 7 cm of
fault displacement in areas of emplaced waste in 100 yr, considering all
faults that may intersect these arezs. (A displacement of 7 cm is the
pinicun value at which the sides of a faulted waste-enmplacement borehele
would be expected to contact a waste package.) No single fault with the
potential to exceed this goal is currently thought to exist, but i{ such a
fault is identified, 2n attempt will be made to determine its location
gndegg;ound for consideration in the positioning of waste-emplacement

oreholes.

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
ipportant to safety (FITS) will be assessed in Activity 8.3.1.17.2.1.1 and
expressed in terms of the characterization paraseters listed in Table
8.3.1.17-3(b). The wmost important information pertaining to potential fault
displacenent beneath FITS is expected to come from detailed geologic mapping
of alluvial deposits in Midway Valley and from exploratory treaching in the
jomediate 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 mn/yr (10 cn/100,000 yr)
will be indentified. .

Because significant faulting is sometimes accompanied by sympathetic

displacements in adjacent areas, information on fault-zone widths and
recurrence of movesert on Quaternary faults within § ka of surface FITS will
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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 on 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 cliange
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 cm of
displacement in 100 yr, with high confidence. Any site without faults having
apparent Quaternary slip rates greater than 0.001 mn/yr and faults that
peasurably 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 as the geasured 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 gore than l-n offset of Quaternary materials, or with more than
100-n of fset 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 ma/yr would be very unlikely
to exceed this threshold (see overview discussion of the preclosure tectonics
site progras in this section), and current data indicate that, with moderate
confidence, no faults with Quaternary slip rates greater than 0.005 ma/yr
exist in the repository block. Further work will be performed in Study
?.3é:.l7.4.7 to achieve a moderate-to-high level of confidence in this

inding.

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 estinate a total probability of
exceeding 7 co displacement on faults that intersect areas of emplaced waste.
This work is expected to corroborate the current assessment that, with
poderate confidence, the total probability of exceedifig 7 co displacement in
100 yr on any fault in the area proposed for waste emplacement is less than
one percent.
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8.3.1.17.3 Investigation: Studies to provide required information on
vibratory ground motion that could aifect repository design or

periormance

Technical basis for obtaining the information need

Link to the technical data chapters and applicable support documents

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

Parameters

This investigation will provide the follc;ing characterization
paraneters related to potential vibratory ground motion at the site fron
natural and pan-zade seismic sources (see Tables 8.3.1.17-5(a), -6(b), -6(a),
and -6(b)):

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

2. ldentification of earthquake sources within 100 kn 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. Nagnitudes of exceptional® earthquakes on local earthquake sources.

4. Magnitudes of exceptional® eartbquakes on regional earthquake
sources.

*Exceptional earthquakes are tentatively defined here to be earthquakes
that are st or near the caximus magnitude for a particular source and that
have average ;ecurrcnce tives of about 10,000 yr; see discussion of Activitiy
8.3.1.17.3.1.2.
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5. Maxipum potential yields of future underground nuclear explosions
(UNEs) at the NTS.

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

7. Ground-motion models/attenvation relationships for the site region
(i.e., mpathematical 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.

©. Identification of controlling seismic events--those exceptional
earthquakes sznd/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 inte account any local-
geologic or depth effects on the ground motion.

10. Tipe 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-potion parameters at the
site, developed through probabilistic seismic 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
geispic-design basis and the identification of credible accidents that might
be initiated by seismic events and lead to release of radicactive 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 United States (j.e., annual probabilities of exceedance
on the order of 1 x 10" to 1 x 10 "). On the basis of inforration presented
in the SCP-CDR (SNL, 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 seispic events from the repository than from a
typical nuclear power plant.
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Although this investigation i motivated by the need to develop 2 .
seispic-design basis and other inforpation related to the design of facili-
ties important to safety (FITS), the resulting design-basis ground-motion
descriptions also may be considered i1 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 SAND86-1965C.) Current plans call for the FITS seismic-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
seispic design basis is deterministic, meaning that the design-basis ground-
motion description will correspond to the postulated occurrence of a discrete
seisnmic event or events (e.g., the occurrence of an earthquake of specified
pagnitude 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 estipates of the seismic hazard at the
site will be developed that integrate individual contributions to the site's
ground-potion potential from earthquake sources at different distances and
with different earthquake recurrence characteristics. The probabilistic
seispic hazard estipates will be used to evaluate and constrain required
technical judgments in the deterministic approach, evaluate the adequacy of
the deterministic results, and help ilentify and focus efforts to refine
those parameters that are gpost ipportant for the deterministic calculations.
The probabilistic haza.d estipates will also provide input needed to deter-
pine credible accidents that are applicable to the repository (Information
Need 2.3.1, Section 8.3.5.5.1).

In sumzary, probabilistic seismic hatard estimates will be an important
adjunct to the deterministic esticates that will be developed for considera-
tion in the seisgic design of FITS. A discussion of the reasons for using
deterpinistic 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 saxisus magritude for a given earthquake source and
that have average recurrence times of about 10,000 yr (see detailed
discusssion in descriptiuvon 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 potions at the site in any
frequency band of engineering significance. The seisnic design basis for
FITS will be suites of ground-potion tive histories and corresponding
response spectra that are representative of the controlling seismic events.

A ;cgic diagraa for this investigation is presented in Figure
8.3.1.17-5. : -

Study £.3.1.17.3.) wil] identify and charscterize earthquake sources

that could poteatially be relevant to a detersinistic seiszic bazard analys:s
of the site, 1.e., sources that could conceivably produce exceptional

£3117-5
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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 deterzination of each source’s
location, orientation, depth, likely style of faulting, and an evaluation of
exceptional-earthquake magnitude. BEere, and elsewhere, uncertainty in the
deternination of input parameters will be estimated so that the semsitivity
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
seispicity to be induced at the site by human activities; the locatioen,
nature, and rate of Quaternary faulting in the site area; crustal stresses at
seispogenic depths; evidence of neotectonic deformation in the Yucca Mountain
area; and the overall tectonic framework of the region.

Study B.3.1.17.3.2 will determine the potential locations and paximus
yields of future UNEs at the NTS, considering constraints such as damage
thresholds in Las Vegas. The UNE(s) that would cause the most severe ground
potions 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 potions will be selected or developed in Study
8.3.1.17.3.3. Published ground-motion models for UNEs at NIS will be used
where appropriate. If published models are not available for all ground-
gotion parageters needed, available data will be compiled snd the needed
godels will be developed through regression analyses. Earthquake ground-
gotion data froz the Great Basin and tectonically analogous areas will be
tested for statistically significant deviations from published earthquake
ground-potion models that have been developed for California and western
North America. If the deviations are not statistically significant, a
putlished pode] will be selected. If needed, new models will be developed
through regression analyses.

Systepatic effects on surface and subsurface ground motions resulting
froe 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-pction recerdings obtained in Study 8.3.1.17.4.1. Theoretical sodels
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
pust be predicted but where recordings are not available.

Identification of controlling seisnic events and characterization of the
resulting ground sotion at the site will be accoaplished in Study
8.3 1.17.3.5. Identification of the controlling seismic events will follow
directly froo the identification of exceptional earthquakes on relevant
sources 1n Study 8 3.1.17.3.1, the determination of potential saximus future
UNEs in Study 8.3.1.17.3.2, the earthquake and UNE ground-potion models
developed in Study 8 3.1.17.3.3, and the local site correction {actors
developed 1n Study 8.3.1.17.3.4.
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Controlling-event ground motions will be characterized by suites of
strong-potion time histories that are representative in terms of expected
azplitudes, frequency content, and duration. Nethodologies for constructing
these time histories will be evaluated. Two different methodologies may be
ivplemented 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
carthquake sources that contribute to the hazard (the probability of exceed-
ing different ground-potion levels) at the site. Sources that are more
distant and sources with smaller earthquake potential than the frelevant®
sources addressed in Study 8.3.1.17.3.1 will be characterized so that
exceedance probabilities for ground-potion 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 paximum-magnitude potentiasl. 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
seispic-source-zone interpretations and for aggregating the results of
pultiple interpretations in a probabilistic seispic hazard analysis. The
advantages and disadvantages of available methodologies will be assessed
before an approach is chosen.

A probabilistic seismic hazard analysis of the site is exPected to be
perforged concurrently with the deterministic analysis and repeated one or
gore tiges, with detai) increasing as gore data becope available. The
sensitivity of estizated hazard to various input parameters is easy to assess
within the probabilistic fracevork, and the prelicinary analyses will help to
identify the parameters of greatest importance to both the probabilistic and
detercinistic analyses: this information wjl]l 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 deterpinistically
derived design-basis ground potions. As was stated earlier, a peasure of
adequacy that is adopted here is that the_gnnual p‘obability of the design-
basis ground sotions being exceeded is 10 ° 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 histery

1.4.1 Seismology of the southern Great Basin

1.4.2 Seismology of Yucca MNountain

1.5.1 Volcanisn

1.8.2 Faulting

1.6.3 Vertical and lateral crustal movement

1.8.1 Suzmary of significant results
Paranmeters

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

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

2. Analysis of potential for UNEs, mining activity, or reservoir (Lake
Nead) 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 and UNEs.

4. Geological and geophysical evidence of large-scale Quaternary

faulting within 100 ke of the site and of smaller-scale Quaternary
faulting in the site ares.
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6. Amlysis 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 morphometric 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 pripary 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 8.3.1.17.3, assesspent of vibratory ground motion that could
affect repository design or performance (refer to logic diagrass for these
two investigations, Figures 8.3.1.17-4 and 8.3.1.17-5). The linited 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. MNuch of the information that will be
provided by the data-collection-and-analysis studies is needed for more than
one assessoent. For examﬁle.'infornation on Quaternary faulting near the
site is gernane to both the faulting- and the ground-motion potential at the
site. Also, most of the studies are most naturally organized around a
geological problen, the soclution 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
sonetices be indirect for studies that have a broad focus, such as the
evaluation of tectonic models (Study 8.3.1.17.4.12).




